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Hydrogen Diffusion in the TRIP Steel 800 C-Mn-Si-Al
Difuze vodiku v ocelich TRIP 800 C-Mn-Si-Al

Ing. Tatdna Kulovg; prof. Dr. Ing. Jaroslav Sojka; Ing. Petra Vaiova, Ph.D.

VSB — Technical University of Ostrava, Faculty of Metallurgy and Materials Engineering, Department of Material
Engineering, 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Czech republic

The presented paper deals with hydrogen diffusion in the TRIP steel 800 Mn-Si-Al with an increased aluminum
content. The steel was studied after standard heat treatment including two step annealing — an intercritical annealing
and an annealing in the range of bainitic transformation. Part of specimens was submitted to plastic deformation in
tension (5 and 10 %) in order to modify both structure and mechanical properties. Microstructure of the steel consisted
predominantly of ferrite, bainite and retained austenite, the amount of which decreased with increasing extent of the
plastic deformation. Hydrogen diffusion was studied by electrochemical permeation method. Hydrogen diffusion
coefficients were calculated using the “time lag” method. The lowest values of hydrogen diffusion coefficients were
always observed for the first build-up transient, while the highest values were recorded for the second build-up
transient due to the less intense hydrogen trapping. As to the impact of deformation, the highest hydrogen diffusion
coefficients were observed after 5 % tensile deformation. Subsurface hydrogen concentration reached the maximal
value of approx. 14 mass ppm.

Key words: TRIP steel; electrochemical permeation method; hydrogen diffusion

PredloZeny clanek se zabyva difuzi vodiku v oceli TRIP 800 Mn-Si-Al se zvySenym obsahem hliniku. Tepelné
zpracovani dané TRIP oceli se skladalo z péti stupsiii: rychly ohrev, vlastni interkritické Zihani, rychlé ochlazovani,
izotermicka vydrzZ na teploté bainitické p/emény a ochlazovani na pokojovou teplotu. Oceli byly studovany ve trech
rozdilnych stavech, a to ve stavu bez deformace, po 5 a 10% tahové deformaci. Toto rozliSeni riiznych stavii vyplyva
z toho, Ze oceli TRIP jsou pri vyrobe karoserie automobiliz pouzivany na konstrukeni prvky, které jsou vétSinou
finalné zpracovany tvasenim za studena s nerovnomérnym rozlozenim deformace. Mikrostruktura oceli byla tvorena
feritem, bainitem a zbytkovym austenitem, jehoz obsah se snizuje se zvySujicim se rozsahem plastické deformace.
V nekterych mistech se dal predpokladat vyskyt martenzitu. Difuzni charakteristiky vodiku byly studovany pomoci
metody elektrochemické permeace vodiku a difuzni koeficienty byly vypocitany pomoci tzv. metody ,,time lag*.
Difuzni koeficienty vodiku byly zaznamenany v 1. fazi vodikovani, coz odraZi intenzivni uchycovani vodiku ve
vratnych a nevratnych vodikovych pastech. V 2. fazi vodikovani byly vodikové pasti ¢astecné zaplneny, a proto byl
zaznamenan vyssi difdzni koeficient vodiku. V posledni fazi, kdy bylo vodikovani ukonc¢eno, byl difuzni koeficient
vodiku opet nizsi, coZz se d& vysvetlit tim, Ze pri snizeni obsahu difundujiciho vodiku dochazi k postupnému
uvolziiovani vodiku z vratnych pasti a ten je nasledné oxidovan pri vystupu na povrchu. Nejvyssi difuzni koeficient
vodiku byl zaznamenan po 5% tahové deformaci. Podpovrchova koncentrace vodiku dosahla hodnoty cca 14 ppm,
coz je hodnota pomérné vysokd a Ize ji pricist pr/itomnosti zbytkového austenitu ve strukture.

Kli¢ové slova: ocel TRIP; metoda elektrochemické permeace; difuze

The need to reduce weight and increasing demands for  of carbide-free bainite, metastable retained austenite and

safety in automotive applications are driving the
development of advanced high-strength steels. Low
aloy steels with a microstructure consisting of different
phases are offer a possibility of producing steels of
higher strength without significantly deteriorating their
ductility. One of these materias, referred to as TRIP
steels (Transformation Induced Plasticity), exhibits a
complex multiphase microstructure that consists
predominantly of a ferritic matrix together with grains

possibly some martensite [1, 2]. The retained austenite
grains transform into martensite during deformation and
this delays the onset of necking, leading to a higher
ductility by means of the TRIP effect. TRIP steels were
initialy based on the C-Mn-Si chemical composition
[1]. Due to the fact that silicon may cause serious
difficulties during hot-dip galvanizing, this element is
often partidly or totally replaced by auminum [3].
Another benefit from the presence of aluminum is that
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Al accelerates the bainite formation, which is very
important in the continuous industrial production.
Aluminum, on the other hand, increases martensite start
(My) temperature and destabilizes retained austenite in
this way. Appropriate amount of the retained austenite
in the TRIP steels (10 — 15 %) is, however, essential for
the achievement of optimal mechanical properties [4].
The steel was studied in three different states: in the as-
received state (after both hot and cold rolling and
subsequent heat treatment) and furthermore after 5%
and 10 % tensile deformation in order to change both
mechanical properties and microstructure of the steel.

1. Material and experimental procedure

The TRIP 800 steel Mn-Si-Al was used in the form of
thin sheets with the thickness of 1.5 mm. Chemica
composition of the studied steel isgivenin Tab. 1.

Tab.1 Thechemical composition (wt. %)
Tab.1 Chemické slozeni (hm. %)

Permeation of hydrogen includes all events, which are
associated with the permeation of hydrogen trough thin
metal membrane. This method is the most common tool
used to determine the diffusion coefficient of metallic
materials. The electrochemical permeation technique
was developed by Devanathan-Stachurski in 1962.
Two-component cell is separated by a steel membrane —
working electrode. Both sides of the working electrode
were polished mechanically with the use of grinding
paper up to 1200. After that, the exit side of the working
electrode was paladium coated in order to prevent
ahydrogen atom recombination during permeation
experiments [3]. Hydrogen charging cell was filled with
0.05M H,SO,. The hydrogen exit cell was filled with
0.1 M NaOH solution. Both cells were de-aerated by
argon bubbling before and during experiments. The
hydrogen permeation current was recorded using
aVOLTALAB 40 potentiostat during experiments.

Tab.2 Mechanica properties and retained austenite content in the

TRIP steel Mn-Si-Al

Tab.2 Mechanické vlastnosti a obsah zbytkového austenitu v oceli
C Mn Si Al S TRIP Mn-Si-Al

TRIP 800 X
0.21 157 1.05 054 0.005 Yield | Tensile | Elongation ;?:E;Qﬁg
2] Mo Cu Cr C Mn State strength | strength | at fracture o —

0.013 0.01 0.07 0.16 021 157 (MPa) (%)

as-received 438 842 34.0 148+ 2.0
Details concerning steel manufacturing and its heat | 594 deformation 728 889 27.8 11.3+ 2.0
treatment can be found in [9]. Steel structure was 10 % deformation | 884 o71 232 79+20

observed using light microscopy (LM) and scanning
electron microscopy (SEM) (Fig. 1). Retained austenite
(RA) content was determined by means of X-ray
anadysis using Co Ka source (4=0.17902 nm).
Mechanical properties were determined using a standard
tensile test and they are given in Tab. 2 together with
the retained austenite content.

Fig.1 Microstructure after deformation of 5 % (SEM)
Obr.1 Mikrostruktura po 5% deformaci (SEM)

After an output current stabilization, the entry side of
the specimen was polarized anodically at a current
density of +35mA.cm? After that two build-up
transients (BUT) were recorded, the first one at the
charging current density of -20 mA-cm?, the second one
at the charging current density of -35 mA-cm™. Before
ending the experiment, hydrogen charging was stopped
and a decay transient (DT) was also recorded. An
example of the obtained hydrogen permeation curve is
shownin Fig. 2.

Second BUT

Currant density (pA.em®)

400 500
Time (min)

Fig.2 Example of hydrogen permeation curve for the Mn-Si-Al
TRIP steel

Obr.2 Priklad permeacni kiivky oceli TRIP Mn-Si-Al
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2. Results and discussion

Hydrogen diffusion characteristic of the TRIP steel
Mn-Si-Al:

Hydrogen diffusion coefficients were calculated using
the timelag method expressed by the following
equation:
L2
D=—, 1
51 (1)
where: L — membrane thickness (cm),

t, — time where the permeation currents
reaches 63 % of its steady-state value (s).

Sub-surface hydrogen concentration was calculated
according to Eq. (2):

i L
Cl=——, 2
4 Deff -F ( )
where: i, — steady-state current density (A-m),
L — membrane thickness (m),
D - diffusion coefficient (m*s?),
F — Faraday’s constant (C-mol™).

The hydrogen diffusion coefficients are given in Tab. 3
for all three studied states.

For the correlation between experimental results and the
theoretical model, Eq.(3) was used to calculate
anormalized hydrogen flux Jy/J.,.

3 2

- \/mg exp{_ (2n+1)1 €)

n=0 4z

where 1 is the dimensionless parameter equal to Degrt/L?.

Tab.3 Effective hydrogen diffusion coefficient Dy (cm?®s™) for all
studied states

Tab. 3 Hodnoty zdanlivého difizniho koeficientu vodiku De
(cm?-s™) pro vEechny studované stavy

during the 1% BUT. In the case of the 2™ BUT the
hydrogen diffusion coefficient was a little higher for the
state after 5% tensile deformation. This behaviour isin a
good agreement with the results of Kim et al. [5]. For
the decay transients the hydrogen diffusion coefficients
were situated between the values obtained for the 1% and
the 2" BUT. All the measured values of hydrogen
diffusion coefficient for the TRIP steel Mn-Si-Al were
very low for a predominantly bcc steel and they were
even lower in comparison with the values obtained for
the TRIP steel Mn-Si-P studied earlier [6].

Hydrogen sub-surface concentrations were only
calculated for the 1% BUT using Eq. (2). The obtained
results are presented in Tab 4.

Tab. 4 Hydrogen sub-surface concentrations during the first BUT
(ppm)

Tab. 4 Hodnoty podpovrchové koncentrace vodiku béhem 1. faze
vodikovani (ppm)

As-received Tensile deformation Tensile deformation
5% 10 %
8.6 10.9 14.1

State/p_art of As-received Deformation | Deformation
a permeation curve 5% 10 %
first BUT 75x 10°® 9.0x 10°® 6.8x 10°®
second BUT 4.7x 107 59x 107 46x 107
DT 24x107 25x 107 2.1x107

It can be deduced from Tab. 3 that the lowest and nearly
the same values of hydrogen diffusion coefficient were
obtained for the first BUT in all studied states. This fact
can be related to the extensive hydrogen trapping in
both reversible and irreversible traps during the
1% BUT. Hydrogen diffusion coefficients corresponding
to the 2" BUT were markedly higher in al states in
comparison with the 1% BUT and they confirmed thus
that the major part of traps was filled by hydrogen

The calculated values are rather high for the sted
having predominantly bcc lattice and it can be attributed
to the presence of retained austenite in the structure. The
observed increase of the hydrogen sub-surface
concentration after tensile deformation can be related to
the enhanced hydrogen absorption provoked by the
higher dislocation density. On the other hand, the
observed values are much lower in comparison with the
values calculated for the TRIP steel Mn-Si-P [6]. This
difference supports the fact that phosphorus can
significantly support hydrogen absorption into the steel.

— experimental curve

—s— theoretical curve

J4d,,

o 300 1000 1300 2000
Time (s)

Fig. 3 Fitting the experimental data with the theoretical curve for
the 2™ BUT after deformation of 5 %
Srovnéni experimentdlni a teoretické kiivky ve 2. fézi

vodikovani po 5% deformaci

Obr. 3

An example of fitting the experimental results with the
theoretical curve of normalized hydrogen flux JvJ.,
calculated according to Eq. (3) isshown in Fig. 3 for the
2" BUT in the asreceived state. The measured data
fitted quite well with the theoretical curves for the
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2"BUT in al studied states. However, for the 1% BUT
and for the DT, the measured data were usually shifted
to alonger time in comparison with the theoretical
curves confirming thus the important role of hydrogen
trapping and de-trapping during the 1¥ BUT and during
the DT [6].

Conclusions

The presented paper was devoted to evauation of
hydrogen diffusion characteristics and hydrogen
embrittlement susceptibility in the Mn-Si-Al TRIP 800
steel. The obtained results can be summarized as
follows:

e Hydrogen diffusion coefficients of the TRIP steel
Mn-Si-Al are very low even in comparison with
some other TRIP steels and they depend only
dightly on the steel deformation;

e Hydrogen sub-surface concentrations are rather
high, they increase with the applied tensile
deformation, but they are lower than in other TRIP
steels studied earlier.
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Vyvoj noveé oceli

Stahlbau Nachrichten

4/2016

Spolkové ministerstvo vzdélavani a vyzkum podpoti projekt na vyvoj nové oceli v Max-Planck ingtitutu pro vyzkum
Zeleza v Dlsseldorfu ¢astkou 1,5 milionu €. Tézko hledat néco spoleiného v pojmech jako jsou vétrné turbiny
azeleznice. Presto maji néco spolecného: tzv. bile naeptavané praskliny (White Etching Cracks), do znaéné miry
zatim nevysvétleny skodlivy mechanismus, ktery se v nepredpovéditelné dobg vyskytuje na mechanickych kontaktnich
bodech a ro¢né zptsobuje enormni Skody. Proto jsou na celém svété Zeleznicni kolge v pravidelnych intervalech
obrusovany, aby se témto Skodam zabranilo. Jest¢ dramati¢téjsi je situace u vétrnych elektraren, kde se podobné jevy
vyskytuji také a jgjichz prevodové mechanismy mohou byt vymeétiovany jen s velkymi néklady. Tvorba téchto prasklin
probiha natak malych délkovych skaéch, Zze nemohla byt doposud zkoumana ani nggmoderngjSimi mikroskopy.

Slabé trhy a vypadky se u Evrazu 2016 postaraly o pokles vyroby

Stahl Aktuell 20.01.2017

Slabé trhy v odvétvich rour a kolgnic v Severni Americe jakoz i mensi vyroba surové oceli u Evraz ZSMK na
zakladg vétSich oprav by mely byt hlavnimi divody pro to, Ze vyroba surové oceli u ruského vyrobce oceli Evraz
v roce 2016 v porovnéni s predchézejicim rokem poklesla. Kromé toho hrala pii tom roli také dekonzolidace Evraz
Highveld Steel and Vanadium v dubnu 2015. V zavérecném ¢tvrtleti 2016 uz ale nic neklesalo: vyrobce oceli udrzel
vyrobu surové oceli ve srovnani se tretim étvrtletim stabilni s 3,4 mil. tun. Konzolidovana vyroba surové oceli byla
ale podle Gdaji Evrazu v celém roce 2016 0 5,7 % niZSi nez v roce 2015, odbyt ocel&rskych vyrobku klesl 0 6,1 %.
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Linear Coefficient of Thermal Expansion and Density of Steel Obtained Using
Thermo-mechanical Analysis, Dilatometry and Calculations

Linearni koeficient teplotni roztaznosti a hustota oceli stanovene pomoci
termomechanicke analyzy, dilatometrie a vypoéta
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This paper deals with the results obtained by two experimental methods (thermo-mechanical analysis and dilatometry)
and by theoretical calculations (Thermo-Calc software with TCFE8 database). Experimental data were obtained from
heating runs, full chemical composition and all phases (except for graphite and diamond) were allowed for
calculations. Calculations were performed in an equilibrium state.

Density and linear coefficient of thermal expansion of one low-carbon (0.077 wt. % C), unalloyed steel grade were
investigated in wide temperature range up to 1400 °C. The results obtained by both experimental methods (TMA and
dilatometry) and by theoretical calculations were compared and good agreement between the values was found.
Discussion of identified differences between experimental and theoretical values was also performed.

Key words: density; linear coefficient of thermal expansion; thermo-mechanical analysis; dilatometry; Thermo-Calc

Tato prace se zabyva stanovenim hustoty a linearniho koeficientu teplotni roztaznosti nelegované nizkouhlikové
oceli (hm. %: C 0,077; Mn 0,64; Si 0,20; Cu 0,06; Cr 0,05) pomoci dvou experimentalnich metod (termomechanické
analyzy a dilatometrie) a teoretickych vypocti za vyuZiti programu Thermo-Calc s databazi TCFE8 (Thermo-Calc
Fe-based database, 8. verze) doporucenou pro vypocty vlastnosti oceli.

Prezentované vysledky byly u obou experimentalnich metod (termomechanicka analyza i dilatometrie) ziskany pouze
zohrevu, ktery probihal vinertni atmosfé/e argonu (cistota 6N). Vypocty podle programu Thermo-Calc byly
provedeny pro rovnovazny stav. Vypocty vlastnosti v nerovnovazném stavu tento program neumozsiuje. Do vypocti
byly z chemického sloZeni oceli zahrnuty vSechny prvky a z fazi byl psi vypoctech vyrrazen grafit a diamant.

U termomechanické analyzy byla pouZita rychlost ohievu vzorku 10 °C-min™, pro dilatometrickd méreni byla
pouZita rychlost oh/evu 5°C-min™. Experimentalni i teoretické hodnoty relativniho prodlouzeni i linearniho
koeficientu teplotni roztaznosti byly vztazeny na stejnou referenéni teplotu 25 °C.

