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Quo vadis ¢eské a evropskeé hutnictvi?

Evropské ocelaistvi je pod tlakem a roste riziko, Ze se vyroba oceli
v Evropé bude nadéle sniZovat, coz ponese ohroZeni tisict pracovnich mist
nejen ptimo v hutnictvi, ale také v navazujicich a obsluznych odvétvich.
Nejen ocelarny, rafinérie ¢i cementarny se obavaji novych regulacnich
opatieni Evropské komise. Boj s dumpingem je nepruzny. Evropské
hutnictvi je tak po3kozovano importem ¢inské oceli, coz je dasledek
nadbyte¢nych vyrobnich kapacit v Cing. V minulém roce sice k urgitému
poklesu importu oceli z Ciny do Evropské unie do3lo, nicméné jiz ve druhé
poloving roku 2016 vzrostl téméf o desetinu import oceli z dalSich zemi
— zejména Iranu, Indie, Jizni Koreje nebo Turecka. Evropska unie (EU)
naStésti zacala vnimat duleZitost uplatnéni nastroji na ochranu trhu a vazné
uvazuje o zruSeni pravidla nizsiho cla (LDR) tak, jak je Evropska komise
v minulosti navrhla. To by mélo postupné obnovit férové obchodni
podminky, které naSe odvétvi potiebuje ke své existenci. V souvislosti
stémito zalezitostmi projedndvaji organy Evropské unie legislativu
modernizace nastroji ochrany trhu (TDI), k &emuZz dochazi také
v souvislosti s moZznym udélenim statutu trzni ekonomiky Cing v ramci

Ing. Jan Czudek Svétové obchodni organizace (WTO).

DalSim fenoménem, na kterém je budoucnost evropského ocelarstvi silné zavisla, je systém obchodovani s emisnimi
povolenkami. Cesti, stejné jako evropsti ocelati samoziejmé podporuji ambice EU v boji proti zménam klimatu. Oni
sami vSak jiz vynakladaji nemalé finan¢ni prostfedky na vyzkum a vyvoj, coz se projevuje v neustalém sniZzovani
emisi CO,, nemluvé o projektech na sniZzovani emisi sklenikovych plyni, které vyuZzivaji ocel jako nezbytny
material. Navrh na revizi evropského systému obchodovani s povolenkami (EU ETS) pro obdobi let 2021 — 2030,
neboli tzv. ¢tvrtd obchodovaci etapa, vSak piedstavuje pro ocelaie v Evropé velké ohrozeni. Stale jeSté nevime, jak
bude obchodovéni semisnimi povolenkami vtomto obdobi probihat, protoZe jednani mezi institucemi EU
a hutniky, na némz se mély zGg&astnéné strany pokusit dohodnout na ur¢itém kompromisu, ani nezacalo. Dosavadni
ndvrh prodeje emisnich povolenek je pro oceléistvi velmi neptiznivy a znamenal by pro ¢eské ocelate navy3eni
nékladd v tomto obdobi e vice nez o 18 mld. K&. Tak nad ndmi visi hrozba ni¢ivého vlivu dodate¢nych nakladd, coz
doposud nebylo zohlednéno ani ze strany Rady, ani ze strany Evropského parlamentu. V ptipadé, Ze nebude
soucasny navrh revize emisnich povolenek EU ETS upraven, dojde k zavirdni huti po celé Evropé. Tento problém se
netykd pouze ocelart; i dalsi energeticky naroénd odvétvi pramyslu se stavaji existen¢né ohrozenymi. Cile pro
ochranu globalniho klimatu tak mohou byt vykoupeny zavirdnim firem, propousténim, ztratou technologického
know-how a dovozem oceli ze tretich zemi, pfi jejiz vyrobé se do ovzdusi vypusti mnohem vice CO, nez dnes
souhrnné v celé Evropé. Takova je, bohuzel, realita. Neni, myslim, tieba zdaraziovat, Ze zde skute¢né jde o preziti
naseho odvétvi v Ceské republice.

Dalsi aktualni otdzkou je ¢&tvrta pramyslova revoluce, respektive moédné nazyvana Pramysl 4.0, ktera je
dominantnim tématem dneska i budoucich let. Neni pouze piedmétem techniky, ma i dalSi dimenze, a to zaméieni
na individudlni potteby zakaznika, feSeni sloZitych otdzek konkurenceschopnosti a zéaroven reforma pravnich
zalezitosti spojenych s technikou, ochranou dat a v neposledni fadé nedostatek kvalifikovanych pracovnich sil. Pro
zachovéani konkurenceschopnosti v hutnim sektoru bude zapotiebi dale posouvat vyrobu smérem ke koneénému
produktu a vysokému stupni finalizace za sougasného snizovani ndklada a zvySovani kvality vyrobki. Pokracovani
v nastoupeném trendu automatizace a robotizace vyroby, ktery je i reakci na snizujici se dostupnost lidskych zdroj,
proto bude v nasledujicich letech velmi dileZité. Dlouhodoba strategie preZiti ocelaistvi v CR spogiva ve stabilizaci
dodavek vyrobkt, umeéni je efektivné zhodnotit a neumoznéni jakékoli deformace rovnocennych podminek
v obchodnich vztazich. Proexportni aktivity vedouci k setrvani v konkurenénim pasmu Spickovych vyrobct oceli
jsou podstatnym jmenovatelem naSich ambici.

Ing. Jan Czudek
piedseda predstavenstva a generalni reditel
Ttineckeé Zelezarny a.s.
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Development of a New Type of Chromium Modified Steel

Vyvoj noveho typu chromové modifikované oceli

Dr. Ing. Zdenék Kuboii; Ing. Miroslav LiSka, CSc.; Ing. Vladislav Kurka, Ph.D.

MATERIAL & METALLURGICAL RESEARCH Ltd., Pohrani¢ni 693/31, 703 00 Ostrava-Vitkovice, Czech
Republic

The article outlines the development and verification of properties including the long-term creep strength of a new
type of creep resistant chromium modified steel, which target material characteristic is 150 MPa of creep rupture
strength at 650°C and that will find application in a pressure system of newly-built power plants (ultra-supercritical
boilers). The development of this steel was initiated under the CRESTA project, where two modifications of
chemical composition were set up in order to obtain either a steel without Z-phase or a steel with the modified
Z-phase based on tantalum. Experimental melts were made and their properties and structure were analyzed in
a comprehensive manner, including long-term creep tests. At the same time, filler metals and welding processes
were developed, too.

The prospective results achieved under the project CRESTA are at present (2014-2018) followed-up by the project
CRESTA 2, funded by the European Research Fund for Coal and Steel (RFCS).

Key words: Creep; chromium modified steels; pipe; material properties of steel and weldments

V ¢lanku je nastinen postup vyvoje a ovérovani vlastnosti véetné dlouhodobé creepové pevnosti nového typu
Zarupevné oceli patrici do skupiny modifikovanych chromovych oceli, jejiz cilovou materidlovou charakteristikou je
hodnota meze pevnosti pri teceni pri teploté 650 °C ve vySi 150 MPa a kterd nalezne uplatneni v tlakovém systému
nove budovanych energetickych kotlii velkych vykon, tzv. ultra-superkritickych kotliz (USC). Vyvoj této oceli byl
zahajen v rdmci projektu CRESTA, kde se na zaklade poznatkii o nepriznivém vlivu pritomnosti Z- faze na bazi
Cr(Nb,V)N na dlouhodobou creepovou odolnost modifikovanych chromovych oceli; vyclenily dva sméry Upravy
chemického slozZeni s cilem ziskat bud’ ocel zcela bez Z-faze, nebo ocel s modifikovanym sloZzenim Z-faze na bazi
tantalu, ktery nahradi niob. Byla vyrobena experimentalni tavba oceli bez Z-faze (Nb-free) a komplexné
analyzovany jeji vlastnosti i struktura vcetné dlouhodobych creepovych zkouSek. Rovnéz byl vyvinut pridavny
svarovaci material a postupy svaiovani. V ¢lanku jsou uvedeny vysledky creepovych zkouSek zakladniho materialu
trubky, provadenych pri teplot¢é 600, 650 a 700 °C, a homogenniho svarového spoje na tlustosténné trubce pri
teplot¢ 600 a 650 °C, a to v3e spolu s metalografickou analyzou creepového poskozeni v miste lomu, ke kterému
dodlo v jemnozrnné oblasti tepelné ovlivnené zény (tzv. lom IV. typu). Déle clanek uvadi vysledky promereni
mikrotvrdosti p/es svarovy spoj v oblasti po3kozeni. Na zéklade porovnani creepové pevnosti zakladniho materilu
a svarového spoje byl stanoven redukéni koeficient pevnosti svarového spoje (SRF faktor) ve vysi 0,57, coz je méné
neZ pro oceli P 91 i P 92, u nichZ tento parametr dosahuje hodnot nad 0,60.

Na nade¢jné vysledky, které byly vramci projektu CRESTA ziskany, navazuje v soucasné dobe (2014-2018)
pokracovaci projekt New Creep Resistant Stable Steel for USC Power Plant (CRESTA 2) financovany evropskym
fondem Research Fund for Coal and Steel (RFCS).

Kli¢ové slova: Creep; chromové modifikované oceli; trubka; vlastnosti oceli a svarovych spojii

The degradation of long-term creep strength and
oxidation resistance with increasing temperature limit
the capability and lifetime of components fabricated
from ferritic-martensitic steels. The strategy for
improvement of temperature capability of these
materials is to engineer microstructure for an optimum
performance by  knowledge-based modelling
approaches, i.e. to optimize compositions and heat

treatment in order to stabilize microstructures over an
extended time period. This should be based on
improved understanding of degradation processes
including the detailed knowledge of Z-phase
precipitation and coarsening. The development of these
new steels started within the frame of CRESTA (New
Creep Resistant Stable Steel for USC Power) project
sponsored by EU Commission in 2008-2012) [1].
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From this project, two types of 11 — 12 % Cr modified
steels emerged, which showed very promising results:

— Nb-free steel; a steel with a long-term stable MX
(VN) precipitates, which will provide good creep
strength. The idea was to remove elements, which
promote Z-phase precipitation, such as Nb, to reduce
the Co content to save cost and to optimize the
boron and nitrogen contents to improve the
properties of welded joint and reduce the type IV
cracking sensitivity;

— Z-phase strengthened steel; a steel that exploits
tantalum addition and formation of fine and
dispersed tantalum based Z-phase (CrTaN) that
replace the strengthening effect of the unstable MX
precipitates.

The paper describes the properties of the semi-industrial
heat made of Nb-free steel.

1. Z-phase in chromium modified steels

Z-phase of Cr(V,Nb)N type is thermodynamically the
most stable nitride in 9 — 12 % Cr steels alloyed with V,
Nb and N but was never observed in these steels in the
as-tempered state. In a 12 % Cr steel the Z-phase was
found to replace nearly all MN nitrides after 12,000
hours at 660°C, but an accelerated heat treatment at
temperature 725°C up to 1,000 hours on the same steel
in the normalized and tempered condition could not
provoke the Z-phase formation due to the solution
temperature of the Z-phase being close to 800°C [2].
Modelling of the Z-phase transformation using MatCalc
software showed that the VN dissolution accelerates
after 3,000 hours at 650°C and confirmed an excellent
correlation between VN removal from the steel and the
loss of creep rupture strength [3]. The best known
commercial example of such breakdown is the 12Cr-2W
steel (T/P122) widely used for construction of power
plants in Japan, but it is now being completely replaced
by 9 wt.% Cr steels, such as grade P 91.

Z-phase was long known to precipitate in austenitic
steels as CrNbN type. In contrast to the Z-phases in
martensitic chromium maodified steels, the Cr(Nb,V)N
precipitates very rapidly in low carbon austenitic steels
as small and finely distributed rod-like particles, and it
has a pronounced strengthening effect, being thermally
stable with a very low coarsening rate [4]. According to
classical nucleation theory the Z-phase could be
expected to nucleate already during tempering, since it
is the most stable nitride. However, the MN nitrides are
found to nucleate much faster, and once formed they
lower solid solution concentrations of V, Nb and N,
which are necessary for the Z-phase formation. The
Z-phase does not nucleate according to the classical
process, i.e. through the formation and growth of critical
embryos, but it is created by Cr-diffusion from the
ferrite matrix into the pre-existing MN nitrides having
face cubic centered (FCC) unit cell, where CrMN FCC
unit cell is formed. Later on, nitrogen and chromium

atoms are ordered into the layered tetragonal unit cell
structure of the Z-phase [5]. This complicated
nucleation process is not yet completely understood and
no good model of the nucleation process of the Z-phase
exists. This complicates a prediction of maximum
acceptable Cr content of the V and Nb containing
martensitic steels, and evaluation of long-term stability
of existing chromium modified steels.

2. Nb-free steel, production and properties

The long-term creep strength of the 9 — 12 wt.% Cr
martensitic steels relies primarily on precipitation
strengthening by small and finely distributed particles of
(V,Nb)N. Even though these particles have a very low
coarsening rate, they are not thermodynamically stable
and will in time be replaced by a nitride known as the
Z-phase, Cr(V,Nb)N, which is the cause of the
microstructure instabilities [2, 3]. It was found that the
Z-phase precipitated as large and coarsely distributed
particles that did not contribute to strengthening and
consumed the MX particles during their growth, causing
a significant drop in creep strength. This replacement
process is very slow and can even last decades at service
temperatures. However, an increase in the overall Cr
content from 9wt% to 12wt% causes a critical
acceleration of this process from decades to years. This
causes a breakdown in creep strength within the lifetime
of the power plants.

2.1 Production and properties of steel pipe

One way how to cope with this problem is to completely
avoid niobium addition into Cr-modified steels. This so-
called Nb-free steel was produced in the form of semi-
industrial melt on vacuum-pressure induction melting
(VPIM) device with the capacity of 1.7 ton in Materials
and Metallurgical Research, Ltd., Ostrava. The heat was
melted in argon atmosphere and refined in vacuum, then
the ingot was refined by electroslag remelting process
(ESR) and the final pipe of 2219 x25mm was
produced by piercing and pilgrim rolling, Fig. 1. Then
the pipe was normalized at 1060°C, cooled in air and
tempered at temperature 750°C for 6 hours.

Fig. 1 Sawing of ends of pipe after rolling on the pilgrim mill
Obr.1 Rezani konci trubky po vyvalcovani na poutnické stolici
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The target chemical composition of Nb-free steel is
stated in Tab.1 together with the composition of
manufactured pipe. Yield stress (YS), ultimate strength
(UTS), elongation (A) and reduction of area (RA) tested

at room temperature (RT), as well as at 550, 600 and
650°C in transverse direction are summarized in Tab. 2
together with hardness HV.

Tab.1 Chemical composition of Nb-free steel, target and that of pipe (wt.%)

Tab.1 Chemické slozeni Nb-free oceli, cilové a trubky (hm. %)

C Mn Si P S Cr Mo
target 0.10-0.12 0.47-0.53 0.35-0.40 <0.02 <0.01 10.80-11.20 0.12-0.16
pipe 0.12 0.46 0.35 0.010 0.004 10.60 0.16
W Co A\ Ti Al B N
target 2.40-2.60 2.80-3.00 0.20-0.25 <0.05 <0.05 0.0050-0.0080 0.020-0.030
pipe 231 2.6 0.25 <0.10 0.025 0.0044 0.027
Tab.2 Mechanical properties of manufactured pipe
Tab.2 Mechanické vlastnosti vyrobené trubky
Temperature Ys | uTS A | RA HV
(0 (MPa) (%)
RT (+20) 615 785 25 66 258
550 387 448 29 80 -
600 307 365 31 85 -
650 210 271 34 91 -
The produced pipe exhibited a homogeneous

microstructure through wall thickness consisting of
tempered martensite with very few islands of delta
ferrite phase, with size in the range 2 — 10 um present at
mid-wall and outer surface, see Fig. 2. Quite similar
grain size distribution through the wall thickness was
also observed with mean austenite grain size (AGS) in
the range 32 — 35 um (G = 6.5), Fig. 3.

Dilatometer test has been performed on the Nb-free
steel pipe in order to determine the phase transformation
temperatures. The change in length as a function of
temperature is shown in Fig. 4. It was found that the Ac;
and Ac; temperatures are 860 and 915°C, respectively,
and M; and M are 325 and 165°C, respectively.

. s

b ]
._‘ e
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Fig. 2 Microstructure at the outer surface of the pipe
Obr. 2 Mikrostruktura na vnéjSim povrchu trubky

Fig. 3  Austenite grain structure at the outer surface of the pipe
Obr. 3 Zrna austenitu u vnéjsiho povrchu trubky

Fig. 4 Results of dilatometry test on pipe material
Obr. 4 Vysledek dilatometrické analyzy materialu trubky
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2.2 Welding and welded joints

Various multi-pass fusion arc welding methods are
employed in USC plants for headers and pipework
fabrication. Welding of 11 % Cr-class steels can be
accomplished with GTAW, SAW, SMAW and FCAW
methods. SAW process offers significant productivity
potential where it can be used (i.e. PA position), with
FCAW following next. GTA welding is most often
successfully employed for performing root pass in
joining pipes, while SMAW is often the preferred
method for repair or for welding in-field in locations
with difficult access. Similar to the base materials, the
weld metal microstructure consists after PWHT of
a tempered martensite. This has to be obtained also in
multilayer weldments. For design purposes, weld metal
has to have comparable tensile (short-term) and creep
rupture strength as the parent steel, sufficient ductility,
and impact toughness, ferritic matrix that promotes
similar thermal expansion behaviour, which limits
thermal fatigue damage of thick-walled welded
components during high temperature service.

As the principal application of Nb-free steel is intended
for headers and piping, the welding programme was
performed according to WPQR requirements of EN 1SO
15614 [6] for thick walled components. The
circumferential butt weld was manufactured by using
GTAW method (141) of welding in position PA with
limited grinding between the layers. Wires with
diameter 2.4 and 3.2 mm with matching chemical
composition were used as a filler metal. Preheating at
the temperature range 200-250°C and maximum
interpass temperature 250°C were applied. Necessary
post weld heat treatment was subsequently performed in
accordance with requirements for grade P 92.

Material analyses according to EN I1SO 15614-1 were
performed on weld joint including NDT, tensile testing
at ambient and elevated temperature, side bend tests,
impact tests of weld metal and heat affected zone,
hardness testing at cover and root pass cross to the weld,
analyses of macrostructure and microstructure across to
the weld (HAZ, weld and base metals). All the
performed tests have confirmed good material
properties of welded joints.

2.3 Creep testing of pipe and welded joints

As the developed material is intended for high
temperature use in USC blocks, one of the principal
characteristics is the creep resistance of base material,
as well as weld joints. Therefore, creep testing program
of the base metal has been launched at temperatures of
600, 650 and 700°C and at temperatures 600 and 700°C
in the case of welded joint. All stress rupture tests were
performed in accordance with the standard 1SO 204 [7].
The results of the base metal and weld joint are
illustrated in Fig.5 recalculated as the stress
dependence of Larson-Miller parameter Py according
to the Eq. (1) [8]:

Rm=T [ Iog(t)+C] 1)

with the usual meanings of the variables. Constant C
equals to 26.8, which is the value calculated by the
method of least squares from data stated in [9] and valid
for P 92 steel.

Fig.5 Stress dependence of Larson-Miller parameter of base
material and weld joint of the steel Nb-free
Zévislost napéti na Larson-Millerové parametru pro zakladni

material a svarovy spoj oceli Nb-free

Obr. 5

Full points in Fig. 5 represent the ruptured specimens,
while empty points are still running creep tests. The
solid line labelled P92-EN represents the standardized
mean creep strength of the steel P 92 according to [9]
and the dashed line the lower -20% tolerance limit. All
the results confirmed slightly worse creep resistance
compared to the P 92 steel and very pronounced drop of
creep strength of welded joint at least at 650°C.

2.4 Rupture location analysis of creep specimens of
Nb-free steel weldment

Macrostructure and microstructure of the ruptured creep
specimens of Nb free-steel weldment was analysed
using optical microscopy with the special attention to
identification of the failure location, the extent of creep
cavitation damage and hardness profile measurement
through the weldment. The failure locations in all
analysed creep tests were practically identical, the
rupture occurred in the fine-grained heat affected zone
(FG-HAZ), as it can be seen in Fig. 6, when the macro-
etch of the stress rupture specimen exposed at
temperature 650°C and stress 70 MPa for 1,186 hours is
shown.

Microstructure analysis then revealed that all the fine-
grained parts of HAZ were heavily cavitated, while
neither in the coarse-grained HAZ (CG-HAZ) nor in the
weld metal and/or base material revealed any signs of
cavitation damage, compare Figs. 7 to 10.

Fig. 6  Macrostructure of the stress rupture specimen exposed at

650°C/70 MPa/1,186 h
Makrostruktura  creepové
650°C/70 MPa/1186 h

Obr. 6 zkousky po  expozici
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200 um

Fig. 7

Obr. 7

Heavy cavitation in the fine-grained HAZ of the specimen
creep exposed at 650°C/70 MPa/1,186 h

Rozsahla kavitace jemnozrnné oblasti TOO po creepové
zkousce po expozici 650 °C/70 MPa/1186 h

50 um

Fig. 8

Obr. 8

Cavity free microstructure of the coarse-grained HAZ of the
specimen creep exposed at 650°C/70 MPa/1,186 h
Mikrostruktura hrubozrnné oblasti TOO bez kavit po
creepové zkousce po expozici pii 650 °C/70 MPa/1186 h

50 um

Fig. 9

Obr. 9

Cavity free microstructure of the weld metal of the specimen
creep exposed at 650°C/70 MPa/1,186 h

Mikrostruktura svarového kovu bez kavit po creepové
zkousce po expozici pii 650 °C/70 MPa/1186 h

50 pm

Fig. 10 Cavity free microstructure of the base metal of the specimen
creep exposed at 650°C/70 MPa/1,186 h

Obr. 10 Mikrostruktura zakladniho materialu bez kavit po creepové
zkousce po expozici pii 650 °C/70 MPa/1186 h

Microstructural analysis was complemented by
microhardness measurements HV 1 across the whole
weldment. The hardness profile is shown in Fig. 11
through the individual parts of weldment, as well as
with marked location of the failure. It is clear that
failure did not occurr in the place with the minimum
hardness, that is in the base metal, but in HAZ when the
hardness fluently dropped down from the fusion line
towards the base metal.

Fig.11  Hardness profile of creep exposed specimen at
650°C/70 MPa/1,186 h
Obr. 11  Profil mikrotvrdosti HV 1 pies svarovy spoj creepové

zkousky po expozici 650 °C/70 MPa/1186 h

Heat affected zone or, more precisely its fine-grained
part thus again proved as the weakest part of the welded
joints of chromium modified steels.

3. Discussion of results

Although significant improvements in high temperature
properties of ferritic steels have been achieved by alloy
modification, creep properties of the weld joints have
been found to be inferior to those of the base material
and the weld metal. This is due to the problem of Type
IV cracking, a fracture in the HAZ close to the base
metal during high service temperature or during a creep
test. The inter-critical HAZ (IC-HAZ) is heated to
a maximum temperature between A, and A and the
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FG-HAZ is heated to just above A [10, 11]. Both these
zones have therefore essentially a very fine structure. In
both FG-HAZ and IC-HAZ the previous fine austenite
grains formed during welding thermal cycle transform,
depending on the chemical composition, to
martensite/bainite during cooling. In IC-HAZ, not all
the ferrite transforms to austenite during heating and
hence some ferrite remains untransformed throughout
the welding thermal cycle. As the peak temperatures, to
which these zones are heated, are not very high and
duration of heating is short, many of the precipitates do
not dissolve in the austenite matrix, but they rather
coarsen. In contrast to this, in the CG-HAZ, the
transformations of the matrix and the dissolution of
precipitates is almost complete and hence the structure
is similar to that of the normalized steel at the end of the
welding thermal cycle.

Although Type IV cracking is a well-known problem in
ferritic steels, its significance is greater in the newly
developed grades, because the difference in the rupture
strength of the base metal and the weld joint is higher
for these steels than for conventional CrMo steels [12].
Further it is reported that there is a significant evidence
to indicate that Type IV cracking in advanced fossil
power plants may become a problem of concern at
temperatures above the temperature of 565°C [13].
It has been found that in some of the new generation
steels, the rupture life for the weld joint can be as low as
20 % of that of the base metal at high temperatures and
long rupture times [14].

The best way how to compare the creep rupture strength
of the base material and welded joints is to analyse the
results of parallel long-term creep tests of both weld
joints and base material, i.e. the pipe used for
preparation of the welded joint. In this case, the strength
reduction factor (SRF) can be expressed in the form:

R,r (weld)

Ry (pipe)

SRF = f(t,, T)<1 ()
where Rp,r(weld) and Ryr(pipe) are the creep rupture
strengths of weldment and of the base material (pipe).

As the stress rupture tests of both welded joint, as well
as of the base material were performed simultaneously,
it was possible to calculate the SRF factor at least for
the temperature of 650°C and 10,000 hours. The
calculated SRF is 0.57, which is even less than in the
case of the formerly tested and calculated SRF on P 91
(0.70) and P 92 (0.68) steels for 650°C/10° h [15, 16].

Conclusions

The results and know-how acquired at the testing of
material Nb-free in the frame of CRESTA project are at
present exploited for development of a new generation
of microstructurally stable very high chromium
martensitic steels for components in advanced ultra-
super-critical (A-USC) power plants with steam
operating temperature in the range of 650 — 700°C that
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are under development in the follow-up project “New
Creep Resistant Stable Steel for USC Power Plant”
(CRESTA 2).
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Evaluation of Material Properties of Welded Joint of Component for Nuclear
Power Stations of the type MIR 1200

Hodnoceni vlastnosti svarového spoje pro komponenty jadernych elektraren
typu MIR 1200

Ing. Ladislav Kander, Ph.D.; Ing. Petr Cizek, Ph.D.; Ing. Sarka Stejskalova

MATERIAL & METALLURGICAL RESEARCH Ltd., Pohrani¢ni 693/31, 703 00 Ostrava-Vitkovice, Czech
Republic

Material & Metallurgical Research Company Ltd. has been working on the project focused on the evaluation of
metallurgical and mechanical properties of both homogeneous and heterogeneous weld joints used in the recent
type of nuclear power stations MIR 1200. The main goal of the project is to verify welding technology, filler
materials and heat treatment from the point of view of mechanical properties, structure and also unconventional
materials (stress corrosion cracking, low-fatigue tests etc.). Numerical simulation of fracture behaviour and
modelling of the critical condition of crack growth is also included in the project. The paper summarizes results of
experimental work and numeric simulation carried out within the project TA04021746 ““Research, development and
verification of production technology of selected welded joints for pressure vessels of the primary circuit of nuclear
power plants of the type MIR 1200”. Effect of welding technology, both for homogeneous, as well as for
heterogeneous weld joints including simulation of heat treatment soaking time on mechanical, fatigue and fracture
properties, has been studied. Heterogeneous weld joint 08Ch18N10T — 10GN2MFA has been prepared for the
experimental program and this paper deals with the results obtained for this type of weld since the results obtained
for homogeneous welds were already published elsewhere. Conventional mechanical properties, as well as
unconventional mechanical properties (fracture mechanics in the terms of R-curves in the air and in a water
environment, low-cycle fatigue and stress corrosion cracking in water environment at elevated temperature), have
been studied. Effect of elevated working temperature on structure, material properties, and corrosion resistance has
been evaluated. Resistance against stress corrosion cracking in real water environment at working temperature has
been studied. Experimental data have been compared with a numerical simulation using FEM.

Key words: MIR 1200; heterogeneous weld joint; low cycle fatigue; fracture behaviour; stress corrosion cracking

Clanek shrnuje vysledky experimentalnich praci a numerickych simulaci provedenych p#i 7eSeni projektu
TA04021746 Vyzkum, vyvoj a overeni vyrobni technologie vybranych svarovych spoji pro tlakové nadoby
primarniho okruhu jadernych elektraren typu MIR 1200. Zabyva se studiem konvenchich a nekonvenchich vlastnosti
heterogenniho svarového spoje 08Ch18N10T — 10GN2MFA. Hlavnim cilem provedenych experimenti bylo
posouzeni vyrobni technologie téchto komplikovanych heterogennich svarii a ovéreni jejich uzitnych vlastnosti
vzhledem k predepsanym podminkam. Rovnéz bylo provedeno ovéreni nekonvencnich vlastnosti (lomova
houZevnatost, nizkocyklova Unava, nachylnost ke koroznimu praskani p7i pracovni teplote). Ziskané vysledky byly
porovnény s numerickou simulaci metodou konecnych prvkii.

Kli¢ova slova: MIR 1200, heterogenni svarovy spoj; lomové chovani; korozni praskani; nizkocyklova Gnava

In connection with the increasing consumption of approved itself at the power plant built in
electricity, the building of additional blocks of our Novovoronezh. The MIR 1200 design is a follow-up
nuclear power plants, especially in Temelin, is design of reactor of the type VVER 1000, but it
becoming more and more important to. Although the eliminates some technical deficiencies and includes new
topic of completion of nuclear power plants is a topic  technical solutions. The primary circuit has 4 loops
that raises the public debate and becomes a pre-election  and it includes a reactor, 4 horizontally positioned steam
issue for many politicians, it is indisputable that in the generators (type PVG-1000MKP), 4 main circulation
near future the realization of a central and stable source  pumps (type GCNA-1391) and a volume compensation
of electric power that will not burden the transmission  system. The safety systems comprise, for example, the
system with sudden peaks, as is the case of supplies passive system of emergency cooling of the active zone
from renewable sources, will be necessary. Theincrease  and the emergency gas discharge system. The pressure
in the output and efficiency of nuclear power plantsis in the primary circuit is 16.2 MPa and the flow rate is
currently realized by the MIR1200 design, which 86,000 m>h™. The inlet water temperature in the
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primary circuit is 298.2 °C and output 328.9 °C. The
secondary circuit consists of steam generators, turbine,
condensers, the system of low pressure and high
pressure reheating of condensate water, feed and
condensate pumps. The steam generator has an output
of 1,602 tons of steam per hour. The turbine consists of
one high-pressure and four low-pressure parts. The

Tab.1 Combination of evaluated welds
Tab.1 Kombinace hodnocenych svarovych spoji

steam escapes from the steam generator under a
pressure of 7 MPa, its dryness is less than 0.2%. Tab. 1
shows a comparison of the main technical parameters of
the existing VVER 1000 reactors after modernization
and MIR1200 [1]. The work is based on the
experiments already carried out on several model
homogeneous weld joints[2 - 4].

Parameter VVER-1000 MIR.1200 Change (%)
Heat output (MWH1) 3,000 3,200 +6.7
Electrical output (MWe) 1,070 1,200 +10.8
Average duration of shutdown (days) 40 25 -375
Annual production of electric power (TWh) 75 9 +20.0
Coefficient of utilization of the installed power 0.8 0.92 +15.0
Volume of spent nuclear power (t/ TWh) 55 35 -36.4
Project servicelife of nuclear power plant (years) 30 60 + 100

Experimental methods

The research working site (MATERIAL AND
METALLURGICAL RESEARCH Ltd.) received for
material analyses, two identical model heterogeneous
weld joints No. 5 (Fig. 1). Both pieces were welded at
the project co-researcher (VITKOVICE POWER
ENGINEERING, as.) and they were inspected visually
and subjected to other NDT (capillary tests and X-ray
inspection).

Fig.1 Weldedjoint No. 5
Obr.1 Svarovy spoj &. 5

Austenitic sockets were made from forgings made of
CrNi stabilized steel 08Ch18N10T with dimensions
2 450/g 300 x 160 mm. The forgings were for testing in
the state after solution annealing.

Sockets from the steel 10GN2MFA with dimensions
2 660/g 340 x 300 mm were in the state after hardening
and tempering. A 2-layer transient weld deposit was
welded after machining on both sockets by the method
ROS (SMAW) with the use of the electrodes EA 395/2
and EA 400/10T (positions 2, 3). Subsequently, a
2-layer anti corrosive weld deposit was welded on the
inner diameter by the method ROS (SMAW) with the
use of the electrodes CL-25/1 and EA 898/21B
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(positions 4, 5). After welding, the sockets with weld
deposits were heat treated by the mode a 650 °C/10h.
The detailed execution with positions is presented in
drawing 3-N-804-096.

Weld joints of the sockets were made by the APT
method using the wire SvO4Ch19N11M3 with the
welding flux OF-6.

The framework process for the production of both
model welds is the following:

Mechanical machining of the sockets, incl. flaw
detection of welding and weld deposit edges.

Overlaying of the transition layers 1 and 2 on the
socket 10GN2MFA by the ROS method with
application of the prescribed heat treatment mode,
incl. measurement.

Flaw detection and repair of the layers 1 and 2 of the
weld deposit.

Welding of the layers 1 and 2 of anti corrosive
welding on the socket 10GN2MFA dleeve by the
ROS method with application of the prescribed heat
treatment mode, incl. measurement.

Flaw detection and machining of layers 1 and 2 of
the weld deposit.

Heat treatment of the overlaid sockets 10GN2MFA
with the use of the mode 650°C/10h with controlled
heating and cooling, incl. measurement.

Welding of the sockets 0BCh18N10T with overlaid
sockets 10GN2MFA, weld root by MIG (GMAW),
method, weld joint filler by APT (SAW) method.

Flaw detection of the weld joint.