Teplotni zavislosti hustoty a relativniho prodlouzeni zmérené pomoci dilatometru a vypocitané s vyuzitim programu
Thermo-Calc jsou si velmi blizké. Drobné rozdily jsou ziejme zpusobeny vypoctem v rovnovazném stavu.

Teplotni zavislost hustoty vzorku ziskana pomoci termomechanické analyzy klesa nejrychleji, coZz by mohlo byt
disledkem nejvy3si rychlosti ohievu (10 °C-min™). Teplotni zavislost relativniho prodlouZeni oceli ziskana pomoci
termomechanické analyzy roste nejrychleji, coz je zrejmé také disledek nejvySSi rychlosti oh/evu. Linearni
koeficient teplotni roztaznosti vypocitany pomoci programu Thermo-Calc je v celém teplotnim intervalu niZsi nez
u obou experimentalnich metod, coz? je pravdépodobné také diisledek vypoctii v rovnovazném stavu.

Klidova slova: hustota; linearni koeficient teplotni roztaznosti; termomechanickd analyza; dilatometrie; Thermo-
Calc

Thermo-mechanical analysis (TMA) and dilatometry  sample is caused by changes in the lattice parameters,
are common experimental methods used for and this change can be described by coefficient of
measurements of temperature dependence of change in  thermal expansion. It is generaly very sensitive to
the length of the sample. Change in the length of the composition, [1].
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Density is one of the fundamental physical properties of
material. Density depends not only on the chemical
composition, but it also significantly depends on
previous history of the steel (i.e. mechanical and/or heat
processing) [2].

TMA and dilatometry records the length changes that
occur during the heat treatment of a sample. Length
changes can be used for determination of the coefficient
of thermal expansion of the sample.

Thermal expansion is a fundamental material property,
which relates dimensional changes of material to the
temperature. A convenient measure of thermal
expansion is the mean linear coefficient of thermal
expansion and it is defined as the equation (1) [3]:

L= L1 ALY 1
a= Lo(T, - T1) - (Z) AT’ @
where L; (um) and L, (um) are the specimen lengths at
the temperatures T, (°C) and T, (°C), respectively. Lg
(um) is the initial specimen length and o (K™) is the
linear coefficient of thermal expansion. Very often, the
relationship between the length of the sample and linear

coefficient of therma expansion is given by the
equation (2) [4]:

L, = L;(1 + aAT). )

The relative change in length as a function of
temperature obtained from a dilatometer can be used to
determine the phase transformation(s) during the heat
treatment [5]. Knowledge of the coefficient of thermal
expansion is very useful for investigation of the internal
stress [6]. Another field, where coefficient of thermal
expansion plays very important role, is coating of steels

(7.

Besides experimental measurements of density and
linear coefficient of thermal expansion, these quantities
are studied also theoretically for many decades and this
theme is still highly topica [8-10]. Theoretical
calculations using specialized software (i.e. Thermo-
Cdc [11]) are cheap and fast, but they have some
restrictions  (i.e. chemical composition, phases,
temperature range) [12].

In this paper, a real low carbon stee was investigated
and its density, relative elongation and linear coefficient
of therma expansion were measured by two
experimental methods (TMA and dilatometry) and
theoretically calculated (Thermo-Calc software). The
obtained experimental and theoretical values were
compared and discussed.

1. Experimental

Real unalloyed low carbon-steel grade (wt. %: ¢ 0.077,
Mn 0.64; Si 0.20; Cu 0.06; Cr 0.05) was investigated.
Samples were machined into the shape of cylinders,
ground up and washed in acetone under ultrasound
before measurements.

Measurements were done under inert atmosphere of
pure argon (6N). All experimental values presented in
this paper are from heating runs.

TMA measurements were performed using the device
Setaram SETSY S 18y (Fig. 1) with vertica arrangement.
Measurements were made in a wide temperature range up
to 1400°C, hedting rate was 10°C-min?, cylindrica
samples had alength of approx. 11 mm and a diameter of
approx. 5 mm (the sample mass was approx. 1.5 g).

-
!

Fig.1 Setaram SETSYS 18y device used for TMA measurements
Obr.1 Pristroj Setaram SETSY S 18y pouzity pro TMA meieni

Dilatometric measurements were performed using the
NETZSCH Dilatometer DIL 402C/7 (Fig.2) with
horizontal arrangement in a wide temperature range up
to 1350 °C. Heating rate was 5°C-min, cylindrical
samples had alength of approx. 20 mm and a diameter
of gpprox. 7 mm (the sample mass was approx. 6 g).

Fig. 2

NETZSCH Dilatometer DIL 402C/7 used for dilatometric
measurements

Pristroj NETZSCH Dilatometer DIL 402C/7 pouZity pro
dilatometricka mereni

Obr. 2
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2. Calculations

Calculations were performed using Thermo-Calc
software with TCFE8 (Thermo-Calc Fe-based aloys)
database [13]. All elements and all phases (except for
graphite and diamond) were included into calculations.

Theoretical values of density were calculated according
to the well-known equation (3):

m

p= (©)

where p (g-cm’®) is density, m (g) is weight and V (cm®)
isvolume.
Thermo-Calc software only allows caculation of

volume of the sample, so the equation (4) [14] was used
for calculations of relative elongation (41/1p).

a_ -t _t . _ W o _slv_
b o o 1_§/V_o 1_\/:0 L “)

where | (cm) is length at the temperature T (°C) and |y
(cm) is length at the reference temperature T, (°C),
V(em®) and Vo(cm®) are the volumes a the
temperatures T and T, respectively.

The linear coefficient of thermal expansion was
calculated using the equation (5) [15]:
3|V
T-Ty

©)

where V (cm®) is volume at the temperature T (°C) and
Vo (cm®) is volume at the temperature T, (°C). The
reference temperature T, was set to 25 °C (the same
temperature for both experimental methods).

In the equations (4) and (5), “cubic approximation
(V =1°" was used, because of almost al phases in
steels have cubic crystal lattice.

3. Results and discussion

First investigated quantity was density of steel and its
temperature dependence. Experimenta (TMA and
dilatometry) and theoretical temperature dependences of
densitiesare given at Fig. 3.

7.9

7.7
T 75
5 —_—
o
‘a 73 TMA

21 19 Dilatometry

Thermo-Calc
6.9
200 600 1000 1400
Temperature (°C)

Fig. 3 Experimental (TMA and dilatometry) and theoretical
(Thermo-Calc) temperature dependences of density p

Obr. 3 Experimentalni (TMA adilatometrie) ateoretické (Thermo-
Calc) teplotni zavislosti hustoty p

10

Densities obtained using dilatometry and Thermo-Calc
are in excellent agreement, the difference is less than
0.05g-cm™ (0.6 %). Density obtained by TMA has
significantly steeper slope.

Nevertheless, the difference between TMA and both
remaining methods (dilatometry and theoretica
calculations) is up to 0.10 g-cm™ and the difference is
increasing with the temperature. This might have been
caused by relatively high heating rate (10 °C-min™)
used for TMA measurements.

Small difference (up to 1.2 %) between dilatometric and
theoretical values of density might have been caused by
method of calculation (equilibrium state), while
experiments were always non-equilibrium. Dilatometric
measurements were not caibrated to temperature and
this probably also affected dilatometric values.

Another investigated quantity was relative elongation of
the steel sample. Experimental and theoretical relative
elongations are given in Fig. 4.

4

« TMA
¢ Dilatometry

Therm-Calc

dllly (%)

-

200

1000
Temperature (°C)

600 1400

Fig.4 Experimental (TMA and dilatometry) and theoretical
(Thermo-Calc) temperature dependences of relative
elongation di/ly

Obr. 4 Experimentdlni (TMA adilatometrie) ateoretické (Thermo-
Calc) teplotni zavislosti relativniho prodlouzeni dl/lo

Relative elongation obtained by dilatometry and
Thermo-Calc are in excellent agreement, the difference
is no more than 0.09 %. The values obtained by TMA
have faster growth, but the difference is still lower than
0.53%. This might have been caused by different
heating rate and different sample mass.

Perhaps the most valuable quantity, which was investi-
gated, is the linear coefficient of thermal expansion.
Comparison of experimental and theoretical linear coef-
ficients of thermal expansion are given in Fig. 5.

Experimental values of linear coefficient of thermal
expansion below 200 °C are influenced mainly by rela-
tively high inaccuracy in measurements of temperature
and length in this temperature area.

Theoretical values of linear coefficient of thermal
expansion below 200°C are heavily influenced by
denominator in the equation (5), when T - To — O.
Some differences are also caused by different sample
mass (approx. 1.5 g for TMA and approx. 6 g for dila-
tometry) and different heating rates could aso have
influence to measured values.
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Experimentalni (TMA adilatometrie) a teoretické (Thermo-
Calc) teplotni zavidosti linearniho koeficientu teplotni roz-
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Obr. 5

Measured and calculated values of linear coefficient of
thermal expansion above 400 °C are in good agreement,
difference is up to 3.1.10°K™. For the temperatures
above 600°C, the agreement is very good with
difference lessthan 1.5-10° K ™.

Conclusions

Real unalloyed low carbon steel grade was investigated
and its density, relative elongation and linear coefficient
of thermal expansion were obtained using two
experimental methods (TMA and dilatometry) and one
theoretical method (Thermo-Calc software). All three
methods give similar values, except for linear
coefficient of thermal expansion below 400 °C.

Vaues of density measured using TMA have steeper
decrease than values obtained using dilatometry and
calculations. Despite this, an excellent agreement
between all three methods was found for density
(differenceis up to 0.1 g-cm®) in the whole investigated
temperature range.

Temperature dependence of relative eongation
measured using TMA has steeper increase than
dilatometry and calculations. Despite this, very good
agreement between al three methods was found
(highest difference is approx. 0.5%) in the whole
investigated temperature range.

Both experimental methods (TMA and dilatometry)
give similar values of linear coefficient of therma
expansion for temperatures above 200 °C. All three
used methods (TMA, dilatometry, calculations) give
similar values above 600 °C, the difference is up to
1.5-10° K* in this temperature area.

Experimental values seem to be affected mainly by the
sample mass and used heating rate. Theoretical values
seem to be limited mainly by the equilibrium state
calculations.
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Diagnostic Device for 3D Surface Analysis

Diagnosticke zarizeni pro 3D analyzu povrchu

Ing. Robert Hlavica; prof. Ing. Zora Kostialova Janéikova, CSc.; doc. Ing. Robert Frischer, Ph.D.

VSB - Technical University of Ostrava, Faculty of Metallurgy and Materials Engineering, Department of Automation
and Computing in Metallurgy, 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Czech Republic

Préace se zabyv& navrhem a realizaci ridiciho systému pro zasizeni na skenovani povrchu hutnickych materiélii. Toto
zarizeni bude vyuzivano v hutnickych procesech, prevazné pak na pozicich vystupni kontroly a diagnostiky. Prace se
zabyva analyzou hardwarové casti zarizeni. V analyze je popsana konstrukce snimaciho zasizeni, umisteni snimaciho
zarizeni a referencniho prvku. Dale je vyhodnoceno vyuziti vzadjemné polohy snimaciho zasizeni a referencniho prvku
pro ziskani obrazu povrchu snimaného objektu a popsan princip pohybu zasizeni p7i snimani objektu a akeni cleny,
které jsou vyuzivany. Vysledky analyzy jsou pouZity pro navrh 7idici jednotky vcetné programové ¢asti systému. Ridici
jednotka zajiSzuje spravnou funkci akcnich ¢leni a referencéniho prvku. Jeji soucasti je komunikachi protokol, pomoci
kterého miiZe byt rizena z PLC nebo PC. Soucésti prace je navrh programu pro PC na obsluhu zarizeni a nésledné
zpracovani obrazové informace. Vysledkem programu jsou Udaje o snimaném povrchu. V programové ¢asti se vyuziva
algoritmi pro rozpoznévani obrazu (Image Processing). Jsou zde popsany pouZité algoritmy pro detekci hran
s vyuZitim konvoluce. Vysledkem takto zpracovanych dat ze snimace jsou souradnice povrchu snimaného objektu
v jedné rovine. Vyvoj vyhodnocovaciho algoritmu byl realizovan v prost/edi programu MATLAB. Vysledné algoritmy
byly aplikovany v ridicim programu, ktery je postaven na platformé Net Framework. Ridici systém byl otestovan
v laboratorich Vysoké Skoly bdsiské — Technické univerzity v Ostrave. Prvni testy byly zaméieny na detekci
povrchovych vad krystalizatori az do hloubky 0,2 mm. Zasizeni pri testech doséhlo poZadované presnosti mérent.
Re3eni bylo po oveéreni dale rozpracovano a prohloubeno.

Kli¢ova slova: ridici systém; polohovani; krokovy motor; detekce hran; zpracovani obrazu

The paper deals with the design and implementation of the control system for a surface scanning device for
metallurgical materials. This device will be used in metallurgical process. The device will be used primarily for
output control and diagnostics. The work contains the analysis of hardware part of the device. It describes the
design of the device, location of the sensor and reference laser, use of the locations of the sensor and reference laser
to produce images of the surface of the scanned object, the principle of movement during the scanning of objects
and actuators. The results of the analysis are used for design of the control unit, including the software part of the
system. The control unit is responsible for correct operation of actuators, and of the reference element. It includes a
communication protocol, through which it can be controlled from a PLC or PC. Part of the work deals with design
of the PC software for operation of the device and for subsequent processing of the visual information. The results
are data describing the scanned surface. The control program uses algorithms for image recognition (image
processing). The used algorithms are described in the work. The algorithms are designed for edge detection with the
use of convolution. The results of such processed data from the sensor are the coordinates of the scanned object
surface in one plane. Development of the algorithm was realized in the MATLAB software environment. The
resulting algorithms are applied in the control program, which is built on the platform NET Framework. Device and
control parts of device are tested in the laboratories of the VSB - Technical University of Ostrava. The first tests
were focused on detection of the mould’s surface defects, when the main condition was the minimum detection
resolution of scratches of 0.2 mm. Device successfully passed the tests and achieved the required accuracy. The
solution was after confirmation further elaborated and finalized.

Key words: system, positioning; stepper motor; edge detection; image

This work presents a proposal of the control system for  Discrete convolution computer algorithms are used for
3D digitizing of surface. It describes the principle of  determination of the laser. The control system designed
scanning the surface of objects using optical sensor and  for the device was based on the principle of image
reference laser. Subsequently, it introduces the image processing algorithms. In conclusion, the entire device
detection process realized by the reference laser in order ~ was implemented and tested. The results of the tests will
to obtain information about the shape of the surface. be evaluated. The device model is shown in Fig. 1.
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1. Principle of scanning the surface

A reference laser was used for the optical scan of
surface. The laser was equipped with a special lens. The
lens changed spot beam into the line. The line of beam
lit the surface of the object, which created a clearly
visible laser line. The resulting line was an intersection
of the object surface and the laser plane.

Model of the device
Obr.1 Model zatizeni

Fig. 1

When viewed perpendicularly to the plane of the laser it
had a curved shape of the scanned surface. It was not
technically possible to look straight perpendicularly to
the plane of the laser; therefore the optical sensor
monitored the resulting light line under a very small
angle. Relative position of the laser and sensor is
illustrated in Fig. 2. The image captured from the sensor
is shown in Fig. 3.

Fig. 2  Diagram of scanning of the object surface
Obr. 2 Schéma snimani povrchu objektu

Fig. 3 View from the sensor
Obr. 3 Pohled ze snimace

For acquiring information about the entire surface of the
subject, we had to repeat this process in the new
position. The scanning process consisted of two

operations. The first operation was a visual record. The
second operation was a shift of the entire structure
(Fig.4). These two operations were repeated in the
cycle. This shift used the fact that linear displacement
sensing accuracy was inversely proportional to the
displacement.

N

Fig.4 Diagram of motion sensors and lasers along the scanned
object
Obr. 4 Schéma pohybu snimace a laseru podél snimaného objektu

2. Image processing

We then focused on obtaining information about the
object surface in one plane. One level of the subject
represented a visual record. Procedures for obtaining
information from the object image are referred to as
image processing. Image information can also be
described as a function of two variables

fxy), )

where x and y are coordinates of the pixel and the
function value corresponds to the values of brightness or
spectral components. Therefore, it is called luminance
function or a function of intensity. Laser in the picture is
analogous to the physical edges of the recorded object.
The edge is within the image properties given pixel and
its surroundings. It is determined by how abruptly
changed the value of visual function. Mathematical tool
for analysing changes in the function of two variables
are partial derivatives. Change of the function indicates
the size of the gradient (2) and the direction of the
gradient (3). The direction of the gradient ¢ is always
perpendicular to the edge

el = J(Z) + (&) @

dy

of
@ = arctg (%) 3)

8y

For calculation of the gradient a discrete 2D convolution
is used (4), where a is the input signal and b is the
kernel or convolution mask. The expression vector can
be broken down to the summing of the expression (5),
which is suitable for use in the algorithms.

¢ =axb )
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(5)

k k
Cmn = E E Am—in—j bi,j

i=—k j=—k

a — 2d matrix of input signal (pixels)
b — matrix of convolution kernel
¢ — value of transformed pixels

It is obvious that each new pixel in the filtered image,
depending on the co-evolutionary mask, affects the
nearby pixel. A properly chosen mask can be
approximated as the first derivative or gradient. For
finding laser we used in the painting features the
gradient direction, thus it was always perpendicular to
the edge. Structurally the device always had the laser in
horizontal position. It follows the gradient properties
and from the assumption that the reference laser is
horizontal, that it is preferable to count only in the
vertical direction. This will filter out all edges that are
not horizontal. The following kernel was used for
application:

L -1 -2 -1
b=;*[0 0 Ol (6)
1 2 1

b — matrix of convolution kernel

Final image contained only the laser line, which
projected on the scanned object (Fig. 5).

Fig. 5 Image information after application of convolution
Obr. 5 Obrazova informace po aplikaci konvoluce

3. Control system

The proposed control system is composed of several
parts, which can be grouped into two blocks. The first
block of the control system software is part of the
personal computer as the "First block". The second
block is the driver for control of a stepper motor and
reference laser, as well as the "Second block” (Fig. 6).
The control unit has been tailored for the device. It is
equipped with a processor STM32F4 from STM. This
processor is used as the main part of the subordinate
logical block. It ensures communication with the master
block. The system uses for communication with the
RS232 a protocol, which is using the transmitter
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transferred to the USB bus. The processor is equipped
with a real-time operating system RTOS. The actual
control algorithms are written in C++.

First block

Application in PC

Module of
Control and
User interface

Module of
image processing

Module of
linear drive

Module of
optical sensor

—
¥

Driver and USB interface

Second block

USB
HUB

End switch

Linear drive

Fig. 6 Diagram of the control system
Obr. 6 Schéma ridiciho systému

As it was already mentioned, the superior block is a
software application in the PC. The application is
designed and developed within the framework for the
Microsoft .Net Framework 4.5 and it is written in
C# .Net. The application is divided into separate
functional modules. Individual modules solve always an
isolated problem. These individual modules connect the
main module of the program, which also serves as the
user interface.

Conclusions

The function of the whole device had to be tested after
completion of the control system, assembly of the
support structure and interconnection of all the
elements. Gradually each piece of the equipment was
tested. Linear displacement alone without a parent
block was tested as first, especially the homing
function and the function of the shift to the desired
position. After verifying the functionality and editing
software of the control unit the equipment was
connected to a parent block. The functions of imaging
and laser control were then tested. It created a basic
configuration for the sensor and the image processing



Hutnické listy ¢. 2/2017, ro¢. LXX Recenzované védeckeé ¢lanky
ISSN 0018-8069 Peer-reviewed Scientific Papers

module. After testing and configuration of individual Fig. 8 shows a graph drawn from the data. It is obvious
parts of the system, the scanning process as such was that the graph corresponds to the measured object.
tested. A shaped object shown in Fig. 7 was chosen Small measurement errors can be observed at the
for the test. Scanning was triggered after setting the beginning of the object. They were caused by laser
ideal sensor parameter. Start and end points were set reflections from the front edge of the object, and at the
to be one centimetre in front of the object and one end of the object where the error was caused by
centimetre behind the object. covering the reference laser. Given the desired function
when the device scans unevenness of the upper surface
of the object, these two errors are negligible. The entire
= length of the upper surface of the model then
corresponds to the scanned object.
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Ocelarska prognoza MBI: Ceny oceli by mély v prvnim ¢tvrtleti zistat

MBI STAHL AKTUELL 20.01.2017

Na ocelarském trhu se viechny zraky soustied’uji na Cinu a USA. 28. ledna za¢inaji v Ciné oslavy Nového roku
a hospodaisky Zivot usne. Vychazi se proto z predpokladu, Ze kvali tomu ceny oceli a Zelezné rudy poklesnou.
Peking by mohl jesté pied zacatkem svatka oznamit nova opatieni k likvidaci prebyteénych kapacit v ocelaiském
a zeleznorudném sektoru, coz by se mohlo pozitivné projevit na cenach oceli a Zelezné rudy. VV USA by mohly ceny
profitovat ztoho divodu, Ze novy prezident bude detailné informovat o svych ambiciéznich planech pro
infrastrukturu. Soucasné je ale tieba se obavat moznosti, Ze novy prezident uvali tu¢na trestna cla na dovoz zboZi,
ve kterém je vyuzivana intenzivné ocel, jako je tomu naptiklad v automobilech. V nejhorsim piipadé by mohla
vypuknout obchodni vélka s Cinou, ale i jingmi zemémi. To by se negativné projevilo na cenach surovin a zejména
kovi. Od posledni MBI progndzy z 6. ledna se ceny oceli zvySily v praméru o 1 az 2 %. Ve stejném obdobi se ale
zvysila cena Zelezné rudy (Fe 62 procent, CFR, Tanjin) o vice nez 7 % na 81,7 USD za tunu. Jinak to ale vypadalo
u koksovatelného uhli (prémiova kvalita, export Austrélie): zde ceny spadly o0 14 % na 178 USD za tunu. MBI
Research vychazi z toho, Ze ceny pro dlouhou ocel a hrubé plechy v ziistavajicich tydnech prvniho étvrtleti zastanou
stabilni. Ceny za ploché vyrobky by mohly ve stejném ¢asovém obdobi zhruba o 2 % poklesnout, i kdyZ poptavka
po oceli ze strany zpracovatelského primyslu stoupa.

15



Recenzované vyzkumné ¢lanky Hutnické listy ¢. 2/2017, ro¢. LXX
Peer-reviewed Research Papers ISSN 0018-8069

Recenzovane vyzkumné ¢lanky

Analysis of Phase Transformation Temperatures of Real Steel Grades

Analyza teplot fazovych transformaci realnych znacek oceli

Ing. Ondiej Martinik®; doc. Ing. Bed¥ich Smetana, Ph.D.>? prof. Ing. Jana Dobrovska, CSc."? Ing. Ale$
Kalup®; Ing. Simona ZI4, Ph.D.>? Ing. Monika Kawulokova, Ph.D."% doc. Ing. Karel Gryc, Ph.D.%?
prof. Ing. Karel Michalek, CSc.>? Ing. Petr Dostal"; Ing. Lubomira Drozdova®

1 V8B — Technical university of Ostrava, Faculty of Metallurgy and Materials Engineering, Department of Metallurgy
and Foundry, 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Czech Republic

2 V8B —Technical university of Ostrava, Faculty of Metalurgy and Materias Engineering, Regiona Materials
Science and Technology Centre, 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Czech Republic

The paper deals with the study of phase transformation temperatures of two real grade steels. A series of thermal
analysis measurements by Differential Thermal Analysis (DTA) and Direct Thermal Analysis (TA) were performed
on two real grade medium carbon steel samples in low and high temperature regions. The eutectoid transition tem-
perature (Tg), end of a-ferrite to y-austenite transition temperature (T,_,,), solidus temperature (Ts), peritectic tran-
sition temperature (Tp) and liquidus temperature (T,) were determined. The results were verified by statistic evalu-
ation and they were compared with theoretical calculations carried out by InterDendritic Solidification (IDS)
and Thermo-Calc™ (2015b, TCFES; TC) software.

The original experimental data of phase transformation temperatures were obtained by thermal analysis. Tempera-
tures in low temperature region, the eutectoid transition temperatures and end of a-ferrite to y-austenite transition
temperatures, were determined only by differential thermal analysis method and verified by Thermo-Calc software.
It can be said, that differential thermal analysis and Thermo-Calc are more versatile. All experimental values, show
in general a high level of consistency and low level of variability. Both differential thermal analysis and direct
thermal analysis are set correctly; the results are reproducible and comparable. The standard deviation of the re-
sults did not exceed 2 °C and variation coefficient did not exceed 0.3 %.

It is not possible to determine only one the most precise software or the one closer to the measured results. Besides
one case, the software differed less (or it was equal to) 3 °C from each other. The comparison of thermo-analytical
methods and software shows the following: in some cases, exceptional agreement, but in most cases the agreement
remains poor. Therefore it is always vital to check the data by an experiment. The experimental temperatures
obtained by the thermal analysis are expected to be used to optimize production (casting and solidification) and
thermo-mechanical processing of the analysed steel grades.

Key words: thermal analysis; phase transformations; DTA; Thermo-Calc; IDS

Predkladana prace se zabyva studiem teplot fazovych transformaci dvou realnych znacek oceli metodou diferencni
termické analyzy (DTA) a primé termické analyzy (TA) v nizkoteplotni a vysokoteplotni oblasti. Stanoveny byly
teploty eutektoidni transformace (Tg), teploty ukonceni piemeny o-feritu na yp-austenit (T,-,,), teploty solidu (Ts),
teploty peritektické transformace (Tp) a teploty likvidu (T.). Vysledky byly overeny statistickym vyhodnocenim
a diskutovény s teoretickymi vypocty provedenymi s vyuZitim software InterDendritic Solidification (IDS) a Thermo-
Calc™ (2015b, TCFES; TC).

Originalni experimentalni data, tj. teploty fazovych transformaci, byla ziskana metodami termické analyzy. Teploty
v nizkoteplotni oblasti, tedy teploty eutektoidni transformace a teploty ukonceni p/emeny a-feritu na y-austenit, byly
stanoveny pouze metodou diferencni termické analyzy a porovnany pouze s vysledky software Thermo-Calc. Lze
tedy tvrdit, Ze diferen¢ni termicka analyza a Thermo-Calc maji vSestrannéjsi pouziti. Metody diferencni a primé
termické analyzy jsou nastaveny spravné a vysledky jsou reprodukovatelné a porovnatelné. Vysledky termické ana-
lyzy vykazuji vysokou miru konzistence a nizkou variabilitu. Smerodatna odchylka byla ve v3ech pripadech niZsi nez

2 °C a variacni koeficient byl nizsi nez 0,3 %.

Bylo zjisténo, Ze neni moZné urcit presnéjsi software nebo software, jehoz vysledky by byly bliZze k naméirenym hod-
notdm. Vyjma jednoho pripadu se vysledky IDS a Thermo-Calc mezi sebou liSily méné nez o 3 °C. Shoda vysledkii
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ziskanych vyuzitim software a experimentalnich vysledk: termickych analyz je znacné proménliva: v nekterych
pripadech vyborna, v jinych pripadech je naopak velmi nizka. Z tohoto diivodu je nutné vidy oveérit vypocet software
experimentem. Existuje realny predpoklad vyuziti ziskanych vysledkii k optimalizaci vyroby (odlévani a nasledného
tuhnuti) a tepelné-mechanického zpracovani analyzovanych znacek oceli.

Klidova slova: termicka analyza; fazové transformace; DTA; Thermo-Calc; IDS

Material science and general knowledge about thermo-
physical properties of steels are getting more and more
importance due to an increasing pressure on steel in-
dustry to reduce price of steel to a minimum. The most
promising way chosen by the companies is reduction of
costs, with particular focus on energy savings [1, 2].
Itis widely known, that production of steel is
energetically demanding, therefore it is necessary to
define requirements and to analyse real steel samplesin
detail in order to achieve precise and efficient pro-
duction process.

Theoretical calculations using specialised software
are becoming increasingly important due to their overall
efficiency. A decision cannot be made, though, based
purely on calculation. The accuracy of the calculation
depends on the used model and correct data in its data-
bases. Lack of data or faults in databases result
in unpredictable errors of calculation, and therefore
it is recommended always to check the calculated results
by experimental measurement [3, 4].

Significant thermo-physical  properties of steels
are, among others, temperatures of solidus, liquidus,
eutectoid, peritectic and magnetic transitions [5, 6].
Theaim of this paper is to obtain these key thermo-
physical data from two real steel grades by experiment
and by theoretical calculations, then to assess the cal-
culated and experimental data in terms of reproduci-
bility, to evaluate the comparability of the analytical
methods used and to revise the substitutability of the
thermal analysis by software.

Analytical methods and calculations

Thermal analysis covers a wide range of methods used
to determine the physical or chemical properties
of material as it is heated, cooled or held at constant
temperature. This provides anaytical information on the
fundamental properties of materials [7,8]. The
experiments were carried out by two thermo-analytical
methods. Differentiadl Thermal Analysis (DTA) and
Direct Thermal Analysis (TA).

Differentiadl Thermal Analysis (DTA) is a thermo-ana
lytical method, in which the temperature effects are
studied during continuous linear heating or cooling in
controlled atmosphere [9]. The temperature of the ana-
lysed sample is measured relative to a reference sample.
A reference sample can be standard material (e.g. Pd) or
an empty crucible. The result of the measurement is
aDTA curve[10].
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Direct Therma Anaysis (TA) is a thermo-analytical
method, in which the direct measurement of temperature
of the sample is carried out during its heating or cooling
in controlled atmosphere [11, 12].

The amount of heat involved and the temperature, at
which these changes take place, are characteristic for
the changes in the stedl structure: Eutectoid Transition
(Te), End of o-Ferrite to y-Austenite transition (T,—,),
Solidus (Ts), Peritectic transition (Tp), Liquidus (T.)
[13].

Theoretical calculations

Theoretical calculations were performed by Thermo-
Cac™ [14] (TC) and InterDendritic Solidification [15]
(IDS) software. The Thermo-Calc is a sophisticated
software using CALPHAD approach and it includes
many databases, which are necessary to its calculations.
The IDS software is based on kinetics and thermody-
namic calculations and it is utilized for the determina
tion of temperature dependencies for thermo-physical
properties of steels.

The IDS caculations (SW) reported problems
with calculations for studied steel samples below tem-
peratures of 1000 °C due to exceeded concentration
limits of some elements. Extensive tests were performed
to find the problematic elements, but with no success.
Only limited content of most of the elements enabled
calculation in this temperature region, but results were
incorrect and not corresponding with the experimental
results. For IDS calculations Sn, As, Sb were not in-
cluded, because they were not defined in the IDS data
base, and O was excluded due to the defective results
with high divergence in respect to experimental values.

The Thermo-Calc caculations were performed on TC
v. 2015b, using TCFE8 database. All the determined
elements were used for calculation; Sn, As, Sb were not
defined in the TCFES8 database and they were not taken
into account. Oxygen was excluded due to its impact on
stability of calculation in terms of calculation time and
results obtained.

Impact of phases alowed in TC calculation was tested
as well. It is recommended to exclude only the phases
that we are certain about that they cannot be found in
the sample during its analysis. In this case, metastable
equilibrium during experiment was achieved; therefore
diamond and graphite phases were excluded. In general,
restriction of one or two phases, that were present at
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some point during calculation, resulted in no effect on
the calculated temperatures. Only the amount of phases
differed. When calculation was restricted to the main
phases only (FCC, BCC, cementite, and liquid), the
results were affected by significant error. Solidus tem-
perature was the most affected by restriction of phases.
Moreover, the calculation often became unstable and
ended in the range of Ts point. Elimination of the phases
had no practical impact on duration of calculation. The
best results were obtained if all the phases, except for
diamond and graphite phases, were allowed; therefore
this setting was used as a default for calculation of im-
portant temperatures.

Experiment

Medium carbon steels were prepared from real steel
castings. The samples were machined to a desired shape
for each equipment and method, then polished and
cleaned by ultrasound in acetone. The mass of the
samples was 23-25¢g for TA and approximately
200 mg for DTA. The S1 sample contained 0.368 wt. %
and the S2 sample contained 0.646 wt. % of carbon.
Description and setting of equipment is described e.g.
in[15].

Setaram SETSY S 18TM — DTA sensor (S—type tri-
couple), (DTA);

Netzsch STA 449 F3 Jupiter sensor (S-type, mono-
couple), (TA).

The experiments were performed for low and high tem-
perature region separately, in order to eliminate impacts
of decarburization and to ensure, that all phase transi-
tions and heat effects were easily identifiable. The
experiments were performed in corundum crucibles in
an inert atmosphere of Ar (6N). Heating rates were
10 °C-min™ (DTA) and 5 °C-min™ (TA). The measured
temperatures were corrected by melting temperature of
pure paladium (5N), by melting temperature of pure
nickel (5N), by influence of the heating rate and by
the influence of the sample mass.

Results and Discussion

Based on the results of DTA and TA analysis (Figs. 1 —
3), the following temperatures of the phase transitions
were determined: Eutectoid Transition (Tg), End of
a-Ferrite to y-Austenite transition (T,_,,), Solidus (Ts),
Peritectic transition (Tp), Liquidus (T.). Experimental
and also theoretical temperature values are presented in
Tab. 1. Statistic evaluation of the obtained experimental
results was performed by mean values, standard devia
tion and variation coefficient. All measurements, in
general, show high level of consistency and low level of
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variability. The standard deviation of the results does
not exceed 2 degrees of Celsius and variation coefficient
does not exceed 0.3%. Fig.1 presents DTA curves
inlow temperature region, and Fig.2 presents DTA
curves in high temperature region.
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Fig.1 DTA curves, low temperature region; steel grade 1 and 2
Obr.1 DTA kiivky, nizkoteplotni oblast; ocel jakosti 1 a2
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Fig.2 DTA curves, high temperature region; steel grade 1 and 2
Obr.2 DTA kiivky, vysokoteplotni oblast; ocel jakosti 1 a2
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Fig.3 TA heating curves; steel/cycle; steel grade 1 and 2; 1% and 2™ cycle
Obr. 3 TA kiivky ohievu; jakost/cyklus; ocel jakosti 1 a2; prvni adruhy cyklus

For both figures, the curve 1 represents the steel 1 and
the curve 2 represents the steel 2. Fig. 3 presents only
results obtained by heating process of the steel 1 (curves
11, 1/2), and the steel 2 (curves 2/1, 2/2). Tab.1
presents all the measured and calculated results for both
steel grades. Two cycles were performed. Each cycle
consisted of heating and cooling step in the high
temperature region. All the steps were analysed and
significant temperatures were determined, but due to the
high standard deviation and variation coefficient, the
results from cooling step were excluded. Theoretical
caculations were focused on determination of all
experimental temperatures obtained by DTA and TA.
Calculations in high temperature region corresponded
with the experimental results. The low temperature
region was calculated only by TC software.