Within the frame of the experimental program, the
chemical composition of the heterogeneous weld joint
along its width was also verified in individua layers of
weld deposits (Fig. 2). The results of tests of mechanical
properties are summarized in Tab. 2.
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08CH18N10T SK 10GN2MFA

FL1

Layer 2 of the weld deposit

Layer 1 of the weld deposit

FL2

Fig.2 Welded joint - detail
Obr.2 Svarovy spoj - detail

Tab.2 Resultsof testing of mechanical properties of the welded joint and of weld deposit
Tab. 2 Vysledky zkouSek mechanickych vlastnosti svarového spoje anavaru

Measured values PNAEG-7-010-89 resp. RTD 2730.300.02-91
Weld joint Anti-cg;;cgssii\{e weld Weld joint Anti-cg;’)c:)s;i\{e weld
mate | witwedngfi OFs | FABSZIB | i OF | A 89928
Rm 597 - 612 649 — 670 min. 491 min. 539
. Rp0.2 406 — 471 449 — 479 min. 245 min. 343
207¢ A% 28.0-38.0 33.6-404 min. 25 min. 16
Z% 59.8 - 64.1 39.8-42.8 min. 35 min. 30
Rm 408 — 418 477 — 487 min. 343 min. 441
. Rp0.2 286 — 336 352 -379 min. 196 min. 245
H07C A% 18.8-25.2 16.8-20.8 min. 15 min. 10
Z% 65.7-75.2 28.6-35.6 min. 25 min. 20

Intercrystalline corrosion

The evaluation of the complex properties of the
heterogeneous weld joint comprised also the assessment
of its resistance to intercrystalline corrosion, which was
tested according to GOST 6032-2003 by AM method.

A tota of 4 corpuscles were always removed from the
weld joint surface and from the anticorrosive weld
deposit, which were then subjected to an initiation of the
intercrystalline corrosion according to the above-
mentioned norm in a defined acid solution, and which
were consequently bent on the mandrel and checked for

the presence of cracks. No cracks were detected. Fig.3  Samplesafter IGC test

All test corpuscles met the requirement for resistance to ~ Obr. 3 Vzorky po zkousce MKK
intercrystalline corrosion (Fig. 3).
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Low cycle fatigue

For evaluation of resistance to low cycle fatigue,
smooth test specimens with "button end" with
adiameter of the loaded section of 8 mm were
manufactured (Fig. 4). The test specimens were taken in
the transverse or in the tangential direction of the base
meaterials and across the weld joint.

?19

.

100

Fig.4 LCF specimen
Obr. 4 Zkusebni t&leso pro zkousky NCU

Test specimens for determination of the Manson-Coffin
cuve and of the strain hardening curve were
manufactured from the experimental material. The tests
of low cycle fatigue were conducted in accordance with
the standard ASTM E606 [5] at the laboratory
temperature and at the temperature of 350°C on the
MTS 100 kN servo-hydraulic testing device in the mode
of control of axial deformation by an alternate load
tension-compression. During these tests, the constant
amplitude of the total strain g, was maintained. Low
cycle fatigue tests were performed at a constant velocity
of the total stran &.=4.10°s". Longitudina
deformation of the test bodies was read by a sensor with
the 12mm base. For a complex assessment of the
material response to a plastic deformation, a cyclic
stress-strain curve characterizing plastic response of
materia for major part of the fatigue service life was
determined in the form

_ n
Ga_k'gapl,

Where k is the cyclic reinforcement factor and n is the
cyclic strain hardening exponent.

Stress amplitude (MPa)

Plastic deformation amplitude (%)

Fig.5 Effect of temperature on cyclic stress-strain curve
Obr.5 Vliv teploty na cyklickou kiivku napéti-deformace

In this way, it was possible to construct the Manson-
Coffin curve of service life and the cyclic curve of the
strain hardening from the saturated vaues (Fig.5),
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which characterize the deformation behaviour of the
material over the major part of its fatigue service life,
and which are therefore material characteristics.

Evaluation of fracture behaviour and
corrosion cracking

Evauation of fracture behaviour of the steel
10GN2MFA-A was made on the basis of fracture
toughness parameters at 290°C in accordance with the
ASTM E1820-09 [6]. For this purpose, test specimens
of type C (T) were taken with thickness B = 12.5 mm
and width W = 25 mm so that the fatigue crack would
propagate through the interface 10GN2MFA — weld
deposit layer 1. The test specimens were then loaded at
a constant speed of movement of the piston rod of the
servo-hydraulic testing machine of 0.5 mm-min™. The
heating was ensured by a three-zone furnace. The
specimen temperature was measured with a NiCr-Ni
thermocouple spot welded to the test specimen in the
area of the fatigue crack. During each test, it was
possible to detect a crack opening in the load axis using
aspecially developed jig.

For each test specimen, a record of the force-notch
opening in the load axis was thus obtained. The fracture
behaviour of the steel 10GN2MFA a 290°C is
characterized by a steady growth of a ductile crack. To
describe this behaviour, it is appropriate to use the
concept of the so-called R-curves interpreting the
dependence of the fracture toughness parameter
(J - integral, critical opening of the crack ) on a stable
increment of the crack Aa. After unloading, the test
specimens were fully broken in aliquid nitrogen and the
initial length of the fatigue crack ap and its stable
increment Aa were measured on the fracture areas using
amicroscope.

Figure6 shows the R-curve determined at the
calculation temperature, or a a temperature
corresponding to the operating state on the hot collector.
Remote points are caused by swerving of a crack, which
should have been located at the interface of the material
10GN2MFA and the first weld deposit layer. After
testing, all test specimens were subjected to
fractography analysis of fracture areas in order to
determine precisely the location, in which the crack
propagated.

Corrosion cracking is defined as the process of initiation
and subcritical growth of the macroscopic crack due to
the simultaneous action of tensile stress (from external
strain or stress) and corrosive environment. Learning of
the regularities of corrosion cracking and corrosion
fatigue consists therefore in understanding the complex
interaction between the properties of the material, the
properties of the environment and the manner of strain.
Corrosion cracking occurs only if the stress level,
properties of the corrosion environment and material
properties achieve simultaneously the limit values
necessary for its occurrence.
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Specia attention is during experiments devoted to the
stage of sub-critical growth of the macro-crack, mainly
because it is based on practical experiments performed
on materias of really manufactured components where
it is no longer possible to influence the manufacturing
process itself or the technology or operating conditions
that are dictated by the technical conditions of the
operation of the given nuclear power plant.

Due to the fact that the sub-critical growth of cracks
takes place with respect to the operating conditions
(temperature) and material parameters (tough steel) by
the mechanism of stable growth of the ductile crack, it
is necessary to quantify it by the relevant parameters of
the fracture mechanics. Stable growth of cracks can be
described on the basis of the parameters of linear
fracture mechanics, which is usually the stress intensity
factor K (MPam') or the elastoplastic fracture
parameter 6 (mm) - the opening of the crack face or
J-integral (N-mm™).

In principle, two methods are used for assessment of
corrosion cracking. The first one is based on slow tests
in the uniaxial tension of cylindrical test specimens
when the factor used for the assessment is the value of
contraction. The second method uses a slow loading of
test specimens with crack for evaluation of the fracture
behaviour when the effects of the environment and
temperature are reflected by a reduction of the initiation
value for stable growth of the crack, or by the
occurrence of an intercrystalline fracture on fracture
surfaces.

Evaluation of resistance of the materid of a
heterogeneous weld joint made of low-alloyed bainitic
steel 1I0GN2MFA and austenitic steel 08Ch18N10T to
corrosion cracking was made on the test specimens of
type C(T) with thickness B=125mm and width
W =25mm with initial fatigue crack. Test specimens
were loaded at a constant speed of movement of the
piston rod 1.8-10* mm-s™, while even in this case, the
evolution of the force- piston displacement was
recorded. After loading to the selected value of the
piston displacement, the test specimens were fully
broken in liquid nitrogen and the lengths of the initial
fatigue cracks and their stable increments were
measured with the use of the measuring microscope. For
the evaluation of the results, the concept of the fracture
mechanics was used and the opening of the crack face
J (mm) was chosen as its parameter.

Fig. 6 shows the effect of the aquatic environment with
elevated temperature and pressure on the change in
fracture behaviour in comparison with the ar. The
change, especidly in the area of the R-curve, which
illustrates an intense ductile growth of the crack, is well
noticeablein Fig. 6.

What is significant, however, is that the initiating values
for the readlisation of the ductile growth are relatively
close to each other. For the value of stable increment of
0.2 mm, the value of opening of the crack on air at
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290°C is equa to 6 =0.17mm. In the aguatic
environment, the crack opening is then reduced to the
value 6=0.15mm, which, expressed by the stress
intensity factor K, means a drop from the value of
171 MPa-m™ for air to the value of 158 MPa-m"? for
the aguatic environment.

8 (mm)

Aa (mm)

Fig. 6 Effect of water environment and working temperature on
fracture behaviour of heterogeneous welded joint

Obr. 6 Vliv vodniho prostiedi a pracovni teploty nalomové chovani
heterogenniho svarového spoje

The finding, that fractographic analysis of fracture
surfaces of the specimens exposed to corrosion in an
aquatic environment at elevated temperature and
pressure did not confirm an occurrence of
intercrystalline fracture, is also of great importance. It
can be therefore assumed that the technological and
material execution of the evaluated weld joint has a high
resistance to corrosion cracking in the environment of
boiler water.

Conclusions

This paper deals with the study of conventional and
unconventional properties of a heterogeneous weld joint
made from low alloyed bainitic steel 10GN2MFA and
from austenitic stainless steel 08Ch18N10T intended for
pressure vessels of the primary circuit of nuclear power
plants of the type MIR 1200. The paper summarizes the
results of the basic mechanical properties and compares
them with the requirements of the PN AEG directive.

It follows from the obtained values that both the yield
strength and the strength limit are significantly higher
than the requirements, while the plastic properties
(ductility and contraction) also met.

It follows from the performed chemica analyses of
individual layers of the heterogeneous weld joint, that
the requirements for chemical composition in the
individual layers of the weld joint are also met. What
concerns the unconventional properties, specia
attention was paid mainly to the assessment of the low
cycle fatigue at the project temperature, to which the
nuclear power plant components are dimensioned, as
well as to the assessment of the fracture behaviour at



Recenzované védeckeé ¢lanky Hutnické listy ¢. 4/2017, ro¢. LXX
Peer-reviewed Scientific Papers ISSN 0018-8069

operating temperature and to the assessment of  Literature
resstance to corrosion cracking in an aguatic [1] https//cswikipediaorg/wiki/MIR.1200

environment. [2] KANDER, L. Research, Development and Verification of
Production Technology of Selected Welded Joints for Pressure

The experiments have, shown that the chosen matepal Vessels of Primary Circuits of Nuclear Power Plants of Type
and the technological process for producing MIR 1200. Report D-11/2015, Ostrava Materidovy a
aheterogeneous weld joint can be considered optimal metalurgicky vyzkum, sr.o., December 2015.

from the point of view of the structure and material [3] KANDER, L., CIZEK, P, HERMANOVA, S, RiHA, Z.
properties. Structure and Mechanical Properties of Welded Joints for

Nuclear Power Plants of Type MIR 1200. In Metallography
2016, p. 201, StaraLesnd, Slovak Republic.

[4] KANDER, L. Vyzkum, vyvoj a overeni technologie vyroby
Acknowledgements vybranych svarovych spoji pro tlakové nadoby primarnich
okruhzi jadernych elektraren MIR 1200. (Odborna zpréava o

This work was created within a solution of the project postupu praci a dosazenych vysledcich za rok 2016) [Ressarch,

'TA040?1746 Research, development an_d_ verification of development, and verification of technology for production of
production technology of selected welded joints for pressure selected welded joints for pressure vessels of the primary circuits
vessels of the primary circuit of nuclear power plants of the of nuclear power plants of the type MIR 1200 (Expert report on
type MIR 1200 funded by the Technology Agency of the work progress and achievements in the year 2016)]. Ostrava:
Czech Republic. Materidlovy a metalurgicky vyzkum s.r.o., December 2016.

[5] ASTM E 606
[6] ASTM E 1820

Zacina se nedostavat oceli

Die Welt 11.04.2017

Radost a Zalost lezi v ocelérském odveétvi asto blizko sebe. Jesté pred nekolika mdlo mésici se vyrobci oceli kvali
prilivu oceli z Ciny a padu cen vidéli krétce pied propasti. Nyni se situace naprosto otodila. Alespon némecké huté
pracuji svytizenim pies 90 % na hranici svych moznosti, navic EU svymi antidumpingovymi opatienimi dovozy
oceli z Dalného vychodu omezila, a tim se postarala 0 zvySeni cen. Zotaveni ocelétského pramyslu vhani ovsem
do probléma jiné odvétvi: zpracovatelské. ,,Vyvoj cen oceli Zene do likviditnich problémt prvni subdodavatele”,
varuje napiiklad praimyslovy svaz tvareni plechia (IBU). , Situace je dramatickd,” podtrhuje jednatel IBU Benhard
Jacobs v rozhovoru s novinami ,, Die Welt“. Ohrozuje to mimo jiné velké vyrobce automobilt. Dalsi problém vznika
u ploché oceli, piesngji feceno u Sirokych past, valcovanych zatepla, u niz v uplynulych nékolika mésicich stoupla
cena o témer 75 %. Na spotovém trhu stoji dnes za tepla vélcované plechy kolem 570 € za tunu ato je 0 240 € vic,
nez pied rokem. Ceny zde piikie stoupaji od listopadu 2016 na nejvySSi hodnotu za poslednich 6 let. Zatizeni pro
mnohé subdodavatele jde tak do milioni. Kupuje-li dnes podnik naptiklad 7000 tun za tepla valcovanych plechu,
lezi vicen&klady u 1,8 mil. €. Pro stfedostavovské podniky je to dramaticky mnoho. Cenové skoky zvy3uji
pozadavky na likviditu a pretézuji Gvérové limity. Vysledkem jsou insolvence. Postizeno je zatim kolem 500 firem,
které dodavaji tvarené dily zoceli predevSim vyrobcim automobili a systémovym dodavatelim, ae také
elektrotechnickému pramyslu, strojirenstvi a vyrobcim |ékarské techniky, pragek, ledni¢ek, zamka a kovani.

Schoeller Werk vyrabi p¥imé roury o delce 36 m

marketsteel.de 18.04.2017

Chladici systém je centralni soucasti elektrarny. Horkéa para, kterd je nutna pro vyrobu proudu, musi byt za turbinou
ochlazena a nasledné znovu piivedena do systému. Se stoupajicim vykonem elektraren se zvétSuje také sekundarni
okruh k chlazeni systému a tam pouzivané roury jsou delSi. Ty musi soucasné odolavat zvySenym pozadavkim,
protoZe jsou vystaveny silnym zétézim vysokych teplot a tlaku a kazdy defekt mize vést ke Skodédm na zdravi,
Zivotnimu prostiedi a vécnym skodam. ,, V&tSi efektivita a vétsi vykonnost pii maximani bezpecnosti. Tato deviza
plati v energetickém odvétvi jiz dlouho. My s naSimi cennymi feSenimi problémi trub podporujeme naSe zékazniky
pii optimaizaci funkéni bezpecnosti jejich elektraren”, fika Markus Zimmermann, $&f tymu u Schoeller Werk.
» Podle specifikace zakaznika maji naSe roury pramér od 15 do 25,4 mm a silu stény od 0,8 do 2,11 mm. Pro jgich
vyrobu se pouziva Siroka paeta austenitickych a feritickych oceli. Ty jsou ngjen obzvl&st korozivzdorné, ale také
odolné proti vysokym teplotam.”
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Utilization of Potential Method for Measurement of Kinetics of Crack Growth
Rate for Materials in Power Engineering

Vyuziti potencialové metody méreni Kinetiky rastu trhlin pro materialy
V energetice

Ing. Ladislav Kander, Ph.D.; Ing. Petr Cizek, Ph.D.; Dr. Ing. Zdenék Kubon

MATERIAL & METALLURGICAL RESEARCH Ltd., Pohrani¢ni 693/31, 703 00 Ostrava-Vitkovice, Czech
Republic

The paper summarizes results of experimental work carried out within the project TH02020071 ,,Research of the
method of potential measuring system for monitoring initiation, stable and unstable crack growth for new industry
applications”. The paper and project deal with the study of possibilities of the method of potential measuring system
for measurement of crack growth rate and initiation of stable crack growth of metallic materials in high-pressure
hydrogen environment, where the application of other measuring method is difficult. The main goal of this project is
research and development of the method of potential measuring system that can be used for measurement of crack
growth rate of fatigue cracks in high-pressure hydrogen environment and for initiation and growth measurement of
creep cracks in operating power plants. Use of the measuring system will be extended to a new area of material
testing and for new industry application, where creep and fatigue crack growth influencing the service life should be
taken into account. Other aims of the above-mentioned project are proposal and certification of the new
methodologies for measurement of crack growth rate of the fatigue cracks for special industry application,
initiation, and growth of the creep cracks and evaluation of the fracture toughness of the structural steels and welds
in a high-pressure environment. Theoretical background of potential methods is presented in the introductory
comparison of recent methods, including the proposal of placement of electrodes that used in engineering practice.
After theoretical review description of experimental works is presented, including results of measurement of crack
growth rate in structural steels used for manufacturing of cylinders. The results obtained show relative high
resistance against hydrogen embrittlement of the investigated steel as well as a change in fracture mechanisms in
fracture surfaces in hydrogen compared to the air. All the results were obtained in newly developed High-pressure
hydrogen autoclave that was built in our company.

Key words: potential method; crack growth rate; fracture toughness; high-pressure hydrogen environment

Clanek shrnuje vysledky praci provedenych p7i 7e3eni projektu TH02020071 Vyzkum mériciho systému potencialové
metody pro sledovani iniciace, stabilniho a nestabilniho rustu trhlin pro nové prizmyslové aplikace. Clanek a projekt
se zabyva studiem moZnosti aplikace mericiho systému potencialové metody pro méreni kinetiky rustu trhlin
a lomové houZevnatosti kovovych materialii v prostiedi vysokotlakého vodiku, kde je pouziti jinych méricich metod
pro sledovani ristu Unavovych trhlin obtizné. Vyuziti potenciometrické metody v prizmyslové praxi pro méieni délek
trhlin je pomérné malé. Pro SirSi nasazeni v prizmyslu doposud schazi dostatek relevantnich dat, geometrickych
kalibraci a dalSich konkrétnich parametrz pro optimalni nastaveni citlivosti snimani signalu, které se pripad od
pripadu lisi. Clanek sumarizuje doposud ziskané vysledky pri /eSeni projektu.

Kli¢ovéa slova: potencialova metoda; kinetika ristu trhlin; lomova houzevnatost; prostiedi vysokotlakého vodiku

At present, the use of the potential method in the applications, such as measuring the growth of creep
industrial practice for measuring crack lengths is  cracks in the power engineering, or measurement of the
relatively small. Although numerous industrial growth of cracks in enclosed pressure systems with
applications exist, for which the potential method of  different environments (hydrogen, water, steam, etc.),
tracking the growth of sub-critical defects would different measuring systems are still in use, but they do
undoubtedly be a good choice, there is still a lack of not enable a measurement of crack growth in situ. The
relevant data, geometric calibrations, and other concrete  article summarizes the theoretical aspects of
parameters for an optimal setting of the sensitivity of  measurement by the potential method and it summarizes
the signal reading, which differ from case to case. The also the evaluation of some initial experiments.
lack of calibration curves for individual types of  Application of high pressure hydrogen cylinders was
materials is also limiting. For practical industrial  chosen for the first series of experimental works.
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Principle of potential method

Methods using alternating potentials are methods that
have been developed and proven for many decades and
used for measuring surface defects, cracks, for
evaluation of material properties (conductivity,
permeability) and for determination of material of the
sample. The main advantages of these methods include
low measuring current, the smaller size of the
instrument, relatively distinct measured signals,
theoretically higher sensitivity to surface defects, a
linear dependence of the crack length on the measured
signal. The disadvantages include, in particular, rather
difficult measurement of ferromagnetic materials and
influencing of the measurement by the power supply
conductors.

The basic principle of the method using alternating
potentials, as well as of all other potential methods, is
the introduction of electrical current into the
investigated material and the measurement of the
generated electric field. In the case of the known
conductivity of the material, it is then possible to assess
the presence of defects or cracks. The measurement is
most often performed by a four-point method using
a probe or by welding of the measuring electrodes to the
material sample by spot welding (Fig.1). The outer
electrodes serve for introduction of an alternating
current and for the creation of an electric field. The
inner electrodes detect the difference of potentials on
the material surface.

PD out

ﬁac-cﬂooq

¢

Schematic diagram of the 4-point connection of electrodes
for potential method [1]

Schématické znazornéni ctyrbodového pripojeni elektrod pro
potencialovou metodu [1]

Current
in

.

Fig. 1

<«

Obr. 1

The principal difference between the methods of
alternating current potential drop (ACPD) and direct
current potential drop (DCPD) consists in the fact that
alternate methods use the skin effect described above
for determination of the depth of penetration of electric
field and thus for determination of the effective cross-
section through which the electric current runs.
Properties of the skin effect are advantageously used for
measurement with the use of relatively low currents,
which can produce a sufficiently large potential
difference over a small cross-section without affecting
the measurement by heating of material and for an
increase in sensitivity to the surface defects (Fig. 2).
Another advantage of the skin effect is the linear
dependence between the crack size and the change in
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the specific resistance of the material, which can be
determined, for example, by a reference measurements
at the place without defects. If the probe is situated
above the material defect, the distance from the probe to
the defect, which the current must overcome, is
extended, which causes a greater difference in potentials
of the measuring electrodes as shown in Fig. 2 [2, 3].
The measurement frequencies of alternate potential
methods fluctuate commonly in the order of tens of
kHz. When selecting lower frequencies, a greater depth
of penetration of the generated electric field is achieved,
and thus also the possibility of detecting subsurface
defects. At the same time, the sensitivity to surface
defects decreases.

Thanks to the long time development and high
sensitivity of the methods based on eddy currents,
numerous possible applications were discovered, such
as measuring the sample thickness, measuring of the
distance between the sample and the coil, measuring of
thickness of non-conductive material on a conductive
sample, detection of cracks and unevenness, and
changes in conductivity and permeability.

ACPD DCPD

—

Fig. 2  Paths of current running through the crack with the use of AC
potential method (left) and DC potential method (right) [2]

Obr. 2 Cesty protékajiciho proudu pies trhlinu stéidavou (vlevo)
potencidlovou metodou a stejnosmérnou potencialovou
metodou (vpravo) [2]

Direct current potential drop methods belong to the
oldest, most accurate and most widely used methods of
nondestructive testing for detection of initiation,
tracking of growth, and measurement of crack geometry
in both laboratory and industrial tests. In addition to
their simplicity and the possibility of complete
automation, they have a number of advantages over
other electromagnetic methods of nondestructive
testing. The independence of DCPD methods on the
material permeability makes it possible to measure
accurately also ferromagnetic materials where both
ACPD methods and methods based on eddy current fail.
Other advantages include a simpler design of the direct
current source, lower susceptibility to induced noise in
the conductors. On the contrary, the problems related to
those methods include the namely use of high currents
and related possibility of heating of the sample,
nonlinear  calibration, and errors caused by
thermoelectric voltages.
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The basic principle of DCPD methods is, similarly in
the case of ADPD methods, the measurement of voltage
on the surface of the sample, through which passes
electric current and the calculation of the specific
resistance of the material. The measurement is most
often performed by a four-point method, where the two
outer electrodes serve to introduce the current into the
measured sample and the inner electrodes serve to
measure the difference of potential of the crack. The
electrodes can be spot welded onto the sample (Fig. 1)
or they can be applied by a measuring probe. With the
extended length of the crack, the resistance of the
material increases since the cross-section of the sample
decreases, and the difference in potentials on the
measuring electrodes increases. Crack parameters can
be evaluated in the following manner:

1) on the basis of experimentally obtained calibration
curves; this is the most commonly used method; the
disadvantage is the necessity of calibration against

another measuring device,
2)
3)

by the finite element method,

analytically — only for simple geometries.

In comparison to the ACPD methods the DCPD
methods are characterized by significantly higher
currents in the order of tens of A. In order to avoid an
excessive and undesirable heating of the sample, pulse
measurement is usedd. In the pulse mode, the current is
introduced into the material only for the time necessary
for one measurement followed by a relatively long gap
before the next measurement. In the case of material
tests, it is suitable to ensure synchronization with the
testing (loading) equipment in order to start the
measurement precisely within the load cycle when the
crack is open (Fig. 3). [1]

The layout of the electrodes shown in Fig.2 is
appropriate particularly for observation of the initiation
and growth of cracks in material samples.

The DCPD methods are well suited for the detection
and analysis of cracks on the reverse side of the
investigated material. Unlike ACPD methods, the depth
of penetration of the generated electric field does not
depend on the material permeability. This can be, in
dependence also on the geometry of the used measuring
probe, created even deep in the material. Since the
density of the electric current considerably decreases
with the depth, the voltage drops in comparison with the
same surface crack are also smaller — see Fig. 4.
Particularly in thick-walled materials, it is necessary to
apply considerable measurement currents for the
achievement of the required sensitivity, which, on the
other hand, with use of the measuring probes can
produce noise caused by transition resistances at the
point of contact.
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—— Machine Load

DCPD signal and Machine Load
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Load / Current

Fig. 3 Pulse DCPD method synchronized with the load cycle [1]

Obr. 3  Pulzni stejnosmérna metoda synchronizovana se zatéZzovacim
cyklem [1]

"Equot«:‘.nt:al

Surface

A
Current Line

Fig. 4 Visualisation of current and equipotential lines in spatial
electric field [4]

Obr. 4 Vizualizace proudovych a
v prostorovém elektrickém poli [4]

ekvipotencialovych  car

The DCPD methods are susceptible to errors associated
with the generation of thermoelectric stresses on the
signal electrodes. Under ideal conditions where the
sample material and the electrodes are completely
homogeneous and the temperature in the measurement
area is locally and temporally constant, the thermoelectric
voltages are automatically read. In practice, however, the
materials are non-homogeneous, the environment
temperature may fluctuate over time and may not be the
same in all places (temperature gradients). The solution to
the problem is to a certain extent the use of the so-called
quasi-DC mode when first the measurement of the
difference of potentials is made with the introduced
measuring current, burdened by errors from the
thermoelectric voltages and immediately afterwards
a measurement is performed with a zero measuring
current, which measures purely the thermoelectric
voltages. Error correction is made by simple subtraction
of these two values. The measurement in an environment
with rapid temperature changes still presents a problem.
The double time of measurement, which can last even
several seconds depending on the thickness and
permeability of the material, is another disadvantage. The
DCPD methods are used for detection of both internal
and external cracks, for tracking of initiation and growth
of cracks, for recognition of materials including alloys,
for measurement of thickness, for measurement of
conductivity (including also the poorly conductive
materials such as semiconductors), for measurement of
soil properties (density, porosity, resistivity), for their
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identification and for creation of sub surface 2D and
3D profiles. The potential method modified by Ing.
Korec, CSc. [5] from Techlab, s.r.o., is essentially
a combination of the advantages of the above-
mentioned AC and DC potential drop methods. It finds
its application mainly in the detection and measurement
of the geometry of cracks, in the monitoring of
corrosion, in the measurement of thickness and of
plastic deformation on steam and other pipelines and of
material samples during loading tests. It took over the
positive features of the DCPD methods, such as the
ability to measure also the materials that cannot be
measured by the ACPD methods, good repeatability, the
ability to measure deep defects and cracks on the inner
sides of the pipe and independence on the position of
the power supply conductors. Positive properties of the
ACPD methods comprise namely use of a low
measuring current (typically 1A), which allows the use
of lighter power supply conductors, continuous
measurements without the risk of overheating, battery
operation and associated improved mobility of the
instrument. The method uses different properties of
geometrically different potential fields formed around
the current electrodes. The courses of electric potential
U(x) in dependence on the distance x from the current
electrode, are the following [5]:

1) Linear — the field is deformed by the final diameter
of the material. It is created, for example, in test rods
or pipes of small diameters. The dependence of the
electrical potential on the distances from the current
electrode in the linear electric field can be expressed
by the following relation;

U(X)=IM-§-><, (1)

where Iy is the measuring current, p is the material
specific electrical resistance, S is material cross-
section an x is the distance from the power supply
electrode.

2) Planar — the field is deformed by the final thickness
of the material. It is created, for example, in the
vessel shells and in pipes of larger diameter. The
dependence of the electrical potential on the
distance from the current electrode in the planar
electric field can be expressed by the following
relation:

U(¥)=1y 2 (=Inx), @

where t is material thickness.

3) Spatial — the field is not affected by the final
dimensions of the material. It is created mainly in
thick-walled vessels and pipelines. The dependence
of the electrical potential on the distance from the
current electrode in the spatial electric field can be
expressed by the following relation:

U(X) :

:lM.p.;, ©)
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Parameters in the equation (3) are the same as in the
previous equations (1) and (2).

Characteristic courses of potential between two
electrodes are formed by superposition of the fields of
the positive and negative electrode. The shape of the
electric field depends on the geometry of the
investigated sample and on the choice of the distances
of the current electrodes. For the spatial electric field,
the distance between the current electrodes a must be
less than the thickness of the material t [5]. For the
planar electric field, the distance between the current
electrodes a must be greater than three times the
thickness of the material t. [5]

The measurement is most often arranged as a pair of
four-electrode systems, where the outer electrodes of
each system serve for the introduction of the measuring
current and the inner electrodes serve for measuring the
difference of potentials. Both systems are located in the
same place, but with different spacing so that one forms
a spatial electric field serving for the measurement of
the specific resistance of the material, and the other
forms a flat electric field used for measurement of the
thickness. The advantage of this arrangement is the
independence of results on the actual temperature or on
the accuracy of the measuring current. It finds its use
mainly in the measurement of thicknesses and plastic
deformations in steam and other pipelines [6].

Other possible configurations include a four-electrode
system, used for measurement of crack propagation rate,
especially in fatigue tests. The electrodes are situated
symmetrically around the crack. The test current flows
through the test sample and the difference of potentials
is measured at the point of the crack. Assuming that the
current is evenly distributed in the sample and that the
crack size is much smaller than the sample width, it is
possible to evaluate the rate of crack propagation [6].

Another possible arrangement is a six-electrode
arrangement, which is analogous to the previous one. It
serves for measurement of the geometry of the known
cracks. The pair of electrodes serves for the introduction
of the Iy current into the material sample. The other two
pairs are symmetrically positioned over the crack but
with different spacings y. On the basis of the measured
differences of potentials, it is possible to evaluate the
crack length. This arrangement is characterized by very
good long-term stability and by suppression of the
influence of material properties and temperature
fluctuations on the measurement accuracy.

The four-electrode arrangement of the potential method
in the form of a hand-held probe can be used for
detection of both external and internal cracks. The
evaluation is based on the relation of the individual
measurements from the area of interest to the reference
measurement carried out on a near location without
defects, or on the same material without defects at the
same temperature.
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Experimental methods, results
of measurements

The connection of the electrodes at the measurement of
the crack growth on test specimens 1/2CT was tuned and
practically tested at the measurement of the resistance of
the material of the pressure cylinders to the corrosive
action of high-pressure hydrogen. As a test material, the
steel 34CrNiMo6 designated for production of hydrogen
storage cylinders was chosen as a test material.

The test results according to the valid 1ISO 11114-4 [7] in
high-pressure hydrogen under pressure of 15 MPa are
presented in Tab. 1. The load on the test specimens was
calculated on the basis of numerical simulation (Fig. 5)
and it was set to Ppy =346 MPa [8], to which
corresponded the maximum value of the stress intensity
factor Kimax = 27 MPa-m"2. The coefficient of asymmetry
of the cycle R was determined with respect to practical
applications in industrial practice to be R=0.63. The
range of the stress intensity factor was calculated to be

AK=95MPam?.  The testing frequency in the
environment of pressurized hydrogen was 7 Hz.
Tab.1 Results of the test of 34CrNiMo6 steel
Tab.1 Vysledky zkousek materialu 34CrNiMo6
Crack length | Crack length | Number
Specimen at the start at the end of cycles
Note
ID a ar N
(mm) ©
10.96 10.96
L8 50,000 | not failed
10.83 10.83
11.10 11.10 .
L9 50,000 | not failed
11.15 11.15
11.13 11.13 .
L10 50,000 | not failed
11.20 11.20
11.30 11.52 .
L11 150,000 | not failed
11.30 11.47
11.25 11.38 .
L13 150,000 | not failed
11.55 11.76
11.10 11.29 .
L14 150,000 | not failed
11.10 11.22
Fig. 5 Numeric simulation of evolution of stresses in the pressure

cylinder [8]
Obr. 5 Numericka simulace prabéhu napéti v tlakové lahvi [8]
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Fig. 6 Calibration curve of the ACPD method for CT specimen [9]
Obr. 6 Kalibra¢ni kiivka ACPD metody pro CT vzorek [9]

Tab. 2 Results of measurement of crack growth rate in high-pressure

hydrogen environment

Tab.2 Vysledky meieni kinetiky ristu trhliny v prostiedi vysokotla-
kého vodiku pro definovany rast trhliny
Average crack | Average crack Number
length at the | length at the
of cycles
start end
Spec. Note
ao at N
(mm) ©)
L16 11.48 12.98 192,528 not failed

Table 2 shows the result of measurement of the kinetics
of the fatigue crack growth in the phase of sub-critical
growth when the maximal length of the defect of
1.5mm is considered to be the limit value of
permissible indication in the pressure cylinder. The
testing was performed with the same parameters as in
the case of results shown in Tab. 1. The crack length
measurement was performed by a potential method on
the basis of the calibration curve shown in Fig. 6. It is
evident from Tab. 2 that for the given material, cycle
asymmetry and high-pressure hydrogen environment,
the number of cycles necessary for reaching the
maximal permissible defect size is given by approx.
200,000 cycles. No unstable propagation took place
reaching the permissible defect size.