For the low temperature region two important transition
temperatures Tg and T, were evaluated. The
experiments in the low temperature range were
performed by DTA method only, because the TA
method was not suitable for measurements in low tem-
perature region due to the lower distinctiveness of the
temperature effects on the heating or cooling curve. It
was not possible to determine the temperature of mag-
netic transition (Currie Temperature), heat effects of
phase transitions covered completely each other.

The DTA method for the steel 1 gave the average
Te=758+1°C and T,,, = 782 °C. The caculated re-
sults for the steel 1 Te = 729°C and T,_,, =781 °C.
Forthe steel 2 the average Tg=746+1°C and
Tuy =757 £ 2°C. Incomparison with the calculated
results Tg = 717 °Cand T, = 739 °C.

The calculated eutectoid transition of the steel 1 is
approx. 29 °C below the measured value, which is the
same difference as for the stedl 2. The end of a-ferrite to
y-austenite transition for the steel 1 is only 1 °C below
the measured value, while for the steel 2 the difference
is18 °C.
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In the high temperature region three transition tem-
peratures Ts, Tp and T, for the sted 1 were obtained,
while only Ts and T, for the steel 2. Peritectic transition
was not observed in the sted 2. Also SW’s calculations
(IDSand TC) confirmed this fact.

On the basis of DTA method the following transition
temperatures were determined for the sted 1:
Ts=1431+1°C, Tp=1489°C and T =1492+1°C.
TA method determined the following: Ts = 1435+ 2 °C,
Tp=1479°C and T = 1493 °C. Using IDS and TC the
following was calculated: Ts= 1437 °C, Tp = 1484 °C,
TL=1497°C and Ts=1440°C, Tp=1486°C and
T, =1487°C. On the basis of DTA method the
following transition temperatures were determined for
the steel 2 Ts=1363+1°C and T_=1472°C.
TA method determined the following: Ts=1372+ 1 °C
and T, =1472+ 1 °C. Using IDS and TC the following
was caculated: Ts=1383°C, T, =1477°C and
Ts=1381°C, T, = 1478 °C.

The results in the high temperature region are less clear
than in the low temperature region. Both methods, the
DTA and TA, report high level of consistency with each
other, the difference between all corresponding
temperatures is below or egqual to 10 °C. In fact, the
liquidus difference for both steel grades is below or
equal to 1°C. Therefore it can be assumed, that both
methods are comparable and the results are reliable and
reproducible.

As for the software, it is not possible to determine only
one most precise or closer to the measured results. In
the case of solidus, the TC presents better agreement
for the steel 2 and worse agreement to the steel 1 com-
pared to IDS. Also the calculated results of solidus by
TC and IDS show lower deviation from TA than DTA
for both steel grades.

In comparison with the measured values of T, the
calculated results of the steel 1 by TC are approx. 5°C
below the measured value, while 5°C above by IDS.
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Thisisthe only case, where the software differed by more
than 3 °C from each other, if the software reached result
at dl, or the result was obvioudly faulty. The calculated
Te of the steel 1is 3 °C below the measured value.

The differences of theoretical and experimental values
might have been caused by Thermo-Calc's calculation
due to elements restriction (excluded O, Sn, As, Sh)
and equilibrium state of al calculated vaues. Experi-
mental values were obtained from measurements with
real steel and all the measurements were not in complete
equilibrium. Also, the difference of heat conductivity
of the reference and the sample can be reflected

Tab.1 Experimental and calculated results (°C)
Tab.1 Experimentdni avypoctené vysiedky (°C)

in shifted transition temperatures, because the sensors
were located on the surface of the crucible or the sam-
ple, where the temperature can be exceeding the rea
transition temperature, while most of the volume of the
samples volume is yet below the transition temperature.

Also, the difference of heat conductivity of the refer-
ence and the sample can be reflected in shifted
transition temperatures, because the sensors were
located on the surface of the crucible or the sample,
where the temperature can be exceeding the real
transition temperature, while most of the volume of the
samplesisyet below the transition.

. S1 S2
Method Evaluation
Te Ty Ts Tp T Te Ty Ts T
TC 729 781 1440 | 1486 | 1487 717 739 1381 | 1478
IDS 1437 | 1484 | 1497 1383 | 1477
Mean Value 758 782 1431 | 1489 | 1492 746 757 1363 | 1472
DTA Standard Deviation 1 0 1 0 1 1 2 1 0
Variation Coefficient (%) | 0.12 0.00 0.09 0.00 0,08 0.13 0.27 0.06 0.03
TA Mean Value 1435 | 1479 | 1493 1372 | 1472
) Standard Deviation 2 0 0 1 1
Heating — —
Variation Coefficient (%) 0.11 0.00 0.03 0.06 0.03
TA Mean Value 1439 | 1455 | 1487 1433 | 1461
. Standard Deviation 5 6 0 4 3
Cooling — —
Variation Coefficient (%) 0.33 0.42 0.03 0.27 0.19
Conclusions All experimental values, show in general high level of

Thermal analysis of two real medium carbon steel sam-
ples was performed. Phase transition temperatures were
obtained for concrete steels and new origina experi-
mental data were obtained. The obtained results (tem-
peratures Tg, T,—,, Ts, Tp and T,) wererefined, com-
pared and verified with theoretical calculations per-
formed using TC and IDS software. Only the DTA
method was used for measurement in the low tempera
ture region and only by using TC it was possible to
calculate and verify the experimental results from the
low temperature region.

It is not possible to determine only one the most precise
software or the one closer to the measured results.
The calculated solidus results by TC and IDS show
lower deviation from TA than DTA for both steel
grades. With the exception of one case, the software
differed by less than (or was equal to) 3 °C from each
other. The TC is considered to be more versatile. The
theoretical calculations by Thermo-Calc and IDS
software are providing, in some cases, relatively good
calculation results, but it is aways vita to check the
data by an experiment.
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consistency and low level of variability. The standard
deviation of the results did not exceed 2°C and
variation coefficient did not exceed 0.3 %. It was shown
that both thermo-analytical methods used were set
correctly; the results are reproducible and comparable.
The experimental temperatures obtained by the thermal
analysis will be used to optimize production and
processing of the analysed steel grades.
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Podnikové rada ThyssenKrupp vyviji tlak

Westdeutsche Allgemeine 10.01.2017

Séf podnikové rady koncernu Thyssenkrupp Wilhelm Segerath se vyjadiil proti jednostrannym Gstupkam vici Tata
Steel pii fuzi oceldiskych divizi. ,Nemizeme souhlasit, Ze pii konsolidaci budou ohroZeny jen naSe provozy.
Jen pouhy pokus vyvola naSe masivni protesty,” rekl Segerath. Prevzetim ztratovych britskych provozi Tata Steel
nedava slouceni Zadny smysl. Segerath se odvol&val na snahu Tata Steel ngjit s britskymi odbory feSeni pro vysoké
penzijni zévazky a pro nevétsi oceldrnu v Port Talbot. Management navrhl dosavadni penzijni fond uzaviit
a nahradit ho novym modelem. Soucasné bylo piislibeno provozovat obé vysoké pece v Port Talbot jesté minimalng
po dobu péti let. Segerath nato fika: ,, Dostanou- i oni 5 let, budeme my chtit minimalné deset”.

Reformni zapal u Thyssenkrupp

Borsen-Zeitung 20.01.2017

Séf Thyssenkrupp Heinrich Hiesinger bude na valné hromadé akcionéi ¢elit kritice, protoZe prestavba koncernu
pieSlapuje na mist¢ a slabost vlastniho kapitdlu je velmi nebezpecnd. Jen svelkym Usilim si mize podnik dovolit
vyplatit akcionarim navrzenych 85 mil. € (15 centi na akcii). Soucasné kyzend flze ocelérské divize s evropskou
¢asti indického koncernu Tata Steel, kterd by umoznila dekonzolidaci divize a jejich penzijnich zavazki,
nepokracuje dostatecnou rychlosti. To vyvolavéa kritiku instituciondnich investort, naptiklad Union Investment:
» Thyssenkrupp je stéle jesté kolos na hlinénych nohou“. Koncern musi napiit vSechny sily na transformaci
obchodniho modelu a likvidaci zadluzeni, aby si zgjistil dlouhodobou dalsi existenci. Odvrhnuti oceléiské divize by
bylo osvobozujicim odkopem, budoucnost totiz leZi v obchodu s technologiemi a ne s oceli, mini Union Investment.
Tento nézor $&f koncernu Heinrich Hiesinger plné sdili, nezbyva mu vSak nic jiného, nez vyckat, az Tata Steel
oddéli od britské ¢ésti podniku své penzijni zavazky.
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Influence of Casting Speed on Solidification of Continuously Cast Round Steel
Billets
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Numerické modelovani predstavuje uzitecny nastroj k ziskani informaci tykajicich se chovani oceli v riznych fazich
vyroby. Metoda numerického modelovani hraje nezastupitelnou roli zvlaste v metalurgickych podminkéch, ve kterych
Ize jen obtiZzne ziskat informace o zpuisobu tuhnuti kovu. Predkladana prace predstavuje zakladni postup
experimentalniho studia vyuzivajiciho numerické modelovani v komerénim simulachim software ProCAST, které je
pouZivano k verifikaci technologie plynulého odlévani. Modelové studium tuhnuti bylo mimo jiné zamereno na predikci
vzniku stiedové porozity v plynule litych ocelovych predlitcich. Ke vzniku stiedové porozity dochazi na konci
metalurgické délky, v miste, kde se stykaji protilehlé fronty tuhnuti a sviraji Uhel w. Tvorba stedové porozity tedy Gzce
souvisi s prizbehem tuhnuti plynule litych predlitkiz. Uhel o se zvetSuje se zkracujici se metalurgickou délkou, coZ se
projevuje snizenim vyskytu porozity. Charakter tuhnuti predlitku Ize ovlivnit zménou lici rychlosti. Obvykle je v provozu
zména lici rychlosti doprovazena i zmeénou chlazeni jak v primarni, tak sekundarni zoné. Aby v3ak bylo mozné posoudit
vliv technologického parametru na zmenu sledovanych kvalitativnich ukazateli predlitku, byla behem numerického
modelovani pozménena pouze lici rychlost p/i zachovani intenzity chlazeni. Pozornost byla proto vénovana prevazné
vlivizm zmeny lici rychlosti na metalurgickou délku, s kterou souvisi vznik porozity, ale také na teplotni pole a tlouszku
utuhlé povrchoveé kiry pod krystalizatorem. V souladu s literarnimi poznatky i vysledky modelovani bylo potvrzeno, Ze
s klesajici lici rychlosti se zvySuje podil utuhlé frakce v predlitku. ZvySeni podilu utuhlé frakce bylo zpisobeno
prodlouzenim doby, kterou predlitek stravil v chladicich zénach. Uvedena skutecnost se pozitivné projevila predevsim
na zvetdeni tlousrky povrchové kiry a zkraceni metalurgické délky. Na zaklade vysledkii metalurgické délky lze
usuzovat, Ze pri snizeni lici rychlosti dojde ke sniZeni vyskytu st/edové porozity.

Kli¢ova slova: ocel; numerické modelovani; plynulé odlévani; kruhové piedlitky; stedova porozita

The aim of this paper is the study of solidification of continuously cast round steel billets, with focus on the
centerline porosity formation. This work represents the basic procedure of experimental study using numerical
modelling in commercial simulation software ProCAST, which was used to verify the technology of continuous
casting of round steel billets. The attention was paid especially to prediction of solidification of continuously cast
steel billets and centerline porosity formation related to casting speed. The centerline porosity formation is closely
related to the solidification process, especially to the angle formed between the opposite solidification fronts. The
angle formed between the solidification fronts increases with shortening of metallurgical length due to reduction of
the casting speed. Reduction of the casting speed has therefore possible influence on minimization of the centerline
porosity.

Key words: steel; numerical modelling; continuous casting; round billets; centerline porosity

During continuous casting of steel, forming of several ischaracterized by volume change and latent heat
internal defects can occur. The cause of these defects  production. Solidification has significant importance
can be inappropriate casting conditions, e.g. regulation aso on the primary structure and related final
of casting speed according to casting temperature mechanical and thermodynamic properties. Steel, as an
or incorrectly adjusted secondary cooling, which leads alloy consisting of Fe, C and other elements, solidifies
toincorrect solidification of the billet. In the field of in acertain temperature range, characterized by distance
continuous casting, phase transformations during which  between the liquidus and solidus temperature.
aliquid phase becomes a solid phase, have a significant ~ Solidification in the temperature range results in
importance. This phase transformation - solidification — formation of a two-phase region (mushy zone), which
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contains liquid and solid phase. [1, 2, 3] During
solidification of continuously cast billets the following
may coexist:

e Liquid region —itswidth is constantly decreasing

e Mushy zone —its width depends on the solidification
temperature range

o Solidified region —itswidth is constantly increasing

At the end of metallurgical length (at the end of the
liquid core), where the mushy zone is located, due to
damming of liquid core, thereby forming an enclosed
volume of liquid metal, a centerline porosity formation
can occur. After solidification, because of shrinkage of
steel, the enclosed volume becomes a cavity. Dam
creation largely depends on the angle ®, which forms
opposite solidification fronts progressing from the
surface of billet to its center. Risk of the centerline
porosity formation decreases with the increasing angle
o (Fig.1d). Increase of the angle o occurs when
metallurgical length (and hence the mushy zone)
shortens. Conversely, when the metallurgica length
extends, the angle o decreases (Fig. 1b) and the risk of
the porosity formation increases [3]. The centerline
porosity creation closely depends on the solidification

process of continuousy cast billet and onthe
metallurgical length [1, 4].
i u ) 20,
5 w=0| 5

CASTING DIRECTION

-
+

a) b)
Fig.1 Solidification conditions a) for minimization of centerline
porosity formation; b) supporting centerline porosity
formation [3]
Obr.1 Podminky pro a) tuhnuti zdravého predlitku; b) tuhnuti
predlitku se sttedovou porozitou [3]

In order to prevent the centerline porosity,
itisnecessary todetermine specific conditions of its
formation. For this purpose, effective tool, which avoids
the need of expensive and time-consuming plant trials,
represents the numericll modelling. Under the
metallurgical conditions, it is difficult to obtain
information about solidification of continuously cast
billets. At this point comes the numerical modelling,
which plays an important role, especialy in
metallurgical processes. Numerical modelling requires

adetailed knowledge about natural processes, e. g. flow,
heat transfer, momentum transfer etc. Regarding the
temperature field, it is possible to use analytical or
numerical methods to solve this problem. [1, 4, 5, 6]
Due to the fact that analytical methods lead to complex
system of equations, they have only limited use for
problems with complex boundary conditions. Numerical
methods are based on repeating of simple algebraic
operations and it is preferable to use them in
combination with complex boundary conditions[7].

This paper has been written in connection with
numerical research realized under the conditions of the
Department of Metallurgy and Foundry and Regional
Materials Science and Technology Centre (RMSTC) at
the VSB-TU Ostrava. The aim of numerical modelling
wasthe study of solidification of continuously cast
round steel hillets. Attention was paid to the influence
of casting speed on the temperature field, solidified
shell thickness and metallurgical length. In relation with
to the metalurgica length, the centerline porosity
dependence on the casting speed was also investigated.

1. ldentification of input parameters

Generally speaking, numerical solution of each task is
divided into three stages [8]:

e Pre-processing — it includes the geometry modelling
and process of generation of the computational
mesh, and definition of calculation;

e Processing — it involves the computation in the
solver;
e Post-processing: it focuses on evaluation of the

results.

For obtaining a default version of the numerical model
of solidification of the steel billets in accordance with
the rea conditions of solidification as accurately
aspossible, it was important to define correctly
the parameters of calculation. The necessary parameters
include the following:

o thermodynamic properties of steel (i.e. liquidus and
solidus temperatures, thermal conductivity, density,
part of solid phase etc.);

e boundary conditions:

0 casting temperature,

0 casting speed,

0 level of steel in mould,
o

difference of temperature of cooling water
between the mould inlet and outlet,

heat flux along the mould,

0 heat transfer coefficient along the secondary
cooling zone,

0 ambient temperature,
e operating conditions (gravity, ambient pressure);

e criteria of convergence, the so-called RUN
PARAMETERS or Simulation parameters.

o



Recenzované vyzkumné ¢lanky
Peer-reviewed Research Papers

Hutnickeé listy ¢. 2/2017, ro¢. LXX
ISSN 0018-8069

2. Summary of suggested variants for
verification

Three variants of solidification of continuously cast
round steel billets were simulated. The first variant A
introduced the case when the casting speed was set to
v - 0.1 mmin™ and the casting temperature t, + 38 °C
was used, asit isshown in Tab. 1. The second variant B
represented a case, in which thecasting speed was
increased to v m-min™ against the variant A. In the last
third variant C, the casting speed was further increased
tov + 0.1 mmin’ against the variant A.

Tab.1 Thelist of simulated variants
Tab.1 Prehled smulovanych variant

. Casting Temperature Casting Speed
Variant
(°C) (m-min™)
A t +38 v-01
B o+ 38 \
C t.+38 v+0.1

3. Geometry creation

For the purposes of numerical model, a billet geometry
was created. Numerical simulations were carried out in
one symmetrical half of the billet, which included
mould section, whole radia part of the billet and 5 m
from the straight end part of the billet. Total length of
the billet geometry was 22 m. With consideration of
computational possibilities of ProCAST, a simplifica-
tion of billet geometry was necessary. Computational
method and mesh creation also required simplification
of the mould taper to auniform diameter. Due to the
fact that flow calculation was neglected, submerged
entry nozzle reaching under a molten steel surfacein the
mould was also neglected. Computational mesh (Fig. 2)
was created from hexa- and wedge elements, the finite
number of which reached approx. 400 000. Due to re-
duction of computational time only one symmetrical
half of the billet geometry was used, as it was already
mentioned.

Fig.2 Computational mesh — detailed view
Obr. 2 Detailni pohled na vypocetni sit’ predlitku

4. Definition of numerical model

Correct setting of numerical model requires definition
of initial and boundary conditions. Initial and boundary
conditions of numerical model of continuous casting
includes direction of gravity, ambient temperature
and pressure, casting speed and temperature, heat 10sses
from billet surface in the mould and in the secondary
cooling zone. The main mechanism of heat transfer
from billet isconduction. However, convection and
radiation play an important role in the field of boundary
conditions, in particular, convection and radiation.

The boundary conditions, such as casting speed and
casting temperature, were defined according to the plant
data. The ambient temperature was 298 K. The level of
the steel in the mould was 80 % from the height of the
mould. [9] The temperature difference between the inlet
and outlet of cooling water in the mould was 12 K. The
gravity was 9.81 ms? The standard pressure was
considered to be 101 325 Pa.

Also, thermodynamic parameters play an important role,
especially in the processing phase. These parameters are
substitute to Fourier-Kirchhoff solidification equations,
computed for al mesh elements and they thus may
affect the quality of the simulation results [10]. Based
on chemical composition (see Tab. 2), thermodynamic
properties of steel were computed using the integrated
thermodynamic database CompuTherm, which is a part
of ProCAST software[11, 12].

Tab.2 Chemical composition of steel grade (wt. %) [13]
Tab. 2 Chemické sloZeni oceli (hm. %) [13]

© Si Mn P S Cr Mo
min 0.30 0.60 - 090 | 015
max 037 | 040 | 090 | 0035 | 0.035 | 1.20 | 0.30

24

In order to capture the influence of casting speed, the
same casting temperature and intensity of heat losses for
al three variants were set. Similarly, it was made also in
the case of other technological parameters, such as
meniscus position, cooling water flow and temperature.
Accordingly, during simulations only casting speed was
changed and all the other parameters were considered to
be constant. Surface temperatures were used for an
assessment of approximate heat transfer coefficients.

Heat transfer in the primary and secondary zones were
defined through the boundary condition heat, which
allowed definition of heat transfer between the domain
surface and ambient atmosphere. To this boundary
condition, it was possible to assign an appropriate heat
transfer coefficient between the domain surface and
ambient atmosphere and ambient temperature, which
influence conditions of surface cooling.

In the primary zone a casting powder and a gas gap
were located between the mould and billet surface and
they had a significant impact on the heat transfer
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coefficients values along the height of the billet. Heat
transfer through casting powder and gas gap was
defined by heat flux user function during setting of heat
boundary condition. Heat transfer in the secondary zone
was set similarly by using HTC user function.

For simulation, the travelling boundary agorithm was
used. Numerical solution of the mathematical model of
solidification of the continuously cast sted strand was
performed using the finite element method.

5. Results and discussion

Numerical results were evaluated in post-processor
of the ProCAST software — Visual Viewer. Especidly,
temperature fields on the billet surface were evaluated
using the temperature profiles and graphical outputs.
Also, the casting shell thicknesses at the end of the
mould and metallurgical lengths were compared.

5.1 Temperature field

Visualization of the billet surface temperature field of
all variantsis shown in Fig. 3.

Fig. 3 Billetstemperaturefield (fromtheleft toright A, B, C)
Obr. 3 Teplotni pole predlitka (zleva doprava A, B, C)

Fig. 4 shows the detailed view of temperature field in
the mould region Fig.5 shows the hillet surface
temperature profiles in dependence on the casting time
(which represents the casting speed) of all three
simulated variants. As it can be seen, with decrease of
the casting speed, the billet surface temperature
decreases. This phenomenon was caused by the fact that
with the decreasing casting speed, the time that billet
spent in the cooling zones was increased. Due to longer
time spent in the cooling zones, more heat from the
billet was dissipated and resulted in lower surface
temperature.

25
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Fig.4 Temperature field of simulated variantsin the mould region
Obr. 4 Teplotni pole simulovanych variant v oblasti krystalizétoru
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Fig.5 Computed billet surface temperature profiles
Obr.5 Vypoétené povrchové teplotni kiivky predlitki

5.2 Shell thickness

With the use results of part of solid phase, the shell
thickness was evaluated. The shell thickness was
measured at the end of the mould. The position of
measurement is indicated by dashed line in Fig. 6.
Dependence of the shell thickness on the casting speed
isrepresented in Fig. 7. It was manifested that when the
time the billet spent under cooling increased (it means
decrease of the casting speed), it resulted in larger
amount of fraction solid. With the decrease of the
casting speed, the shell thickness increased.

Fig.6 Resultsof part of solid phase — Shell Thickness
(measurement position isindicated by dashed line)

Obr.6 Vysedky Fraction Solid — Tloustkalici kiry (pozice méreni
je vyznacena céarkovang)
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Fig. 7 Shell thickness dependence on the casting speed
Obr. 7 Tloustkalici kiry v zavislosti nalici rychlosti

In the past, several equations for calculation of the shell
thickness were derived. Shell thickness was frequently
calculated using the equation (1), which was the most
genera of the mentioned ones [14].

d = 22,86.\/t — 3,05 @)

where t - time (min).

The equation (2) includes also solidification constant k.
The solidification constant depends on cross-section of
the billet, superheating of steel, chemical composition
and cooling rate [3, 14]. The value of the solidification
constant was determined by interpolation from the
temperature dependence.

d=kt 2

-]JZ),

where  k - solidification constant (mm-min

t -time(min).

The equation (3) takes into account variation of the
casting speed in dependence on the steel grade, mould
dimensions and water flow rate in the mould [14]. This
equation was primarily designed for calculation of slab
shell thickness. For the purposes of this paper, instead
of the product of mould walls dimensions (a:b), which
express the cross-section of the slab, the cross-section of
the round billet was used.

Pw - Cy - G- At

dzps-L-l<v+v~a-b~ps-At<c5 (3)
where p, - water density (kg-m™),

cw - water specific heat (JkghK™),

G - mould water flow rate (m*s?),

At - difference between temperature at the

inlet and outlet of the mould (K),

ps - steel density (kg-m™),

L - latent heat of solidification (Jkg™Y),

| - diameter of the billet (m),

v - cagting speed (m-s?),

a:b - mould cross-section (m?),
¢, - steel specific heat (JkgtK™).
Comparison of the calculated values according to the

equations (1) — (3) and the results of numerical model
(NM) of shell thickness were carried out. The results are

26

shown in Fig. 8. It could besaid that the best match
between the measured and computed values of the shell
thickness were achieved by the results calculated by the
equation (1). However, even inthis case, deviation of
the calculated values differed by up to 4.3 mm from the
results of numerical model. The most significant
deviation between the results of numerical model and
computation show the values calculated by the equation
(3). Discrepancies between the results of numerical
model and the calculated values could be related to the
fact that the equation (3) was primarily derived for
calculation of dabs shell thickness. If the area of
rectangular mould (a-b) was replaced by the area of
circle mould, the computed shell thickness was probably
over-dimensioned.

—o—(1) -4-(2) ~A-(3) —B—NM

Shell Thickness (mm)
5 8 & & &

=]
=3

—_
W

0.1

V- v+0.1

Casting Speed (m.min1)

Fig. 8 Comparison of calculated and measured values of the shell
thickness

Obr. 8 Srovnani vypoctenych a nameéienych hodnot tloust’ky lici
kary

5.3 Metallurgical length

Fig. 9 represents illustration of metallurgical length
results, which were obtained using part of solid phase.
In the case of metallurgical length also influence of the
casting speed or of the time spent in cooling zones has
been reflected. With the decrease of the casting speed,
the time of hillet spent under cooling increased, which
resulted in larger amount of part of solid phase and
shorter metallurgical length (see Fig. 10).

1.000
0.933
0.867
0.500
0.733
0.667
0.600
0.533
0.467
0.400
0.333
0.267
0.200
0133
0.067

Fig.9 Billetsmetallurgica length (from bottom A, B, C)
Obr.9 Metalurgicka délka predlitka (od spodu A, B, C)
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Conclusions

Numerical simulations of solidification of continuously
cast round steel billets were carried out. During
simulations, temperature field, metallurgical length and
shell thickness were computed. It was found out, that
with the decrease of the casting speed:

o the surface temperature of billet decreased;
o the shell thickness increased;
o the metallurgical length shortened.

The mentioned conclusions are in good agreement with
the literature knowledge. In terms of minimizing
formation of the centerline porosity in continuously cast
round steel billets, casting with lower casting speed
could be recommended. As it was aready explained in
the introduction, the centerline porosity formation is
related to the metallurgical length (and therefore to the
casting speed) of continuously cast hillets. Thus,
decrease of probability of billet centerline porosity
formation with the decrease of casting speed can be
expected. In accordance with this results it can be said
that in the case of variant A (from the above variants)
the occurrence of the centerline porosity is the least
likely. Further detailed analysis of solidification of the
continuously cast round stedl billets will be focused on
thisissue.
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The sol-gel method was chosen for the preparation of model amorphous blast furnace slag (SG). The amorphous
structure of the prepared slag was verified by X-ray diffraction and the specific surface was determined using S®&'.
Model slag was tested as a sorbent of phosphates from water solutions. The obtained results were compared with
the results of the real blast furnace slag of the same composition (BFS). It was found that phosphate retention was
accomplished by the same mechanisms as in the case of BFS. The higher value of theoretical adsorption capacity of
the model slag, which was 44.05 mg P/g, was caused by a different method of preparation. It turned out that the
sol-gel method was suitable for the efficient preparation of model slags of desired composition. The existence of the
hydroxyapatite phase (HAp) in the adsorbent product was proven by the FTIR analysis. The main retention
mechanism is probably the precipitation of Ca-phosphates. The sections of the phase diagram of the
Ca0-Al,03-SiO, system were prepared by the sol-gel method in order to assess the influence of acid-base properties
on the adsorption capacity of slags. Excellent linear dependence of the theoretical adsorption capacity of
phosphorus on the optical basicity of model slags was found that enabled an estimation of their sorption capacity.

Key words: Phosphate sorption; sol-gel method; blast furnace slag

Metoda sol-gel byla zvolena pro pripravu modelové amorfni vysokopecni strusky (SG). Amorfni struktura
pripravené strusky byla ovérena RTG difrakei, pomoci S*5T byl stanoven jeji specificky povrch. Modelova struska
byla testovdna jako sorbent fosfati z vodnych roztoki. Ziskané vysledky byly porovnany svysledky realné
vysokopecni strusky (BFS) stejného sloZeni. Bylo zjisténo, ze kinetika sorpce fosforu se u obou strusek #idi modelem
pro reakce pseudodruhého 7adu a adsorpchi data Ize proloZit Langmuirovou adsorpchi izotermou. U obou strusek
tedy lze predpokladat stejné retencni mechanizmy. Vy3Si teoretickd adsorpcéni kapacita strusky SG, ktera cinila
44,05 mg P-g™, je zpisobena rozdilnym zpsisobem vyroby. Ukazalo se, Ze sol-gel metoda je vhodnym prostiedkem
pro rychlou a energeticky méné narocnou pripravu modelovych vysokopecnich strusek poZadovaného sloZeni.
Pomoci FTIR analyzy byla v adsorpénim produktu vzorku SG prokézana existence hydroxyapatitové faze (HAp).
Hlavnim retenénim mechanismem je zejmé precipitace Ca-fosfati. Pro studium vlivu acidobazickych vlastnosti
vysokopecnich strusek na jejich adsorpcni schopnosti byly stejnou metodou pripraveny vzorky strusek v rezu
Ca0:SiO, = 1 fazovou soustavou CaO-Al,O3-SiO,. Strusky byly charakterizovany hodnotami optickych bazicit a
testovany jako sorbenty fosfati. Pro kazdy vzorek byla stanovena teoreticka adsorpcni kapacita. Byla nalezena
velmi tésna linearni zavislost teoretické adsorpéni kapacity fosforu na optické bazicite modelovych strusek, ktera
umozziuje odhad jejich sorpchich schopnosti.

Kli¢ova slova: sorpce fosfatiz; metoda sol-gel; vysokopecni struska

Human activity leads to a paradoxical phenomenon. achieved phosphate removal efficiency from wastewater
Massive use of phosphates in the production of was 96.15%. The process of two-stage selective
commercial fertilizers, detergents and cleaners causes adsorption of Cu (1) and phosphate from aqueous
depletion of their natural resources. On the other hand,  solutionsis described in the paper [2].

increasing the phosphate content in waste waters causes
progressive eutrophication of surface waters. These
facts lead to search and development of technologies
enabling an efficient recycling of the phosphorus. One
option of obtaining phosphorus in the form of
phosphates is the use of adsorption processes for
treatment of industrial wastewaters. Thus, blast furnace
sags (BFS) appear as promising sorbents. This is
illustrated by the paper [1], according to which the

Slag is an oxide system primarily composed of Ca(ll),
Mg(lD), Al(II a Si(1V), i.e. elements commonly found
in the soil system. Hence, the adsorption product can be
used after appropriate treatment as phosphate fertilizer.
For this purpose it is necessary to know the mechanisms
and forms, in which the phosphates are bound on the
dlag surface. Findings vary in these cases. For example,
sorption mechanisms are described by various types of

28
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isotherms [1 — 6]. For example, physical adsorption and
CaP precipitation [7 — 9] were reported as the main
mechanism of phosphate removal from aqueous
solutions. The dominant retention mechanism is usually
caused by various factors, such as composition,
structure of a slag, duration of adsorption [10] and pH
of a solution [11]. In the paper [8], the dependence
between the adsorption capacities of crystalline and
amorphous slags and equilibrium pH values, and also
linear dependence between the adsorption capacities of
dags and the ANC3g (acid neutralizing capacity) values
was found.

Preparation of samples of blast furnace slags plays an
important role in the research of adsorption capacities of
BFS. Model slags of the desired composition can be
prepared in conventional manner by melting a mixture
of the appropriate oxides or carbonates at temperatures
of 1500 — 1600 °C [12]. Disadvantages of these methods
are their considerable energy demands and higher
requirements to the equipment. The sol-gel method
represents an alternative approach. This method is used
especially for the preparation of glasses with various
content of oxides. In particular, the following glass
ceramics ae included CaO-B,0:;-SIO, [13],
Ca0-P,05-SIO, [14], SiO-CaO-MgO-P,0Os [15] or
Si0,-Al,05-Ca0-CaF, [16]. The papers that deal only
with the systems CaO-Al,0s-SIO, and CaO-MgO-
Al,O5-SIO, are not common. The sections of the phase
diagram of the CaO-SiO,-Al,O3; system in the blast
furnace slag region were not prepared by this method.

The aims of this work are to verify the usage of sol-gel
method for the preparation of the model blast furnace
slags, to study the retention mechanisms of phosphates
from water solutions using this model of dags
prepared as a cross-section of phase diagram of the
CaO-A|203-Si 0O, system.

1. Experimental
1.1 Samples

The model of the blast furnace dag (SG) and severa sag
samples (SG-01 to SG-05) in the line Ca0:S 0O, =1 of
the phase diagram of CaO-Al,0;-SO, system were
prepared by the sol-gel method according to the paper
[17]. Composition of al dag samplesis shown in Tab. 1.

Tab.1 Composition of prepared sorbents (mol. %)
Tab.1 Slozeni ptipravenych sorbentt (mol. %)

Compound CaO Al,O3 SO, MgO
SG 34.32 4.69 43.31 17.68
SGO01 50.00 00.00 50.00 0.00
SG02 48.00 04.00 48.00 0.00
SG03 42.00 16.00 42.00 0.00
SG0o4 39.00 22.00 39.00 0.00
SGO05 33.33 33.33 33.33 0.00
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Corresponding hydrated nitrates were used as sources of
Ca0, MgO and Al,O3, tetraethyl orthosilicate (TEOS)
served as a source of SiO,. All used chemicals were of
p.a. purity. The meta sdts were dissolved in
demineraized water, TEOS in absolute alcohol. TEOS
solution was added under stirring to an agueous solution
of salt respecting the ratio of TEOS: ethanol: water
1: 2.5: 5. The resulting solution was stirred for 2 hours
at 250 rev/ min at room temperature and subseguently
evaporated in the oven at 80°C for 24 hours. The
resulting gel was calcined for four hours at temperature
of 700°C. Grain sizes of prepared samples were
adjusted by grinding and sieving under 0.1 mm.

1.2 Measurement of the adsor ption kinetics

Series of suspensions containing 0.5g of sorbent and
100 cm® of phosphate at the concentration of 500 mg
(POl was prepared in order to determine the
adsorption kinetics of phosphates. Suspensions were
vigorously shaken, subsequently left unused for an
appropriate time (1, 3, 8, 24, 72 and 120 hours) and then
filtered. The residua phosphorus contained in the
filtrate was determined by spectrophotometry. The
obtained data were analyzed using a kinetic model of
the pseudo-second order reaction. The mathematical
form of the pseudo-second order kinetic equation is

d&_k(

2
dt Qe _Qt)

1)
where Q. and Q; (mmol-g™) are equilibrium and actual
(at time t) amounts of adsorbed phosphorus,
respectively.