Figures 7 to 9 show a fractographic analysis of the
fracture area of the sample L16. Fig. 7 shows the visible
difference between the areas of pre-cycling in the air and
the actual measurement of the crack growth kinetics in
the high-pressure cylinder. Details of fractographic
characteristics and differences are shown in Figs. 8 and 9.
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Fig. 7 Fracture surface, transition between pre-cycling area (air) and
measurement of the crack growth kinetics (hydrogen)

Obr.7 Lomovéa plocha, piechod mezi oblasti piedcyklovani

(vzduch) a vlastniho méieni kinetiky rastu (vodik)

7 2B by
Fig. 8 Detail of pre-cycling area (air)
Obr. 8 Detail oblasti piedcyklovani (vzduch)

F

Fig. 9 Detail of the area of measurement of crack growth rate
kinetics (hydrogen)
Obr. 9 Detail oblasti méteni kinetiky ristu (vodik)
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Conclusions

The paper deals with the study of possibilities of using
the potential method for measuring the kinetics of crack
growth in the CT test specimens. The paper presents a
theoretical summary of aspects and possibilities of
various configurations of the potential method.
Parameter optimisation for individual geometries of test
specimens results in significantly higher sensitivity.
Wider use of this method was hitherto has been
prevented by lack of knowledge of calibration curves
for individual geometries of test specimens and for
individual materials. This issue is addressed by the
project TH02020071, which will continue until 2020.
The direct practical realization output is the realised
measurement of the kinetics of the fatigue crack growth
in the test specimen %2 CT in a high-pressure hydrogen
environment where another method for measurement of
the crack growth rate in situ is not possible.

The conducted measurements show the high sensitivity
of the potential method, as well as the fact that the
evaluated material for the production of the pressure
cylinders shows a very good resistance to degradation
caused by high-pressure hydrogen.

It follows from realised fractographic analysis that the
degradation effect of high-pressure hydrogen changes
the character of the fracture surface, although the rate of
crack growth in the selected cycle asymmetry
corresponding to real operation is very low.
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uskladnéni vodiku — stanoveni velikosti obvodového napéti ve

Strojirna ArcelorMittal v Ostravé vyrobi ndpravy pro tramvaje na fotbalové
mistrovstvi svéta v Rusku v roce 2018

Tramvaje, které budou piisti rok piepravovat fanousky i hrace na fotbalovém mistrovstvi svéta ve fotbale 2018
v Rusku, v sobé ponesou ocel z Ostravy. Strojirna ArcelorMittal Engineering Products Ostrava, dcefina spole¢nost
huti ArcelorMittal Ostrava, ziskala zakazku na vyrobu témér 1000 naprav pro novy typ tramvaji.

,Ve vyrobé tramvajovych naprav mame uz vice nez Sedesat let zkuSenosti. Vyrobu vSech naprav pro novy typ
tramvaje, ktery se bude pouZivat na fotbalovém mistrovstvi svéta 2018, dokonéime letos v listopadu, aby se vse
stihlo v¢éas dodat a zkompletovat,“ ¥ik& Daniel Dolezal, manaZer pro prodej a marketing ArcelorMittal Engineering
Products Ostrava.

Népravy jsou uréeny pro novy typ modernich tramvaji 71-931M "Vityaz-M", které budou b&hem fotbalového
Sampionatu piepravovat fanousky i hrace. Jedna se o vylepSenou verzi tramvaje 71-931 "Vityaz", kterd je zcela
nizkopodlazni a pojme az 265 cestujicich. Napravy vyrobené ostravskou strojirnou ArcelorMittal budou pouZity pro
priblizné 150 tramvaji.

Strojirna ArcelorMittal Engineering Products Ostrava dodava tramvajové napravy predevSim svym tuzemskym
partnerd. Hotové tramvaje pak kromé tuzemska putuji na Slovensko, do Mad’arska, Francie, Turecka, Ruska a na
Ukrajinu.

- Z tiskové zprévy -

Inovace oceli uréuji budoucnost

Stahl und Eisen 4/2017

Na 21. vyro¢nim jednani deniku Handelsblatt ,,Ocelaisky trh 2017“ v Unoru v Dusseldorfu byly kromé témat
a diskusnich okruhti k aktualni strukturalni a politickohospodarské situaci ocelarského primyslu piedstaveny také
inovativni reSeni s oceli. PrednaSkovy blok prezentoval aktualni projekty a inovace tykajici se vysoce vykonného
materidlu ocel. Némecko disponuje jedine¢nou vyzkumnou siti, zabyvajici se oceli, kterd zahrnuje univerzitni,
mimouniverzitni a pramyslovy vyvoj a vyzkum. Vyzkumna sit’ ocelarského vyzkumu saha od dobyvani rudy az
k uzitnému produktu a zapojeny jsou vSechny ¢lanky fetézce tvorby hodnot. Vyzkumna agenda ma tii téziste:
technologie k omezovani a vyuzivani CO,, optimalizace procesnich fetézca (strategie nulovych chyb, primysl 4.0)
a pridana hodnota diky pouzivani oceli. V Evropé se dnes vyrabi kolem 2500 normovanych oceli. Kazdy rok je ca
150 oceli v jejich vlastnostech vylepSeno a nové vyvinuto. Vykonnost oceli se dobie ukazuje na téchto &tyrech
piikladech: a) karoserie z vysokopevnych oceli zachycuji v prabéhu nékolika milisekund vyraznou pohybovou
energii, a optimalné chrani cestujici ve vozidle. Strukturni prvky z inovativnich oceli maji az o 30 % vysSi schopnost
piijimat energii a to pti snizené deformaci, b) pisty pro dieselové motory osobnich aut z vysokopevnych
zuSlechténych oceli maji diky vy3si mechanicke a tepelné zatiZitelnosti az 0 30 % mensi konstrukeni vysku nez
c) potravinaiské plechovky jsou vyrabény z ultratenkého bilého plechu o tloust’ce 0,13 mm. Pti stejném plnicim
mnozstvi je tak plechovka o polovinu ten¢i a téZka. Recyklagni kvota je s 90 % nejvetsi na svéte, d) oba vnitini
podvozky Airbusu A380 vydrzi diky pouziti vysokopevnych zuSlechténych oceli zatéZz 520 tun pti pristani.
To odpovida véaze 400 aut VW Golf.
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Utilization of Neural Networks for Evaluation of Material Properties of
Structural Steels based on SPT Results

Vyuziti neuronovych siti pro identifikaci materialovych vlastnosti
konstrukénich oceli z vysledka SPT

Ing. Ladislav Kander, Ph.D."; Ing. Jan Spi¢ka’

' MATERIAL & METALLURGICAL RESEARCH Ltd., Pohrani¢ni 693/31, 703 00 Ostrava-Vitkovice, Czech
Republic
2 Vyzkumny a zkuebni Gstav Plzed, s.r.o., Tylova 1581/46, 301 001 Plzen, Czech Republic

Tato prace shrnuje vysledky experimentalnich praci a numerického modelovani, které byly provedeny v ramci eSeni
projektu TACR ¢ TE01020068 Centrum vyzkumu a experimentalniho vyvoje spolehlivé energetiky, pracovniho
balicku WP 8 Vyzkum a vyvoj novych zkuSebnich metod pro hodnoceni materidlovych vlastnosti. Tento projekt se
zabyva vyuzitim penetrachich test: pro hodnoceni degradace materidli kritickych komponent klasickych elektraren
ve spolecnosti CEZ, a.s. Hlavnim zdmérem 7edeni uvedeného pracovniho balicku WP8 je zpresnéni empirickych
korelaci vybranych materializ pouzivanych v energetice pro vyrobu kritickych komponent jako jsou parovody, rotory
turbin atd. Mimoto se ¢innosti realizované v rdmci pracovniho balicku rovnéz zaméruji na vyuziti metody konecnych
prvkic (MKP) a neuronovych siti (NN) pro stanoveni mechanickych vlastnosti (meze kluzu, meze pevnosti a lomové
houZevnatosti) pri laboratorni teploté z vysledki: penetrachich testii. Konechym cilem experimentalnich praci
provadenych v rdmci tohoto projektu je vytvoreni softwaru, ktery by na zékladé jiz provedenych experimentii SPT
(small punch test), tahovou zkousku a zkousku lomové houZevnatosti dokézal pro nové provedeny SPT predikovat
materidlové parametry bez nutnosti provadet tahovou zkoudku a zkouSky lomové houZevnatosti a tyto parametry
z vysledku SPT identifikovat.

Kli¢ova slova: penetracni testy; neuronové sité; lomové chovani; oceli pro energetiku

This paper summarizes results of experimental work and numerical simulations carried out within the project
TE01020068 ““Centre of research and experimental development of reliable energy production, work package 8:
Research and development of new testing methods for evaluation of material properties™. This project deals with the
utilization of the small punch test for evaluation of material degradation of critical components of a power station in
the company CEZ. The main goal of the WP8 activities is an improvement of empirical correlation of selected
materials used in power industry for manufacturing of the critical components (rotors, steam-pipes, etc.). Moreover,
WP8 activities are also focused on utilization of FE method and neural networks (NN) for evaluation of mechanical
properties (yield stress, tensile strength, and fracture toughness) at a room temperature, based on SPT results.
Neural networks are computing systems inspired by the biological neural networks that constitute animal brains.
Such systems learn to perform tasks by considering examples, generally without task-specific programming. They
have found most use in applications difficult to express in a traditional computer algorithm using rule-based
programming. Neural networks have been used on a variety of tasks, including computer vision, speech recognition,
machine translation, social network filtering, playing board and video games, medical diagnosis and in many other
domains. The aim of the experimental work in this project presented in this paper is to develop a software for
prediction of mechanical properties (yield stress, tensile strength and fracture behaviour in the term of Jy,) of the
new materials used in the power industry. Such investigation is based only on built database and SPT results.
Additional experimental tests, such as tensile and fracture toughness, requiring quite large volume of experimental
material taken from operating components, are not desirable here.

Key words: small punch test; neural networks; fracture behaviour; steel for power engineering

In connection with the effort to maximize the service exploited components is becoming more and more
life of almost worn out operating components while accentuated.

maintaining the conditions for reliable and safe
operation, the use of new test methods for evaluation of
residual service life, or for determination of the actual
strength values and brittle fracture properties of the

One of the methods that was used on a long-term basis
to evaluate the current state of mechanical properties is
the small punch test (SPT). This method is used both for
assessing the current condition of the material used by
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operating power plants, as well as for evaluating the
so-called zero states of newly manufactured components
for power plants with ultra super critical parameters
(USC), in order to map their initial state during
commissioning. The aim of this work is to create
a program, which, on the basis of already performed
experiments for penetration test (SPT) and tensile test,
will be able in the future for the newly performed SPT
experiments to estimate material parameters without
necessity to perform the tensile test and to identify from
it these parameters. This procedure could facilitate
identification of the actual material parameters of steel
used in turbines in a timely and economical manner.
These materials degrade during the process of their
exploitation and they lose their original properties. For
ensuring the safe operation, it is necessary to test the
actual values of the material parameters. Use of the
results of this work would avoid the necessity to
perform a costly tensile test, since it would be sufficient
to perform just a penetration test and, using a suitable
mathematical apparatus, to estimate/identify the
mechanical parameters that would otherwise be
obtained from the tensile test.

A neural network (NN) was chosen as a suitable
mathematical apparatus. The neural network is a
computational system originally inspired by nature and
the human brain. Dr. Robert Hecht-Nielsen defined the
neural network as follows:

"...a computing system made up of a number of simple,
highly interconnected processing elements, which
process information by their dynamic state response to
external inputs.

In "Neural Network Primer: Part I'" by Maureen Caudill,
Al Expert, Feb. 1989 [1]

The original intention of NN was to solve the problems
in a way that human brain solves them, but over time
many other applications were also found. The basic
idea, however, is that this network can be trained/taught
using input and output data to give reasonable outputs
for new inputs. The structure of the neural network is in
the so-called layers (Figure 1), where the first layer is
the input; the last layer is the output and between them
is (any) number of suitable hidden layers. Each layer
contains mutually connected nodes, and these are
further connected to other nodes in the next layer. In
this way, we get to the last layer, i.e. to the output data.
However, it is necessary to properly train the network in
order to create suitable connections between the layers
and the nodes. Ideally, several hundred to several
thousand input/output pairs would be needed to properly
train the network [2, 3].

In this case, the network would have the data from the
penetration test as input and one of the following
material parameters as output: Young's modulus of
elasticity E, yield strength Ry, the strength limit R, and
possibly the Poisson number Nu (Fig. 2).
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The network thus created could be used just after the
training namely for identification of the given material
constant. For better functionality of the network, one
network was always created for one output (parameter).
We have therefore a total of 3 NN (The Poisson
constant has not yet been solved in this case), where
each network has the data from the penetration test as
input (curve of Force versus Strain) and the output is
always one material constant.

The procedure is described in the next paragraph.

The input data for this work were the curves measured
from tensile and penetration test, altogether with three
types of steel (materials P91, P92 and 14MoV6-3). In
the first instance, it was necessary to identify the
material characteristics of the steel from the tensile test.

Fig. 1  Structure of the Neural Network
Obr.1 Struktura neuronové site.

penetration test

. 21 NN r=>

Fig.2  Diagram of the program
Obr. 2 Schéma programu

E, R, Rpoz, Jo2

A

For this purpose, a model based on finite element
method (FEM) was created with the use of the ANSYS
software, which simulated the tensile test. The Gurson-
Tvergaard's material model was used in order to take
into account also material failures. This model is
characterized by 11 constants (including yield strength
and strength limit), Young's modulus of elasticity, and
the Poisson constant. Numerical optimization in the
MATLAB software was used for identification of these
constants. This program gradually varies these constants
using the gradient method and it simulates the tensile
test with the use of the ANSY'S software. The aim was
to achieve that response of the numerical simulation
(MATLAB + ANSYS) matched most closely possible
the curve of the tensile test experiment. The Mean
Square Error was used as a target optimization function
between the experiment curve and the simulation.
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In this way, the material characteristics were identified
for all the supplied test specimens.

The next step consisted of creation and training of the
NN. The input, in this case, was directly the penetration
test curve (Force vs. Strain) and material parameters (E,
Rpo2 @ Ry) obtained by optimization were the output.
Due to the fact that strain was a controlled variable, it
was the same everywhere and we did not consider it; so
only the values of the force vector served as our input.
For better consistency of calculations, it was advisable
to have the input vectors always of the same length and
range. The curve was here taken from zero to its
maximum, it was cut here and sampled for a given
number of points. In the future, it would be advisable to
consider the curve also beyond the value of its
maximum.

The neural network must not only be trained, it is
always necessary to test it with the use of some known
pair of the input-output, which was not used in training.
The largest number of samples - 18 was available for
the material P91. We always took from these samples
17 pairs for network training and left one pair for
testing. This was done gradually with all 18 values
(each of which thus will become a test value).

Experimental methods

In order to obtain experimental data, the following
structural steels were used that are exploited in power
engineering: steel 15 128 (14MoV6-3), which is used on
a long term basis and successfully particularly in the
design parts for the power engineering, and also steels
of type P91 (X10CrMoVNb9-1) containing 9% Cr, and
1% Mo, and steel P92, in which it was attempted to
replace the expensive molybdenum by tungsten.

All of the above steels were subjected to simulation heat
treatment procedures in order to achieve various levels
of mechanical properties and to provide thus enough
experimental data for the neural networks. In this way
for each material six different levels of mechanical
properties were thus achieved.

For every heat-treated state we then performed tensile
tests with subsequent determination of the curve of actual
stress-actual strain, SPT and fracture toughness tests that
resulted in the R curves, since the characteristic feature of
the fracture behaviour at the laboratory temperature for
all of the above materials and their states after heat
treatment was a stable crack growth.

Due to the fact that both tensile and fracture toughness
tests are standardized and adequately described in the
literature [4, 5], the next paragraph will deal only with the
method of the SPT penetration tests.

The SPT method belongs to advanced testing methods
that are developed on the long term basis in the
company MATERIAL & METALLURGICAL
RESEARCH LtD. This method makes it possible to
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obtain a number of mechanical properties with the use
of the relatively small size of the test specimen. The
method is used mainly for evaluation of the actual level
of mechanical properties of the components exploited in
classical power engineering. In the recent past, this
method was newly used also for determination of the
effect of the sigma phase on the fracture properties of
steels used for the USC parameters [6 — 8].

The main advantage of the SPT method lies in the low
volume of the experimental material and also in the fact
that it is possible to obtain from the conducted SPT tests
a number of properties. The SPT principle is illustrated
in Fig. 3. The test specimen is a disc with a diameter of
8 mm and a thickness of 0.5 mm, which is penetrated by
a hemispherical puncher with a diameter of 2 mm till
the failure. Record of the test result is shown in Fig. 4,
from which it is then possible, on the basis of
correlation relationships, to obtain the required values of
mechanical properties [9].

Fig. 3  Principle of small punch test
Obr. 3 Princip penetra¢niho testu
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Fig. 4 Record of small punch test
Obr. 4  Zaznam penetracniho testu
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Obtained results and their discussion

Due to the fact that presentation of all the data and
outputs obtained during the solution of this project
would significantly exceed the possibilities of this
article, we will limit ourselves to the presentation of
only the most important facts.

Figures5to 7 show the consistency between the
experimental records of the tensile test and the model.
As it can be seen from Figs.5 and 6, in the case of
materials exhibiting an indistinctive yield point (Rpo2)
the conformity is very good, unlike Fig. 7, valid for
material 15128, which shows a significant yield
strength. Here, the model does not copy the record
accurately, it can not handle the discontinuity and it
interleaves it, similarly as in the two above cases, with
a monotonous curve.

Force (kN)

Displacement (mm)

Fig.5 Record of tensile test, experiment, and model, P91
Obr. 5 Tahova zkouska, experiment a model, P91

Force (kN)

Displacement (mm)

Fig. 6 Record of tensile test, experiment, and model, P92
Obr. 6 Tahova zkouska, experiment a model, P92
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Force (kN)

Displacement (mm)

Fig.7 Record of tensile test, experiment, and model 15128
discontinuous yield strength
Tahova zkouska, experiment a model, 15 128, nespojita mez

kluzu

Obr. 7

Figure 8 illustrates a similar comparison of the
experiment and the model for SPT, specifically for
material P92, where relatively good agreement between
the model and the experiment is evident. This
agreement was recorded for all three investigated
materials.

Force (N)

Displacement (mm)

Fig. 8 SPT record, experiment, and model, P92
Obr. 8 Zaznam SPT, experiment a model, P92

Table 1 presents the results of the simulation with the
use of the neural network for the modulus of elasticity,
yield strength and ultimate strength for all three
investigated materials. The results obtained show a
fairly good agreement for the modulus of elasticity, with
variations of approx, units of per cent. However, the
difference between the simulated and actual results and
the overall error of the estimate for the yield strength
and ultimate strength is high. For Young's modulus of
elasticity the error (direct error and error of absolute
values) is around -0.739, or 1.645%. For the values of
Rpo2 We have an error of -0.354, or 16.52%, and for
R -0.265 and 8.712%.
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Tab.1 Results of NN simulation of mechanical properties

Tab.1 Vysledky simulace mechanickych vlastnosti neuronovymi sitémi

delta rel round delta rel round ABS Max. error
(%)
E -0.07 1.65 3.18
P91 Rp02 -3.39 14.89 30.5
Rm -1.60 9.08 18.8
E -0.14 1.00 2.2
P92 Rp02 -1.50 11.01 38.6
Rm 0.15 6.51 14
E -0.34 4.65 8.41
15128 Rp02 0.34 8.65 15.8
Rm 0.09 1.75 4.25

It was also tested variouc set-up, configuration and
structure of NN, however no significat improvment was
found. In the next step we try to use whole (extended)
file of imput force vector (without cutting of at the
maximum). However neither this change in input

Tab. 2 Results of NN simulation of fracture toughness
Tabh.2 Vysledky simulace lomové houZevnatosti neuronovymi sitémi

conditions caused any improvement in the results. Only
small improvement has been found in yield stress test
results if extended input force vector is used.

In absolute numbers we are within 10% of actual values.

. ) delta rel delta rel round delta rel round ABS
Joo_sim Joo_orig
(%)
341.5976 326.6 -4.592054283 -4.6 4.6
474.6676 342.6 -38.54862274 -38.55 38.55
338.3784 254.8 -32.80156127 -32.81 3281
322.8736 341.1 5.343427442 5.35 5.35
Average error -17.6525 20.3275

For Ry, an increase of approx. 0.5% was achieved by
means of an extended force vector (till the rupture).
Tab. 2 summarizes the initial state of modelling of the
initiating value J of the Jo, integral. This is the value
considered to be the initial value, at which a stable
growth of a ductile crack occurs. The value of Joy; is
determined from the R curves at a given temperature
and it describes the fracture behaviour of the material,
or it is a material characteristic if the relevant conditions
are met in the course of testing [4].

It follows from the results obtained, that are
summarized in Tab. 2, that the simulation here so far
does not have good agreement with the experimental
results. The cause consists also in a very complicated
process of construction of the R curve, as well as the
determination of the initiation value, which in itself is
affected by an error at interleaving the curve by the data
points from individual experiments during the
determination of the fracture toughness.

In the future, our aim is to focus on refinement of this
model by increasing the number of experimental data,
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as well as by expanding the investigated materials also
by such steel grades, the characteristic features of
fracture behaviour of which is also a sudden unstable
fracture in the area of validity of elastoplastic or elastic
fracture mechanics.

Conclusions

The paper summarizes the essence and the results
obtained so far within the framework of the TACR
project TE01020068, work package WP 8.

The project is focused on the use of the SPT tests for
evaluation of material degradation of critical
components of conventional power plants. The aim of
the project consists, among other things, in the creation
of alink between the SPT tests performed within the
frame of evaluation of the actual material properties of
the exploited and newly manufactured components and
numerical simulation using neural networks. The first
results indicate the possible application of the neural
network method, especially for determining the values
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Ocelaisky pramysl: Na pokraji obchodni valky
Der Spiegel 08.04.2017

USA a Evropsk& unie uginily dalsi krok ve sméru k obchodni valce. Jako odpovéd na vyhrazku amerického
ministerstva obchodu zavést trestnd cla proti dvéma némeckym ocelarskym firmam (Salzgitter a Dillinger Hutte),
zkoumd nyni Evropska komise, zda by mohla zavést vlastni ochrannd cla proti americkym vyrobcam oceli. ,,Musi to
byt ovSem pozadovéano od nékterého postizeného evropského ocelaiského podniku,” fiké jeden vysoce postaveny ¢len
vedeni EU. Poté by takové protiopatieni mohlo byt rychle (béhem nékolika mésict) schvéleno Evropskou komisi. To
by se mohlo stat nezavisle na event. Zalobé, podané u WTO, ktera by se mohla tdhnout po dobu nékolika let. Prezident
WV Stahl Hans Jirgen Kerkhoff protestuje proti nar¢eni ministerstva obchodu USA, ¢lenské podniky napadaji
americké ocelate dumpingovymi cenami. Rika: ,,Némecké ocelaiské podniky agituji na svétovych trzich o trzng
hospodarskych pravidlech, Ameri¢ané nemohou ¢astecné nasi kvalitu viibec vyrabét“. Vini Americany, Ze se nedrzi
pravidel WTO pro posuzovani dumpingu a varuje pred protekcionismem USA. Zacin to u pravidel, kterymi je
americkym podnikam natizovano, naptiklad u projekta plynovodt pouZivat jen polotovary, vyrobené v USA.

Suroviny tlaé¢i kurzy dola

Handelsblatt 19.04.2017

Politika ma finan¢ni trhy i nadale pevné v rukou: poté, co britska premiérka Mayova prekvapiveé oznamila ve Velké
Britanii nové volby, spadl burzovni index FTSE 100 o 1,7 %. Sestupnému trendu se nevyhnuly ani némecké akcie.
NejvétsSim porazenym byl ocelaisky koncern Thyssenkrupp, ktery ztratil 2,5 %. Tuto ztratu pomohl vytvorit pad
ceny Zelezné rudy v Cing, ktery &inil 6,5 %. Poptavku po Zelezné rudé dusil prebytek nabidky oceli. Cena oceli
klesla na burze v Sanghaji 0 3,7 %. VVyvoj, kterému neunikla ani konkurence Thyssenkrupp v Némecku — Salzgitter,
ztratil vice jak 2,5 %, ArcelorMittal Sel dokonce 0 5 %. Od poloviny biezna ztratily tyto tti koncerny jiz 9 — 21 % na
burzovni hodnoté. Podobné se nedatilo i dtlnim koncerntim (Glencore, Rio Tinto). Optimisticky hledi ale investofi
na Turecko. Po svém vitézstvi v referendu si Erdogan upevnil svoji pozici a burza reagovala proti evropskému kurzu
smerem vzharu. Podle ndzoru Commerzbank bude mit ale zotaveni turecké mény a burzovnich cen jen kratkeé trvani.
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Nitrogen in Chromium Melt during Use of Oxygen-nitrogen Nozzle at Low
Pressure, Preparation of the Experiment

Dusik v chromoveé taveniné béhem pouzivani kysliko-dusikové trysky za
snizeného tlaku, priprava experimentu

Ing. Vladislav Kurka, Ph.D.% doc. Ing. Petr Jonsta, Ph.D.% Ing. Zden&k Carbol, Ph.D.% prof. Ing. Jifi
Bazan, CSc.% doc. Ing. Ladislav Socha, Ph.D.?

! MATERIAL & METALLURGICAL RESEARCH Ltd., Pohrani¢ni 693/31, 70300 Ostrava-Vitkovice, Czech
Republic

2 VITKOVICE HEAVY MACHINERY as., Ruska 2887/101, 703 00 Ostrava-Vitkovice, Czech Republic

3 V8B — Technica University of Ostrava, 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Czech Republic

For removal of chromium from slag we have designed, manufactured and verified an oxygen-nitrogen nozzle. The
nozzle is implemented in a vacuum and pressurized induction melting furnace (VPIM) and it works at a pressure of
10-20 kPa(a). In the company MATERIAL & METALLURGICAL RESEARCH LtD. we will perform an
experimental melt with increasing the nitrogen content in molten steel by nitrogen gas at low pressure. Alloying by
nitrogen was focused on the alloying at low pressure during the VOD process. On the basis of the literary analysis,
the initial design of the pilot plant experiments was carried out. In the first experiments, we will use the oxygen-
nitrogen nozzle and then we will use a porous block located at the bottom of the casting ladle.

Key words: chromium; nitrogen; nozzle; oxygen; melt

Antikorozni ocel obsahuje chrom, stejné jako pomerné drahy nikl, ktery je nahrazen levnejSim dusikem. Obecné lze
Fici, Ze vyroba nerezovych oceli je technologicky a energeticky narocnd. Ze soucasného vyvoje konstrukci
z nerezavejici oceli je ziejmé, Ze legovani dusikem se pouZiva hlavné u oceli s nizkym obsahem uhliku. Vyroba
ocelovych tavenin se provadi na primarnich a sekundarnich hutnich agregatech, kde probiha tavna rafinace na
VOD (degradaci vakuového kysliku). Cilem této prace je vyzkum, vyvoj a navrh technologie, ktera povede ke
zrychleni zvySovani obsahu dusiku v tavenine behem zpracovani procesem VOD. Tim se snizi doba taveni. SniZzenim
doby taveni se dociluje sniZeni energetické i materidlové narocnosti vyroby, tj. sniZzeni spot/eby energie a sniZeni
opotiebeni obloZeni. Byl proveden navrh, kompletace a overeni funkénosti kysliko-dusikové trysky. Tato tryska je
soucdsti zarizeni Vakuova a pretlakova indukeni tavici pec (VPIM) a pracuje za snizeného tlaku 10 — 20 kPa. Po
pIném odzkouSeni a osvojeni chodu zarizeni budou provedeny experimentalni tavby nadusiceni vysoce chromové
taveniny pomoci plynného dusiku za snizeného tlaku, a to jednak pomoci kysliko-dusikové trysky a také pomoci
porézni tvarnice umistené ve dné lici panve.

Kli¢ova slova: chrom; dusik; tryska; kyslik; tavenina

In general, it can be said that production of stainless processing by Vacuum Oxygen Decarburization (V OD).
steels is technologically and energetically demanding.  This will reduce the time of the smelting. Reduction of
Stainless steels contain chrome, as well as relatively the smelting time entails a reduction in the energy
expensive nickel, which is replaced by cheaper nitrogen.  intensity of the production, namely a reduction in
From the current development of stainless steel  energy consumption, as well as smaller lining wear.

constructions structures, it is clear that nitrogen alloying
is mainly used for low-carbon steel. Production of the
steel melt is carried out in primary and secondary
metallurgical units, where a refining melt is treated by
VOD (Vacuum Oxygen Decarburization). The aim of
this work is research and development and design of
technology, which leads to an acceleration of the
increase of the nitrogen content in the melt during its

Experimental melts will be first realized in the company
MATERIAL & METALLURGICAL RESEARCH Ltd.
(MMR) in order to use the gained knowledge for
industrial manufacturing facilities. The technology is
designed for the steel grade X4CrNiMo16-5-1 with
adlightly modified chemical composition (Tab. 1).
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Tab.1 Chemica composition of steel grade X4CrNiM016-5-1 according to standard and during experiments (wt.%)
Tab.1 Chemické slozeni oceli X4CrNiMo16-5-1, normované a béhem experimentti (hm. %)

C Mn Si P S Ni Cr Mo \Y N

Standard min 4.00 15.00 0.80 0.0200
max 0.06 1.50 0.70 0.040 0.030 6.00 17.00 1.50 - -
!Experi ments min 0.15 0.25 0.25 4.50 15.00 0.90 - -
i MMR max 0.20 0.35 0.35 0.025 0.020 5.50 16.50 1.20 0.10 -

The dependence of the nitrogen content in the iron melt
on the partial nitrogen pressure is described by the
equations (1) to [6]. Transition of nitrogen into molten
steel is governed by the Sieverts relationship, which
assumes its atomic dissolution.

K ,—{—}—
[%N]Fe :f—’:‘. pNz rel. ’ (1)
where:
K ... the equilibrium constant of the dissolution
process (wt. %),
fy o coefficient of nitrogen activity in the iron

melt [1],

{pNZ }rel. ... the relative partial pressure of nitrogen over
theiron melt [1].

Equilibrium constants of the CN express the solubility
of nitrogen in iron under standard conditions. This
means its maximum content at a pressure of 0.1 MPa,

{py, I, = 1, fu= L and according to [6] is [%6N] = 1/2N,

(9. The dependence of nitrogen solubility on
temperature is described by the relationship (2).

logK,, :—1Tﬁ3—1.246zlog [%N |,

2
and the corresponding dependence of the reaction free
enthalpy on temperature is given by the relationship (3).

AG® =3,600 + 23.86T (J) (3

The eg. (2) shows that the solubility of nitrogen in iron
at 1,600°C is 450 ppm, but it decreases significantly
when the melt solidifies. In iron, due to the formation of
nitrides, it again increases dlightly, then it decreases in
iron a to approx. 15 ppm at 600°C.

Alloying elements have a significant influence on the
solubility of nitrogen in steels, especialy in high aloy
stainless steels. The effect of aloying elements is
presented by the value of the activity coefficient fN, see

eq. (4).
log f, =Y el [%X] 4

This influence can be expressed using interaction
coefficients e} ..., - The temperature dependence of

the interaction coefficients expressing the influence of
the elements on the nitrogen activity was described by
Chipman eqg. (5).

X ( 3,280

N(T.K) =

- o.75j - €N as73K) ©)
For high-alloy steels (CrNi steels), the calculation is
refined by the knowledge of the interaction coefficients
not only of the first order but also of the second order
and of the cross values coefficients, see eg. (6).

log[%N ], = log[o6N ], — Sel [ X ]
(6)
-3 box -zl box]-pev]

The values of the interaction coefficients, for important

alloying additives for stainless steels, are quoted, for
example, by the author Buizek in the work [2] (Tab. 2).

Tab. 2 Interaction coefficients of the 1% and 2™ order, and cross

coefficients [2]
Tab. 2 Iteragni koeficienty 1., 2. fédu a kiizové [2]
X X X XY
(wt. 5 %) eN(1873K ) I'N(1873K ) IN(1873)
Cr -0.0468 +0.00034 -
Mo -0.0106 +0.000079 | +0.00002 (Cr-Mo)
Nb -0.0667 +0.00019 | +0.00136 (Cr-Nb)
Mn -0.024 +0.000032
Ni +0.0107 - -0.00041 (Cr-Ni)
Si +0.047 - -0.00149 (Cr-Si)

Very high silicon content results in the elimination of
intermetallic phases and in the reduction of nitrogen
solubility in steel, we are talking about high nitrogen
contents of approx. 0.3% and more. The author [4]
recommends aloying of steel to a maximum content of
0.8% Si, preferably up to 0.5% Si.

According to the author [5], it is possible to overcome
the steel melt grade AC11EXDP-304DP (approx. 20 %
Cr, 8% Ni, 0.03%C, 1% Mn) in a VOD with a
nitrogen-only nozzle that blows only nitrogen. The
efficiency of this process is approx. 45%, with an
increase of the nitrogen content in the steel by approx.
0.084 % N (from 0.021 to 0.105 %), in 90 t casting ladle
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with total nitrogen gas consumption of 126 m® per ladle.
The maximum speed of nitrogen blowing is 600 m*-h™,

Sulfur and oxygen aso have an effect on nitrogen
alloying of sted. The author introduces a dlightly
modified form of the relation of oxygen and sulfur on
the content of nitrogen (7).