1.3 Static batch experiments

A series of suspensions containing 0.5 g of sorbent and
100 cm® of phosphate solution (¢ = 100, 300, 500, 750
and 1000 mg (PO,4)/I) was prepared for the evaluation of
the theoretical adsorption capacity of slag samples and
construction of their adsorption isotherms. The
suspensions were left unused for 5 days and they were
vigorousy shaken once every 24 hours. The
suspensions were then filtered and the residua
phosphorus contained in the filtrate was determined by
means of spectrophotometry. The acquired data were
analyzed using the Freundlich and Langmuir adsorption
isotherm model. The theoretical adsorption capacities
were calculated for al slag samples.

The Freundlich isotherm equation in the linearized form
is

In Qe = In Kg + (1/n)In ¢ 2

where Kg is the Freundlich constant and n is the
exponent.

The Langmuir isotherm was used in this mathematical
form

Ce/Qe = /K| + ¢/Qp (©)]
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where Q. (mg-g™) is the equilibrium adsorption capacity
of phosphorus, ¢, is the equilibrium concentration of the
adsorbed matter, K, is the Langmuir constant and Q,, is
the Langmuir adsorption maximum.

1.4 Measuring techniques and apparatus

X-ray diffraction analysis of the rehydrated samples was
performed by a fully automated diffractometer URD-6
(Rich. Sefert-FPM, Germany) operating at: radiation
CoKa, 40 kV, 35 mA. The obtained data were digitalized
using the RayfleX Software (RayfleX ScanX a RayfleX
Analyze, version 2.289). The specific surface area of the
SG sample was measured by S°' method using the
instrument Sorptomatic 1990 ThermoFinnigan, Italy.
Phosphorus was determined spectro-photometrically as
phosphomolybdenum blue on a UV spectrophotometer
(UV-1800 Shimadzu, Japan). The pH measurements of
the solutions were carried out by a pH meter InoLab pH
Leve 1, (WTW Weilheim, Germany). The mid-FTIR
spectra were recorded using the ATR technique on an
FTIR  spectrometer (Nicolet NEXUS 470,
ThermoScientific USA) in the mid-IR region (4000 —
400cm™) a room temperature with the resolution of
4 cmt and at 64 scans.

2. Results and discussion

The model of amorphous blast furnace slag (SG) was
prepared by the sol-gel method. The amorphous
structure of the sample was confirmed by X-ray
diffraction (Fig. 1).
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Fig.1 X-ray diffraction record of the SG sample
Obr.1 Z&znam RTG difrakce vzorku SG

The active surface area was determined using S°ET
method and the result was compared with the real BFS of
the same composition. The active surface area was a the
SG sample 40.42 m*-g*, a the BFS only 1.57 m*-g™.
Differences in the surface area were caused by the
method of preparation.

The SG sample was then tested as a sorbent of
phosphates from water solutions. The achieved results
were again compared with the results for BFS (Tab. 2).
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Tab.2 Comparison of the results of adsorption experiments with SG
and BFS dags
Tab. 2 Srovnani vysledki adsorpenich testt strusek SG aBFS

Pseudo-second order kinetic
R? k Qe
(g-mmol™-h?) | (mmol-g?)

Langmuir isotherm
R? Qm Ky
(mgP-g?) |(dm®g?)

Sample

SG |0.999 2.482 0.908 |0.991| 44.05 13.85

BFS (0.999 6.593 0.249 |0.995| 14.90 0.97

It has been found that the phosphate adsorption on SG
and BFS is controlled by pseudo-second order kinetics
and that it could be characterized by the Langmuir
isotherm. It can be assumed that the retention of
phosphates on SG is realized by the same mechanisms
as in the case of BFS. The adsorption capacity of the
model sample SG was 44.05mgP.g*. The higher
adsorption capacity of the SG compared to BFS is
associated with the larger free surface of the sample SG.

Comparison of the FTIR spectra of the original sample
SG and the same sample after adsorption of phosphates
(SG-P) was made in order to determine the forms of
adsorbed phosphate. Fig. 2 shows the achieved results.
A broad adsorption band at the frequency of 989 cm™
was identified in SG sample, which was related to
vibrations of Si-O bonds in the SiO, tetrahedron and
bond vibrations of Si-O-Al in aluminosilicates [18, 19].
A small distinct band at the frequency of 510 cm™ can
be attributed to O-Si-O bonds in aluminosilicates [19].
A dominant band at the frequency of 1043cm™ is
apparent from the FTIR record of SG-P, which overlaps
the original broad band of silicates and aluminosilicates.
This peak can be assigned to calcium phosphates
precipitated in the form of hydroxyapatite (HAp) [20].
A small band at the frequency of 557 cm™ aso
corresponds to the O-P-O bond vibrations in
phosphates, which appear in the low frequency region
[21]. Bands at the frequencies of 1658 and 1426 cm™ in
both records conform to molecular H,O or CO; group in
carbonates [22]. Water and CO, in the form of
carbonates were incorporated into SG sag during
preparation.
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Fig.2 FTIR spectraof SG and SG-P after phosphate adsorption
Obr.2 FTIR spektra SG a SG-P po adsorpci fosfatt

A series of samples (SGO1 to SGO5) corresponding to
the line Ca0:SiO, = 1 of the phase diagram of the
Ca0-Al,05-SiO, system was prepared in order to assess
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the influence of acid-base properties of model slags on
the phosphate retention from aqueous solutions (Fig. 3).

si0,

Ca0o 20 40 60

Fig. 3

80 ALO,

The phase diagram of the CaO-SiO,-Al,O; system with
marked slag samples

Fézovy diagram soustavy CaO-Al,03-SiO, s vyznagenymi
vzorky strusek

Obr. 3

Quantitative scale of the Lewis basicity, i.e. optica
basicity 4, is used for characterization of the acid-base
properties in oxide melts. For any oxide system it can be
caculated as follows

X XMA,
N 2 XN

where x; is the mole percentage, n; is the number of
oxygen atoms in the molecule and A;, is the optica
basicity of appropriate oxide [23]. The optical basicity
was used for characterization of prepared sol-gel slag
samples. The theoretical adsorption capacity for each
sample of the particular section was determined by
means of the Langmuir adsorption isotherm. An
excellent linear dependence (R® = 0.9794) was found
between the adsorption capacities and optical basicities
of dlags (Fig.4). Figure shows that the linear
relationship can be applied not only to cross-section
points but also for model slag SG. The observed
linearity between optica basicities and adsorption
capacities enables making of an estimation of the
retention capacity of slags having comparable active
surface area size.
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Fig. 4 Dependence of the adsorption capacity of the slag samples
on their optical basicity
Zéavislost adsorpenich kapacit vzork strusek najejich

optické bazicité

Obr. 4
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Conclusions

The sol-gel method was chosen for the preparation of
model samples of amorphous blast furnace slags (SG).
The dlags prepared by this method were tested as
sorbents of phosphates from aqueous solutions. It was
found that the sorption kinetics and very sorption of
phosphates can be characterized and evaluated by the
same model apparatus as in the case of rea slags. The
phosphates retention on model slags is therefore carried
out by the same mechanisms. The sol-gel method
showed good results in preparation of model slags of the
desired composition. The higher adsorption capacity of
model slagsis given by their greater active surface area,
which is associated with a different preparation method
of dag at a significantly lower temperature. Surface
precipitation of Ca-phosphates, especially hydroxya-
patite appears to be the main retention mechanism. The
influence of acid-base properties of blast furnace slags
on the phosphate retention was carried out on the model
samples prepared according to the line CaO:SiO, = 1 of
the phase diagram of CaO-Al,03-SiO, system. A linear
relationship between the adsorption capacities of slags
and their optical basicities was found enabling an
estimation of the retention abilities of the slags.
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Podnikim budei nadéle odleh¢ovano od dani za proud

Stahl Aktuell 12.01.2017

Podniky vyrobnich odvétvi znovu zlepSily svou energetickou efektivitu a obdrzi proto i v roce 2017 devu na dani
zaproud a energie. Sdélila to spolkova vldda na z&kladé monitorovaci zpravy Rynsko-Vestfaského institutu pro
vyzkum hospodérstvi (RWI). Podle této zpravy podniky pIné doséhly cilové hodnoty snizovani energetické intenzity
a obdrZi proto tzv. Spickové vyrovnani v pIné vysi. Timto tzv. Spickovym vyrovnanim je podnikim odlehéeno od
¢asti dané za proud a energii. Od roku 2013 toto vyrovnani podniky obdrZi ae jen tehdy, kdyz prinesou svij podil
na energetickych Usporéch. Cilova hodnota redukce energetické intenzity byla podle Gdajt o 3,9 % nizsi nez pramér
let 2007 az 2012.

LevnéjSi nez z hliniku: iPhone 8 ma byt z usechtilé oceli

Stahl Aktuell 12.01.2017

Apple se podle Gdajt z médii rozhodl, Ze pouzdro iPhone 8 necha vyrabét z uSechtilé oceli. Jak déle informuje
internetova sluzba Digitimes, magji byt za timto rozhodnutim cenové diivody. Kovani udechtilé oceli je 0 30 az 50 %
levngjSi nez dosavadni zptisoby, pii kterych je pouzdro frézovano z hlinikového bloku. Krome toho méa byt zaru¢ena
lepSi kontrola kvality, kdyZ bude pouzita nerezova ocel. Digitimes se odvolédva na informace z dodavatelského
fetézce Applu. iPhone 8 méa piijit natrh v tomto roce.

Evraz investuje do novych vysokych peci
Stahl Aktuell 19.01.2017

Rusky vyrobce oceli Evraz Niznyj Tagil zadal staviteli zafizeni Primetals technologies zakazku na dodavku
automatizace, elektrotechniky a instrumentalizace nové vysoké pece ¢. 7. Zasadni automatizace a optimalizace
procest by mély byt provedeny jako virtualizovany automatizacni systém na centrdlnich serverech, ¢imz by mély
byt silné redukovany servisni néklady. Objem zakézky reprezentuje nékolik mil. €. Novou procesni automatizaci ma
byt také optimalizovana spotieba koksu. Zprovoznéni nové vysokeé pece je planovano na konec roku 2017. Pec bude
mit vyrobni kapacitu 2,5 mil. tun surového Zeleza rocné.
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Evaluation of Resistance of Refractory Concretes with Heterogeneous
Structure to Sudden Thermal Shocks

Hodnoceni odolnosti zarobetonu s heterogenizovanou strukturou proti
nahlym zménam teploty

Ing. Mgr. David Mraz*; doc. Ing. Jozef VIgek, Ph.D.?

! PK | —Teplotechna Brno, spal. sr.0., Anenské 675/4, 602 00 Brno, Czech Republic

2 V3B —Technical University of Ostrava, Faculty of Metallurgy and Materials Engineering, Thermal Engineering
Department, 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Czech Republic

Zarovzdorné vyzdivky byvaji ¢asto vystaveny rychlému stridani teploty. V disledku techto teplotnich rozdiliz dochazi
ve strukture materialu k velkému mechanickému napéti, které casto vede k jeho porudeni. Velmi dilezitym opatienim
proti poruSeni Zarovzdorné zarobetonové vyzdivky je pouZziti Zarobetonu odolného proti ndhlym zménam teploty.
Jeho kvalita zavisi na odolnosti materidlu wici vzniku aSireni trhlin. Cilem experimentu, ktery je popsan
v prispévku, je overit Ucinnost pridavku riznych prisad do matrixu Zarobetonu za Ucelem zvySeni odolnosti daného
Z&robetonu proti nahlym zmeénam teploty a déle zjistit teplotni oblasti, kdy je dana prisada Gc¢inna. Experimentalni
vzorky na testovani odolnosti proti nahlym zmeénam teploty byly pripraveny z prisad bézné pouZivanych v praxi.
Testovanym Zarobetonem, ze kterého byly pripraveny zkuSebni smési a zkuSebni telesa, byl nizkocementovy
Zarobeton na bazi objemove stabilniho kameniva, kterym je paleny kaolin. Z hlediska poZadavk: uziti a aplikace se
predevsim u nizkocementovych Zarobeton: pozaduje zvySeni odolnosti proti zmenam teploty.

Do zakladniho sloZeni referencni smesi A byly pridany heterogenizujici p7isady (3 hm. %) a byly pripraveny vzorky.
Celkem bylo pro experimentalni prace pouzito 8 druh:i mikroprisad (nestabilizovany ZrO,, zirkonsilikat, kiemicity
pisek, stabilizovany ZrO,, rutil, grafit, kyanit a spinel). Heterogenizujici p/isady byly vybrany s predpokladem, ze
budou kladnym zpiisobem peisobit v zakladni zkuSebni smési na jeji odolnost proti teplotnim Sokiim. Pripravené
vzorky byly vypaleny na teploty 110, 600, 800, 1000, 1200, 1400, 1450 a 1500 °C ve vysokoteplotni superkanthalové
elektrické peci s naristem teploty 5,5 °C-min™. Po vypaleni na prislusné teploty byly jednotlivé vzorky testovany na
bezné sledované parametry (zdanliva porovitost, objemova hmotnost, nasékavost, trvalé délkové zmeny). Pérovitost
a objemova hmotnost jsou vlastnosti Zarobeton:, které znac¢né ovlivsiuji vSechny pevnosti a také tepelné vlastnosti
(tepelnd vodivost). Nepimo tak na nich zavisi i odolnost vici teplotnim Sokim. Vzorky byly také podrobeny
zkousk&m pevnosti v tlaku za studena a pevnosti v tahu za ohybu. Vzorky s vySSi pevnosti v tahu za ohybu nez ma
srovnavaci vzorek by mely Iépe odolavat vzniku trhlin, a tedy i nahlym teplotnim Sokim. Stanoveni odolnosti proti
nahlym zménam teploty bylo provedeno ochlazovanim zkuSebnich téles tvaru valecku 50 x50 mm z teploty 950 °C
na 10 — 20 °C ponosenim do studené vody. Vysledky experiments potvrdily vhodny postup pri priprave zkuSebnich
Zarobetonovych smesi a téeles pomoci prisad s rozdilnou teplotni roztaznosti.

Kli¢ova slova: Zarobeton; sloZeni Zarobetonové smési; heterogenizace struktury; odolnost proti ndhlym zménam
teploty; prisady Zarobetonu

Refractory linings are often exposed to rapid temperature fluctuations. Due to these temperature differences high
mechanical stress occurs in the material structure, which often leads to failure of the lining. An important measure
against failure of the refractory lining is the usage of refractory concrete resistant to sudden temperature changes.
Its quality depends on the material resistance to cracking and crack propagation. The aim of the experiment
described in this paper was to verify the addition of various additives to the matrix of refractory concrete in order to
increase the resistance of the refractory concrete against sudden temperature changes, suitability of particular
additives and to determine the temperature range, in which the given ingredient is effective.

Key words: refractory concrete; refractory composition of the mixture; heterogenization of the structure; resistance
to sudden temperature changes; additives

Some industrial furnaces were in operation for along severa times a day, which means they do not work
time, often months. After shutdown, a refractory lining  continuously, e.g. trolley furnace. Refractory products
or its substantial part is torn down and then build up  that have been proven for the first group of furnaces are
again. Certain thermal devices, however, are shut down  not necessarily fit for the second group. A refractory
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sensitivity and its reaction to rapid temperature changes
is in many cases the factor governing the applicability
of the product in conditions where it is exposed to
sudden and relatively high thermal shocks[1, 2].

An important prerequisite for refractory lining is usage
of the suitable refractory concrete, which is resistant to
the sudden temperature changes. Refractory concretes
are resistant to therma shock if they have high
resistance to crack formation and high resistance to
crack developing [3].

Experimental work has been based on evauation and
comparison of a reference sample of refractory concrete
and adapted refractory concrete samples. The adaption
was done by adding of heterogenization ingredients to
the basic composition. Heterogenization impurities are
substances, which have a different (larger or smaller)
thermal expansion of the base of a reference sample, or
which in a certain temperature range exhibit a step
change in expansion. The consequence of this
heterogenization of the structure is formation of micro
cracks, which leads to reduction of modulus of elasticity
and thus to an increase of resistance of the material to
the temperature changes [4]. Experimanta results
showed in what temperature range concerned micro
ingredient is functional. Therefore the tests were
performed on specimens fired at different temperatures.
The next stage was to set formulas and other commonly
monitored  parameters of  refractory  concrete
(mechanical properties, changesin volume).

The recipes were designed according to the rules of
refractory concretes.

1. Resistance to sudden temperature changes

Sensitivity of refractory material to temperature change
is one of its main characteristics. An example could be
asignificant influence of resistance to the temperature
changes in the furnace linings of periodically working
devices. These changes are cyclical, i.e. they regularly
repeat. The higher is the temperature change, the harder
isthe resistance of the material.

Refractory materials are in practice often exposed to
strong variations in temperature (heating and cooling).
Since the temperature compensation always needs some
time, the temperature gradient arises during variationsin
temperature  within  the material  (temperature
difference). This temperature difference results in
adifferent thermal expansion coefficient, which leads to
a mechanica tension in the volume of the loaded
material. The emerging stress can disrupt the structure
of the product. A great danger arises in refractory
materials during a rapid cooling. In this case, the
temperature decreases towards the centre of the product
due to formation of the colder surface layer of the
meaterial at the contact with the cooler environment. The
outer portion of the material has then a strong tendency
to contract and it thus finds itself in a tensile stress.