3.05 - f2
1 + 220a, + 13 Oag

(7

Bc =

Laboratory aloying of nitrogen was carried out in a
resistive induction melting furnace with a melt weight
of 0.8 kg, in a corundum crucible with a melt of
AISI316L with a liquidus temperature of 1458°C. At
reduced and at atmospheric pressure, the nitrogen was
bubbled through the upper nozzle and the argon was
blown by bottom. Fig. 1 shows the effect of the nitrogen
content in the 316L stainless steel melt depending on
the initial temperature 1853 K (1580°C) and 1833 K
(1560°C) and on the blowing time. Nitrogen blowing
lasted for. 0.1 NI-min™ in the first half of the blow, and
the second half lasted for 0.3 NI-min™. It continued for
40 minutes at a pressure of 2 kPa and then at a pressure
of 100kPa. The fina temperatures were 1793 K
(1520°C) and 1773 K (1500°C). It can be seen from the
figure that at a pressure of 2 kPa a higher nitrogen
content than 0.05% N cannot be achieved. Subsequent
increase of the flow and increase of the pressure lead to
an increase of the nitrogen content in the melt. Fig. 1
shows the effect of the temperature on the N content in
the melt. [7]

020F " mBmEARK
L De=0=-0-=0~~0
o5t -
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Fig.1 Nitrogen content in 316L stainless steel melt depending on
the blow time at initial temperature 1853 K (1580°C) and
1833 K (1560°C)

Obr.1 Obsah dusiku v taveniné oceli 316L v zavislosti na dobé
dmychani pii teploté 1853 K (1580 °C) a 1833 K (1560 °C)

Technological procedure of nitrogen
alloying
We proposed the experimental technology after

bibliographic analysis of the problem of aloying melt
by nitrogen under reduced pressure, a technological
process of nitrogen aloying under reduced pressure.
Experimental melts will be carried out in the MMR in
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the Vacuum and pressurized induction melting furnace
(hereinafter VPIM) unit for a nominal weight of melt of
1,750kg (Fig.2). The VPIM can operate under low
pressure of 40 Pa(a) and also under overpressure of
500 kPa (a) when overpressure is made by Ar or N,.
The VPIM will be loaded for our experiments with a
1,000 kg melt. At the bottom of the induction furnace is
implemented a blowing block capable of blowing Ar or
N,. The VPIM is also equipped with an upper nozzle for
blowing of Ar and O, in any ratio from 0 to 100%. This
oxygen-argon nozzle was adjusted to an oxygen-
nitrogen nozzle to allow blowing of any ratio of the gas
mixture consisting of N, and O, (Fig. 3). Fig. 4 shows
the nozzle during the VOD process. The VOD process
is controlled by the control computer, which shows and
record the current gas contents of CO, CO,, O, and H,

(Fig. 5).

Fig.2 Vacuum and pressure induction melting furnace for nominal
weight of melt of 1,750 kg

Vakuova a pietlakova indukeni tavici pec o nomindni
hmotnosti 1750 kg

Obr. 2

Fig.3 Vacuum and pressure induction melting furnace with detail
view of the oxygen-nitrogen nozzle
Vakuova a pretlakova indukéni tavici pec sdetailnim

pohledem na kysliko-dusikovou trysku

Obr. 3
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Fig.4 Nozzle during the VOD process
Obr. 4 Tryskabéhem procesu VOD

During the experiment, metallurgical conditions will be
simulated in a big metallurgica company. A melt of
approx. 1,650 kg will be produced in the induction
melting furnace, with the required chemica
composition. It will be then poured into the pouring
ladle and the pouring pan will be placed in the keson of
the VPIM.

The melt will be then cast into the casting ladle (CL)
and the CL will be placed in the VPIM chamber. The
pressure in the VPIM chamber will be reduced down to
20 kPa (@) and at this pressure:

e The nitrogen will be bottom blown at 120 NI-min™
to the CL with melt for 10 minutes. A total of
1.5 kg of nitrogen will be blown into the melt. At a
melt mass of 1,500 kg, the theoretical alloying is
0.10% (Tab. 3). The aim of this experiment is to
find out the real possibilities of nitrogen aloying at
low pressure.

e A nitrogen/oxygen mixture, a a rate of
20-80:80-20, will be blown at 210 NI-min™on the
surface of the melt in CL for 10 minutes. For each
variant, the nozzle will blow on the surface of the
melt between 0.53 and 2.1 kg of nitrogen. For a
melt weight of 1,500 kg the theoretical alloying by
nitrogen will be from 0.04 to 0.14% (Tab. 4).

Before and after each experiment, samples of metal for
chemical analysiswill be taken from the melt.

Tab.3 Design of the N, aloying by bottom of the casting ladle to
the melt at alow pressure of 20 kPa (a)
Tab.3 Névrh legovani dusiku spodem do taveniny v lici panvi za

nizkého tlaku 20 kPa (a)

Values | Units
Melt weight 1,500 (kg)
Blowing speed N, 0.120 |(m*min®)
Blowing time N, 10 (min)
Density N, 1.2506 | (kg'm™)
Alloying N, 1.50 (ka)
Theoretical final N, content in the melt| 0.10 (%)

Tab.4 Design of the N, aloying by oxygen/nitrogen nozzle on the
surface of the melt in the casting ladle at alow pressure of
20 kPa (a)

Tab.4 Névrh legovani dusiku pomoci kysliko-dusikové trysky na
povrch taveniny v lici panvi za nizkého tlaku 20 kPa (a)

Fig.5 Control and record computer
Obr.5 Ovladaci afidici pogitac

Values Units
Melt weight 1,500 (kg)
Blowing speed N, 0.210 (m*min®)
Blowing time N, 10 (min)
Density N, 1.2506 (kg-m’®)
groportion ofNa1n | 02 | 04 | 06 | 08 .
Alloying N, 053 | 105 | 158 | 210 |  (kg)

Theoretical final N,

0,
content in the melt 004|007 ) 011} 014 (%)
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Conclusions

Paper gives an analysis of alloying of the stainless steel
melt by nitrogen gas. Alloying by nitrogen was focused
on the alloying at low pressure during the VOD process.
On the basis of the bibliographic analysis, the initial
design of the pilot plant experiments was out prepared,
the first aloying experiment will be performed in a
ladle at low pressure. In order to determine the
possibilities of alloying nitrogen at a low pressure, in
the first experiment the nitrogen will be bottom blown
to the casting ladle with melt. In the second experiment
anitrogen/oxygen mixture, at arate of 20-80:80-20, will
be blown on the surface of the melt in the casting ladle
as in the big metallurgical company, during the VOD
process. Due to ongoing work, the practical results from
the experiments will be presented in a subsequent
publication.
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Vyroba oceli se zvysila

Westdeutsche Allgemeine

12.04.2017

Vyroba surové oceli v Némecku v bieznu 2017 vzrostla oproti bieznu 2016 o 1,9 % na 3,9 mil. tun. Vyroba oceli
v prvnim &tvrtleti 2017 je o témer 2 % vySSi nez pied rokem. Konjunktura v mnozstvi vyrobené oceli tak pokrasuje ve
svém mirném zotavovacim kurzu, ktery byl predznamenan vyvojem v mnozstvi zakézek v minulém roce. Konstatuje to
Hospodéiské sdruzeni Ocel (WV Stahl) z Diisseldorfu, které zastupuje 99 % vyrobct surové oceli v Némecku ak tomu
fadu dalSich evropskych producenti. K ocdéiskému pramyslu v Némecku patii zhruba 70 podnika s90 000
zaméstnanci.

Podnikova rada Tata je proti fuzi s ocelarskou divizi Thyssenkrupp

Rheinische Post 19.04.2017

Zaméstnanci Tata Steel mobilizuji proti mozné fizi s oceldiskou divizi Thyssenkrupp. Ve véera zverginéném sdéleni
celopodnikové rady Tata Steel Nederland stoji, Ze rada je toho minéni, ze ,tato flze ignoruje zamy zaméstnanci”.
Rada mluvi o podstatnych nasledcich pro zaméstnance a obtizné spolupréci vzhledem k obrovskym kulturnim rozdilam
v obou podnicich.
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Vliv antracitu na proces spékani a kvalitu aglomeratu

Effect of Anthracite Coal on Sintering and Sinter Quality

Ing. Petr Klus, Ph.D.%; Ing. Roman Szturc'; Ing. Petr Faruzel’; Ing. Radek Hermann®, doc. Ing. Rébert
Findorak, PhD.?% prof. Ing. Méria Fréhlichové, CSc.% doc. Ing. Jaroslav Legemza, PhD.?

! TRINECKE ZELEZARNY, as., Pramyslova 1000, Staré Mésto, 739 61 Trinec, Ceska republika
2 TECHNICKA UNIVERZITA V KOSICIACH, Fakulta materidlov, metalurgie a recyklécie Technickej univerzity
v KoSiciach, Ustav metalurgie, Letna 9, 042 00 KoSice, Slovenskarepublika

Prispévek je venovan experimentalnimu spékani aglomeracni smesi na zarizeni laboratorni spékaci panvicky s cilem
vyhodnotit vliv antracitu jako ndhradniho paliva na proces spékani a kvalitu aglomeratu. Experimenty byly prove-
deny v laboratornich podminkach Technické univerzity v KoSicich dle predem stanoveného planu a dané metodiky
pripravy vsazky. Pro celkem ctyri pokusna spékéni byla dodana homogenizachi smés véetné zpétného aglomeratu,
vapence a paliva — koksu prachu a antracitu, kdy se jejich pomér pro jednotliva spékani menil i v zavislosti na zrni-
tosti antracitu. Dosazené vysledky jsou porovnany z pohledu teplotnich kiivek. Samotné vyhodnoceni pak zahrnuje
diskusi ke krfivkam spékani, vykonovym parametrizm procesu spékani, rozsevu a pevnosti vyrobeného aglomeratu,
chemickému sloZeni aglomeratu zejména se zameérenim na obsah FeO, jakoZzto parametru kvality, a v neposledni
Fade k redukovatelnosti aglomeratu.

Kli¢ova slova: spékéni Zeleznych rud; kvalita aglomeratu; koks prach; antracit, redukovatelnost

The paper is focused on the experimental sintering of the iron ore mixture. The main target was investigation of the
influence of anthracite coal as a substitute fuel on the sintering process and the sinter quality. The experimental
sintering was carried out at the Technical University of KoSice in a laboratory scale sinter pot according to the
predetermined plan and methodology for preparation of the sinter mix (Al — A4). Each of the four experimental
sintering processes, as well as the homogenization mixture, contained sinter return fines, limestone and fuel — coke
breeze or anthracite coal, and their ratio for individual sintering processes also varied depending on the anthracite
coal grain size. The obtained results are compared in terms of temperature curves. The evaluation involves
discussion regarding the sintering curves, the performance parameters of sintering process, the resistance to
abrasion and strength of the produced sinter, chemical composition of the produced sinter, especially with regard to
FeO content, known as a quality parameter, and sinter reducibility. Full replacement of coke breeze by anthracite
coal does not have any significant effect on the preparation of sinter mixtures. If the replacement coefficient
increased, the temperature of sinter layer decreased with rise of the sintering time. The negative effect of the coke
breeze replacement by anthracite coal on vertical flame front speed was found at sintering mixtures A1 and A4.
Calculated production coefficient is at comparable level, however, specific production decreases at full replacement
of coke breeze by anthracite coal. Sinter strength was identical for all samples of produced sinter (at average value)
with a slightly negative effect of anthracite coal. Variations in FeO content from chemical analysis of produced
sinters was found. The measuring of the sinter reducibility suggests that sinter Al has a lower rate of reduction
index in comparison with the sinter A4. In this case, the replacement of coke breeze by anthracite coal showed
a positive effect on sinter reducibility.

Key words: sintering of iron ore; sinter quality; coke breeze; anthracite coal, reducibility

Proces vyroby aglomerdtu se od svého vzniku zdoko- [1—4] ma své vyhody — nizSi obsah siry (moznost
nalil ai v soucasnosti se rozpracovavgji opatieni umoz-  snizeni emisi SO,), niZsi porizovaci cena a vySSi pevnost
nujici zvySeni vyroby a zlepSeni kvdity aglomeratu pii  aglomerdu (z pohledu vysokopecniho  procesu),
soucasném sniZzeni spotieby energie a spotieby tuhého i nevyhody, které Ize spatiovat piedevSim v technolo-
paliva. Je vieobecné znamo, Ze jako pdivo se standardné  gickych aspektech — ztizené mleti a davkovani (pfi vyssi
pro proces spékani pouziva koks prach (zrno pod 3mm)  vihkosti antracitu), zvySené naroky na Udrzbu zafizeni
[1-4]. Vyhodou koksu prachu je pomérné vysokd (vySSi pevnost aglomerétu) ad.

vyhievnost, nizky obsah prchavé hoflaviny a nizka
reaktivita. Jako alternativnich paliv Ize v aglomeracni
smés vyuzit napiiklad hnédouhelny koks, biomasu nebo
antracit [4]. Prosazovani antracitu jako nahradniho paliva

Jelikoz se v Trineckych zelezarnéch, a.s. kampariovité
vyuziva antracit jako néhradni palivo v aglomeracni
smési, bylo pro potteby vyzkumnych aktivit provedeno
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pokusné spékani ve spolupréci s Technickou univerzitou
v KoSicich. Cilem téchto experimentélnich spékani bylo
posoudit vliv nadhrady koksu prachu antracitem
na technol ogické a kvalitativni parametry spékéni [4].

Experiment

Pro Ucely pokusného spékani byly odebrany kovonosné
materidly, a to homogenizaéni smés (HS) a zpétny
aglomerat (ZA). Pro vyrobu vysokopecniho aglomerétu
se pouziva homogenizovana smés s prislusSnym mnoz-
stvim korekeéniho vépence a paliva. Na z&kladé této
skutecnosti se pied samotnym spékanim vytvorily
modelové hromady sdanym procentudnim podilem
jednotlivych sdozek vsazky (tab. 1).

V zésadé se pro jednotlivé modelové hromady menil
pouze pomér koksu prachu a antracitu, kdy se postupné
navySoval podil antracitu. Prvni modelova hromada
(Al) obsahovala 100 % koksu prachu, druha a tieti
modelova hromada (A2, A3) 50 % koksu prachu a 50 %
antracitu  sjehorozdilnou granulometrii  (nemlety
amlety antracit) a ¢tvrtd modelova hromada (A4)
zahrnovala 100 % mietého antracitu.

Antracit pouzity pro experimentani spékani se vyzna-
¢oval vySSim obsahem prchavé hotlaviny nez v pripadé
koksu prachu a vysSim obsahem popelovin. Vétsi po-
zornost je ovsem nutné vénovat obsahu vody
v jednotlivych palivech, ktery mize byt problematicky,
jak pri mileti, tak i pti predpeletizaci vsazky nebo vlivu
nacelkovou vlihkost vsazky. Pro samotné laboratorni
experimenty byla v3echna pouZita paliva vysuSena
na nulovou vihkost.

Tab.1 Slozeni aglomeracnich smési (hm.%)
Tab.1 Composition of sinter mixtures (wt.%)

SloZzka Al A2 A3 Ad
HS 63 63 63 63
ZA 31 31 31 31
Koks (K) 5 25 25 0
Antracit nemlety (An) 0 25 0 0
Antracit mlety (Am) 0 0 25 5
Korekéni vapenec (KV) 1 1 1 1
Suma 100 100 100 100

Experimentani spékani bylo provedeno na zatizeni
|aboratorni spékaci panvicky (obr. 1) dle dané metodiky
piipravy a zpracovéni aglomeracni vsazky, kterd byla
v souladu stechnologii zpracovani a spékéni v provoz-
nich podminkéch, a to za Ucelem co nejpresné|si
simulace procesu spékani [4].

Homogenizace a predpeletizace smési se provedla
ve shalovacim bubnu stizenym piivodem vody. Urcu-
jicim faktorem pro kvalitu piipravené smési byla jgji
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prodysnost, ktera se stanovovala béhem piedpeletizace
na optiméni Uroven z pohledu dosazeni co nejlepsSich
podminek hoieni paliva a vymeény tepla mezi plynnou
fézi a spékanou vrstvou. Po dokonceni piipravy se ho-
tova smés vloZila do spékaci panvicky, ve které po za-
paleni pomoci externiho hoidku probihalo jei spékani
po vysce vrstvy pii konstantnim podtlaku (5 kPa).

Obr.1 Experimentdlni laboratorni spékaci panvicka[4]
Fig.1 Experimental laboratory sinter pot [4]

V prabéhu spékédni se zaznamenavalo teplotni pole
spolecné sprofilem spalin. Nasledné se po procesu
spékani aochlazeni aglomerdtu provedl jeho rozbor —
granulometrie, pevnost, otér, dale byla provedena
piiprava analytickych vzorkd pro chemickou anayzu
astanoveni redukovatelnosti experimentalné vyrobe-
nych aglomerati.

Diskuse dosazenych vysledki

Celkové byly provedeny ¢tyti laboratorni experimenty
spékani (Al — A4) vySe uvedenych modelovych smési.
Pribéh spékani a vysledky experimentii jsou uvedené
v tabulkové a obrézkové formé sprislusSnym komen-
térem, resp. diskusi.

Z porovnéni teplotnich profila spékani (obr. 2-5) Ize
vidét vliv nahrady koksu prachu antracitem i vliv granu-
lometrie antracitu, kdy byl snarastem koeficientu
nahrady zaznamenan pokles teplot ve spékané vrstvé
anarust doby spékéani.

Tento trend souvisi se zhorSenou intenzitou horeni
antracitu a také svySSim podilem prchavé hotlaviny,
ktera se uvoliuje pii nizsich teplotach, coz je pricinou
nizsiho tepelného efektu pii odevzdavéni tepla paliva
vsézce. Pri spékéani se stejnym koeficientem nahrady byl
pozorovan mirné rychlesi pribeéh spékéni, coz Ize pii-
¢ist zvySené prodysnosti vsazky.
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Obr. 2 Priibh teplotnich kiivek spékani (aglomeracni smés Al) [4]
Fig.2 Temperature curves during sintering (sinter mixture A1) [4]

Obr. 3 Pribeh teplotnich kiivek spékéani (aglomeracni smés A4) [4]
Fig.3 Temperature curves during sintering (sinter mixture A4) [4]

Obr. 4 Prabeh teplotnich kiivek spékani (aglomeracni smés A2) [4]
Fig.4 Temperature curves during sintering (sinter mixture A2) [4]

Obr. 5 Prabeh teplotnich kiivek spékani (aglomeracni smés A3) [4]
Fig.5 Temperature curves during sintering (sinter mixture A3) [4]
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Nasledujici graf (obr. 6) zobrazuje parametry vykonu
spékani pro jednotlivé modelové hromady. Z vypo-
¢itanych hodnot vertikalni rychlosti spékani, ktera
zahrnuje rovnéz koeficient vyrobnosti a vliv geometrie
spékaci panvicky je vidét nejednoznacny vliv paliva,
jelikoz funkéni zavidost vertikdni rychlosti spékani
zavisi i na daSich proménnych (mérné teplo vsazky
aplynu, rychlost prosdvanéno vzduchu (plynu), sypna
hmotnost vsazky, fyzikalni vlastnosti vsazky, objemové
meérné teplo vsazky). P zohlednéni vSech vlivia
aporovnani téchto parametri lze spatfovat jisty
negativni vliv ndhrady koksu prachu na vertikalni
rychlost spékani, coz se potvrzuje zefména u spékani
smési Al a A4, ¢ili pfi plné nahradé koksu prachu
antracitem.

Koeficient vyrobnosti je na srovnatelné drovni s malym
narastem piiblizné o 2% pii zaméné koksu prachu za
antracit, ovSem specificka vyroba pii 100% nahradé
klesa zhruba o 17 %. V piipadé 50% néhrady bylo
dosazeno dokonce pozitivnéjSich vykonnostnich para-
metru pri vytfidéném antracitu neZ pii spékéani s koksem
prachem.

Dle provedeného rozsevu aglomerdti doso k mirnému
snizeni podilu podsitného aglomerdtu o 2 % v piipadé
100% nahrady paliva, coz se potvrdilo i vzristem
stiedniho zrna, a to jak v pifpadé vytfidéného
aglomerdtu, tak i podsitnych frakci. Pevnost aglomerata
byla v praméru identicka s mirnym negativnim vlivem
antracitu, coz se projevilo i na zvySeni otéru priblizné
00,7 %.

Obr. 6 Vliv ndhrady koksu prachu antracitem na vyrobni parametry
4

Fig. 6 Effect of substitution coke breeze by anthracite coal on
production parameters [4]

Tab. 2 uvadi chemické sloZzeni vyrobenych aglomeréti.
Z uvedené tabulky je ztgimé, Zei pies teoreticky shodné
slozeni jednotlivych smési, co do zastoupeni rudné
¢ésti, byly stanoveny hodnoty sjistymi odchylkami.
Obsah Fe se ve vyrobenych aglomerdtech pohyboval
v rozmezi 56,7 —57,7 % abazicita kolisala v rozmezi
0,8-0,9.

Z pohledu chemického slozeni byly zgimavé rozdily
ve stanovenych obsazich FeO, které se liSily pouZitou
metodou jgich stanoveni (spektrometricky, klasicka
chemicka metoda). Vliv ndhrady koksu antracitem na
obsah FeO v aglomerétu je zobrazeny pro dané experi-
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menty na obr. 7, na kterém se maximum objevuje pfi
50% nahradé koksu prachu. Uvedeny trend je potvrzen
obéma metodami stanoveni obsahu FeO, piicemz pro
spektrometrické stanoveni vykazuje vysSi spolehlivost.
V této souvidosti je zajimavy zbytkovy obsah uhliku
v analyzovanych aglomerétech, kdy se v piipadé aglo-
merati z aglomeracnich smési Al a A4 projevil jisty
nedopal, coz mohlo vést k niz§im hodnotdm FeO oproti
aglomeratim s 50% nahradou koksu prachu.

Tab.2 Chemické sloZeni experimentané vyrobenych aglomerati

(hm.%)

Tab.2 Chemical composition of experimental sinters (wt.%)
(%) Al A2 A3 A4
Fe 56,70 57,60 57,70 57,50
FeO (spektro) 11,80 13,44 13,42 11,67
FeO (klasicky) 13,87 14,34 16,46 14,57
SiO, 8,66 8,76 8,52 8,91
Al,O; 1,23 1,10 1,10 1,11
Mn 0,31 0,29 0,30 0,30
CaO 7,36 7,06 7,03 6,81
MgO 1,69 1,04 1,08 1,11
P,0s5 0,08 0,07 0,07 0,07
S 0,019 0,007 0,010 0,016
Cr,03 0,03 0,02 0,02 0,02
Zn 0,007 0,005 0,005 0,005
P2 0,92 0,82 0,84 0,79
Na,O 0,036 0,032 0,032 0,032
K,O 0,075 0,064 0,070 0,074
C 021 (<001 0,04 0,14

Obr. 7 Vliv ndhrady koksu prachu antracitem na obsah FeO v aglo-

merétu [4]
Effect of substitution (coke breeze by anthracite coal) on FeO
content in the sinter [4]

Fig. 7

DalSim ze zkoumanych parametri provedeného experi-
mentu byla redukovatelnost vyrobenych aglomerati.
V souvislosti se zménou druhu paliva a jeho vlivem na
kvalitu aglomerdtu byly provedeny dva testy redukova
telnosti dle metody 1SO 4695, a to u vzorki aglomerétt
z aglomeracni smési A1l a A4 (Cili se 100% néhradou
paliva).
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Vysledky provedenych zkouSek prokézaly rozdily
v redukovatelnosti aglomerétt, kdy je z prabéhia hmot-
nostnich Ubytka béhem ptsobeni plynné smési CO + N,
na vzorky vidét rozdil v regresnich kiivkach redukce.
Funkéni zavidosti stupné redukce R; na ¢ase jsou
porovnany naobr. 8.

Obr. 8 Stupen redukce v ¢ase pro aglomerdty Al aA4 [4]
Fig. 8 Degree of reduction intime (sinter A1 and A4) [4]

Z prubéhu kiivek lze vidét, ze aglomerat A1l dosahuje
rychlost redukce vintervalu 30 az 60 min. hodnoty
0,32 %-min™, coZ je v porovnéni s redukinim gradien-
tem aglomeratu A4 o priblizné 22 % niZsi rychlost. Tyto
zjistené vysledky potvrzuji predpoklad téZko redukova
telného aglomerétu u obou dvou typu, vzhledem k po-
mérné vysokému obsahu FeO a nizké bazicité. Hodnota
indexu redukovatelnosti se pak u zkoumanych aglome-
rata pohybovala okolo 0,55 - 0,73.

Zavéry

Z provedeného experimentalniho spékéni aglomerag-
nich smesi scilem zjistit vliv ndhrady koksu prachu
antracitem na proces spékani a kvalitu aglomerétu
vzedly nasledujici zavery:

— nahrazeni koksu prachu antracitem v plném rozsahu
nema zésadni vliv na proces shalovéni smési
a predpeletizaci vsazky,

s narastem koeficientu nadhrady koksu prachu antra-
citem byl zaznamenan pokles teplot spékané vrstvy
anérust doby spékéni,

zanalyzy vykonovych parametrti spékani je vidét
jisty negativni vliv ndhrady koksu prachu antracitem
na vertikani rychlost, coz je potvrzeno v piipadech
spékani aglomeracni smesi Al aA4,

koeficient vyrobnosti je na porovnatelné udrovni,
ovSem specificka vyroba klesa pfi 100% néhradé
koksu prachu antracitem zhruba o 17 %,

nédhrada koksu prachu antracitem mé mirny vliv na
snizeni podilu podsitné frakce (cca 2 %) u spékani
smési Al a A4, coz bylo potvrzeno narastem stred-
niho zrna,
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— pevnost aglomerdtt je v praméru identickd smirnym  Literatura

negativnim viivem antracitu, [1] PIETRUCK, R. et d. Alternate Carbon Sources for Sintering of

— chemickou analyzou vyrobenych aglomeratia byly Iron Ore. RFCS. Findl report. 2013. ISBN 978-92-79-22676-2.
zjisteény rozdily zefména v obsahu FeO, ktery jejed- [2] KAZANTSEV, E.A. et a.: Using AMSSh Anthracite in Sinter
nim z parametra uréujicich kvalitu aglomerétu, Production. Steel in Translation, 43 (2013) 3, 127-128. ISSN

. . , 0967-0912.
— stupen redukce a index redukovatelnosti stanovené . . o

lomeréty ze smesi A1 a A4 potvrdily piedpo- [3] STRAKHOV, V.M. ¢ a. Utilizing Gorlovsk Basin Anthracite in
pro agw Yy ; p L y predp Metallurgical Production. Coke and Chemistry, 51 (2008) 9, 346—
klad tézko redukovatelnych aglomerétt, a to vzhle- 356. |SSN 1068-364X.
dem _kJel'Ch Ob&’:}’huv Feov‘:" rpnozst}/l ,aglomeraénl [4 FINDORAK, R. e . Vplyv antracitu na aglomeracny proces
taveniny, kdy z prabéhu metreni vyplyva, Ze aglome- akvalitu aglomeratu pre potreby TZ, as. (Vyskumna sprava)
r& Al dosahuje v porovnani sredukénim gradien- Kosice, 2016.

tem aglomerdtu A4 o cca 22 % nizSi rychlosti;
v tomto piipadé méla nahrada koksu prachu antraci-
tem pozitivni vliv naredukovatelnost aglomerétu.

Thyssenkrupp pirebudovava ocelaiskou divizi

Borsen-Zeitung 08.04.2017

Thyssenkrupp piedstavil na zasedani zavodnich rad prvni cile a limity planované piestavby ocelarské divize. Podle
Udajt managementu nepokryva divize jiZ celé roky kapitdlové néklady a musi byt proto restrukturalizovana. Séf
divize Andreas Goss stanovil pro oceldiskou divizi do roku 2020 vykonnostni rozdil ve vys 1,6 mid. €. 500 mil.
euro ma byt v pristich tiech letech uSetieno. Kromé toho ma byt sniZzen pocet zaméstnanci a maji byt odstavena
nektera zakizeni u hrubych plechi. Séf predstavenstva Thyssenkrupp Heinrich Hiesinger zdaraznil v minulosti jiz
nékolikrét nutnost prestavby a konsolidace. ,,JiZ roky nevydélavame na naSe naklady. A to i presto, Ze Steel Europe
patii ke dvéma nejrentabilngjSim vyrobcaim oceli v Evropé. Usporné programy néam dévaji jen moznost vydechnuti®,
prohlasil Hiesinger na valné hromadé. Provozni, surovinové a dopravni naklady se dagji stl&it jen tézko. Jinak je
tomu u persondnich nékladi, které tvori zhruba étvrtinu celkovych nékladi. Ty by mély brzy stoupnout, protoze
v ngjdaleZitéjSim zavode v Duisburgu se bude pirechézet z 31 hodinového tydne zpét na 35 hodinovy. Koncern chce
ale persondni n&klady sniZit o vice nez 200 miliond euro, cozZ je o vice nez 10 %. Podnikova rada se obéava
nesouhlas. Jako o ohrozenych provozech ¢i zavodech se mluvi o vacovné v Bochumi a provozech v Kreuztalu
a Gelsenkirchenu. Diskutuje se také o Hittenwerke Krupp-Mannesmann (HKM), které patii spolecné koncernim
ThyssenKrupp, Salzgitter a Vallourec. Od roku 2016 se jednd o flizi sTata Steel. Joint Venture 50:50 by byl
feSenim, konec jednani se ale zda byt v nedohlednu. V diasledku fuze by vznikl druhy nejvétsi vyrobce oceli
v Evropé za ArcelorMIttal s50000 zaméstnanci a obratem 20 mid. €. Podil na trhu slukrativni oceli pro
automobilovy pramysl by tvoril étvrtinu.

Rozlouéeni Audi s autem z hliniku

Frankfurter Allgemeine 11.04.2017

Zna pokrok jen jeden smer? Na spirdle se maZete pohybovat stejné smérem nahoru i doli. To se domnivali inzenyii
z Audi, kdyz nadchnuti zapdlenym technikem Ferdinandem Piechem, kdyz vyvinuli vroce 1994 pro druhou
generaci velké limuziny A8 prvni velkosériové vyrdbénou celohlinikovou karoserii. Pouzitim tohoto lehkého kovu
snizili hrubou véhu hrubé karoserie na pouhych 249 kg. Leh¢i auta, tak pravila nadgje, pottebuji jen mensi motor
anetak silné brzdy atlumi¢e. S novym A8, které bude piedstaveno na |AA ve Frankfurtu nad Mohanem, prob&éhne
rozlouceni séisté hlinikovym A8, které bylo mezitim kopirovédno mnoha vyrobci. Dnes bude z raiznych druht
hliniku jiZz jen 58 % hrubé karoserie, jakoZ i dvere, kryt motoru a kryt zavazadlového prostoru. Nové kouzelné
slivko zni: ,,smiSeny zpiisob konstrukce”. Zvl&Stni roli pii tom hrgji za tepla tvaiené oceli, ty tvori jadro predni
kostry prostoru pro cestujici, které chrani jezdce a spolujezdce pied ndrazem. ,Postavime-li pevnost do relace
shmotnosti, leZi za tepla tvarena ocel dnes pred hlinikem®, vysvétluje Bernd Mlekusch, $&f centra pro lehké
konstrukce v Audi.
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Vliv prosazovani koksu hrasku na provozni parametry vysokych peci

Effect of Nut Coke Charging on Operational Parameters of Blast Furnaces

Ing. Petr Klus, Ph.D.%; Ing. Jan Kufa? Ing. Petr Faruzel®; Ing. Roman Taska®; Ing. Radek Hermann*

! TRINECKE ZELEZARNY, as., Primyslov4 1000, Staré Mé&sto, 739 61 Tiinec, Ceskarepublika
2MATERIALOVY A METALURGICKY VYZKUM sr.o., Pohrani¢ni 693/31, 703 00 Ostrava-Vitkovice, Ceska
republika

Predklddany clanek se zabyvd prosazovanim koksu hrésku do vysokych peci scilem vyhodnotit vliv tohoto
drobnozrnného podilu koksu v rudné vsazce na provozni a technicko-ekonomické parametry vysokopecniho procesu.
Na pocatku roku 2017 byly na vysokych pecich ¢. 4 a 6 v TZ, a.s. provedeny kampané bez prosazovani koksu hrasku
za Ucelem zjisteni jeho vlivu na provozni parametry chodu vysokych peci. K samotnému vyhodnoceni zkoumaného
vlivu bylo vyuZito statistické analyzy provoznich dat, pficemZ v prispévku je pozornost zameérena na analyzu
kampané probehlé na vysoké peci ¢. 4. Vyhodnoceni vlivu prosazovani koksu hrasku se orientuje predevSim na
spotiebu vysokopecniho koksu, stuper: vyuZiti plynu ETA CO, variabilitu obsahu Si v surovém Zeleze, rozdil teplot na
sazebné, odvod tepla v chladnicich a diferen¢ni tlak.

Kli¢ova slova: vysoka pec; prosazovani koksu hrasku; provozni zkouska; statistick& analyza

This paper deals with nut coke charging into the blast furnaces in order to evaluate the effect of charging the small
size coke on operational, technical and economical parameters. At the beginning of 2017, a campaign of no-
charging of the nut coke to blast furnace burden was carried out in order to determine its effect on blast furnace
operation. This operational test was performed on both blast furnaces in Trinecke zelezarny, a.s. — BF No. 4 and BF
No. 6. The statistical analysis of the operational data was used for the evaluation of the studied influence. This
paper is focused on data analysis from the campaign of the BF No. 4. The evaluated effect of nut coke charging is
oriented on these parameters: BF coke consumption, ETA CO, variability of silicon content in molten iron,
temperature difference on the top, differential pressure, heat dissipation in copper staves and Fe staves. According
to the results of the statistical analysis, the quantity of nut coke charging was in average of 50.2 kg/t of hot metal.
According to the multidimensional regression, the replacement coefficient of blast furnace coke with nut coke was
0.948 kg:t™*. The nut coke charging led to an increase of the ETA CO, to a decrease of temperature difference on the
top, to a lower variability of the Si content in molten iron, to a decrease of heat dissipation in the cooling staves and
to an increase of the differential pressure. The optimal utilisation of the nut coke depends on its reaction ability with
different burden composition, coke quality, charging strategy and ideal nut coke distribution. This is a way for
achievement of a maximal utilisation of nut coke charging into the blast furnace. Regarding the increase of
differential pressure during the nut coke charging, the actual rate of nut coke in the burden is on the maximal value
with the corresponding quality of the used BF coke and the injection rate of pulverized coal.

Key words: blast furnace; nut coke charging; operational test; statistical analysis

Metalurgicky koks je vyrabén karbonizaci smési kokso- v kone¢ném dasledku snizeni celkovych nakladt vyso-
vatelného uhli v koksérenské baterii. Takto vyrobeny  kopecniho zavodu. Provoz mnoha VP prokézal moz-
koks se obvykle tiidi do t¥ granulometrickych frakci —  nosti v Gspoie koksu a zvy3eni vyrobnosti pri prosazo-
koks prach (do 10 mm), koks hraSek (+10mm vani koksu hréSku. V soucasné dobé se prosazované
do 25 mm) a vysokopecni koks (+25mm do 80 mm)  mnozstvi koksu hréSku lisi v zavislosti na podminkéch
[1]. Vysokopecni koks je jednou z nedulezitéjSich slo-  kazdého podniku, ddle na uréené velikosti zrna koksu
Zek vsazky, kterd ovliviiuje ekonomickou stranku vyso-  hréSku  kazdym  podnikem a  pohybuje se
kopecniho procesu a vyroby. Snahou prakticky vSech v Sirokémrozmezi od nékolika kilogrami aZz po
vyrobci Zeleza a oceli je efektivng vyuZivat dostupné 140 kg-t™ surového Zeleza [2]. Na obr. 1 je zobrazeno
materidly a nejnovéjsi technologie, které v optimanim  srovnani provozu VP s koksem hraskem a bez koksu
piipadé vedou ke snizovani nakladi na vyrobu. hrésku.

V ptipadé technologie vyroby surového Zeleza ve vyso-
kych pecich (VP) se celosvétové vyuziva drobnozrn-
nych podili koksu (koks hréSek, koks ofech) k zgjisteni
vhodnych podminek chodu VP, coz muzZe ptinéSet
zvySeni vyrobnosti, Usporu vysokopecniho koksu a

Soucasné vyzkumné aktivity [3 — 6] naznacuji, ze vyuziti
koksu hrésku je ekonomické pii spravné zvoleném
Zpasobu jeho prosazovani. VétSina producenttt surového
zeleza voli jeho pridavani k Zeleznorudné ¢asti vsazky.
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Tento zpasob prosazovéni piindSi vyhody zegména
zpohledu zgisténi potiebné prodySnosti po vysce
apruiezu VP. Pokud by byl koks hréSek prosazovan spo-
le¢né s vysokopecnim koksem o vétSi zrnitosti, dochézelo
by kzaplnéni volnych prostori mezi hrubozrnnymi
podily, ¢imz by nasledné klesla prodysnost vsazkového
sloupce. Zavézeni koksu hrasku srudnou vsézkou tedy
piinéSi ve vydedku zlepseni prodysnosti v Sachte VP.

Na zéklad¢ experimenti na studeném modelu doporugili
Bahich &. [6] a Song &. [3] vyuZiti koksu hrésku ve
smési srudnou vsazkou ke zlepSeni prodysnosti v suché
zong VP. Zjidtili, ze vétsSi zrnitost koksu hréSku mé
logicky pozitivni vliv na prodysnost plynu. Oproti tomu
vliv koksu hrasku na prodysnost vsazky rovnéz logicky
klesa s jeho zvysujicim se prosazovanym podilem.

Obr.1 Provoz VP s/bez koksu hrésku [6]
Fig.1 BF operation with/without nut coke [6]

Koks hrasek prosazeny do VP spolecné s rudnou vsazkou
ma vliv také na prodysnost v oblasti kohezivni zény, kde
slouzi jako kostra drobného koksu, udrzuje ji ve stabilni
form¢ a z&roveti miZze zlepSovat podminky meknuti
ataveni rudné vsazky. Obzvl&steé pri vysokych teplotéach,
okolo 800 °C, se pti vyuZiti koksu hréSku zabraiuje zpo-
maleni redukce (reduction retardation), rozSituje se jgi
oblast a v kohezivni zéné je podporovéna piima redukce,
kter4d nezasahuje do oblasti nistéje, ¢imz se rovnéz
Vv nisteji zlepsuji teplotni podminky [2].

Bylo rovnéz prokézano, Ze sniZzeni spotieby koksu pii
vyuziti koksu hréSku je vyvolano vySSi reaktivitou
koksu hrasku ve srovnani svysokopecnim koksem
v diusledku zlepSenych podminek reakce soxidem
uhli¢itym, ¢&imz koks hrédek prispiva Kk vytvoreni
optiméniho reakéniho prostiedi v Sachté vysoké pece.
Vy&Si resktivita koksu hrasku souvisi sjeho mensi
zrnitosti a veétSi  reakéni  plochou. Toto  zjisténi
prokézalo, Ze se koks hréSek aktivne zlgastiuje reakci,
které zéroven podporuje (Boudouardova reakce, piima
redukce, nauhli¢ovéni metalického Zeleza ad.) [3].

Mechanismus vlivu pridavani koksu hrasku k rudné
vsazce na chod a vykon VP neni stale Uplng vysvétlen,
pficemz samotné prosazovéni koksu hrasku je také
limitovano [3]. Je zde tedy velky prostor pro dalsi
vyzkum vlivu koksu hréSku na provozni parametry VP.
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V Ttineckych Zelezérnach, a.s. se héZné prosazuji drob-
nozrné podily koksu spoleéné srudnou vsézkou
vmnozstvi do 75kg-tt surového Zeleza. V prvni
poloviné roku 2017 byly provedeny na vysokych pecich
¢. 4 a6 (VP4, VP6) kampané bez prosazovani koksu
hréSku za Gcelem zjisteni jeho vlivu na provozni
parametry chodu VP. Jdikoz celkové vyhodnoceni
vlivu koksu hrasku na provozni parametry chodu VP6
nebylo dosud kompletné analyzovéno, je v ¢lanku
pozornost zameéiena na analyzu provoznich dat pouze
ZVP4. K samotnému vyhodnoceni zkoumaného vlivu
bylo vyuZito statistické analyzy provoznich dat.

Statisticka analyza provoznich dat

Cilem statistické analyzy bylo vyhodnoceni vlivu prosa-
zovani koksu hrasku na spotiebu vysokopecniho koksu a
dal&i provozni parametry vysokych peci ¢. 4a6v TZ, as.
Byla uvazovana standartni hladina vyznamnosti o = 0,05.
V tomto ¢lanku je pozornost zaméiena hlavné na VP4.

V datech je zachyceno obdobi od listopadu 2016 do
ledna 2017 (b&Zzny chod VP4 sprimérnou spotiebou
koksu hrésku kolem 50 kg-t* surového Zeleza) a dde
navazujici obdobi ledna az brezna 2017 (obdobi bez
koksu hrasku ve vsazce VP4). Datovy soubor obsahuje
jak technologické proménné, ovliviujici parametry
chodu VP4 (tzv. vysvétlujici proménné), tak i provozni
parametry, charakterizujici kvalitu a stabilitu chodu
VP4 (tzv. vysvétlované promenné). Sestaveni datového
souboru bylo prabézné konzultovédno s technology
vysokych peci, ktefi doporucili vylouceni 8 nestan-
dartnich dni z datového souboru. Dade byly vylouceny
dny s celkovym stanim VP4 vétSim nez 2 h.

Findlni datovy soubor, ze kterého vychazela statisticka
analyza tak obsahuje celkem 49 zéznamut (dni) b&zného
chodu VP4 s koksem hraskem ve vsézce a 36 dni kam-
pané bez koksu hrasku ve vsazce.

Vyhodnoceni a diskuse dosazenych vy-
sledkd vlivu koksu hrasku na spotiebu
vysokopecniho koksu na VP4

Vliv mérné spotieby koksu hrésku na mérnou spotiebu
vysokopecniho koksu byl vyhodnocen pomoci viceroz-
mérné regresni analyzy.

Byl sestaven nasledujici regresni model zavislosti mérné
spotieby vysokopecniho koksu (KOKS msp) na tiech
dilezitych promeénnych — bohatosti vsazky (BV), meérné
spotiebé uhli (UHLI_msp) a mérné spotiebé koksu
hrésku (hrasek_msp). Model je moZzné matematicky
vyjédtit pomoci regresni rovnice (1):

KOKS_msp = 834.786 - 0.778504* UHLI_msp -

0.947992* hrasek_msp - 6.53361* BV @

Takto navrzeny regresni model je statisticky vyznamny
jako celek. Stejné tak vyznamné jsou odhady regresnich
koeficienti vSech 3 vysvétlujicich proménnych, které
snizuji spotiebu vysokopecniho koksu. Koeficient
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determinace tohoto modelu je roven 0,89, tzn. varia-
bilitu mérné spotieby vysokopecniho koksu vysvétiuje
Z 89 %. Pomoci tzv. regresniho tripletu byla provedena
diagnostika regresniho modelu [7]; navrZzeny regresni
model |1ze povaZzovat za adekvatni.

V tab. 1 jsou uvedeny vypoctené odhady regresnich
koeficientd.

Tab.1 Regresni koeficienty aintervaly spolehlivosti
Tab.1 Regression coefficients and confidenceintervals

Parameter Estimate Lower Limit Upper Limit
CONSTANT  834.786 750.554 919.019
UHLI_msp -0.779 -0.995 -0.562
hrasek_msp -0.948 -1.050 -0.846
BV -6.534 -7.593 -5.475

Regresni koeficient pro mérnou spotiebu koksu hrasku
jeroven -0.948. Znamena to, Ze zvySeni mérné spotreby
koksu hrésku o 1kg-t* surového Zeleza snizi mérnou
spotiebu vysokopecniho koksu 0 0,948 kg-t™* surového
Zeleza,

Presnost tohoto odhadu udava interval spolehlivosti,
podle kterého se skute¢nd hodnota regresniho koefi-
cientu s 95% pravdépodobnosti nachézi v rozmezi 0,85
a? 1,05 kg-t™* surového Zeleza.

Parcidni regresni graf na obr.2 ukazuje vliv mérné
spotieby koksu hrésku na zménu pramérné meérné
spotieby vysokopecniho koksu pii eliminaci  vlivu
ostatnich proménnych, respektive pti uvazovani jejich
pramérnych hodnot. V tomto grafu pramérna hodnota
mérné spotieby koksu hrasku (vypodtend ze vsech
hodnot obou kampani) protina nulovou zménu spotieby
vysokopecniho koksu, takze z grafu je napi. vidét, ze
zvySeni mérné spotieby koksu hrédSku z pramérné
hodnoty na 50 kg:t* je spojeno se snizenim spotieby
vysokopecniho koksu o cca 20 kg-t™* surového Zeleza.

Component+Residual Plot for KOKS_msp

80 F T T T T T T

component effect [kg/t s. 2.]

hrasek_msp [kg/t s. Z.]

Obr. 2 Parcidni regresni graf (hrasek_msp)
Fig.2 Component + residual plot (hrasek_msp)

Na mérnou spotiebu vysokopecniho koksu ma vliv celd
fada dalSich technologickych proménnych, které
v regresnim modelu vy3ly jako statisticky nevyznamné,
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ato a’ uz zdavodu maého pocétu datovych zéznami,
nebo malé variability téchto proménnych ve sledovaném
obdobi. Pro vylouéeni moZnosti ovlivnéni vysledka
regresni analyzy byly pomoci neparametrické verze
t-testu alesponi testovany rozdily v medidnech téchto
doprovodnych technologickych proménnych v obou
sledovanych obdobich.

V obdobi bez prosazovéni koksu hrasku byl zazname-
nan vy median m&rného mnozstvi strusky (o 17 kg-t*
surového zeleza), nizSi median obsahu Mn v surovém
Fe (o 0,03 %), dale vySSi mérna spotieba vapence (o
1,9 kg-t™* surového Zeleza) a vy teplota horkého vétru
(0 4°C). Tyto rozdily vSsk zasadné neovlivnily
vysledky vicerozmérné regrese.

Vyhodnoceni a diskuse dosaZzenych vy-
sledki vlivu koksu hrasku na dalsi provozni
parametry VP4

Spotieba vysokopecniho koksu neni jediny sledovany
ukazatel chodu VP4. Pomoci dvouvybérového t-testu
byly porovnany pramérné hodnoty dalSich 6 dalezitych
ukazateltt chodu VP4 v obou sledovanych obdobich.
Nalezené (statisticky vyznamné) rozdily doplnéné p-
hodnotami  provedenych t-testd a krabicovymi grafy
jsou komentovany nize.

Prosazovéani koksu hr&dSku se podle téchto vydedka
projevilo:

e VySSim vyuzitim vysokopecniho plynu. Pramérna
hodnota koeficientu vyuZiti vysokopecniho plynu
(ETA_CO) je datisticky vysSi (p<0.0001)
v obdobi s prosazovanim koksu hrasku (51,3) nez
v obdobi bez prosazovéni koksu hrasku (50,2) —
obr. 3.

Box-and-Whisker Plot
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Obr. 3 Krabicovy graf (ETA_CO, obdobi)
Fig.3 Boxplot (ETA_CO, campaign)

e NizSi variabilitou (vySSi stabilitou) obsahu Si
v surovém Zeleze. Primérnd smérodatna odchylka
obsahu Si v surovém zeleze (Si_sd) je statisticky
nizsi (p < 0.0001) v obdobi prosazovani koksu
hréSku (0,12%) nez v obdobi bez koksu hrasku
(0,16 %) — obr. 4.
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Obr. 4 Krabicovy graf (Si_sd, obdobi)

Fig.

T.saz.-T.obv. [°C]

4  Boxplot (Si_sd, campaign)

NizSim pramérnym rozdilem teplot sazebny a
obvodu sazebny (T.saz.-T.obv). Pramérny rozdil
téchto teplot je dtatisticky nizSi (p = 0.0009)
v obdobi s prosazovanim koksu hrasku (140 °C) nez
v obdobi bez koksu hr&sku ve vsazce (154 °C) —
obr. 5.

Box-and-Whisker Plot

190 F — =
170 - - B
150 - o7 3
: + ]
130F 3
110F i s -
90 o 3
C o ]
70F -
s hraskem bez hrasku

obdobi

Obr.5 Krabicovy graf (T.saz.-T.obv., obdobf)

Fig.

5 Boxplot (T.saz.-T.obv., campaign)

NiZzSim odvodem tepla v5.—6.fadé chladnic
(odvod 5-6). Primérna hodnota odvodu teplav 5. —
6. fadé chladnic je statisticky nizSi (p < 0.0001)
v obdobi sprosazovanim koksu hrasku (83,6 kW)
neZ v obdobi bez jeho prosazovani (118,5kW) —
obr. 6.
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obdobi

Obr. 6 Krabicovy graf (odvod_5-6, obdobi)

Fig.

odvod_7-8 [kW]

Fig.

6 Boxplot (odvod_5-6, campaign)

NizSim odvodem tepla v7.—8. fadé¢ chladnic
(odvod_7-8). Primérna hodnota odvodu teplav 7. —
8. fad¢ chladnic je statisticky nizsi (p < 0.0001)
v obdobi s prosazovanim koksu hrasku (219,6 kW)
neZ v obdobi bez jeho prosazovani (396,5kW) —
obr. 7.

Box-and-Whisker Plot
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Obr. 7 Krabicovy graf (odvod_7-8, obdobi)
7 Boxplot (odvod_7-8, campaign)
Vy&im diferenénim tlakem (dP). Pramérna

hodnota diferenéniho tlaku je statisticky vySSi
(p<0.0001) vobdobi skoksem  hraskem
(144,7 kPa) nez v obdobi bez prosazovéni koksu
hrésku (136,4 kPa) — obr. 8.
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Box-and-Whisker Plot
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Obr. 8 Krabicovy graf (dP, obdobi)
Fig.8 Boxplot (dP, campaign)

Zaveér

Podle vydedki stetistické analyzy a vicerozmérné
regrese je koeficient zameény vysokopecniho koksu
koksem hréskem roven 0,948 kg-t* surového Zeleza,
ato v pripadé prosazovani koksu hrasku v pramérném
mérném mnozstvi 50,2 kg-t™* surového Zeleza.

Z pohledu vyrobnosti VP ¢. 4 v uvedenych obdobich
(skoksem hréSkem a bez koksu hréSku) byl zjistén
rozdil -50 tun, ¢ili nepatrné sniZzeni vyrobnosti pri
prosazovani koksu hrésku (dle provedené analyzy byly
tyto rozdily datisticky nevyznamné). Vysledky
publikované ve zdrojové literatuie a uvedené na obr. 1
tedy nebyly ani potvrzeny ani vyvraceny.

Prosazovani koksu hrasku déle vedio ke zvySeni vyuziti
vysokopecniho plynu, sniZeni rozdilu teplot na sazebng,
niZsi variabilité obsshu Si v surovém Zeleze, sniZeni
odvodu tepla v 5. — 8. fadé chladnic a ke zvySeni dife-
ren¢niho tlaku.

Z pohledu zvySeni diferencniho tlaku tak nebyly zcela
potvrzeny dosahované vysledky z citovanych literérnich
poznatki, kdy je uvadéno zlepSeni prodysnosti vsazky
pii prosazovéani koksu hrasku.

Optimalni vyuziti koksu hrasku zavisi na jeho reakénich
vlastnostech s riznymi slozkami vsazky, kvalité vyso-
kopecniho koksu, prosazovaném mnozstvi koksu hrasku
(respektive celkového mnozstvi drobnozrnnych podild),
zpasobu zavéZeni a vhodného rozloZeni po prafezu
pece. Jen tak lze zgjistit maximalni moznosti vyuZziti
vyhod prosazovani koksu hréaSku do vysokych peci.

Z uvedenych divodi a vlivem navySeni diferen¢niho
tlaku v obdobi prosazovani koksu hréSku se aktudni
podil koks hré&sku ve vsazce jevi jako maximani
i sohledem na kvalitu pouZivaného vysokopecniho
koksu amnoZzstvi injektovaného préskového uhli.

Podékovani

Tato prace vznikla p7i 7eSeni projektu ¢. LO1203 "Regionalni
materidlove technologické vyzkumné centrum - program
udrzitelnosti*“ financovaného Ministerstvem Skolstvi, mladeze
a telovychovy Ceské republiky.
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Salzgitter plati trestné cla USA

Borsen-Zeitung

11.04.2017

V antidumpingovém procesu USA proti evropskému ocel&fskému podniku potvrdil druhy nejvétsi némecky vyrobce
oceli Salzgitter placeni trestného cla. ,,Od 30. biezna to nabylo pravni G¢innosti a néS vyrobek hruby plech je od té
doby zatiZen trestnym clem ve vys 22,9 %," ekl mluvei koncernu Salzgitter. Cla nebyla uvalena se zpétnou platnosti.
Koncern rozhodné odmitl proti nému smérované vytky, jeho obrat v obchodu sUSA ¢ini zruba 6 % z celkového

obratu.
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Moznost predikce povrchové kvality vyvalku z automatové oceli 9MnS28
pomoci laserové triangulaéni metody

Current Possibilities of Prediction of Surface Quality of the Rolled Product
Made of Free-Cutting Steel 9MnS28 with the use of Laser Triangulation
Method

Ing. Zden&k Solowski; Ing. Lukéas Pindor, Ph.D.; Ing. Milan Plevko; Ing. Karel Milan Cmiel, Ph.D.;
Ing. Radek Cieslar

TRINECKE ZELEZARNY, a.s., Pramyslova 1000, Staré Mésto, 739 61 Tiinec, Ceska republika

Pro automatovou ocel 9MnS28 bylo provedeno kompletni zmapovani povrchové kvality litych sochorzz metodou
laserové triangulace (LTM). Na z&klad¢ ziskanych vysledkii bylo realizovano laboratorni valcovani za tepla s cilem
zkoumat prenos riznych prirozenych povrchovych nehomogenit pri valcovani do findlniho vyrobku. U laboratornich
vyvalkii, kde byly identifikovany prenesené povrchové vady, probehla podrobna metalograficka analyza a vysledky
byly pouzity k nastaveni LTM pro detekci povrchovych vad litych sochorii. Na zakladé téchto vysledkii mohla byt
provedena optimalizace brouSeni sochorii a dosaZeni stabilni povrchové kvality u valcovanych automatovych oceli.

Kli¢ova slova: automatova ocel; povrchova kvalita automatovych oceli; metoda laserové triangulace

The laser triangulation method (LTM) was applied to complex evaluation of surface quality of continuously cast
billets made of free-cutting steel 9MnS28. 84 bhillets were examined using LTM for the experiment and based on the
settings of the LTM level filters, which in this case displayed only surface inhomogeneities from depths greater than
0.5 mm, the billets were divided into two groups. The first group contained billets that had a large number of
inhomogeneities larger than 0.5 mm and the second group contained billets that had no such inhomogeneities at all
or had them only in small amounts.

Only one billet with good surface quality and one with a worse surface quality were selected for the next phase of
the experiment. The samples with surface inhomogeneities were then subjected to laboratory hot-rolling to assess
the deformation behaviour of various primary casting inhomogeneities during the final forming of the product.
Subsequently, laboratory rolled-out samples with identified transferred inhomogeneities/defects were thoroughly
investigated by means of NDT method and metallography. In the final phase of the experiment, all the results were
correlated, that is, the positions of the defects found on the bars and the position of the inhomogeneities found on
the billet samples were compared. A catalogue of defects was created from all the data.

The results showed that in the case of a good billet surface quality, only four defects on the bars were identified
from ten samples after laboratory hot-rolling. On the other side, eight defects were identified on the bars in the case
of ten worst billet samples. It turned out that the classification of billets based on the settings of the LTM level filters
was correct.

The outcomes were finally used for adjustment of the settings of the LTM level filters for future detection of possible
surface inhomogeneities on continuously cast billets made of free-cutting steel 9MnS28. Based on the results, an
optimization of billets grinding procedures, especially in their corner-regions, was accomplished to achieve a stable
surface quality of free-cutting steels.

Key words: free-cutting steel; surface quality of free-cutting steel; laser triangulation method

Automatové oceli jsou oceli nizkouhlikové stizenym  bezpecnostni a hygienické opatteni, doSlo ve svéte
obsahem siry, kde jsou pro zlep3eni obrobitelnosti  k tendencim sniZit a postupné nahradit oceli legované
obsazeny piisadové kovy s nizkym bodem taveni, jako  olovem ocelemi s podobnymi vlastnostmi. Timto
Pb, Bi, Sn. Pouziti téchto prvkd zarucuje zvySeni smérem se také vydaly i Ttinecké zelezarny, a.s. (dale
obrobitelnosti, kterd je charakterizovana schopnosti jen TZ) a vyvinuly automatové oceli legované
zpusobit pomérné malé opotiebeni fezného néstroje pfi  bizmutem.

zvysenych feznych rychlostech [1]. Z mikrostrukturniho hlediska jsou automatové oceli

Donedéavna byla nejvice rozsitena vyroba automatovych  feriticko-perlitické s vyraznou segregaci siry, tedy
oceli sPb. Jelikoz vSak vyzadovala velmi ptisné vyskytem sulfidickych vméstki. Jadrem téchto vmeéstkd
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jsou zpravidla MnS vznikajici za vysokych teplot
a kovy s niz§im bodem tani postupné precipituji na nich.
Takto vzniklé komplexni vméstky maji piiznivy vliv na
obrabéni, avSak zaroven mohou tvofit kiehké rozhrani
s ocelovou matrici a tim putsobit jako iniciatory trhlin.
Obecné lze tedy fici, Zze ¢im lepSi obrobitelnost, tim
nizsi a slozitgjsi je tvatritelnost a povrchova kvalita
finalniho vyvalku.

Z tohoto hlediska je nezbytné spravné chemické slozZeni
téchto oceli, kdy pro ziskani vhodnych mechanickych
podminek a povrchové kvality se vétSinou voli obsah
uhliku nad 0,06 hm. %. Zaroven v3ak plati, Ze s vysSim
obsahem uhliku klesa obrobitelnost z divodu vysSiho
objemového podilu perlitu. Nezbytny je také pomér
Mn/S, ktery je obvykle nastaven piiblizné na 4:1, coz
prispiva k lepsi tvatitelnosti téchto vméstkia za tepla
[1, 2].

Dilezitou roli hraje i technologie odlévani téchto oceli,
hlavné pak volba lici rychlosti v zavislosti na piehiati
oceli, vybér spravného liciho présku, chlazeni aj. Tyto
parametry maji vliv nejen na podobu vlastni lité
struktury a segregace, ale i na piitomnost povrchovych
trhlin a nehomogenit, které se nasledné pti tvareni
piendSeji na vyvalek. Pravé vyskyt nehomogenit na
povrchu plynule litych predlitkdi je zakladnim
problémem u téchto oceli a fe$i se pomoci brouseni
povrchu (schéma vyrobniho toku v TZ na obr. 1). Tato
Uprava je pouze nahradnim opatfenim a neieSi
technologii vyroby téchto oceli v ramci zpétné vazby.
V tomto sméru bylo v TZ vyvinuto zatizeni na kontrolu
povrchu plynule litych predlitki metodou laserové
triangulace, jehoZ vystupy lze jiz srovnat s parametry
plynulého odlévani prislusné oceli a defektoskopie
vyvalku.

First control quality of :

Grinding billet <Heating >

Billet 150x150

Wirerod rolling

NS
o
i) i Steimor Cooling

Garret coilers

Princip detekce povrchovych nehomogenit
metodou laserové triangulace

Princip laserové triangulace uziva ftriangulaci pro
dvojrozmérnou detekci profili na mérenych plochéch.
Pomoci specialnich ¢ocek se fokusovany laserovy
paprsek rozSiti na staticky liniovy laserovy paprsek,
ktery dopada na zkoumany povrch. Difuzné odrazené
zareni z nerovnosti povrchu je zaznamenano snimaci
CMOS-matici pies kvalitni opticky systém. Vystupni
signal zavisi na frekvenci spousténi laseru a pomoci
vnittniho synchronniho detektoru je demodulovan.
Kromé informace o vzdalenosti (osa z), jsou vyuZity
parametry z citlivé snimaci matice pro urceni pozice
v ose x. Tyto naméfené hodnoty tvoti vystupni data ve
dvoudimenzionalnim systému soufadnic, ktery je
stanoven s ohledem na polohu méteného profilu vaci
senzoru [3]. V piipadé¢ pohybu objektu (métreného
vzorku) nebo posuvem senzoru je proto mozné ziskat
3D obraz namérenych hodnot. Profilometr dale
disponuije ridici jednotkou, kterd obsahuje software, kde
je mozné volit fadu kompenzaci podle druhu méieného
povrchu. To umoZinuje méfit velky rozsah materidla
(napt. lesklé kovy, ¢ernd guma nebo lesténé povrchové
Upravy). Pokud se k danému systému pfipoji snimac
pohybu sochoru, ktery byl vnaSem piipadé tvoren
dvéma kolec¢ky s inkrementalnimi &itaci, tak Ize ziskat
piesny 3D model méteného povrchu sochoru. Na tomto
3D modelu povrchu sochoru se pak daji nalézt pripadné
nehomogenity ¢i defekty [4].

Kazdy defekt je oznacen, jsou vypsany jeho souradnice
od zacatku sochoru (obr. 2), jeho hloubka a velikost,
tvar a orientace (obr. 3). Vysledky jsou tedy k dispozici
jak v grafické, tak i ¢iselné podobé a lIze s nimi dale
pracovat.

Komplexni vyhodnoceni celého povrchu vsak neni tak
jednoduché, nebot’ se obdrzi velké mnoZstvi dat, které je
zapotiebi filtrovat tak, aby zistaly pouze fatalni
nehomogenity, které maji mozny vliv na tvorbu defektt
na finalnim vyrobku. Za timto U¢elem jsou vytvoreny
Uroviove filtry redukujici nehomogenity napriklad na
zékladg jejich hloubky.

Obr.1 Schéma vyrobniho toku automatové oceli v TZ
Fig.1  Schematic diagram of the production process of free-cutting

steels in TZ
Vtomto ¢lanku je piedstaveno  experimentalni
ovéfovani  prenosu  uréitych  typi  nehomogenit

nalezenych pomoci laserové triangulaéni metody (LTM)
na povrchu plynule litych piedlitki z automatové oceli
9MnS28 na tyce béhem vélcovani.

2m 2-4m 10-12m Mujoritni osa
[
x defekt
sochor
y
—_—

Obr. 2 Sochor — Useky a defekty
Fig. 2
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Obr. 3 Popis defektu

Billet — section and defects ~ Fig. 3  Defect description

Experimentéalni prace

Pro vlastni experiment byla pouzita jedna tavba
z automatové oceli 9MnS28, jejiz zakladni chemické
slozZeni je mozné vidét v tab. 1.
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Tab.1 Zakladni chemické sloZeni tavhy oceli 9MnS28 (hm. %)
Tab.1 Basic chemical composition of the 9IMnS28 steel (wt.%)

Steel C Mn P S

9MnS28 0,094 1,21 0,054 0,309

Na celkem 84 sochorech kv. 150 mm z dané tavby oceli
9MnS28 bylo nasledné provedeno hodnoceni povrchové
kvality litych sochorii pomoci LTM (obr. 4).

Obr. 4 Detail maticiho systému LTM v TZ
Fig.4  Detail of LTM measuring system in TZ

Data z LTM byla déle zpracovana pomoci nastavenych
Uroviovych filtri, které vtomto piipadé zobrazovaly
pouze povrchové nehomogenity od hloubky vétsi nez
0,5 mm, ¢imz rozdélily dané sochory na dvé skupiny,
tedy sochory obsahujici velky pocet nehomogenit
vétSich nez 0,5mm a sochory neobsahujici tyto
nehomogenity vibec nebo pouze v malém mnozstvi.
Pro dalSi fazi experimentu byl nésledné vybran jeden
sochor s dobrou povrchovou kvalitou (dale jen sochor A
— vyiez z vystupu LTM, obr. 5a) a druhy sochor s horsi
povrchovou kvalitou (dale jen sochor B - vyiez
z vystupu LTM, obr. 5b). Zbytek sochort se odvalcoval
do svitkt dratu o primérech 21 az 38 mm, pficemz
vyhodnoceni bude provedeno u odbératele.

A-LTM

B-LTM

Obr. 5 Srovnani povrchové kvality dvou sochori A — LMT =
vyhovujici / B = LMT = nevyhovujici

Comparison of surface quality of two billets A — LMT =
suitable / B — LMT = unsuitable

Fig.5

Nasledné byly separované sochory vizualné prohlédnuty
a na zadklad¢ dat z LTM bylo odebrano 20 vzorka
orozmérech 61x61x 160 mm s charakteristickymi
povrchovymi nehomogenitami a 4 vzorky pro
Baumaniv otisk a metalografické hodnoceni lité
struktury.

Zmingnych 20 vzorki pak bylo prevezeno na
laboratorni polospojitou valcovaci trat’ Katedry tvareni
VSB-TU Ostrava, kde byly vzorky prométeny
a oznaceny z davodu piesné lokalizace nehomogenity
na vysledném vyvalku. Vlastni valcovani na vratné duo
stolici polospojité laboratorni traté probihalo tak, Ze se
vzorky nejprve ohialy v elektrické odporové peci na
teplotu 1200 °C a celkem 10 prichody pii rychlosti
otageni vélca 16 —20 min™ se vzorky provalcovaly
do ty¢i kruhového prafezu s nominalnim @ 33,6 mm.
Teplota po poslednim prichodu, méfena teplotnim
skenerem na povrchu vyvalku, se pohybovala v rozmezi
cca 930 - 970 °C.

V kone¢né fazi experimentu byly dané tyce prevezeny
zpét do TZ, kde byla zkoumana piitomnost vad pomoci
magneticko-praskové metody na zaiizeni Deutroflux
a z ty¢i, na kterych se nachéazely vady, byly odebrany
vzorky pro metalografickou analyzu.

Diskuse vysledki

V prvni fazi vyhodnoceni experimentu byl proveden
rozbor  makrostruktury  littho  stavu  pomoci
Baumannova otisku a metalograficky rozbor s cilem
nalézt faktory pusobici, jako mozné pticiny rozvoje
trhlin béhem valcovani. U obou vybranych sochort vSak
nebyly nalezeny Z&dné anomalie, tedy Baumannuv otisk
a metalografie byly v poiadku. Mikrostruktura obou
vzorka byla tvorena feritem (80 %) a perlitem (20 %).
V matrici vzorka plynule litych piedlitki se nalezly
drobné sulfidické vmeéstky MnS v globuléarnim tvaru,
které se v urcitych mistech shlukovaly do tvaru sitovi
(obr. 6-9).

Tab.2 Vysledky defektoskopie ty¢i

Tab. 2 Results of flaw detection of the bar

Ocel Podet LMT Vyhodnoceni
9MnS28 | vzorki tyée - VSB
A A-LMT 4ks
=3 *°
vyhovujici nevyhovujici
B
@ 10 ks Sl dhe
nevyhovujici nevyhovujici

Obr. 7 Baumanniv otisk
sochor - B

Obr.6 Baumannav otisk
sochor - A
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Obr. 8 Mikrostruktura
(zv.200%) - A

Obr.6-9

Obr.9 Mikrostruktura
(zv.200x) - B

Baumannuv otisk a snimky povrchové mikrostruktury
sochord A a B.