Ability of refractory materials to withstand tensile stress
is very small and thus cracks easily occur. The opposite
phenomenon occurs during rapid heating. In this case,
the outer layer of the material has higher temperature
compared to the inner layer and thus it comes under
compressive stress. The disturbance of the material
during the loading occurs in most cases due to the high
shear stress in the outer layers. A typical characteristic
of the consequences of the shear stressisasmall peeling
of the layers or separation of the larger portions of
material.

Fig. 1 shows the states of tension and damage of
refractory concrete in the case of one-sided heating.
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Fig.1 Typed) it expresses a state of tension and damage of
refractory concrete in the compression zone, type b) in the
tensile zone, type c) it shows the formation of cracksin the
case of one-sided heating [5]

Typ a) vyjadiuje stav napéti a poruseni Zarobetonu v tlakové
zOng, typ b) v z6né tahové, typ c) znézoriiuje vznik trhlin pri
jednostranném ohievu

Obr. 1

Resistance against temperature changes is therefore an
ability of the materia to resist sudden temperature
changes without structural failure. The fact, whether
fragile refractory body can resist or not the intense
temperature change depends solely on whether it can
withstand the emerging thermal tension, or an excess of
a yield strength value and thus avoid the plastic
deformation.

Resistance to sudden temperature changes cannot be
expressed by a single physical quantity; it is the sum of
a series of material properties. The major effects on the
resistance to sudden temperature changes are the
following: physical properties, such as strength, thermal
expansion, thermal conductivity; elastic properties, such
as extensibility; external conditions, such as the desired
size range of temperatures, temperature changes, the
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shape of the desired product by size and complexity.
Ceramic materials are more resistant to temperature
changes and they have thereby higher strength and heat,
or thermal conductivity, lower modulus of elasticity and
thermal expansion coefficient, as well as good
graininess and a micro-porous structure [6 — 10].

2. Experimental methods and material

Test samples for the resistance to sudden temperature
changes experiment were prepared from the commonly
used additives. The composition of the reference sample
is given in Tab. 1. The test mixture and test specimens
were prepared from a low-cement refractory concrete
based on volume stable aggregate, acalcined kaolin.
Fig. 2 showsfillers of the mixture.

Tab.1 Composition of refractory concrete mixture “A” —reference
sample without additives
Tab.1 Slozeni zarobetonové smesi “A* — srovnavaci vzorek bez
prisad
Raw material Share (%0)
Calcined kaolin 65
Finely ground fire clay 14
Micro-silica
Complex ingredient
Reactive alumina 10
Alumina cement 5

Fig. 2

Fillers of the mixture — three fractions of calcined kaolin,
finely ground fire clay, micro-silicaand reactive alumina
Plnivo smeési — tti frakce paeného kaolinu, jemné mlety
Samot, mikrosilika a reaktivni oxid hlinity

Obr. 2

Subsequently, to the basic composition of the reference
mixture “A” the heterogenization additives were added
(3 weight %) and thus treated samples were prepared.
Eight kinds of micro additives were used for
experimental work (marked as “B-1"). The exact
quantity of ingredients is confidential. Tab. 2 shows
marking of the samples and the type of additive.

Tab. 2 Marking of the samples “B-I" with individua additives
Tab.2 Oznateni vzorka “B-I1" sjednotlivymi piisadami

Sample identification Kind of ingredient
B ZrO, non-stabilized
Zircon silicate

Silicon sand
ZrO, stabilized
Rutile
Graphite

IT|O|mm|O|O

Kyanite
| Spinel

Heterogenization ingredients were chosen with the
expectation that they would positively influence the
basic test mixture and enhance its therma shock
resistance.

Prepared samples A — | were burned-out a the
temperatures of 110, 600, 800, 1000, 1200, 1400, 1450
and 1500 °C in the high superkanthal electric furnace (see
Fig. 3) with the temperature increase of 5.5 °C-min™.

Fig. 3 High-temperature kanthal-super electric furnace
Obr. 3 Vysokoteplotni elektricka superkanthal ova pec

3. Results and evaluation

After burning-out at the respective temperatures, the
routinely monitored parameters (apparent porosity, bulk
density) were determined in individual samples, the
results are summarized in Tab. 3.

Porosity and bulk density are properties of refractory
concrete, which greatly affect all strength and thermal
properties (thermal conductivity), and resistance to the
temperature shocks therefore indirectly depends on
them.
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Tab. 3 Bulk density and apparent porosity in individual samples
Tab. 3 Objemova hmotnost azdanliva porovitost u jednotlivych vzorka
Sample identification
Firing temperature (°C) A B C D E F G H 1
110 2323 | 2328 | 2310 | 2326 | 2309 | 2313 | 2195 | 2290 | 2308
600 2302 | 2321 | 2279 | 2281 | 2266 | 2268 | 2146 | 2260 | 2290
800 2296 | 2304 | 2295 | 2258 | 2314 | 2311 | 2123 | 2268 | 2283
Bulk density 1000 2291 | 2332 | 2293 | 2284 | 2284 | 2317 | 2099 | 2256 | 2282
(kg'm'a) 1200 2312 | 2327 | 2334 | 2292 | 2312 | 2303 | 2101 | 2246 | 2307
1400 2282 | 2314 | 2281 | 2302 | 2310 | 2311 | 2101 | 2243 | 2321
1450 2345 | 2339 | 2347 | 2328 | 2364 | 2371 | 2131 | 2324 | 2364
1500 2372 | 2405 | 2377 | 2357 | 2412 | 2372 | 2164 | 2377 | 2432
600 11.6 10.3 9.8 10.7 11.0 141 16.9 12.8 13.2
800 11.2 10.5 89 9.8 10.2 11.0 18.1 12.1 129
Apparent 1000 11.7 11.0 10.6 10.8 115 11.2 18.8 133 13.2
porosity 1200 11.7 11.2 10.8 11.0 11.7 114 19.2 13.0 125
(%) 1400 111 10.9 10.8 10.0 11.2 9.9 18.2 12.3 11.6
1450 10.7 9.9 9.2 9.7 9.6 8.0 16.7 10.3 10.3
1500 9.1 7.6 7.5 74 6.3 6.0 14.7 7.8 6.9

From the mechanical properties (tensile strength and
compressive strength) with respect to the common
requirements and application of refractory concretes in
practice, the values at the temperatures of 1000, 1200 and
1400 °C are mentioned. Comparison of the measured
values of the various samplesis shown in Fig. 4.

Tensile bending strength of samples A -1 (MPa)

Tensile strength (wpa)

21000 °C

=1200 °C 01400°C

Fig.4 Tensile bending strength of individual samples
Obr.4 Pevnost v tahu za ohybu u jednotlivych vzorkt

The samples with higher tensile bending strength than
the reference sample A should better resist cracking and
thus also the sudden thermal shock. These include the
firing temperature of 1000 °C for the test mixtures C
and H, while the other mixtures reached lower values.
At 1200 °C the higher values were measured for the
samples B, C, D, E and F. Only the mixture D showed
at 1400 °C a higher tensile strength than the reference
sample.

The samples were subjected to the tests of compressive
strength (Fig. 5). The samples B, D and F reached the
highest values with firing temperature of 1000 °C the
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other samples had lower values. At 1200 and 1400 °C the
highest values measured compared to the reference
sample were determined for the mixtures B, C, D, E
and F.

Compressive strength cold for samples A -1 (MPa)

Compressive strength ( MPa)

samples

[Teiocmizove miave |

Fig.5 Cold compressive strength of individual samples
Obr.5 Pevnost v tlaku za studena u jednotlivych vzorka

Determination of resistance to sudden temperature
changes was performed according to DIN 51068 Part 1.
The principle consists in cooling of the test samples
with cylindrical shape 50x 50 mm, from 950 °C to
10—-20°C by immersion in cold water [11]. Test
specimens were held in an oven at 110°C for 30
minutes and, after thorough heating they were placed in
a furnace with temperature of 950 °C (Fig.6). The
temperature in the oven was not allowed to fall below
750 °C after opening and closing the door. During
15 — 30 minutes the temperature in the furnace had to
reach the original 950 °C. At this temperature, the
samples were left for another 15 minutes.
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Fig. 6

Test samples in the furnace during the experiment on
resistance to sudden temperature changes

ZkuSebni télesa v peci pti zkousce odolnosti proti nahlym
zménam teploty

Obr. 6

After the elapsed time, the samples were removed from
the furnace and immersed in water at the temperature of
10 — 20 °C, where they were left for 3 minutes. They
were subsequently dried in an oven at about 110 °C and
the whole cycle was repeated.

The test was carried out till the sample fell apart into two
or more pieces, or until all 30 cycles were performed. For
the samples burned at 1000 °C the procedure continued
up to the 235" cycle. The disintegration cycle was
included and counted to the whole cycle. The output of
the test was a visua evaluation of the test samples. The
test results are summarized in Tab. 4.

Tab.4 Number of cycles during the disintegration of individual
samples
Tab. 4 Pocet cyklu pii rozpadu jednotlivych vzorka

Number of cycles at disintegration of individual samples during
the destruction test on resistance to sudden temperature changes

Sample identification

Firing tempe-

rature (°C) A B C | D E F| G| H |

1000 233 |> 235| 130 [> 235| 234 | 105 |> 235|> 235| 184

1200 16 | 25 | 30 {>30| 25 |>30(>30(>30|>30

1400 16 | 18 | 12 | 20 |>30| 24 |>30| 11 |(>30

Hairline cracks along the perimeter of the test sample
are due to tensile stresses at the surface of the body,
which arise from the quenching in a water bath. The
cracks are located at half the height of the body, which
is explained by the distance from the hot centre from
colder surface, when just one half is the shortest
distance. These cracks are formed on the top and bottom
of the base (Fig. 7).

Fig. 7 Reference sample“A” burned at 1400 °C at disintegration
after 16 cycles

Obr. 7 Srovnévaci vzorek “A” vypdeny na 1400 °C pii rozpadnuti
po 16 cyklech

Conclusions

On the basis of theoretica knowledge, severa ways
exist to increase the resistance to sudden temperature
changes.

One is the reduction of modulus of easticity, which can
be realized by creating micro-cracks resulting hetero-
genization of the structure.

The fundamental technologica  possibility is
acombination of two chemically coexisting components
with different thermal expansion coefficient.

The aim of the experiment described in this paper was
to verify the addition of various additives to the matrix
of refractory concrete in order to increase the resistance
of the refractory concrete to sudden temperature
changes, aswell as suitability of particular additives.

From the results it is evident that some of the ingre-
dients had positive effect on increasing of resistance to
sudden temperature changes compared to the reference
sample. The performed experiments confirmed the
appropriate procedure for the preparation of test sam-
ples and refractory mixtures using ingredients with
different thermal expansion.
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Ohnisko problémi v investicich a obchodu s emisemi

Stahl und Eisen 137/2017 Nr. 1

ArcelorMittal dokongil renovaci vyzdivky na vysoké peci 5A; celkové koncern v Eisenhiittenstadtu investoval
40 mil. € Tato vysoka pec nyni zasobuje ocelarnu 5000 tunami surového Zeleza denng. 'V dobeg, ktera je
poznamenana silnymi nejistotami v evropské energetické a klimatické politice a dumpingovymi importy z Dalného
vychodu tak ArcelorMittal potvrzuje svij vztah k ocelarné svice nez 2700 zaméstnanci a k regionu. Velké starosti
koncernu ae délgji hrozici vicendklady z obchodu semisnimi povolenkami. Ocelérnu z tohoto divodu v prosinci
nav&tivil ministr hospodéistvi a energetiky Braniborska Albrecht Gerber, aby se informoval o situaci.

Investice 8,5 mil. € do vyroby dratu: Swiss Steel AG nastavuje smér pro
vyrobu oceli 4.0

Focus Rostfrei 02.01.2017

Trend k individudiné modifikovanym specidnim ocelim zesiluje. Aby mohl dostét budoucim poZadavkam ohledné
zékaznicky orientovanych vyrobki z dratu a vysSSich hmotnosti dratovych svitki, investoval vyrobce oceli Swiss
Steel nyni 8,5 mil. € do své valcovny v Emmenbriicke. Cela oblast zpracovani svitki byla dovedena do nejnovéjsiho
stavu techniky a poskytuje dnes maximalni flexibilitu pri dalSim zpracovani oceli, jakoz i vazani a baleni drétovych
svitki. To jsou dilezité predpoklady pro vyvoj zakaznicky specifikovanych ocelovych vyrobka. Modernizaci chee
Swiss Steel posilit svou pozici natrhu.

Rust obchodu s ocelovymi rourami: Mnichovska holdingovéa spole¢nost chce
pievzit zavody Aperam

Stahl Aktuell 11.01.2017

Mutares AG vidi v obchodu s ocelovymi rourami potencidl a planuje pievzeti firmy Aperam Stainless Services &
Solutions Tubes Europe. Jak sdélila mnichovska holdingova spoletnost, méa byt jeji 100% dcera BSL se sidlem
v Soissons, ktera vyrédbi roury pro ropné, plynarské a chemické odvétvi, sloucena se zadvodem Aperam v Ancerville
adistribuénim centrem Aperamu v Annecy. Podnik si od toho slibuje synergické efekty, coz ekl mluvéi Mutares na
dotaz MBI Stahl Aktuell. Cilem mabyt , vyrazné zvySeni hodnoty” . Velikost transakce nechtél mluvei komentovat.

Kléckner & Co: Ruhl nepoklada digitalizaci za ,,zazra¢nou zbran*

Stahl Aktuell 23.01.2017

Gisbert Ruhl, $&f obchodnika s oceli a s kovy Kldckner, varoval na svétovém hospodarském féru v Davosu pied tim,
aby byla digitalizace pokladana za zaézraénou zbran a aby byly ignorovany skutecné potteby lidi uvnitt i mimo
firmu. , Technologie ziskava na vyznamu. To ale neznamena, Ze spolupracovnici jsou méné cenni*. Rihl informoval
0 z&kaznicich, ktefi své objednavky i presto, Ze existuje digitdni platforma, nejradéji posilaji faxem. Dokonce
i tehdy, kdyz zvoli elektronickou formu, podlou mail s naskenovanym formuléiem ve formatu pdf. Presto poklada za
pravdépodobné, Ze digitalizace ugini mnohé profese piebytenymi. Rikéli ,mnohé profese’, patii jedts
k optimistim. Podle nékterych studii vychazi 44 % Séfi mezindrodnich koncerni ztoho, Ze robotizace,
automatizace a umélé inteligence zpusobi, Ze lidé se stanou v budoucnu v pracovnim Zivoté ,,irelevantnimi®.
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The Use of Data Mining for the Optimization of the Control Model of the
Reheating Furnace

Vyuziti data miningu k optimalizaci ridiciho modelu oh¥ivaci pece

Mgr. Ing. Tomas Tykva'; doc. Ing. Ivo Spi¢ka, Ph.D.}; Ing. Vendula Fialova®

! V8B - Technical University of Ostrava, Faculty of Metallurgy and Materials Engineering, Department of
Automation and Computing in Metallurgy, 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Czech Republic

2 VSB - Technical University of Ostrava, Faculty of Metallurgy and Materials Engineering, Department of Economics
and Management in Metallurgy, 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Czech Republic

The paper presents basic data mining tools for optimizing the control model of the reheating furnace. It highlights
data pre-processing as an important step in the data mining process mainly due to the frequent manifestations of
technological indiscipline and problems with scanning the operating values of reheating furnace; its control system
collects for the purpose of monitoring a number of operational data and its databases are as simple as possible;
each trend is usually stored in a separate table. The aim of the paper is to demonstrate the possibilities of
pre-processing data from the walking beam furnace in order to make them suitable for subsequent use for
estimation parameters for the model chosen to refine the predictive properties of the selected model. These planned
activities should also lead to the fulfillment of certain parts of the national program Industry 4.0 in the area of
creating a "digital enterprise".

Key words: data mining; genetic algorithms; reheating furnace

Prispévek predstavuje zakladni néstroje data miningu pro optimalizaci /idiciho modelu ohrivaci pece. Akcentuje
predzpracovani dat jako diilezZity krok v procesu data miningu hlavné kviili castym projevizm technologické nekazne
a problémy se z&znamem provoznich hodnot ohsivaci pece. Cilem tohoto prispévku je demonstrovat moznosti
predzpracovani dat z krokové pece, aby byly vhodné pro nésledné pouziti odhadu parametr: zvoleného modelu ke
zpresneni prediktivnich vlastnosti vybraného modelu.

Monitorovaci a ridici systémy shromazduji za Ucelem sledovani /adu provoznich dat. Tyto systémy buduji své
databéze tak snadno, jak je to mozné; kazdy trend je obvykle uloZen v samostatné tabulce. Udaje v tabulkach jsou
ukladany podle dvou zakladnich principi, a to bud’ pravidelné v nastaveném casovém intervalu, nebo po urcité
udalosti, jako je napriklad zména hodnoty promeénné. To ale vede k nadbytecnosti (duplicité). ReSenim by mohlo byt
uloZeni kaZzdé referencéni promenné v samostatné tabulce. Mnoho systéms pouZiva své vlastni mechanismy pro
ukladani dat, které kombinuji oba pristupy, tj. pravidelné ukladani dat a ukladani hodnot proménnych jen pri jejich
zmeneé.