Baumann-printings and images of surface microstructure
of the billets A and B

Fig.6-9

V dal$i fazi pak bylo ptistoupeno k rozboru pienosu
povrchovych nehomogenit na odvalcované tyce a jejich
analyze. Defektoskopie ty¢i pomoci magneticko-
praSkové metody ukédzala na povrchu nékolika
valcovanych ty¢i povrchové defekty. Celkovy pocet
vadnych ty¢i ze sochoru A byly 4 kusy a ze sochoru B
8 kusi (tab. 2). Ukazalo se tedy, Ze separace sochort
pomoci vysledki LTM byla spravna.

Tyce snalezenymi defekty byly nasledné roziezany
a byla provedena metalograficka analyza, ktera ukazala,
Ze se ve vétding pripadua jednalo o ryhy. Trhlina
a zavalcovand okuje byla nalezena pouze v jednom
piipadé (ptiklady znézornény na obr. 10 — 12).

Obr. 10 Radialni trhlina, povrch, zv.200x
Fig. 10 Radial crack, surface, magn. 200x

Obr. 11 Ryha, povrch, zv. 200x
Fig. 11 Groove, surface, magn. 200x
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Obr. 12 Ryha, povrch, 200x
Fig. 12 Groove, surface, magn. 200x

V konecné fazi experimentu pak doslo ke korelaci vSech
vysledki, tedy pozic nalezenych vad na tycich a pozic
nehomogenit na vzorcich z predlitki. Priklad takové
korelace (katalogu vady) je uveden na obr. 13, kde Ize
vidét, Ze vada na ty¢i charakteru pielozky byla
zpusobena deformovanym mistem od vypadlého liciho
prasku o maximalni hloubce 0,56 mm.

Experimenty zaroven ukazaly, Ze ne vSechny
nehomogenity nalezené pomoci LTM byly zodpovédné
za tvorbu vad na ty¢ich, coz je vSak v kone¢ném
dusledku pozitivni véc, nebot’ i tyto informace budou
slouzit k Upravé Uroviiovych filtra LTM.

Obr. 13 Katalog vady nalezené na sochoru B
Fig. 13 Catalogue description of the defect found on the billet B

Zavér a doporuéeni

e Vtomto piedlozeném ¢lanku byl pomoci metody

laserové triangulace kontrolovan povrch 84 sochori
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z automatové oceli 9MnS28. Na zakladé vysledki oceli na ZPO2 za Gcelem zjisteni pticiny vzniku
této kontroly byly sochory rozdéleny na dvé danych nehomogenit a soucasné bude zbytek
skupiny, tedy sochory obsahujici velky poget kontrolovaného materialu, ktery se odvalcoval do
nehomogenit vétSich nez 0,5mm a sochory drath o @ 25 az 38 mm, vyhodnocen u odbératele.

neobsahujici tyto nehomogenity vibec nebo pouze
v malém mnozstvi. Pro dalSi experiment byl vybréan
jeden sochor sdobrou povrchovou kvalitou — A
a druhy sochor s horsi povrchovou kvalitou — B.
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korelovany s vyrobnimi parametry dané tavby této

Trump dostava ocelaiské odvétvi pod tlak

Borsen-Zeitung 21.04.2017

V ocelé&rském sporu s USA varovala spolkova vlada a odvétvovy svaz v Némecku vladu ve Washingtonu pied
izolovanim trhu. ,,Znalecké posudky nejsou Zzadné zakony nebo opatieni, ale ukazuji smér k protekcionistickym
tendencim, které my rozhodné nemuzeme privitat”, sdélila spolkova ministryné hospodéaistvi Brigitte Zypries.
President Trump ohl&sil ptedtim dalSi obranna opatieni k ochrané doméciho ocelarského pramyslu. Necha totiz
provefit, zda dovozy vtomto sektoru neohroZuji narodni bezpecnost. Jaka opatteni ze strany USA ztéchto
prohlaSeni vyplynou, bude spolkova vlada ostrazité sledovat, oznamila dale ministryné. Bude problém konzultovat
s ministrem obchodu USA Wilburem Rossem. Pramysl v Némecku se obava, Zze by mohlo trh v EU zaplavit jeste
vice oceli. ,,Pokud by administrativa v USA opravdu Siroce izolovala domaéci trh, bylo by to spojeno s masivnimi
zménami obchodu smérem do otevieného trhu EU. Protekcionismus neni Zadné ieSeni pro strukturalni problémy na
svétovém trhu, nybrz by mohl jen dale prispét k tomu, aby se deformace v mezinarodni soutéZi jeste vice
prohloubily,“ prohlasil president WV Stahl Hans Jiirgen Kerkhoff.

Zelezarny Kosice jsou nyni v &inskych rukou

industriemagazin.at 21.04.2017

Je to nyni jiz podruhé, co je evropska ocelarna, pattici diive US Steel, odkoupena ¢inskym ocelaiskym koncernem.
Podle Radia O1 Morgenjournal pievzala vychodoslovenské Zelezarny Kosice ¢inska He Steel. Pred témér piesné
jednim rokem pievzala ¢inska Hebei Iron and Steel Group (HBIS) srbskou ocelarnu Smederevo poté, co ji Srbsko
od US Steel odkoupilo zpatky. Par mésict po pievzeti se ocelarna stala druhym nejvétSim exportérem zeme.
Zelezarny Kosice jsou se svymi 14 000 zaméstnanci jednim z nejvétsich podnika Slovenska. Zda Cinané dali témto
spolupracovnikim garance zaméstnanosti, neni zndmo. Rovnéz kupni cena neni znama, spekuluje se o 1,4 mid. €.
V kazdém ptipadé se slovenska vlada pti jednanich velmi snaZila udrzet a zvysit v podniku vliv statu. Cinsky
investor by nemél ocelarnu vyuZivat jako zakladnu pro odbyt v Cing vyrobenych ocelaiskych vyrobki. Zelezarny
byly pied 17 lety koupeny koncernem US Steel, nepiinesly viak Ameri¢anam velky Gspéch. Jen diky velkym
subvencim odvratila vlada prodej huti v roce 2013. Situaci ma nyni zachranit He Steel, druhy nejvétsi vyrobce oceli
v Cing s 33 000 zamgstnanci.
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Porovnani laboratornich vysledka a numerické simulace tahové zkouSky
retézu

Comparison of Experimental Results and Numerical Simulation of the Chain
Tensile Test

Mgr. Marek Vindys'; Ing. Miroslav Melkus®

' MATERIALOVY A METALURGICKY VYZKUM s.r.0., Pohranicni 693/31, 703 00 Ostrava, Ceské Republika
? Retézarna a.s., Polska 48, 790 81 Ceska Ves, Ceska Republika

V ¢lanku je popséano vyuziti numerické simulace pri ndvrhu a vyvoji nového typu kombinovaného dilniho retezu
u vyrobce Retézarna a.s. Ve spolecnosti Materialovy a metalurgicky vyzkum s.r.o. se provedly numerické simulace
tahovych zkousek rozmeérovych variant 7etézii 38 x 146 mm a 42 x 146 mm, pripustnych podle normy DIN 22255.
V jednotlivych variantach se menily rozmery a, b u profilu D a hlavni zaobleni profilu R. Hodnoceni variant simulo-
vanych retézii se provedlo na zakladé pevnosti a prodlouzZeni p7i tahové zkouSce. Nasledné se v modelovém méritku
priblizné 2:1 vyrobily prototypové ietézy. Vyrobené ietézy se podrobily tahovym zkouSkam, pri kterych se zjistila
vysoka mira shody vysledki numerické simulace s pribéhem zkouSek retezii. Numerickd simulace pri zavadeni
nového vyrobku efektivné zkrétila ¢as na vyvoj, vyrobu i zkouSeni p7i jinak obvyklém testovani velkého mnozstvi
realnych zkuSebnich vzorkii.

Kli¢ova slova: numericka simulace; metoda konechych prvkii; tahova zkouska retézu

Numerical simulation in Forge version NxT 2.0 of the French company Transvalor with licensed 12 computational
cores was used in the design and development of a new type of combined mine chain at Retézarna a.s. Numerical
simulations of dimensional chain variants according to DIN 22255 and their tensile tests were performed. In
different simulated variants the dimensions a, b of the profile D were changed, as well as the main radius R of the
profile. The evaluation of variants of the simulated chains was made on the basis of tensile strength and elongation
at the tensile test. Consideration was also given to the equilibrium of the tensile stress deformation effect on the
circular versus the D chain link according to the size of the deformation heating of the individual links.
Subsequently in the model scale approximately 2:1 prototype chains were produced in two dimensional chain link
variants, namely 38 x 146 and 42 x 146 mm. This production of the samples of new chain in fact took place with
a high proportion of manual work. The produced chains were subjected to tensile tests, in which a high degree of
correspondence with numerical simulation was observed concerning the course of the chain tests. The paper refers
to the gradual development of the numerical simulation methodology from the use of the two half-link variant to the
four-links variant. The simulation of the chain tension test had to solve the role of interaction between four chain
links defined as objects with a full spatial finite element mesh. Certain differences in prototype chain simulations
and tests are the result of the production process of the tested chain samples and the use of the strengthening model
in numerical simulation for different steel compared to the actually used steel. Numerical simulations during
introduction of a new product effectively reduced time of development, production and testing compared with
otherwise customary testing of a large number of real test specimens. The results of this work provide a prerequisite
for the use of this method and the cooperation of the manufacturer with the MMV company workplace in the
development of other products of this type.

Key words: numerical simulation; finite element method; chain tensile test

Retézarna a.s. jako piijemce a MATERIALOVY A  parametry téchto fetéza jsou shrnuty vtab. 1 a 2 a na
METALURGICKY VYZKUM s.r.0. (dale jen MMV) obr. 2. Standardni zkouskou fetézii je tahova zkouska,
jako partner feSi v programu Aplikace OP PIK projekt  kterd se provadi na redlném vzorku fetézu o délce
Vyvoj dulniho kombinovaného ¢lankového tetézu 5 ¢lanka [1].

o pramérech ¢lanka kruhového praezu 38 a 42 mm dle
normy DIN 22255. Retéz se sklada z kombinaci dvou
¢lanka raznych profila, které se neustdle stridave
opakuji aZz do dosaZeni poZadovane délky fetézu. Jeden
z ¢lanka ma profil kruhovy a druhy mé profil tvaru D po
celém obvodé¢ (obr. 1). Zakladni rozméry a pevnostni

Pro zvySeni efektivnosti vyzkumné-vyvojového teSeni
se v MMV feSila numerickd simulace téchto tahovych
zkouSek u navrzenych rozméra profila. Byly vybrany
fetézy srozméry c¢lanka 38 x 146 a 42 x 146 mm
(v dal§im textu rozmérové varianty uvadény bez
jednotek), pricemZ pro oba tyto tetézy se uvaZovala
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sada rozmérovych variant ptipustnych podle normy
DIN 22255. V jednotlivych variantich se ménily
rozméry D profilu: a, b a hlavni zaobleni profilu R
(tab. 1). Nejvhodngjsi zéstupce, vybrany na zakladé
provedenych simulaci, se nasledné fyzicky wvyrobil
avyzkoudel ve firmé Retdzarna a.s. Pro snadngjsi
odzkouSeni a jednodusSi vyrobu fetézu byly pokusné
modelové retézy zmenseny v méfitku 1,9:1 u retézového
vzorku 38 x 146 a 2,1:1 u fetézového vzorku 42 x 146.

ZkuSebni vzorky fetézu se vyrobily s vysokym podilem
ruéni prace. Retézové ¢lanky byly ruéné ohybany za
tepla na stroji ZKBH12 a svaifeny odporovym
odtavovacim svarenim s predehievem na stroji ASEAS3.
Poté se tepelné zpracovaly a vyzkouSely na trhacim
stroji Labtest 5 4000 [2].

Obr.1 Dulni kombinovany ¢lankovy retéz

Fig. 1

Tab.1 Rozméry a tolerance dtilniho kombinovaného fetézu dle normy DIN 22255 [1]

Tab.1 Dimensions and tolerances of the mine combined chain according to DIN 22255 specification [1]

Combined mine link chain

Rozméry kruhového ¢lanku Rozméry D ¢&lanku
. vnitiéni vnéjsi . N S .
Nazev 3 i oy oy profil D vnitiéni Sitka | vnéjsi Sirka
Jmenovity | 1 tex t Sitka Sitka rozteé t1
pramér d - -
b1 min. b2 max. max. a x b b3 min. b4 max.
38x146/D 38+11 146+ 1,5 421 123 42x345| 14615 42 111
42x146/D 42+11 146 £ 1,5 48,6 139 485x345| 146+1,3 46 115
Obr. 2 Vykres kombinovaného fetézu [1]
Fig.2 Combined chain drawing [1]
Tab. 2 Pevnostni parametry dtilniho kombinovaného fetézu dle normy DIN 22255 [1]
Tab.2 Strength parameters of the mine combined chain according to DIN 22255 specification [1]
Pevnostni parametry
. provozni e prodlouzeni p¥i P prodlouzeni do 1z
Nazev sila zkuSebni sila Zkusebni sile trhaci sila pietrzeni ohyb ¢lanku
max. kN min. kN max. kN % max. (min.) % min.
38x146/D 1130 1360 1564 L6 1820 11 38
42x146/D 1380 1660 1909 ’ 2220 11 42




Recenzované vyzkumné ¢lanky
Peer-reviewed Research Papers

Hutnické listy &. 4/2017, ro¢. LXX
ISSN 0018-8069

1. Numerickad simulace tahové zkousky
retézu

Kromé& néstroji matematického modelovéani a labo-
ratornich zatizeni pro fyzikalni simulaci se pro ieSeni
tvareci problematiky ve spolec¢nosti MMV pouziva také
piistup numerické simulace, pracujici na bazi metody
kone¢nych prvkd, a to program Forge verze NxT 2.0
francouzské firmy Transvalor s licencovanymi 12 vypo-
cetnimi jadry.

V konec¢né-prvkovych (dale jen KP) ulohach zpraco-
vanych v programu Forge se objevuji (kromé speci-
fickych okrajovych podminek simulujicich nastroje -
manipulatory) dva typy objektt: tvaiené kusy a néastroje.
Tvarené kusy obsahuji objemovou KP sit, jsou defor-
movatelné a jejich fyzikalni veli¢iny jsou definované
v celém objemu. Nastroje maji pouze povrchovou KP
sit’, nejsou deformovatelné a nemaji velic¢iny definované
v celém objemu.

Problém tahové zkousky tetézu je unikatni v tom, Ze pfi
namahani interaguji jednotlivé ¢lanky fetézu mezi sebou
a musi byt definovany jako tvaiené kusy. V naprosté
vétSing Uloh z oblasti tvaieni se objevuji interakce pouze
typu nastroj-tvaieny kus nebo nékolik néstroju-tvareny
kus a ne tvéaieny kus-tvareny kus, které se feSi u Gloh
s deformovatelnymi néstroji [odkazy na jiné prace].

1.1 Zpracovani simulace v podobé dvou pulélanki

V prvnim pfistupu byla simulace zpracovana tak, ze
cely fetéz byl nahrazen nejmenSim opakujicim se prv-
kem - dvéma pul¢lanky, na které byly aplikovany
okrajové podminky zajistujici namahani tahem.

Okrajové plochy pil¢lankia ovsem musi mit moznost se
volné pohybovat ve smérech kolmych na smér tahového
namahani, aby respektovaly piirozené deformacni
G¢inky tohoto namahani v téchto smérech (obr. 3).

Obr. 3 Znazornéni ocekavanych posunt okrajovych ploch ve dvou
ptlélankovém provedeni
Illustration of the expected displacements of marginal

surfaces in two half-cell designs

Fig. 3
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Nutny piedpoklad zachovani dvou stupnd volnosti ele-
mentt na okrajovych plochéch oviem vede ke vzniku
velmi rychlé rotace retézu kolem osy namahani. Prici-
nou tohoto jevu je pravdépodobné nesymetrie KP sité
anutné opakované presitovani v prab&éhu procesu.
Hodnoty rychlosti otacivého pohybu se dostaly fadové
az na jednotky otacek za sekundu, piicemZ rychlost
posuvného pohybu pfi tahové zkouSce byla jen
50 mm-min™. To sice nemélo vliv na vysledek (hodnota
odstiedivé sily otacivého pohybu vzhledem k velikosti
tahové sily byla stile zanedbatelnd), ale vedlo to
k neimeérné velkému vypocéetnimu &asu, ktery navic
znac¢né kolisal.

1.2 Zpracovani simulace v podobé ¢ty ¢lanki

Uvedené komplikace byly diivodem pro zménu piistupu
pii numerické simulaci, takZe se vypracovala simulace,
kde tetéz nabyvd obvyklé podoby, jen pocet ¢lanka
testovaného ietézu byl ze standardniho poctu péti
¢lankt redukovan na ¢tyii, a to z davodu omezené vy-
pocetni kapacity. Toto zpracovani také zajistuje ve
skute¢nosti 1épe odpovidajici hodnotu prodlouZeni te-
tézu do lomu. Ve finalni fazi napinani retézu je zna¢né
deformovan pouze jeden ¢lanek ze &tyf, na rozdil od
predeSlého ptipadu, kde se deformoval jeden pulélanek
ze dvou. Presto, podle zkuSenosti Retézéaren a.s., ma
¢tyrélankova varianta cca o 1,5 % mensi pomérné pro-
dlouzeni pti dosazeni lomu nez obvykla zkouska sesté-
vajici z péti ¢lanka. Na obr. 4 jsou zndzornény nasimu-
lované lomy, v obou piipadech s aplikovanym normali-
zovanym Latham-Cockroft kritériem. Dva krajni Uchyty
byly definovéany jako absolutné tuhé nastroje. Je nutno
rovnéz brat v potaz, Ze ¢lanky sousedici s tuhymi Gchyty
nevyjadiuji stav naméhaného ¢lanku Uplné vérné.
Vzhledem ke kombinované formé¢ fetézu proto nebylo
mozné redukovat pocet ¢lanki na tfi a méné.

Materidlovy model pro KP numerickou simulaci tahové
zkousky fetézu byl zvolen z materidlové databaze pro-
gramu Forge pro ocel 40NiCrMo6, protoze nebyla
k dispozici data  skutecné pouZivané  oceli
23MnNiMoCr5-4 [3]. Adekvatni experimentalni data pro
tvorbu nového materidlového modelu deformacniho
zpevnéni oceli a zvoleny material vykazuji podobné
mechanické vlastnosti jako vySe uvedena skute¢né pou-
Zivana ocel. Model deformacniho zpevnéni materialu je
popsan Spittelovou aproximaci ve zjednoduSeném tvaru
obsahujicim 4 parametry [4]:

mq
o = Ae™TeMzg™s M3, (1)
Kde ¢ je skute¢nd deformace, o pretvarny odpor mate-
ridlu, A konstanta konzistence, m, teplotni koeficient, m,
citlivost deforma¢niho zpevnéni, my citlivost rychlosti
deformace, m, koeficient povolovani deformace.

Prestup tepla mezi ¢lanky tetézu byl definovan jako
stiedni hodnota za studena se soucinitelem piestupu
tepla a = 10* W-m™?-K™. Tteni mezi ¢lanky fetézu bylo
definovano jako stiedni hodnota z databaze programu
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Forge popsaného zakonem Coulomba-Trescy s koefi-
cienty m = 0,1, x = 0,05 [5]. Obé varianty simulace
pouzivaji k vytvoreni lomu techniku umazavani ele-
mentt s aplikovanym normalizovanym Latham-Cocroft
lomovym kritériem.

Obr. 4 RozloZeni normalizovaného Latham-Cockroft kritéria pti
lomu - ¢tytélankoveé provedeni (nahote), dvou pilélankové
provedeni (dole). Rozsah stupnice je ca 0 az 0,6
Normalized Latham-Cockroft Criterion for fracture - four-
elements design (above), two half-elements design (below)
The scale range is about 0 to 0.6

Fig. 4

2. Vysledky numerickych simulaci a taho-
vych zkou$ek modelovych retézi

Tahové kiivky skuteéné tahové zkousky tetézu prove-
dené Retézarnou a.s. a tahové kiivky uréené simulaci na
obr. 5 a 8 nejsou piimo srovnatelné, protoze Retézarna
a.s. provédéla zkousky na zmen3enych modelech 1,9:1
u fetézového vzorku 38 x 146 a 2,1:1 u fetézového
vzorku 42 x 146.
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2.1 Varianty fetézu 38 x 146 mm

Ze ¢tyt simulovanych zkouSek s rozdilnymi rozméry a,
b a zaoblenim R ¢lanku D se vybral fetéz, ktery dosahl
nejlepsi kombinace parametri maximalni tahové sily
a relativniho prodlouzeni po pietrzeni (obr. 5 a tab. 3).
Soucasn¢ se sledovala rovnovéha deformaéniho Géinku
na kruhovy ¢lanek versus D ¢lanek podle rozlozeni
teploty (deformacni ohiev). Piiklad tohoto rozloZeni je
znadzornén na obr. 6, kde je vidét relativni teplotni rov-
novaha mezi kruhovym ¢lankem a D ¢lankem.

Obr.5 Vysledné tahové kiivky jednotlivych variant fetézu 38 x 146
vypoctené simulaci

The resulting tensile curves of each chain variant 38 x 146
calculated by simulation

Fig. 5

Tab.3 Porovnani vypodtenych maximalnich tahovych sil a relativ-
nich prodlouzeni 4 variant fetézu 38 x 146. Nejlepsi kombi-
nace oznagena tu¢né.

Comparison of calculated maximum tensile forces and rela-
tive elongations of 4 chain variants 38 x 146. The best com-
bination is marked in bold.

Tab. 3

. Maximalni | Pomérné prodlouZeni
Varianta rozméru | tahov sila pFi lomu
retézu 38 x 146 (kN) (%)
1 1762,53 15,24
2 1759,69 14,39
3 1725,59 14,16
4 1704,61 13,56

o

- . =
=

Obr.6 RozloZeni teplotniho pole v pficném fezu pro 1. variantu
fetézu 38 x 146. Rozsah stupnice 20 — 45 °C
Cross-sectional temperature field distribution for

1% variant of the 38 x 146 chain. Scale range 20 — 45°C

Fig. 6 the
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Skuteéné zaznamy tahovych zkouSek varianty 1 fetézu
38 x 146 odzkouseného Retézarnou a.s. jsou znazor-
nény na obr. 7. Retéz je zmen3en v poméru 1,9:1. Byli
vybrani dva zastupci, oznaceni experimentu 1 a 2.

Obr. 7 Zaznam ztahovych zkouSek varianty 1 fetézu 38 x 146
z tab. 3 provedené Retézarnou a.s. Nahore experiment 1, dole
experiment 2 (tab. 5)

Tensile test record of the chain variant 38 x 146 from tab. 3
made by the chain producer. Experiment 1 above, experiment
2 below (Tab. 5)

Fig. 7

2.2 Varianty retézu 42 x 146 mm

Obdobné jako v predchozim ptipadé se provedlo tento-
krat 7 simulaci tahovych zkousek. Z nich se opét vybral
nejlepsi zastupce (tab. 4). Grafy tahovych ktivek uka-
zuje obr. 8. Teplotni pole nejlepsi varianty nevykazo-
valo takovou rovnovadhu jako v piedchozim piipadé
(obr. 9). Oproti rozmérové verzi fetézu 38 x 146 je zde
vétSi deformacni asymetrie mezi kruhovym ¢lankem
a D ¢lankem fetezu.

Tab. 4 Porovnani vypoctenych maximalnich tahovych sil a relativ-
nich prodlouzeni 7 variant fetézu 42 x 146. NejlepSich hod-
not dosahla varianta 2, kter4 je vyznacena tugné.

Comparison of the calculated maximum tensile forces and
relative elongations of 7 chain variants 42 x 146. The best
value was achieved by option 2, which is highlighted in bold.

Tab. 4

Maximalni tahova | Pomérné prodlouZeni
Varianta sila p¥i lomu
(kN) (%)
1 2161,19 17,30
2 2185,79 17,67
3 2081,72 18,01
4 2103,86 16,14
5 2170,50 17,92
6 2161,78 17,73
I 2197,36 15,82
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Obr. 8 Vysledné tahové kiivky jednotlivych variant fetézu 42 x 146
vypoétené simulaci

The resulting tensile curves of the 42 x 146 chain variants
calculated by simulation

Fig. 8

Obr.9 RozlozZeni teplotniho pole v piicném fezu pro 1. variantu
fetézu 42 x 146. Rozsah stupnice 20 — 45 °C
Cross-sectional temperature distribution for the 1% chain

variant 42 x 146. Scale range 20 — 45°C

Fig. 9

Skute¢né zaznamy tahovych zkousek varianty 2 tetézu
42 x 146 odzkouseného Retézarnou jsou znazornény na
obr. 10. Ret&z je zmen3en v poméru 2,1:1. Byli vybrani
dva zastupci, oznaceni experimenti 3 a 4.
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Obr. 10 Zaznam z tahovych zkousek varianty 2 fetézu 442 x 146

z tab. 4 provedené vyrobcem; nahoie experiment 3, dole
experiment 4 (tab. 6)

Record of the tensile test of the chain variant 42 x 146 from
Tab. 4 made by the producer; above experiment 3, below
experiment 4 (Tab. 6)

Fig. 10

Shrnuti vysledki a zavér

Simulace tahové zkou3ky provedené v MMV velmi
dobte odpovidaji skuteénym tahovym zkouskam prove-
denym v fetézarng, jak lze vidét z tab. 5 a 6. Jisté roz-
dily mezi experimentem a simulaci vznikly z davodu
velkého podilu ruéni prace na fetézovych vzorcich, kdy
jednotlivé ¢lanky nemély ideélni tvar. U jednotlivych
vzorkt bylo rovnéz mirné odlisné tepelné zpracovani
(predevSim experimenty 1 a 2).

Z pohledu numerické simulace je urcita nepiesnost
vnesena také pouzitim ponékud odliSného materialu,
neZ je v praxi skute¢né pouzivany, a pomérng hrubou
KP siti. Vypocetni ¢as se pohyboval vétsSinou kolem
2 dnt, ale u nekterych zkouSek dosahl i jednodenniho
trvani pro vSech 12 vypocetnich jader.
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Tab. 5

skutecné tahové zkousky fetézu 38 x 146

Tab. 5

the actual 38 x 146 chain tensile test

Porovnani vysledk simulace a experimentalnich hodnot

Comparison of simulation results and experimental values of

Maximalni | Maximalni | Maximalni
sila tahové napéti| prodlouzeni
(kN) (MPa) (%)
simulace 1762,5 778 15,24
experiment 1 1982,4* 875 16,30
experiment 2 2016,5* 880 18,20

* piepocteno k méfitku 1,9:1

Tab. 6

skutecné tahové zkousky fetézu 42 x 146

Porovnani vysledk simulace a experimentalnich hodnot

Tab. 6 Comparison of simulation results and experimental values of
the actual 42 0078 146 chain tensile test
Maximalni | Maximalni | Maximalni
sila tahové napéti| prodlouzeni
(kN) (MPa) (%)
simulace 2185,8 779 17,67
experiment 3 2241,9* 809 17,68
experiment 4 2 68,6* 927 19,50
* piepocteno k méefitku 2,1:1
Simulované 4¢lankové zkousky oproti  zkouSenym

5¢lankovym mivaji cca 0 1,5 % nizSi pomérné prodlou-
Zeni pii pretrzeni. Samotné relativni prodlouzeni u jed-
noho materidlu a stejného fetézu kolisa v praxi
v intervalu cca 1 %.

| pies zminéné okolnosti byly provedené préce efek-
tivni, protoZze numerickd simulace provedena v MMV
usetila Retdzarné a.s. nemaly ¢as na vyvoj, vyrobu
i zkouSeni pii jinak obvyklém testovani velkého mnoz-
stvi reélnych zkuSebnich vzorka. Shrnuté vysledky
davaji predpoklad vyuZziti této metody i pfi vyvoji jinych
rozmera retezu.

Podékovani

Tato prace vznikla v rdmci realizace vyzkumného projektu
dotacniho  programu  Aplikace - OP PIK, ¢
CZ.01.1.02/0.0/0.0/15_019/0004942 — ,,Vyvoj dilniho kombi-
novaného c¢lankového 7etézu* spolufinancovaného Evropskou
unii a Ministerstvem prizmyslu a obchodu Ceské republiky.
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Hutni vyroba v CR a SR
Meziroéni porovnani mési¢nich a postupnych hutnich vyrob roku 2016 a 2017
Vyroba *) V§/roba| Index Vyroba| Index || Vyroba | Index
kvéten ¢erven |leden-éerven kvéten cerven leden-¢erven
2017 2017 2017 2016 | 2017/16 || 2016 |2017/16| 2016 |2017/16
tis. t tis. t % tis. t % tis. t %
KOKS
CELKEM 294,41 282,52 1725,85 || 274,88 | 107,10 || 261,94 | 107,86 [ 1533,89 | 112,51
ztoho (HZ) CR 156,04 151,40 920,99 | 134,60 | 11593 || 12502 [ 121,10 || 734,28 [ 12543
(HZ) SR 138,37 131,13 804,86 | 140,29 98,63 || 136,92 | 9577 || 799,62 |100,66
AGLOMERAT
CELKEM 692,35 779,50 4665,07 || 889,44 | 77,84 | 794,09 | 98,16 | 485520 | 96,08
ztoho CR 391,75 472,20 2771,87 || 556,14 | 70,44 | 474,59 | 99,50 |/ 3033,60 | 91,37
SR 300,60 307,30 1893,20 | 333,30 90,19 || 319,50 | 96,18 || 1821,60 | 103,93
SUROVE ZELEZO
CELKEM 642,04 651,11 3983,98 || 718,43 89,37 || 700,13 | 93,00 || 4034,38 | 98,75
ztoho CR 282,82 306,67 191947 || 374,73 75,47 || 353,45 | 86,76 || 2100,91 | 91,36
SR 359,22 344,44 2064,52 || 343,70 | 104,52 | 346,68 | 99,35 || 1933,47 | 106,78
SUROVA OCEL
CELKEM 800,76 805,34 492394 || 892,28 89,74 || 879,67 | 91,55 || 5041,76 | 97,66
ztoho CR 365,86 382,11 2438,09 || 48464 | 7549 | 457,58 | 8351 | 269501 | 90,47
SR 434,90 423,23 248585 || 407,64 | 106,69 | 422,09 | 100,27 || 2346,75 | 105,93
KONTISLITKY
CELKEM 768,75 774,74 472824 || 854,02 90,02 || 844,19 | 91,77 | 4819,72 | 98,10
ztoho CR 334,45 352,11 224599 || 447,11 74,80 || 422,83 | 83,28 || 2477,39 | 90,66
SR 434,30 422,63 2482,25 || 406,91 | 106,73 || 421,36 | 100,30 || 2342,33 | 105,97
BLOKOVNY
CELKEM 55,26 58,69 337,67 | 5354 | 103,22 | 51,61 113,74 || 316,06 | 106,84
ztoho CR 55,26 58,69 337,67 | 5354 | 10322 | 51,61 | 113,74 || 316,06 | 106,84
SR 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 | 0,00
VALCOVANY MATERIAL
CELKEM 778,33 743,04 4708,15 || 843,85 92,24 || 830,52 | 89,47 || 4765,82 | 98,79
ztoho CR 387,74 375,94 2487,99 || 487,29 79,57 || 460,73 | 81,60 || 2681,09 | 92,80
SR 390,60 367,11 2220,16 || 356,56 | 109,55 | 369,80 | 99,27 |l 2084,73 | 106,50
TRUBKY
CELKEM 60,51 65,21 352,68 | 63,93 94,65 || 61,21 | 106,54 || 360,27 | 97,89
ztoho CR 39,47 44,01 227,62 | 42,97 91,85 || 41,91 10500 | 246,76 | 92,24
SR 21,05 21,20 125,06 || 20,96 | 100,39 | 19,29 | 109,87 | 11351 |110,18
TAZENA, LOUPANA, BROUSENA OCEL
CELKEM=(HZ)CR| 1969 | 1964 | 121,90 | 1933 | 101,84 | 17.69] 111,05 || 122,03 | 99,89
STUDENA PASKA KLASICKA
CELKEM = (HZ) CR] 157 | 1,40 839 | 133 ] 11820 117]11908 | 7,33 [11452

POZNAMKA:

*) Za posledni mésic jsou Gdaje predb&zné.
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Hutni vyroba v CR a SR
Meziroéni porovnani mésiénich a postupnych hutnich vyrob roku 2016 a 2017
Vyroba *) Vyroba | Index [ Vyroba| Index || Vyroba | Index
éerven ¢ervenec |leden- éervenec éerven éervenec leden- éervenec
2017 2017 2017 2016 | 2017/16 | 2016 |2017/16| 2016 |2017/16
tis. t tis. t % tis. t % tis. t %
KOKS
CELKEM 282,52 293,71 201956 | 261,94 | 107,86 | 273,17 | 107,52 | 1807,06 | 111,76
ztoho (HZ) €CR 151,40 160,05 1081,03 || 125,02 | 121,10 | 133,46 | 119,92 || 867,73 | 124,58
(HZ) SR 131,13 133,67 93852 | 136,92 | 9577 | 139,71 | 9567 | 939,33 | 99,91
AGLOMERAT
CELKEM 779,50 832,11 5497,18 [ 794,00 | 98,16 | 87825 | 94,75 | 573345 | 9588
ztoho CR 472,20 504,81 3276,68 | 47459 | 99,50 || 549,85 | 91,81 [ 358345 | 91,44
SR 307,30 327,30 222050 | 319,50 | 96,18 | 328,40 | 99,67 | 2150,00 | 103,28
SUROVE ZELEZO
CELKEM 651,11 696,70 4680,69 [ 700,13 | 93,00 | 701,02 | 99,38 [ 473539 | 98,84
ztoho CR 306,67 338,15 2257,62 | 35345 | 86,76 | 346,85 | 97,49 | 244776 | 92,23
SR 344,44 358,55 242307 | 346,68 | 99,35 | 354,16 | 101,24 | 2287,64 | 105,92
SUROVA OCEL
CELKEM 805,34 839,40 5763,34 | 879,67 | 91,55 || 847,07 | 99,09 |/ 5888,82 | 97,87
ztoho CR 382,11 411,74 284983 | 45758 | 8351 | 436,93 | 94,23 | 3131,94 | 90,99
SR 423,23 427,66 291351 | 422,09 | 100,27 | 410,14 | 104,27 | 2756,89 | 105,68
KONTISLITKY
CELKEM 774,74 810,37 5538,61 | 844,19 | 91,77 | 820,99 | 98,71 [ 5640,71 | 98,19
ztoho CR 352,11 383,32 262931 | 422,83 | 83,28 | 411,57 | 93,13 | 288896 | 91,01
SR 422,63 427,06 2909,31 | 421,36 | 100,30 | 409,42 | 104,31 | 2751,75 | 105,73
BLOKOVNY
CELKEM 58,69 59,18 396,84 5161 | 113,74 | 4652 | 127,20 || 362,58 | 109,45
ztoho CR 58,69 59,18 396,84 5161 | 113,74 | 46,552 | 127,20 || 362,58 | 109,45
SR 0,00 0,00 0,00 0,00 0,00 0,00 | 0,00 0,00 | 0,00
VALCOVANY MATERIAL
CELKEM 743,04 745,96 545411 | 830552 | 89,47 | 81599 | 91,42 [ 5581,81 | 97,71
ztoho CR 375,94 410,50 289849 | 460,73 | 81,60 | 444,63 | 92,32 | 312573 | 92,73
SR 367,11 335,46 2555,62 | 369,80 | 99,27 | 371,35 | 90,34 [ 2456,08 | 104,05
TRUBKY
CELKEM 65,21 54,97 407,65 61,21 | 106,54 | 5056 | 108,72 | 410,83 | 99,23
ztoho CR 44,01 33,57 261,20 41,91 | 10500 || 31,58|106,31 || 27834 | 93,84
SR 21,20 21,40 146,46 19,29 | 109,87 | 18,98 | 112,74 || 132,49 | 110,55
TAZENA, LOUPANA, BROUSENA OCEL
CELKEM=(HZ)CR|| 1964 | 1930 | 14120 || 17,69 | 111,05 || 2060] 93,67 || 142,63 | 98,99
STUDENA PASKA KLASICKA
CELKEM = (HZ) CR] 1,40 | 1,02 | 941 || 117 | 11908 || 086]11935 | 818 11503

POZNAMKA: *) Za posledni mésic jsou tdaje predb&zné.
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Vybrané ekologické aspekty rozvoje v odvétvi hutnictvi Zeleza

Ing. Vladimir Toman

Ocelaiska unie a.s., Kratka 39, 100 00 Praha 10 — Strasnice, Ceské republika

Hutnictvi Zeleza je odvétvim, o jehoZ postaveni, piino-
sech a zaporech pii pripravé ekologické legislativy pro
obdobi do roku 2030 se v sou¢asné dobé na Grovni CR
i EU diskutuje témeéi neustédle. Velmi ¢asto jsou
problémy hutnictvi Zeleza v CR totozné s problémy
odvétvi na arovni EU i globalni, fada bariér je vSak ryze
néarodni zaleZitosti. Soudasnd situace ve schvalovani
riznych programi v EU i CR pro nésledujici obdobi je
slozitd a velmi dynamicky se meéni. O zakladnich
problematikdch ovlivaujicich vyvoj odvétvi bylo
pojednano v Hutnickych listech, 70 (2017) 3, 65— 67.
Proto dale budou komentovany dalSi problematiky,
piedevsim z oblasti ekologie.

Zakladni problémy, které ohroZuji konkurenéni schop-
nost ¢eského ocelaistvi:

e Ekologicka legislativa by mohla byt likvidacni
v pripadé piijeti nerealistickych norem, limita, danti,

odvodu a poplatka.

Nezbytnost realizovat pripravené ekologické inves-
tiéni akce vyZaduje ziskat jejich financovéani z raz-
nych zdroja, predevSim zajistit vyznamny podil
cizich zdroju (cca 80 %). Do roku 2020 jsou mozné
dotace pro velké podniky vyrazné omezeny (pouze
pro akce na ochranu ovzdusi + pro sniZeni energe-
tické narocnosti vyrob) a soucasné je mozno
velkymi podniky (o velikosti orientaéné: nad 250
zaméstnanc) na dotaci cerpat max. 20 %
z uznatelnych nakladi (jedna se s Komisi EU o zvy-
Seni podilu na 40 %, resp. 60 %). Od roku 2020
bude EU preferovat cestu Gvérd s nizkymi Groky
jako néhradu dnesnich dotaci.

Realizace investic k dosaZeni Spickovych techno-
logii je v rozhodovaci pravomoci vlastniki, kdy
moznost vyuziti potiebného podilu vlastnich finan¢-
nich zdroji je podminkou ziskani i ciziho kapitalu —
zdroja.

Ekonomicka situace v ocelaFskych spole¢nostech
bude i nadéle sloZitd. Pretrvavat bude nedostatek
zdroju pro investovani, modernizaci, realizaci projekta
vyzkumu a vyvoje.

e Vlastni zdroje budou nizké. Budou vyuZivany piede-

v§im k provoznimu financovani a eliminovani
sekundéarni platebni neschopnosti,
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e Cizi zdroje (napt. Gvéry) budou na nizké Grovni.
Angazovanost bank a dalSich finan¢nich instituci je

nadale zdrZzenliva.

Zakladni ekologické problematiky

Z&kladnimi sméry vochrané Zivotniho prostredi
v odvétvi hutnictvi Zeleza CR zlistavaji i nadale:

e snizovani emisnich limitd pro emise do ovzdusi,

e zvySovani poplatki za vypousténi odpadnich vod,

za ukladani odpadti i za vypousténi emisi do ovzdusi,

tvorba legislativy na ochranu Zivotniho prostredi
piedevsim na evropské drovni,

implementace hotové a pfipravované legislativy,
kterd ma mit vliv na obor (IPPC, obchodovani skle-
nikovymi plyny, napliovani smérnice o odpadech,
REACH),

podle ekonomickych moZznosti realizovat ekologické
investice, piedevsim do ochrany ovzdusi.

Napjatost statniho rozpoétu a priority feSeni aktuélnich
probléma i mimo dobu krize v podstaté neguji moZnost
ziskani zdroju statniho rozpoétu na ekologické investice.
Faktem je, Ze huté¢ na akce spojené simplementaci
smérnice o pramyslovych emisich do roku 2020
jizvynalozily a budou jes$té muset vynaloZit zna¢né
finan¢ni prostiedky predevSim pro odpraSeni hal zaklad-
nich hutnich provozi (feSeni fugitivnich emisi) a pro
odsiieni a denitrifikaci podnikovych teplaren, k nimz
nové pristupuje povinnost plnit zptisnéné emisni limity
pro velké spalovaci zdroje nad 50 MW od roku 2021.
Soucasné zacnou platit pro stiedni spalovaci zdroje nové
emisni limity (doposud nebyly stanoveny na Grovni EU,
v CR jsou stanoveny ve vyhlasce 415/2012 Sb.).

a) Politiky EU vztazené k rokiim 2030 a 2050

Soucasné obdobi je charakteristické tim, Ze by mély byt
naplnény cile klimaticko-energetického balicku do roku
2020. Tento balicek ma tri zakladni cile, vztazené
na celou EU:

snizeni emisi sklenikovych plynd o 20 % oproti roku
1990,
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zvySeni podilu obnovitelnych zdroji energie na
20 % z celkové spotieby,

zvySeni energetické Gc¢innosti o 20 % oproti roku
1990.

EU jiz vyhlasila balicek pro rok 2030, pro ktery jsou
stanoveny ambicidzngjsi cile:

e snizeni emisi CO, 0 40 % oproti roku 1990, z toho

— odvétvi podléhajici EU ETS o 43 % oproti roku
2005,

— pro odvétvi dnes nezahrnutd do EU ETS o 30 %

— zvySeni redukeéniho meziroéniho faktoru na
2,2 %,

zvySeni podilu obnovitelnych zdroji energie na
30 % z celkové spotieby,

zvySeni energetické Gc¢innosti o 30 % oproti roku
1990.

Uvedeny  balicek  vgetné  stanoveni  zavaz-
nych/nezavaznych cili byl jiz schvélen a v sougasné
dobé k napliovani jeho cilii probihaji diskuse.

U jednotlivych politik jsou stanovovany cile bez vazby
na druhé politiky: cile u jedné politiky se mohou vylu-
¢ovat s cili stanovenymi u druhé politiky. | nadéle chybi
celkovy, zastteSujici piistup.

Pti posuzovani dopadd cili jednotlivych politik na
evropské Urovni je ¢asto vénovana pozornost dopadim
do oblasti energetiky, zatimco dopadim do zpracova-
telskych odvétvi (hutnictvi, chemie, a dalsi) analyze
jejich technickych a technologickych moZnosti pro
dosaZeni stanovenych cilt neni vétSinou vénovana
témétr zadnd pozornost. Tomu by se predeslo, kdyby
podkladové studie a analyzy pro stanoveni jednotlivych
politik a jejich cila byly r&dnym zpisobem vetejné
oponovany.

b) Energie a energeticka G¢innost

Hutni zafizeni jsou vétSinou provozovana cely rok
Vv nepretrzitém provozu. Podniky odvétvi maji vaci
dodavatelim energii poZadavky na bezpecnost dodavek,
kterou je mozno charakterizovat:

— nepretrzitosti dodavek,
— kvalitou dodavek,
— spolehlivosti,

a to v3e za prijatelnou a konkurenceschopnou cenu.

Zasadnim soucasnym problémem je nemoZnost pre-
dikce vyvoje cen energii ve stiednédobém a dlouho-
dobém horizontu. Ceny energii v EU jsou v soucasné
dobé vyssi nez v USA u elektrické energie i zemniho
plynu. U elektrické energie v CR jsou ceny vy3si e vice
nez o 10 % oproti priméru EU, coZ vyrazné snizuje
konkurenceschopnost odvétvi na plné liberalizovaném
evropském a svétovém trhu hutnimi vyrobky.
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V této souvislosti je nutno si uvédomit postaveni hut-
niho pramyslu jako ¢asti materidlové a energeticky
naroéného zpracovatelského pramyslu, ktery dodava sve
vyrobky na zcela liberalizovany trh vzemich EU
a celého svéta. Pokud se zméni v dusledku narodni nebo
evropskeé legislativy ceny vstupti, nemohou tyto podniky
nasledné zvysit cenu svych vyrobki na trhu, protoZe
jejich konkurenty jsou zde podniky i zregiont, kde
dand legislativa neni U¢inna, a proto maji tamgjsi vy-
robci i vyrazné niZsi pifimé (energie) i neptimé (ekolo-
gie) naklady oproti naSim vyrobcam.

ZvySovani energetické G¢innosti bude nutno i ze
strany hutniho pramysl vénovat zvySenou pozornost
a pripravovat projekty obdobné, jako byly pfipravovany
projekty na sniZeni emisi tuhych znegistujicich latek,
a nésledné nabidnuty k realizaci pro splnéni cili v této
oblasti. Stejné¢ tak bude nutno, aby Ministerstvo
pramyslu a obchodu jako garant v programu OPPIK
(Operacni program podnikani a inovace pro konkuren-
ceschopnost) vytvotilo potiebné podminky pro to, aby
se velké podniky jakoZto potencialni nositelé zna¢nych
energetickych Uspor mohly hlasit do vyzev vyhlaSova-
nych v tomto operaénim programu.

c¢) Problematika REACH (Registration, Evaluation,
Authorisation and Restriction Chemicals)

Redeni a napliovani nafizeni 1907/2006/ES je v sou-
¢asné dobé piedevsim na Urovni podnika.

Pokracuji prace na splnéni pozadavki nafizeni
1272/2008/ES o CLP (klasifikaci, baleni a oznac¢ovani
latek) i chemické legislativy CR (zékon 350/2011
a predpisy souvisejici), ktera dopliuje a upiesiuje legis-
lativu EU.

Problémem se mohou stat tzv. latky vzbuzujici vazné
obavy (SVHC - Substances of Very High Concern),
jejichZ seznam je pribézné dopliovan a zverejiiovan na
strankdch Evropské chemické agentury (ECHA).
V soucasné dobé je vtomto seznamu 214 latek, ale
piedpokladany skutecény pocet je nékolikanasobné vyssi.
Je nutno reagovat na navrh na zarazeni do seznamu
SVHC u kazdé latky, ktera je vyuzivana v hutnich pod-
nicich ve vyrobg, ale i v jinych ¢innostech (napi. v labo-
ratotich) s cilem docilit dalsiho podminec¢ného pouZi-
vani latky. Je to vSak ¢asové i finanéné& naro¢ny proces,
0 jehoz vysledku se rozhoduje na evropské drovni.

V kvétnu 2018 probehne tieti kolo registrace pro latky,
které jsou uvadény na trh EU o hmotnosti 1 t a vétsi.

d) EIA - posuzovani vlivu na Zivotni prostredi

Zé&kon 100/2001 Sh. je vsoucasné dob& novelizovan
(tzv. transpozi¢ni novela), navrh byl projednan
19.7.2017 v Senatu a vracen s pozménovacim navrhem
Poslanecké snémovné, kterd jej ma projednat pocatkem
zari 2017. Spole¢né s projednavanou novelou staveb-
niho zdkona by mély byt vytvoreny podminky pro
zrychleni povolovaciho fizeni.
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e) Ochrana ovzdusi

Prioritou CR je snizovani emisi tuhych znegitujicich
latek (prachu). Snizovani vyskytu CO, je sekundarnim
cilem. Hutnimi podniky byl v letech 2014 — 2016 reali-
zovén velky pocet investi¢nich akci s dotacemi z fonda
EU. Dokoncéena byla odpraSeni zbyvajicich velkych
hutnich zatizeni (aglomerace, vysoké pece) a piedevsim
provedeno odpraseni celych hal (ocelarny) pro eliminaci
fugitivnich emisi. Jsou to vesmés emise z malych
zdroju, kterych je v hale i nékolik desitek, a odpréSeni
kaZdého z nich je technicky nereélné nebo i ekonomicky
neefektivni. Jsou tak spInény podminky provozi téchto
zatizeni, uvedené v integrovaném povoleni, které vydal
mistné prisluny Krajsky urad.

f) IPPC - integrované kontrola a prevence zne¢isténi

V letech 2012 — 2016 byla vénovéna zvySena pozornost
naplnéni pozadavkt rozhodnuti 2012/135/EU, kterym
byly pro provozy aglomerace, koksovny, vysoké pece a
ocelarny stanoveny zavazné limity rizného typu.

Velké problémy i hutnim energetikdm miZe ptinést
v soucasné dobé dokoncovany novy BREF (referencni
piedpis 0 BAT — o nejlepSich dostupnych technikach)
pro velké spalovaci zdroje nad 50 MW, ktery zavadi
zptisnéné emisni limity oproti tém, které jiz drive
stanovila evropska legislativa pro ovzdusi pro oxidy
siry a dusiku s platnosti od 1.1.2018. Nov¢ BREF
zavadi emisni limity i pro rtut’. Diskuse jeSté probihaji a
prdce jsou tésné¢ pied dokonéenim.  VSichni
provozovatelé se pripravili na plnéni piavodnich
emisnich limitd a jsme svédky velkych investic do
Uprav zafizeni elektraren a teplaren (odsiteni,
denitrifikace). Nové limity podle BREF vSak znamenaji,
Ze pokud nekdo ukonéi rekonstrukci kotle tak, aby pinil
emisni limity podle evropské legislativy pro ochranu
ovzdusi vyhlaSené pred nékolika lety, pak by v prabéhu
dalSich 3 let mél provést dalSi naroénou modernizaci pro
dosazeni novych zpiisnénych limiti. To u zatizeni, kde
investice maji ekonomickou navratnost desitky let, neni
zajistitelné.

Od poloviny roku 2016 prochazi revizi BREF pro zpra-
covani oceli — ukoncena by méla byt do poloviny roku
2019. Dotyka se zatizeni typu:

valcovny za tepla (profila, dratu, plechi a past),
valcovny za studena,

tazirny oceli,

Zarové zinkovny.

Préace na novém piedpise jsou intenzivni a jsou do nich
zapojeny ptimo i jednotlivé podniky.
g) Odpady a obéhové hospodaristvi

V soucasné dob& v CR pro oblast odpadi z hlediska
legislativy probihaji prace na legislativnich normach:

K vyrobkim sukonéenou Zivotnosti (autovraky,
pneumatiky, elektroodpad apod.) se bude vztahovat
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nova, samostatna legislativni norma — zakon o vyrob-
cich sukongenou Zivotnosti, ktery bude vyclenén ze
stavajiciho zakona o odpadech. Je tedy moZno ocekavat
v horizontu nekolika let zvySeni likvidace starych auto-
mobilt, coz sebou prinese i zvySeni dodavek Srédrova-
ného Srotu, jehoZ podil ve vsazce pro jednotlivé tech-
nologie taveni je omezen. Bude také nutno, aby doda-
vatelé vsazky z autovraka disledné odstranovali latky
(napt. plasty, nezelezné kovy, kapaliny) tak, jak jim to
piedepisuje jiz platna legislativa.

Pro komoditu dneSnich odpadi je novelizovan stavajici
zékon ¢&. 185/2001 Sh. ve smyslu zapracovani smérnice
2008/98/EU o odpadech. Preferovany maji byt
vsouladu se Smérnici (kromé& priority ptedchazeni
vzniku odpadu):

— recyklace komodit dnes povazovanych za odpad,

— energetické vyuziti (v podnikovych i jinych teplér-
nadch nebo zafizenich pro energetické vyuziti
odpadii),

— ztiZit — podstatné omezit co nejvice ukladani odpadt
na skladky (zvySeni poplatki za ukladani); dle
legislativy EU smi na skladkach v roce 2030 skongit
max. 10 % produkovanych odpadt.

Pro orientaci uvadime, Ze ¢asto medializované komu-
nalni odpady tvoii cca 10 % z celkového vyskytu
odpadt v CR. Pojem ,,druhotna surovina“ se do navrhu
novely zékona 185/2001 Sh. sice dostal, ale uchopeni
tohoto pojmu z hlediska praxe bude zna¢né obtizné.

K novelam obou zminénych zakoni jesté uvadime, ze
byly od zati 2016 nekolikrat predloZeny do Legislativni
rady vlady CR, ale nakonec byly piedkladatelem —
Ministerstvem Zivotniho prostiedi CR — stazeny. Pied-
poklada se, Zze navrhy budou ptedlozeny nové vladé.
O rozsahu, aktuélnosti obsahu novel a o odstranéni
pietrvavajicich rozport se mezitim intenzivné jedna.

Jiz od letodniho roku budou novelizovany také prova-
déci predpisy tykajici se odpadt (vyhlasky, naiizeni
vlady).

Obéhové hospodarstvi v EU Ize charakterizovat tim, Ze
v roce 2030 se mé vyuZitim recyklace dosédhnout Gspora
30 % dnes vyuZivanych priméarnich surovin. Do konce
roku 2017 maji byt dokoncena jednadni ktéto nové
legislativé EU. Doposud byly feSeny problematiky defi-
nic, obsah pojmu recyklace, obsah a vySe recykla¢nich
cili apod. Bude nutno také definovat bod, ke kterému se
budou pogitat plnéni stanovenych cili recyklace.
Urcitym problémem se zde jevi dostatecné kapacity
zarizeni, kterd maji recyklaci ve vSech Grovnich zajistit,
a financovani jejich vystavby.

h) Kohezni fondy EU a CR na obdobi 2014 — 2020

Jednou z mala oblasti, kde by mohly velké podniky,
tedy i podniky naSeho odvétvi, cerpat podporu, je
vystavba zafizeni se zvySenou energetickou Ug¢innosti
a vyzkum a vyvoj zatizeni pro zvy3eni energetické ugin-
nosti nebo pro sniZeni emisi sklenikovych plynu.
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i) Problematika vod Zavér

V hutnictvi Zeleza byla problematice vod vénovana o i L
vzdy zvysena pozornost, coz bylo dano nejen objemem  Faktord, které ovliviuji dalSi vyvoj odvetvi hutnictvi
vyuzitych vod k provoznim a technologickym Geelaim, ~ 2eleza pro nejblizsi obdobi, je cela fada. Zcela zasadnim
ale i nutnosti dodrzet piisné predpisy pro obsah znegis-  S€ Pro ocelaistvi a cely zpracovatelsky primysl ukazuje
tujicich latek z gistiren odpadnich vod hutnich podnika  VYtvoreni rovnocennych podminek s konkurenty ze

do vodnich toki (stanovené limity dodrzujeme). zemi mimo region EU, a to zejména v:

Zatimco objem povrchovych vod se vyuzitim recirku- ®  ekologii (ekologické legislative),
lace snizil, poplatky se neustdle zvySuji, a to nékolika- e dostupnosti surovin a energii, a to véetné cenovych

nasobné vice nez ¢ini inflace. Diivodem je, Ze podnikam aspektt — napt. podpora obnovitelnych zdroji ener-
Povodi jsou ze strany statnich organii stanovovany dalsi gii a jeji vliv na rast cen energii,

a dalsi povinnosti, ale nejsou jim na jejich zajistovani o srovnatelnosti danové legislativy, podpore zaméstna-
pridélovany zadné nebo dostatecné vysokeé piispévky ze nosti a viibec v prosazeni pramyslové politiky v EU
statniho rozpoctu, coz je feSeno nariistem cen pro odbeé- av CR, a spole¢né pak ve vztahu K ostatnim zemim
ratele povrchové vody. Vramci ptipravované velké mimo EU v této problematice.

novely zakona o vodach budou tyto i dalSi problematiky

diskutovany. Novela zdkona by méla byt predlozena Mnohdy jde o samotnou udrzitelnost, existenci pri-
nové vlade pocatkem roku 2018. myslu v CR (ztraty pracovnich mist) zejména v situaci,
o 3 o i kdy vlastnici rozhoduji a optimalizuji své portfolio

V hutnictvi po zkusenostech z minulych 3 suchych let  anacit (nadbyteznost ocelaiskych kapacit).
se budeme muset celou problematikou detailné zabyvat . o o ] o
a navrhnout, jaké vhodna zaiizeni ztohoto pohledu Trvalé sledovani a analyzovani obchodni a vyrobni
v hutich provozovat a v jaké intenzité, pokud bude u nas ~ Situace odvetvi je konfrontovano s poznatky EU a vyu-
i nadale pokracovat trend v suchém klimatu. Zivano pro hodnoceni ug¢innosti opatieni ptijimanych pfi
jednanich se statni spravou (ministerstvy) a zaméstna-
vatelskymi institucemi — Hospodétskou komorou CR

a Svazem pramyslu a dopravy CR.

Trh s uslechtilou oceli opét roste

Stahlreport 4/17

Odvetvi uslechtilych oceli hledi do budoucna vétSinové optimisticky. To vyplyva z bilance Dnt uSlechtilych oceli
2017, na které se sjelo zhruba 150 G¢astniki. Podle Wolfganga Lippa, analytika Steel Market Intelligence GmbH,
pocita se v Evropé tento rok s rastem 2 %, coZ odpovida piirastku vyroby kolem 115 000 tun. Dulezity faktor vidi
Lipp v antidumpingovych clech, uvalenych v roce 2015 na dovoz uslechtilych oceli z Ciny. Ur¢ité riziko pro vyvoj
trhu vidi Lipp v politickém klimatu. Mohou se totiZ vyrazng zostiit restrikce pro globalni obchod napt. v USA
a Velké Britanii. Velkd pozornost musi byt vénovana technologickym zménam v automobilnim pramyslu,
piedevsim piechodu na elektromobily a nejnovéji i vSeobecnym Ustupem od dieselovych motord.

Novy online-shop by mél dat odbytu Severstalu kiidla

Stahlmarkt 4 April 2017

S novou webovou strankou bude nakup ocelarskych vyrobka tak jednoduchy jako staZeni e-knihy nebo nékup
novych bot. To v kazdém piipadé slibuje podnik, patiici ruskému miliardari Alexeji MordaSevovi. Prvni testy
v listopadu 2016 byly ziejmé tak Uspésné, Ze Severstal chce jiz v roce 2018 prodavat 3,5 mil. t oceli online, tfetinu
celkového odbytu z roku 2016. Ackoliv je internetovy prodej ocelaiskych vyrobka stale oblibengjsi, predevsim
v Cing a v Indii, je vétSina online-shopt provozovana obchodniky a ne vyrobci. Severstal chce zpogatku nabizet
online jen standardni vyrobky, potom ale krok za krokem i specialni vyrobky.
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Z hospodarskeé ¢innosti
podniki, instituci
a resitelskych pracovist’

Obnova kompresoru na Vodarné 3 ve spoleénosti ENERGETIKA TRINEC, a.s.

Revamping of Compressor at the Water Tower No.3 in the company

ENERGETIKA TRINEC, as.

Ing. Jan Cepec

Energetika Tiinec, a.s., Pramyslova 1024, 739 61 Ttinec-Staré Mésto, Ceska republika

ENERGETIKA TRINEC, as. (dale ET) je vyrobcem
a distributorem rady energetickych médii, a to zejména
pro technologii hutni vyroby Ttineckych Zelezaren a.s.
(dale TZ). Jedna se predevsim o elektiinu, teplo v péte,
teplo v horké a teplé vodé, dmychany a stlageny vzduch,
provozni vody. ET dale zajiStuje distribuci a Upravu
hutnich topnych plyna, které vznikaji jako druhotny
energeticky zdroj pii vyrobé v TZ, a dale dodava teplo
nejen pro vytapéni arealu TZ, ale také mésta Tiince
a blizkého okaoli.

Jednou z vyrédbénych a distribuovanych energetickych
komadit je stlaceny vzduch, ktery je v soucasné dobé
vyrabén ve trech strediscich ET. Patii k nim stiedisko
Vodarny 1 se Sesti elektro turbokompresory, stiedisko
Vodarny 3 se dvéma elektro turbokompresory a stie-
disko Teplarny E2 se tremi parnimi turbokompresory.
Podnikova sit” stlaéeného vzduchu je rozdélena na dvé
zakladni &asti: sit’ stlateného vzduchu TZ a sit’ stlace-
ného vzduchu kontidratové valcovaci trati (dale KDT).

Stlaceny vzduch do sit¢ TZ dodava radialni turbokom-
presor TK3 pohanény parni turbinou, instalovany na
Teplarné E2, a radialni turbokompresory CKD1 a7z 5 a
IRMA pohanéné elektromotorem, které jsou instalované
na Vodarng 1. Pietlak v siti TZ se pohybuje v rozsahu
570 — 600 kPa. Parni turbokompresor dodéava do sité TZ
piiblizng 30 tis. m3y/h. a elektrické turbokompresory
Vodarny 1 dodévaji do sité TZ cca 10 — 30 tis. m*y/h.

Stiedisko Vodarna 3 véetné kompresorové stanice bylo
pavodné postaveno k zabezpedeni dodavek médii pro
valcovnu KDT. Stavajici kompresorova stanice na Vo-
darné 3 je vybavena dvéma radialnimi turbokompresory
v usporadani 100% + 100% zaloha. Tyto turbokompre-
sory s oznacenim Lida 1 a Lida 2 ptednostné pokryvaji
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spotiebu stlaceného vzduchu provozu vélcovny KDT.
Priklad turbosoustroji je uveden na obr. 1. Pietlak doda-
vaného stla¢eného vzduchu v okruhu valcovny KDT se
pohybuje v 570-600 kPa. Turbokompresory maji
jmenovity vykon 10 tis. m% /h. pii pietlaku 800 kPa
ajsou pohanény elektromotorem o vykonu 1250 kW.
Ob¢& soustroji maji dnes pomérné vysokou mérnou
spotiebu v rozmezi 125 az 140 kWh'tis. m®\ v zavislosti
na svém pracovnim bodu. Obé soustroji pochazejici ze
70. let minulého stoleti; maji k dneSnimu dni dozity
technicky stav a i pres fadné provadénou udrzbu
nedosahuji jiz svych pavodnich jmenovitych parametra.

Obr. 1 Stavajici elektro turbokompresor s oznacenim Lida 2

Po provedené modernizaci véalcovny KDT v roce 2014
doSlo k nérastu spotieby stlaceného vzduchu této val-
covny aZ na Groveni cca 12 tis. miy/hod., co? nelze
pokryt jednim provozovanym soustrojim, ale je nutno ze
sit¢ TZ pripoudtét stlaceny vzduch v objemu cca
3 -4 tis.m*\/hod. do sit& stlageného vzduchu valcovny
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KDT. Tento provozni stav ma soucasné negativni dopad
na spolehlivost dodavek energii pro valcovnu KDT.

JelikoZ v roce 2011 byla provedena generalni oprava
soustroji Lida 1 v rozsahu vymény rotoru kompresoru,
pohyblivé spojky mezi rotorem a prevodovkou, radial-
niho lozZiska a kombinovaného loZiska rotoru kompre-
soru, byla pii Gvahach o modernizaci zdroje stlaceného
vzduchu pro vélcovnu KDT prijata koncepce nahrady
soustroji Lida 2 novym, modernim elektro turbokom-
presorem véetné dil¢ich Gprav ptipojovacich potrubi,
stavebnich Uprav a obnovy souvisejicich zafizeni.

Ke zkvalitnéni dodavek stlaéeného vzduchu (odstrang-
nim vlhkosti obsazené ve vzduchu a zamezenim vzniku
kondenzatu v potrubnich rozvodech) budou snovym
soustrojim instalovany 2 jednotky kondenzaénich susi-
¢ek vzduchu v uspofddani 100% + 100% zaloha
s tlakovym rosnym bodem +3 °C.

Budouci dodavka stlaéeného vzduchu pro vélcovnu
KDT bude zajisStovana novym elektro turbokompreso-
rem, ktery svymi parametry umozni pokryt celkovou
spotiebu stlageného vzduchu vélcovny KDT. Schéma
komplexniho systému pro dodavku stlaceného vzduchu
pro valcovnu KDT modelové znadzoriuje obr. 2. Poza-
dovand jmenovita vykonnost nového kompresoru je
proto 15,5 tis.m?/h. pii pietlaku 700 kPa (parametry na
vytlaku soustroji). Novy kompresor bude tiistupiiovy
odstiedivy a bezmazny, s pohonem vysokonapé&tovym
elektrickym motorem o jmenovitém vykonu 1600 kW.
Soustroji bude dodano jako komplexni blok vybaveny
vniténim potrubnim systémem, ptipojkami, horizontalné
délenou prevodovkou, dvéma mezichladi¢i a jednim
dochlazova¢em, automatickym regula¢nim systémem
s ovladacim panelem. Soustroji bude vodou chlazené.
Veskeré vySe uvedené vybaveni bude umisténo na spo-
leény zakladovy ram véetné protihlukového krytu. Re-
gulace vykonnosti nového stroje bude zajisténa pomoci
mechanismu vstupnich natagecich lopatek (IGV).

Obr. 2 3D model budouciho turbokompresoru véetné jednotek suseni stla¢eného vzduchu

Ekonomika této investice je postavena na Uspoie elek-
trické energie pii zachovani objemu dodavek pro sit’
stlaceného vzduchu KDT diky vyrazné lepSi mérné
spotiebé nového zdroje stlaceného vzduchu (pod
100 kWhtis. m*y). Ogekéavana tspora elektiiny pii ro¢ni
vyrobg stlateného vzduchu 126 mil. m3y/rok pro val-
covnu KDT je v Urovni 4460 MWh/rok. Dal$im pod-
statnym ptinosem této investice je zvySeni spolehlivosti
dodavek stlaceného vzduchu pro valcovnu KDT.

V roce 2015 se ET rozhodla vyuZzit prvni vyzvy pro-
gramu Uspor energie z Opera¢niho programu Podnikani
a inovace pro konkurenceschopnost (OPPIK MPO)
a provedla predbéznou registraci zdméru do vySe uvede-
ného programu. Nasledné byly vypracovany vsechny
povinné prilohy k Zadosti o podporu, tj. technicky popis
zaméru, energeticky posudek, poloZzkovy rozpocet
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a dokumentace pro stavebni povoleni. Predpokladana
vySe investice ¢ini 25 mil. K&. PInou Z&dost o ¢erpani
dotace podala ET koncem Unora 2016. V lednu 2017
vydalo MPO rozhodnuti o pridéleni dotace ve vysi 30 %
zpusobilych vydaji. Néasledné byla zpracovana kvalifi-
kacni a zadavaci dokumentace vcetné vSech pottebnych
piiloh pro vyhlaSeni veiejného vybérového fizeni.
Oznameni o zahajeni zadavaciho tizeni bylo uveiejnéno
ve Véstniku verejnych zakézek pocatkem kvétna letos-
niho roku. Piedpokladany termin uzavieni smlouvy
odilo svybranym generalni dodavatelem investi¢ni
akce jefijen letoSniho roku. Zejména sohledem na
terminy vyroby a dodavek rozhodujicich casti dila
piedpokladdme uvedeni do provozu nového zdroje
stlaceného vzduchu cca do deseti mésicti od uzavieni
piislusné smlouvy na realizaci dila.
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Bruska sochoru BBS 16A

Ing. Grzegorz Podolewski

Strojirny a stavby Ttinec, a.s., Pramyslova 1038, 739 61 Staré Mésto, Ceska republika

Strojirny a stavby Tiinec a.s. vyvijeji automatickou
brusku na sochory vramci projektu ,Vyvoj
automatizované brusky sochora®, ktery je realizovan
z programu Aplikace | Opera¢niho programu Podnikani
a inovace pro konkurenceschopnost (reg. ¢. projektu
CZ.01.1.02/0.0/0.0/15_018/0004682“. Cilem je
vyvinout automatickou brusku, jez nahradi naro¢nou
praci obsluhy. Pro zajisténi této funkce je bruska
vybavena automatickym skenovacim zatizenim, které
poskytuje data pro plynulé fizeni chodu brusky. Cil
projektu je vsouladu sdneSnim trendem vétSi miry
automatizace a robotizace pracovist’. Piinosem realizace
bude docileni jednotné wvrstvy Ubéru v celé ploSe
sochoru. Tim dojde ke zvySeni kvality obrousenych
sochora jako vstupniho materidlu pro valcovny. Dalsi
piinos lze ocekavat ve snizené spotiebé brusnych
kotouc¢t a elektrické energie s pozitivnim vlivem na
Zivotni prostiedi.

Bruska slouZi k odstranéni povrchoveé vrstvy ocelovych
sochori prafezu 150 x 150 mm délky 12 m. BrouSeni se
provéadi celoplodné v automatickém reZimu. BrouSeni
povrchovych vad je moZno provadét v ru¢nim reZzimu.

Sochory jsou jefabem s magnety naloZeny na pfisunovy
vle¢nik na vstupu brusky. Nakladdaci mechanismus
naklada jednotlivé sochory na brousici viz. Zde je
sochor upnut a spole¢né svozem se pohybuje pod
brousicim kotou¢em. Mechanismus brusky prab&zné
zajiStuje pozadovany pritlak brusného kotouce a jeho
posuv napifi¢ sochorem. Po obrouSeni ploch je
automaticky piebrouSena hrana sochoru. Po dokongeni
je sochor automaticky otocen o 90° a brouseni povrchu
sochoru pokrac¢uje na dalSi sténé. Takto se obrousi
vdechny plochy a hrany sochoru. Po vybrou3eni viech
ploch je sochor pomoci vykladaciho mechanismu
vyloZzen z brousiciho vozu na odsunovy vle¢nik a
zaroveri je naloZzen dalsi sochor. Tento cyklus se
opakuje. Piisun a odsun sochord do skladovacich boxi
zajistuje jefdb straverzou, na které jsou zavéSeny
magnety.

Vykon brusky na sménu (8hod.): 26 sochoru

Pracovni rezimy brusky

— Celoplo3né broudeni sochord — sochor upnuty na
brousicim stole se pohybuje pod brousici kotoug.
Brousici kotou¢ je pritlacen na materidl a posuvem
sochoru je prebrousena jedné stopa. Po projeti celé
délky sochoru se brusny kotou¢ posunu o jednu
stopu a brouseni se opakuje. Cyklus se opakuje,
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dokud neni obrouSen cely povrch. Pocet posuvu
kotouce Ize nastavit dle matriélu.

BrouSeni podélnych hran — brusny kotou¢ najizdi na
hranu a podélnym posuvem stolu dochazi
k brouSeni. BrouSeni Ize provést na vice prijezdi.

Brouseni koncti sochorii — Sochor je posunut, tak
aby hrana sochoru byla ve stiedu kotouce. Brusny
kotou¢ se sklopi a posunuje se pii¢né po sochoru.
Sochor stoji. Po projeti hrany se kotou¢ vraci do
vychozi polohy. Stal se sochorem piejede a do osy
kotouce je posunuty druhy konec.

Hlavni inovace oproti piedchozim bruskam

Moznost automatického provozu.

Doplnéni kontrolniho zafizeni pro detekci povrcho-
vych vad véetné Fidiciho systému.

Zména kinematické struktury vietene.
Novy uzavieny systém chlazeni a mazani vietene.
Nové navrzeny fidici systém linky.

Kompletné nové reSeni vstupni / vystupni ¢asti s ka-
pacitou 7 kust.

Optimalizovan& hmotnost jednotlivych ¢asti.
Optimalizace systému odsavani.

Popis hlavnich &asti zafizeni

Brousici stroj

Zakladem brusky je tuhy ocelovy nosny ram, pevné
ukotveny k betonovému zékladu. Na horni ploSe
nosného ramu je upevnéna dvojice kolejnic, po kterych
se pohybuje suport brusky. Posuv suportu zajistuje
hydraulicky valec.

Na suportu brusky je v loZiskovych domcich oto¢né
uloZzeno rameno brusky. Na piedni &asti ramene je
umistén vretenik s brusnym kotoudem. Naklopenim
ramene je zajiStén ptitlak brusného kotouce. Pohyb je
zajistén dvojici hydraulickych valci. Jeden vélec
vyvazuje hmotnost brousici hlavy, druhy valec reguluje
piitlak. Pritlak je ftizen tlakovou regulaci dle
pozadované piitlacné sily a dle fdze pohybu vozu -
omezeni piitlaku pii reverzaci vozu.

Hlavni ¢asti brusky je vietenik, ktery je umistén na
piedni ¢asti ramene. Nové navrZena koncepce vieteniku
zajist'uje spolehlivy chod brusného kotouce. Vietenik je
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pohé&nén asynchronnim motorem o vykonu 250 kW.
Pottebny wvykon je na vietenik prendSen sadou
klinovych ~ femeni. Napnuti femend  zajiStuje
hydraulicky valec. Otacky brusného kotouce jsou
plynule regulovatelné pomoci frekvenéniho ménice.

Odbrusky odlétajici od kotouce jsou odraZzeny od
chladicich stén do prostoru primarniho odpraseni. Hrdlo
na rdamu brusky je umisténo pod drovni horni upinaci
plochy vozu. V hrdle je v ose brouseni vsazena clona,
ktera smétuje obrus p¥imo do z&sobniku. Chladici stény
jsou chlazeny vodou.

Brousici viiz

Brousici vtz slouzi k dopravé sochoru pod brusny
kotou¢. Brousici viz se pohybuje po kolejnicich
umisténych na draze brousiciho vozu. Umoziuje upnuti
a otaceni sochort. Sougasti vozu je hydraulicky pakovy
mechanismus uréeny Kk otdceni a upinani sochort.
K otaceni sochori slouzi systém pak, které se sklapégji
pomoci hydraulickych vélci. Pfi sklopeni se sochor
opie o0 tvarovany zaiez a vlastni vahou se preklopi o
90°. Po pieklopeni je nadzvednut a upnut vici pevnému
dorazu pakami.

Brousici viz je pohanén lanovym mechanismem.
Pouziti lanového mechanismu zajistuje plynuly pohyb
vozu do z&béru bez prokluzu kol na kolejnici a zaroven
odolnost proti zvySenému mnozstvi prachu. Pohyb lana
je realizovan navijenim/odvijenim na lanovy buben.
Lanovy buben je pohanén pomalobéZznym hydro-
motorem.

Vstupni a vystupni zafizeni

Sklada se z nésledujicich zatizeni

Piisunovy viegnik

Vleénik slouzi kulozZeni sochort a k jejich piesunu
smérem k brousicimu vozu do pozice pro odebrani.
Sochory jsou na vle¢nik nakladany jerdbem a to tak, ze
na magnetech jerabové traverzy je umisténa vzdy jedna
vrstva sochort (max. 7 ks). Sochory se polozi k predni
zarazce. Optenim sochort 0 zardzku se sochory srovnaji
do roviny, aby bylo zaruceno spolehlivé odebrani
nakladacem. Po odebrani sochoru vle¢nik posune
zbyvajici sochory o jednu pozici. Piitomnost sochoru
v nakladaci pozici je snimana cidly.

Nakladaci vle¢nik je umistén na vstupu brusky. Vie¢nik
se sklada ze <¢tyr ramen, ktera jsou Kkotvena
k betonovému zakladu. Rameno vleéniku je tvoieno
ocelovou konstrukci. Na &elnich plochach jsou valivé
uloZena retézova kola, ktera jsou mezi sebou propojena
hnaci hiideli. Pohon vleéniku zajistuje
elekropievodovka. Po vymeénnych vodicich liStach,
umisténych na horni ploSe ramen, se pohybuje fetéz.
Horni plocha ftetézu je opatiena vyménitelnymi
nerezovymi deskami.
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Naklada¢

Naklada¢ odebird jednotlivy sochor z ptisunového
vleéniku a poklada ho na horni plochu brousiciho vozu.
Na prisunovém vleéniku jsou sochory ve vrstvé
zarovnané na c&elo zarazky. Pred odebranim sochoru
piekladacem se sklopnd zardzka piesune do spodni
polohy. Transport sochort zajist'uji voziky, které pojizdi
ve zvedanych drahach. Béhem zdvihu drah, voziky
naberou sochor u zardzky, ¢imz ji oddéli z vrstvy,
a potom ji pievezou do pozice nad brousici viz.

Po uloZeni sochoru na brousici vz se sklopna zardzka
pfisunového vleéniku vrati zpét do horni pozice
a vle¢nik dotlaci zbyvajici tyce na celo zarazky.

Zatizeni tvoii zvedané drahy, ve kterych se pohybuji
voziky. Posuv voziku je zajistén elektropievodovkou.
Na horni ploSe voziku je umisténa vymeénitelnd deska
pro bezpe¢ny transport sochord. Zdvih drah je zajistén
pakovym prevodem. Paky jsou uloZzeny na spolec¢né
hiideli. Natoc¢enim hiidele dochazi k zvednuti drah.
Natoceni je zajisténo dvojici hydraulickych valca.

Odsunowy vleénik

Vle¢nik slouzi k odlozeni sochort z brousiciho vozu
a k jejich piesunu smérem k pevné zarézce. Vylozen je
vzdy jeden sochor. Po uloZeni na horni plochu vle¢niku
jsou sochory posunuty o jednu pozici, tak aby se
uvolnilo misto pro vylozeni dalSiho kusu. Prazdna
pozice pro vyloZeni je hlidana snimaci. Ze zapInéného
vle¢niku jsou sochory odebirany jetdbem. Zaplnéni
vleéniku je hlidano snimaci. Konec vle¢niku je opatien
pevnou zardzkou zajist'ujici, Ze v piipadé selhani cidel,
sochory nespadnou z vle¢niku.

Konstrukéni  teSeni je obdobné jako u vstupniho
vle¢niku.

Vykladag¢

Vyklada¢ odebird sochor brousiciho stolu a poklada ho
na horni plochu odsunového vleéniku. Transport
sochort zajistuji voziky, které pojizdi ve zvedanych
drahach. Béhem zdvihu drah, voziky naberou sochor
z pozice brouseni, a potom ho pievezou do pozice nad
odsunovy vleénik.

v

Konstrukéni feSeni je obdobné jako u nakladace.

Zarizeni pro primarni odlu¢ovani
prachovych ¢astic

VEétSi odbrusky odraZzené od chladicich stén padaji pod
brusku do sb&rné nadoby. Nadoba je umisténa na voziku
primarniho odpraseni. Vozik se pohybuje po kolejové
draze a je vybaven vlastnim pohonem. Ovladani je
umisténo na okraji jimky voziku. Po vyjeti z pozice pod
bruskou je nadoba ptipravena k naloZeni jerabem.
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Zarizeni pro sekundarni odlu¢ovani
prachovych ¢astic

Zatizeni slouzi k odsavani prachovych ¢astic z prostoru
brouSeni. Odtah je zajistén &tyi-komorovou filtracni
jednotkou s navazné napojenym odsavacim radialnim
ventildtorem. Ventilator je vestavén v protihlukové
komote. Ventilator neni béhem provozu regulovan.

Konstrukce  vicekomorového  filtra¢niho  zafizeni
umoziuje odstaveni jedné libovolné komory za plného
provozu pro provedeni servisnich praci a regeneraci
offline. Kazda komora je tlakové oddélena od ostatnich
komor a venkovniho prostredi. Od 3nekového bude
oddéland dopravniku rotacnim podavacem. Kazda
komora je opatiena vstupni a vystupni klapkou. Klapky
jsou ovladany pneumatickymi pohony. Vstupni klapky
jsou integrované uvnitt vstupni separa¢ni komory kazdé
komory filtru.

Sougasti filtra¢niho zatizeni je separacéni komora pro
zachyceni hrubého prachu. Odvod zachyceného prachu
bude do kontejneru pod filtra¢ni jednotkou. Jednotlivé
vysypky jsou opatieny hladinomérem, ktery hlasi jejich
zapInéni.

VynaSeni odpraska  zajiStuje zesileny  Snekovy
dopravnik. Je pouZita dvojice kontejneru. Prvni
kontejner je v pracovni pozici, druhy je mimo filtra¢ni
véZ. Po zaplnéni kontejneru je kontejner vyvezen na
elektricky pohanéném voziku a do pracovni pozice se
piesune druhy kontejner. Oba kontejnery se pohybuji na
samostatném voziku. Kontejnery, voziky a kolejiste
jsou, soucasti dodavky.

Regenerace a c¢isteni filtraénich hadic je provadéno
pomoci stlaceného vzduchu systémem PULSE - JET
aje ovladana prostrednictvim elektromagnetickych
ventili fizenych fidicim systémem regenerace filtru.
Filtracni zafizeni umoztiuje regeneraci filtracnich
element jak ON-LINE, tak OFF-LINE reZimu, a to
véetné proménlivé  volitelné prodlevy regenerace
afizeni regenerace jak <&asovym algoritmem, tak
povelem od dosazené nastavené diference tlaku na filtru

Off-line regenerace. Jednotlivé komory filtru piepina
Fidici  systtm v pifednastaveném  rezimu, nebo
v manualnim nastaveni servisniho moédu bez preruSeni
prace. Po uplynuti nastaveného ¢asu se na nastavenou
dobu klapkami odstavi 1. komora a zrychlenym
regeneraénim cyklem se tato zregeneruje Vv systému
off-line. Po uplynuti nastaveného ¢asu se 1. komora
otevienim klapky vréti do filtracniho procesu. Po
uplynuti nastaveného ¢asu se to stejné jak vySe popsano
provede sdruhou, teti, ¢tvrtou atd. komorou a opét
prvni a tak opakované déle.

On-line regenerace. Soustava komor je vnitiné feSena
tak, aby se komora dala pIng odstavit. Po odstaveni je
komora regenerovana bez pratoku filtrované vzdusniny
(bez proudéni vzduchu). Ostatni komory pracuji bez
pieruseni préace.
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Prefiltrovany vzduch je veden do komina pti-kotvenému
k filtra¢ni jednotce. V kominé jsou instalovany piiruby
meéteni TZL dle platnych norem CSN-EN.

Ovladani

Ovladani brusky je umisténo v fidici kabing, ktera je
umisténd vedle kabiny brusky. Po spusténi z ovladaciho
panelu pracuje bruska v automatickém rezimu.

Pro servisni Ukony je mozné brusku ovladat v ru¢nim
rezimu Ovladani je provadéno ovladaci umisténymi na
ovladacim kiesle a z&rovein pomoci pocitace. VSechny
informace jsou zobrazeny na monitoru.

Automaticky rezim

Pti prajezdu brousiciho vozu s upnutym sochorem je
skenovacim zafizenim identifikovan zacatek, konec
a jednotlivé profilové fezy sochoru. K témto je
piitazena poloha stolu, kterou uréuje linearni
odmérovaci systém umistény podél drahy pohybu vozu.
Profilové tezy uréuji osy X, y, poloha vozu osu z.
Metenim je ziskan skuteény tvar sochoru a body pro
polohovani brusného kotouce. Po piejeti celého sochoru
pod skenovacim zafizenim jsou data s Udaji o poloze
vyslany do fidiciho systému. Na zéklad¢ téchto dat
provadi fidici systém automatické polohovani brusného
kotouce.

Ru¢ni rezim

ReZim je uréen pro servisni Ukony.
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Ze 7ivota skol

KoSicka Hutnicka fakulta ma nové meno

Hutnicka fakulta Technickej univerzity v KoSiciach po 65 rokoch od svojho
zaloZenia meni svoj nazov na Fakultu materialov, metalurgie a recyklacie
Technickej univerzity v KoSiciach (FMMR). Ctime si naSe tradicie, ale
zaroven sme presvedceni, Ze novy ndzov lepSie vystihuje vsetko to, ¢o nasa
fakulta uz dnes v oblasti vychovy Studentov, ale aj vo sfére vyskumu ponuka.

Za 65 rokov od svojho vzniku fakulta vychovala viac ako 5800 hutnickych
inZinierov a viac ako 550 absolventov vedeckej aSpirantiry a doktorandského
Stadia. Pri vysokoSkolskom vzdelavani ucitelia a vedecki pracovnici fakulty
vydali mnohé monografie a ucebnice a publikovali tisicky odbornych
¢lankov vo vedeckych a odbornych &asopisoch. Pracovnici fakulty taktiez
vyrieSili mnozstvo vedecko-vyskumnych dloh a projektov a bolo im
udelenych viac ako 120 autorskych osved¢eni ¢eskoslovenskych a sloven-
skych patentov.

Z mnohych vedeckych vykonov niektoré d’aleko prekrocili ramce vtedajSieho

Ceskoslovenska, ako aj ramec svojej doby, posunuli rozvoj poznania vo

svojom odbore a ovplyvnili budici vyvoj. Spomeniem aspon hiekolko

prikladov — termodynamick(d Skolu pyrometalurgickej vyroby medi a prvy

doc. Ing. Iveta Vaskova, PhD. svetovo patentovany proces plynulej vyroby medi profesora Juraja

Schmiedla a docentov FrantiSska Sehnélka a Juliusa Holéczyho, alebo

napriklad koSicku fraktografickd Skolu profesora Vojtecha Karela, ¢i Skolu kordzie kovov profesora Jaroslava

Kocicha. Nezabudnime ani na termodynamickd Skolu priemyselnych peci a tepelnych agregatov profesora

Svatopluka Cernocha, na profesora Eduarda Cerveného, ktory zaloZil a viedol obor tvérenia v stladu s vtedajsou

UspeSnou ostravskou Skolou tvarenia, analytick( spektrochemickd Skolu profesora MikuldSa Mathernyho
a archeometalurgicky vyskum profesora Bubomira Mihoka.

Mozno sa opytate, preco teda opustame také dobré meno a znacku, ked” mame za sebou tak vela Gspechov? Pravda
je takd, Ze vyvoj nemozno zastavit' a aj my sme dospeli do Stadia, kedy uz nazov Hutnicka fakulta v plnej Sirke
nevystihoval skutoény rozsah naSich vzdelavacich a vyskumno-vyvojovych €innosti a takisto ani rozsah nasej
spoluprace s priemyselnou praxou. NaSa fakulta pocas svojej 65-rocnej histdrie podstatne rozSirila svoje
posobenie aj mimo oblasti hutnictva kovov. Podstatne sa profilovala aj v materialovom vyskume, v oblasti
chemickych technol6gii, energetiky, spracovania a recyklacie odpadov alebo manazérstva procesov a kvality
produkcie. VVzdelavaci proces na fakulte je uz dlhodobejSie situovany do SirSej materialovej bazy. Pokryva pripravu
a vyrobu kovovych aj nekovovych anorganickych materilov, ich recyklaciu a manazérstvo tychto procesov. Nazov
Hutnicka fakulta je vSak pre takéto Siroké odborové zameranie prili§ Specificky. Nezodpoveda sGcasnej realite
a neoslovuje primerane zaujemcov z radov Studentov strednych $kol. Nuz, toto je teda odpoved’ na otdzku, preco
sme sa rozhodli prijat’ novy ndzov.

Sme hrdi na svoje tradicie a bohatl historiu a sme presvedéeni, Ze prave ony ndm poskytni pevne zéklady
pre to, ¢o sme sa rozhodli vo vzdelavani mladej generacie a v podpore priemyslu realizovat’. NasSim cielom je
vybudovat’ novd, modernd vzdelavaciu instittciu 21. storocia.

doc. Ing. Iveta Vaskova, PhD.

dekanka

Fakulta materialov, metalurgie a recyklacie
Technick& univerzita KoSice
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Historie vyroby kova a jeji obraz v bibli

6. ¢ast: Damascénské mece

Ing. Ladislav Jilek, CSc., Ing. Jan Poéta, CSc.
Ostrava, Ceska republika

Nejvétsi zajem ze starovékych specialnich technologii
vzbuzovala a stale vzbuzuje vyroba damascénskeé oceli.
Nézev pochazi od syrského mésta Damasku, kde si tyto
mece kupovali evropsti rytiti, ktefi se zOcastnili
kiizovych wvyprav. Pravé damascénské mece se
vyznacovaly témito znaky:

vysok& ostrost, mecem bylo mozné pieseknout
hiebik ¢i maly kamen, aniz by se porusilo ostit,
vysoké pruznost, me¢ bylo mozné sto¢it do kruznice
a opét se bez poruseni narovnal,

charakteristicka kresba na povrchu pripominajici
kresbu na dieveé ¢i strukturu kuze, nékdy se oznacuje
také jako mramorovani.

Priklady kreseb na povrchu meét jsou znazornény na
obr. 1 a 2. Tvar me¢u byl dosti proménlivy. VétSinou
byl zahnuty, jak ukazuje obr. 3.

Obr.1 Damascénsky me¢ s jemnou kresbou [1]

Obr. 2 Damascénsky me¢ s hrubou kresbou [2]
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Obr. 3 Tvar damascénskych mect vyrobenych v Persii [3]

Kovéani damascenskych oceli bylo vénovano nékolik
monografii [3, 4]. Pavodni technologie vyroby téchto
meci byla zapomenuta. Zrejmé sestavala z téchto krok:

1. Vychozi polotovary ze svarkové oceli se dovazely
z Indie ve formé kotouc¢d o priméru asi 100 mm
avySce asi 50 mm [5, 6]. Podle [7] mély tyto
polotovary pramér 125 mm a hmotnost 900 g, podle
[8] mély hmotnost 2,3 kg.

K vykovani mec¢e se pouZily nejméné dva druhy
oceli: jedna snizkym obsahem uhliku, druhd
s vysokym obsahem uhliku (1,0 az 1,8 % C, nekdy
i vice).

Polotovary z obou druht oceli se poloZily na sebe
a zacaly se kovanim prodluZovat, pii¢emz se svatily.
Po dosazeni urcité délky se rozkovek pielozil. Toto
prodluzovani se s ohledem na vysoky obsah uhliku
provadélo pii teploté 1100 °C. Operace prodluzovani
a prekladani se mnohokrat opakovaly. Pii kazdém
pieloZeni se pocet vrstev zdvojnasobil.

Po dokonceni prodluzovéani a piekladani se podle
nékterych autord zarazovala vydrz pii teploté
1100 °C po dobu 48 hodin. V kazdém ptipadé pak
nasledovalo dokovani pti teploté asi 700 °C. Podle
[5] se z&vérecné prodluzovéni cepele provadélo pri
teplotach pod 800 °C.

Nésledovalo kaleni do vhodného média, brouseni

a lesténi. Na zaveér se kyselinou naleptala struktura, a
vytvoril se tak opticky reliéf.

Novodobi kovati se pokouseji napodobit historickou
technologii vyroby damascénské oceli. Jednim z téchto
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pripadi je zkoudka provedena na VSB-TU Ostrava
v kvétnu 2017 (obr. 4,5, 7 - 13).

Obr. 4 Postup zpracovani prvotné zhutnéné Zelezné houby aZ do
kone¢né podoby damasského mece; ukazka z predvadeni
historické technologie na VSB-TU Ostrava, 2017 (foto red.)

Obr. 5 Vyroba Zelezné houby v Sachtové peci; faze vytahovani
hroudy z nistéje; ukazka z predvadeni historické technologie
na VSB-TU Ostrava, 2017 (foto red.)

Na obr. 4 je zachyceno nékolik z&kladnich krokua z této
technologie, a to od pocéatku, kdy se vychazelo z pfimé
vyroby Zeleza v podobé zelezné houby vyrobené
v Sachtové peci z rudy a dievéného uhli. Obr. 5 ukazuje
fotografii experimentalni Sachtové pece pro piimou
vyrobu Zeleza, ktera jako ftada jinych historickych
rekonstrukci, vychazi z koncepce Sachtové pece
pochazejici jiz z laténského obdobi (obr. 6). Zavazeni
experimentalni pece bylo totozné se schématem
zndzornénym na obr. 6, aviak s tim, Ze experimentalni
pec neméla nistéj zahloubenou do podloZi, nybrz lezela
v Urovni terénu, a palivo pro pocéatecni vyhiivani pece
netvorila slama a klesti, nybrz novodoby koks. Zelezna
houba byla po vytazeni z pece prvotnim zhutnénim
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zbavena strusky (obr. 7). Dalsi jeji zpracovani probihalo
kovaiskym zpisobem, kterému piedchazel ohiev na
tvareci teplotu v dievouhelné vyhni (obr. 8). Dil¢i kroky
pii  kovarském zpracovani znazoriuje obr. 9 - 12,
Z nich obr. 11 a 12 ukazuje postup piekladani rozkovku
do vicevrstvé podoby. Vysledkem byla vykovana cepel,
jejiz ostti bylo zakaleno postupem popsanym v [9].
Finalnim krokem ve vyrobé ¢epele bylo ruéni brouseni
ostii (obr. 13).

Obr. 6 Sachtové pec laténského typu s rekonstruovanou zavazkou
z vykopavek v Podboranech podle [8]: 1 — Sachta,
2 — zahloubené nistg&j, 3 — keramicka vyfu¢na, 4 — dmychadlo,
5 — dievéné uhli, 6 — Zelezné ruda, 7 — prvotni vyhtivaci
palivo (slama nebo klesti)

Obr. 7 Prvotni zhutnéni Zelezné houby a vytésnéni strusky; ukazka
z piedvadéni historické technologie na VSB-TU Ostrava,
2017 (foto red.)
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Obr. 8  Ohfev prvotné zhutnéné Zelezné hroudy pro kovani; ukazka Obr.9 Kovani prvotné zhutnéné zelezné hroudy na bucharu;
z piedvadéni historické technologie na VSB-TU Ostrava, 2017 manipulace pomoci kovaiskych Klesti; ukazka z predva-
(foto red.) déni historické technologie na VSB-TU Ostrava, 2017
(foto red.)

Obr. 10 Céasteéné piekovana zhutnéna Zelezna  Obr. 11 Ohyb materialu (navaieného na Obr. 12 Dvouvrstvy rozkovek (navaieny na
hrouda (navarena na manipulaéni ty¢) manipulaéni ty€) pro vytvoreni manipulaéni ty¢) pripraveny k dalSimu
pripravena k dalSimu kovéni; ukazka vrstevnatého rozkovku; ukézka kovani; ukézka z predvadéni historické
z piedvadéni historické technologie na z piedvadéni historické technologie na technologie na VSB-TU Ostrava, 2017
VSB-TU Ostrava, 2017 (foto red.) VSB-TU Ostrava, 2017 (foto red.) (foto red.)
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Obr. 13 Finalni rugni brouseni ostii mece; ukazka z predvadéni
historické technologie na VSB-TU Ostrava, 2017 (foto red.)

Hlavni tajemstvi damascénské oceli spocivalo vSak
kromé technologie ziejmé v materidlové podstate, tj.
vtom, Ze lozisko Zelezné rudy, ze které se v Indii
vyrdbély polotovary pro damascénskou ocel, patrné
obsahovalo vanad. Verhoeven a spoluautofi [10] pfi
analyze chemického slozZeni téchto meci odhalil, Ze ocel
obsahuje nekolik setin procenta vanadu a pravé Gcinku
této ndhodné legury ve spojeni s dokovanim pii nizké
teploté prisuzuje jemnou strukturu a dalSi ptiznivé
vlastnosti oceli. V dneSni dob& se Zelezna ruda
obsahujici vanad tézi v Kanadé u jezera Lac Tio.

Damascenské mece se zacaly vyrabét v Indii jisté pied
rokem 1000 pt. Kr., nékteii autori dokonce udavaji uz r.
2500 pi. Kr. Nejstarsi damascensky me¢ byl nalezen na
pohiebisti Gurri Goanve ve stredni Indii a byl datovan
do 7.stoleti pt. Kr. [11]. Kovaly se i v Persii pod
ndzvem puhad janherder. NejstarS$i meée nalezené ve
stiedni  Evropé¢  vykazuji  urgitou  podobnost
s damascenskymi  meéi. Me¢ nalezeny v dneSnim
Rakousku a pochéazejici z doby Hallstattské z 8. stoleti
pi. Kr. byl vyroben kovarskym svairovanim nékolika
ty¢i s riznym obsahem uhliku [12]. Tyto mece kovali
také fransti kovari od 8. stoleti po Kr. a obchodovali
s nimi; prodavali je napriklad Vikingam. PouZivali je
i vojaci Karla Velikého na konci 9. a poc¢atku 10. stoleti.
Mely vSak hrubsi strukturu nez mece vykované
z polotovara dovezenych z Indie. Ve 12. stol. se usadilo
nékolik kovaia znalych tajemstvi jejich vyroby
v Solingenu v Némecku.

Jiz ve staroruském eposu Slovo o pluku Igorove jsou
zminovany charluzni mece, coz se vyklada jako
odvozenina od slova kara-lug. Ve vychodnich jazycich
to znamena cernd ocel, jak se také oznacovala
damascénska ocel. V Indii v okoli Bombaje se tato ocel
oznacovala slovem wuts a ztoho pochazi anglické
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oznaceni wootz. pouzivané téz vSeobecné pro vyrobky
z oceli tohoto typu.

Od 15. nebo snad jiz od 14. stoleti se tyto mece kovaly
v Rusku (Zlatoust’sk) pod ndzvem bulat. Nazev pochézi
zvyrazu pulad pouzivaného v Indii pro oznageni
polotovari, ze kterych se tyto mece kovaly. A tento
vyraz zase pochazi z perského fulad, coZ znamené ocel.
Mece se vté dobé kovaly z polotovard dovezenych
z Indie a jejich ocel obsahovala malé mnozstvi vanadu.
V 18. stoleti zfejmé bylo lozisko, z néhoz se tézila ruda
pro vyrobu polotovarti, vyéerpano a kvalita ruskych
bulat:i zacala klesat. Na pocéatku 20. stoleti jejich vyroba
v Rusku skongila.

Z damascénské oceli se krom¢ meca kovaly také dyky,
sekery, noze, bfitvy, hlavné puSek a dalSi vyrobky.
Damascénska hlaven pusky je zndzornéna na obr. 14.

Obr. 14 Hlavné perskych pusek z damascenské oceli, 19. stol. [3]

Dnes opét fada kovarta vyrabi noze, Sperky a dalsi
piedméty z damascénské oceli. Mnozi experimentuji
s dalsim rozvojem této technologie. Obr. 15 ukazuje niz
vyrobeny valcovanim z nastrojové oceli 19 573
kombinované s nizkouhlikovou nerezavéjici  oceli
17 240. Je vidét, Ze technika valcovani vede k témet
liniové kresbé na povrchu.

Obr. 15 Damascensky niiZ vyrobeny soudobou technologii valcovani
[13]

Kolem vyroby a zpracovani kovi se vytvorila spousta

povér, mnohé znich byly zaznamenadny a neziidka

sestavd, ze je i dnedni lidé povazuji za pravdivé.
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ArcelorMittal investuje 80 milioni K¢ do vyroby pruzinové oceli

Steel Guru/Steel Trade Today 13.04.2017

CIA News informuji, Ze ArcelorMittal planuje investovat do rekonstrukce lizek pro fizené chlazeni ve stiedni
valcovné. Kontrakt za 80 mil. K& byl zadan dcefinou spole¢nosti ArcelorMittal Engineering Products v Ostravé.
Rekonstrukce zajisti lepSi vlastnosti pruzinové oceli pro automobilni pramysl a nékladni dopravu. Ostravska
ocelarna vyvinula tento produkt s vysokou piidanou hodnotou v roce 2016. Zah4jeni vyroby si vyzadalo celkovou
investici pres 210 mil. K¢.

Cinské hospodafstvi silné roste

Frankfurter Allgemeine 18.04.2017

Pokud véfime vladé v Pekingu, roste ¢inské hospodaistvi s fenomenalni stabilitou. Vykon ekonomiky stoupnul
v prvnim ctvrtleti béziciho roku ve srovnani se stejnym obdobim predchézejiciho roku o 6,9 %. Podle oficialnich
¢isel kolisaly hodnoty rastu v uplynulych jedenacti ¢tvrtletich v Gzkém rozmezi od 7,2 do 6,8 %. Ekonomové
vyjadtili v minulosti domnénku, Ze ¢inska Giedni statistika v letech, kdy hospodarstvi skute¢né silng expandovalo,
uméle vykony sniZzovala. To Pekingu umoziuje, Ze v ¢asech, kdy skute¢nost neni tak dobrd, statistiku upravit, aniz
by to zpochybnilo nebezpeené cely obraz. Nova dobra &tvrtletni data z Ciny jsou oviem podloZena daldimi dobrymi
konjunkturnimi hlaSenimi. Pro ¢inské hospodéarstvi velmi daleZity trh s nemovitostmi sice roste mén¢ razantnég, ale
pordd jeste s dvoumistnymi procentnimi hodnotami. Také pred nékolika dny zveiejnény silny rast exportu
podporuje dojem prosperity. Prodeje motorovych vozidel se v prvnim &tvrtleti zvySily o 7 % oproti stejnému obdobi
minulého roku, i kdyZ Peking znovu sniZil danové vyhody pro kupce. VVzestup ¢inského hospodéaistvi zacatkem
letoSniho roku, ktery je 0 0,2 % vySSi neZ v predchazejicim obdobi, mtize ale byt vysledkem statnich subvenci.
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