Z vysledkiz modelovani je pak jasné patrné, Ze koncept kombinujici data mining z provoznich dat a vyuziti
genetickych algoritmi pro nastavovani parametr:ii modelu prinesl ocekévany vysledek. V budoucnosti Ize ocekavat,
Ze tento postup bude pouZzit pro dalSi technologie a jejich modely; s cilem vytvorit jejich digitalni podobu tak, aby
mohly byt pouzity pro dalSi optimalizacni aktivity, resp. pro dalsi funkce. Tyto planované aktivity by rovnéz mély

vést k napliiovani nekterych casti narodniho programu Primysl 4.0 v oblasti vytvoreni "digitalniho podniku”.

Kli¢ova slova: data mining; genetické algoritmy; ohrivaci pec

Data mining is a general term for various methods of trend is usually stored in a separate table. Data in the
data analysis which frequently use artificial intelligence.  tables are stored according to two basic principles,
The process of data mining is based on tabulated or either periodically after a preset time interval, or after
alternatively arranged, usually like blind dates. It acertain event - change of a variable value. This,
concludes by finding knowledge (patterns) contained in  however, leads to redundancy. A solution could be to
these data, which are expressed in a simpler and clearer  store each reference variable in a separate table. Many
form, and which can be used more easily in dealing with  systems use their mechanisms for storing data that
future situations than the original data. combine both periodic data storage and storage
management using a change of value. These data must
be pre-processed before the deployment of data mining

[1].

Monitoring and control systems collect for the purpose
of monitoring some operational data. These systems
construct their databases as simply as possible; each
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1. Data Acquisition and Pre-Treatment of
Data

From the scanned data it is necessary to select those that
are important for further processing and possibly to
derive additional data that describe the environment of a
heated continuously cast slab (position, the temperature
of the furnace environment in a given position).
Furthermore, it is necessary to select the appropriate
continuously cast slabs from the database to determine
the times of moving the continuously cast slab from one
position to the next position and to assign to these
events the corresponding flow rates of the heating
medium and the temperature..

The next step (using genetic algorithms) is to determine
the constants that indicate the direct contribution of heat
generated by the combustion of the heating medium and
the contribution, which forms a heat transfer between
the furnace lining and the heated continuously cast slab.
The already mentioned use of genetic algorithms is
described in the next chapter [2].

2. The Use of Genetic Algorithms

Genetic algorithms (GAs) represent powerful search
algorithms that perform an exploration of the search

Measuring thermocouples (placed on the heated ingot)

The data from
measuring
thermocouples
(placed on the
ingot)

Information
about the
position of the
ingot

The data from

thermocouples flows of media

(gas) in zones

the ingo .-”/
The furnace thermocouples
e

ew
furnace The data on generation

space that evolves in analogy to the evolution in nature.
The power of GAs consists in the fact that they need
only objective function evaluations. So derivatives or
other auxiliary knowledge are not used. Instead,
probabilistic transition rules of deterministic rules and
handling a population of candidate solutions (called
individuals or chromosomes) that evolves iteratively are
used. Each iteration of the algorithm is called
a generation. The evolution of a species is simulated
through a fitness function and some genetic operators
such as reproduction, crossover and mutation [3].

The fittest individuals will survive generation after
generation, while reproducing and generating offspring
that might be stronger and stronger. At the same time,
the weakest individuals disappear from each generation.
Individuals must be encoded in some alphabet, with
binary strings, real numbers, vectors and other. In a
practical application of genetic algorithms a population
pool of chromosomes has to be installed and they can be
initially randomly set. In each cycle of genetic evolution
subsequent generation is created from the chromosomes
in the current population. The cycle of evolution is
repeated until a termination criterion is reached. The
number of evolution cycles or a pre-defined fitness
value can set this criterion.

The
constants of
of the model

\ J

Y

Phase 1: Data acquisition and pre-treatment of data

\

Y

Phase 2: The use of genetic algorithms

)

Use of Data Mining to optimize the control model

Fig. 1

Data preparation and application of genetic algorithms. (Source: our own processing)

Obr.1 Priprava dat a aplikace genetickych algoritmu. (Zdroj: vlastni zpracovani)

The principle of genetic algorithms is that in the initial
phase a default population (generation) is generated;
each of these populations is characterized by a specific
combination of genes that determine ultimately the

behaviour of the examined model. They can, therefore,
be considered as parameters of a general criterion
function, which is later used to select the individuals of
an appropriate generation. Choosing the most
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appropriate individuals within the meaning of criterion
values through crossbreeding methods, or mutations
create a new generation containing the same number of
individuals, however, with modified genes. These, in
turn, are used to evaluate the criterion function, and the
process is repeated until the set-point of the behaviour
of the objective function (model) is reached. This shows
the cycle on the right side of the figure (see the left side
of the Fig. 1. [4].

The result (using genetic algorithms) is the
determination of constants, which specify the direct
contribution of heat generated by the combustion of the
heating medium and the contribution, which forms a
heat transfer between the furnace lining and the heated
continuously cast slab. This part was solved using
genetic algorithms, however, without the application of
the principles of data mining genetic algorithms would
be unable to assign the input data correctly at
appropriate times to be input into the selected dynamic
model.

The selected data (Fig. 2) about the flows of combustion
media in each zone are computed in the block named

gas and zones. The furnace temperature is read from the
table temperature furnace; in the block model it is
compared with the material temperature and the
difference between these two values are put to the port
labelled error. From this value, the—square roots are
computed and they are integrated during the whole time
of a simulation. At the end of the simulation, the value
is stored into a variable named pow_sum_err.

This value represents the value of the criterion function
for the next usage in the genetic algorithm program.
Parameters for the block model are set by the genetic
algorithm. In general, the block model implements the
system for solving the heat transfer between the furnace
atmosphere and the heated material, the heat generated by
the combustion of gas and the heated material, and finally
the transmission determining the relation between the
quantity of gas in the zone and usable heat [5].

Criterion function is determined as the sum of squared
deviations between the modelled temperature of the
heated material and the actual measured temperature.

—» Zone

v

Gas

Gas & Zones

Clock

Temperature -
Material

1-D T{u)

>

Temperature -
Furnace

1-DT{u)

>/

Saturation

Speed

Speed

Temperature Material

Temperature Furnace

|
. -SU

Integrator — To Workspace
Limited

Error

oW,

Product2 Integrator  To Workspace1
Limited1

Table2

Model

Fig. 2  The structure of the model of heating in a heating furnace. Source: (our own processing)
Obr. 2 Struktura modelu ohfivani v ohtivaci peci. Zdroj: (vlastni zpracovani)

Fig. 3 shows the result which was obtained by
procedures outlined above; curve 5 was obtained by
data mining methods. The temperature from the
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individual thermocouples in the furnace was converted
to the temperature of the furnace environment above the
appropriate continuously cast slab.
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Fig. 3  The temperature curve. Source: [6]
Obr. 3 Teplotni kiivka. Zdroj: [6]

At the time of 20 000 — 25 000 seconds, the temperature
at the thermocouple of the continuously cast slab was
decreasing even when the temperature of the furnace
environment above the continuously cast slab was
almost constant. Therefore, using genetic algorithms the
system sets the parameters of the model which take into
consideration not only the temperature of the furnace
environment, but also the contribution resulting from
burning of gas in the zone.

Conclusions

It is evident from Figure 3 that offsetting the influence
of the current input of the zone progress simulated and
measured temperatures are nearly identical. From the
results of modelling, it can be concluded that the
concept of combining the data mining operational data
and use of genetic algorithms for adjusting parameters
of the model, which in this case was 28, brought the
expected result. In the future, it may be expected that
this procedure will be applied to other technologies and

their models to create their digital models so that they
can be used for the subsequent optimized solution of the
problem with varying outlined criterion functions [7].
These planned activities should also lead to the
fulfillment of certain parts of the national program
Industry 4.0 in the area of creating a "digital enterprise."
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Vyrobci ploché oceli planuji zvyseni cen

Stahl Aktuel

09.01.2017

Po dlouhé Ziznivé cesté planuji brazilsti vyrobci ploché oceli Cia Siderdrgica Nacional, Usiminas a ArcelorMittal
zvySovani cen. Oznamuje to agentura Reuters s odvolanim na znalce odvétvi. V planu je zvysit ceny referen¢nich
vyrobki Sirokych pasi, valcovanych za tepla a jemného plechu jesté v lednu o 8 az 10 %. Ceny pozinkovanych plechi

maji ale ziistat stejné.

Prebyte¢né kapacity: likvidaéni plany by mohly byt k dispozici pied oslavou

Nového roku

Stahl Aktuell

16.01.2017

Piebyte¢né kapacity v ¢inském ocelarském pramyslu by mély v roce 2017 dale klesat. Tak ¢inska vlada podle Gdaja
Commerzbank planuje mimo jiné uzavieni ilegalnich vyroben, které jsou zodpovédné za cca 40 mil. tun oceli rogng.
Kromég toho by mély byt do poloviny roku uzavieny veskeré vyrobny, které zpracovavaji méné hodnotny ocelovy Srot.
PostiZzeny maji byt rovnéz podniky, které nedodrzuji statni piedpisy o ochrané Zivotniho prostiedi.
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Nontraditional Methods of Statistical Process Control

Netradi¢ni postupy statistické regulace procesu
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VSB - Technical University of Ostrava, Faculty of Metallurgy and Materials Engineering, Department of Quality
Management, 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Czech Republic

This paper presents the limitations of classical Shewhart control charts and some possibilities of statistical process
control that can be used when the basic assumptions about data have not been fulfilled. These basic assumptions
that must be met include mainly a requirement for the normality of the data, the requirement for constant mean and
variance, and last but not least the requirement for mutual independence of data. In practice, those assumptions
about the data are not necessarily always met. During preparation of this article accessible pieces of knowledge on
the issue were compared. This article aims to describe some nonparametric and robust methods of the statistical
process control including a practical example. And it opens the way for further exploration of these methods.

Key words: Statistical process control; nonparametric control charts; robust control charts

Tento c¢lanek se zaméruje na inovativni /eSeni statistického rizeni proces:, které Ize vyuzit v pripadech, kdy nejsou
spineny zakladni predpoklady o datech. Mezi tyto zakladni predpoklady pat/i predevSim predpoklad normalniho
rozdéleni pravdépodobnosti, udrzeni konstantni st/edni hodnoty a rozptylu a v neposledni 7ade také predpoklad
nezavislosti dat. V praxi nejsou vidy splnény vSechny predpoklady pro uplatneni klasickych Shewhartovych
regulacnich diagram: a proto je dileZité hledat nové metody, které jsou na téchto predpokladech nezavislé. Tento
clanek si klade za cil popsat nékteré neparametrické a robustni metody statistického rizeni procesi, véetné
praktickych prikladiz. Konkrétné se jedna o neparametricky regulacni diagram zaloZzen& na Moodové statistice, dale
pak neparametricky regulacni diagram progresivniho primeru a jeden robustni regulacni diagram MAD (Median
Absolute Deviation), tedy absolutni odchylky od mediénu. A zarover otevira cestu pro dalSi zkoumani téchto metod,
véetné rozSireni softwarové podpory, ktera je u téchto regulachich diagramu nedostatecnd. Statistické rFizeni
procesu (SPC) je okamzita a priibézna kontrola procesu zalozend na matematicko-statistické vyhodnocovani kvality
vyrobkii. Jeho aplikace v praxi je dileZitd pro udrZeni vysoké kvality produkti. Ta je dileZitd pokud firma chce
v maximalni mie uspokojovat poZadavky zakazniki a i vSech ostatnich zainteresovanych stran. Statisticka regulace
procesu umoziuje zasahy do procesu diky vcéasné detekci odchylek od predem stanovené drovné. Cilem SPC je
udrZet proces na poZadované a stabilni Grovni. DosaZeni poZadované Grovné procesu vyZaduje dikladnou analyzu
variability. Pokud firma chce dosahnout vysoké kvality, konzistentné musi systematicky shromazd'ovat, zpracovavat
a vyhodnocovat dostupna data z vyroby a vyuZzivat ziskané poznatky k neustalému zlepSovani.

Kli¢ova slova: statistickd regulace procesu; neparametrické regulacni diagramy; robustni regulacni diagramy

Statistical process control (SPC) is an immediate and by regular monitoring of the controlled process variable
continuous process control. To wuse the classical or output variable. It finds out whether the process
Shewhart control charts, the certain basic assumptions  corresponds to the level required by the customer.
must be met (normal distribution of the quality Achieving the desired level of the process requires
characteristics, constant mean and variance, mutual athorough analysis of the process variability [10].
independence of quality characteristic values. etc.). In
the manufacturing practice, however it is not always
possible to meet these basic assumptions. In the case of
non-compliance with some assumptions, it is possible to
apply nonparametric or robust methods.

Before selection and application of the classical
Shewhart control the charts assumptions about the
distribution of the controlled variable must be checked.
These assumptions include among others the
independence of the data a normal probability
distribution and constant mean and variance. This

1. Classical Shewhart Control Charts verification is performed using a variety of statistical
tests or graphical tools. [5]

Statistical process control allows interventions in the Normality tests:

process based on the early detection of deviations from a _ Shapiro - Wilk test [5]
predetermined level. The aim of the SPC is to keep the p_ ;
process at the required and stable level. It is implemented —  Shapiro - Francia test [3]
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Royston modification [7]
Anderson - Darling test [6, 11]

e Tests of Independence:

Autocorrelation test [7]
Test of iterations up and down [5]
Runs Above and Below the Median [7]

e Tests of Homogeneity of means and variances:
Analysis of variance ANOVA [5, 7]

2. Not Meeting the Basic Assumptions

In the case of non-compliance with the data assumptions
for application of the classical Shewhart control charts,
it is also possible to apply other methods. The procedure
for selecting the method can be seen in Fig. 1.

Data selection
Data validation

YES
Are all assumptions
met?

Can the data
be transformed?

Transformation

v

Classical
Shewhart control
charts

Nonparametric or robust methods

Flowchart for selection of SPC methods. (Source: our own
diagram)
Vyvojovy diagram pro vybér metody SPC. (Zdroj: vlastni
schéma)

Fig. 1

Obr. 1

In some cases an abnormal distribution may be
transformed. It is necessary to find a suitable
transformation function, thanks to which we obtain data
about the normal distribution. Subsequently from the
transformed data the required characteristics and control
limits must be calculated. Then it is necessary to
perform a retransformation to the original distribution.
So we get a diagram with retransformation control
limits. Not always, however, we manage to find a
suitable transformation function. The most common
types of transformations are a power, logarithmic,
exponential and Box-Cox transformation Johnson [8].
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3. Nonparametric Control Charts (NPCC)

Nonparametric statistical process control (NSPC) is based
on methods that are not dependent on a specific type of
the probability distribution. The use of these control
charts is not only suitable for processes that do not meet
normality and independence of the data but especially in
the beginning of the SPC implementation when not
enough data are available [4]. Below mention some
nonparametric methods that can be used if the basic
assumptions, such as data normality, mutual
independence or constant mean and variance, are not met.

3.1 Nonparametric Progressive Mean Control Chart
for monitoring process target

We use the progressive mean (PM) as the process
monitoring statistic. PM is defined as the cumulative
average of the sample values observed over time.
Suppose we are interested in monitoring a quality
characteristic X, following a distribution f(x). Let X,
i=123,.., is the sequence of independent and
identically distributed observations from the process
under investigation, then the PM statistic is defined as

t
2%
= Q)
The difference between PM and moving average is that
in moving average we have a fixed moving interval
such that we excluded the most previous observation
before adding the next, but in PM we do not exclude
previous but keep on including the next observation.
Suppose X; . .. X, represents a sample of the size n
from a process with a target (or location) at m. Define p
to be the probability of X greater than m. For an in-
control process p = po, the process is said to be out-of-
control for p # p,.

PM, =

Using the mean and the variance of PM; given in the
Eqg. (1) the widely used 3-sigma limits are [1]

ucL =, +3*% )
CLt =Ho 3)
LCL, =py—3* 22 (4)

3.2 NPCC based on the Mood Statistic for dispersion

Statistics Mood is one of the strongest non-parametric
statistics. Suppose that a reference sample of the size m,
denoted by X = (Xq, Xp. . . .. Xm) is from an in-control
process and that Y = (Y, . . . .Y,) denotes an arbitrary
test sample of size n. Let R; < R, < < R, be the
combined-samples ranks of the X-value in an increasing
order of magnitude. Then we have the following control
chart based on Mood:
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m

Mm,n = Z(

i=1

2
R; —%) ,where N=m+n

(5)

In addition. we know the mean and variance of the
statistic M, as

E(Mm):%;—n (6)
mn (N+1) (N? - 4) (7

var(M,, )= 180
The chart signal of the proposed Mood chart as the
charting statistic is

M., <L, or M  >U

m,n mn mn

where L, and U, denote the lower (LCL) and upper
(UCL) control limits. respectively.

For large sample sizes, we may use the control limits by

UCL=U,,=EM,,,)+c* var(M,,.) (8)
LCL=L,, =E(M,,,)—c* var(M,,,) 9)

where c is selected to satisfy the ARL (ARL is Average
Run Length). It is an average number of the points
plotted within the limits of a control chart when
evaluating the process behaviour of the My, control
chart. [9]

4. Robust methods

The robust methods are one group of the most
commonly used statistical methods when the underlying
normality assumption is violated. These methods offer
useful and viable alternative to the traditional statistical
methods and they can provide more accurate results. By
a robust estimator we mean an estimator which is
insensitive to changes in the underlying distribution and
is also resistant to the presence of outliers.

4.1 Mad Robust Control Chart

The median absolute deviation from the sample median
(MAD) is considered to be one of the good robust
estimators. Due to the good properties of this estimator
it will be used as an alternative to the sample standard
deviation. The MAD for a random sample of the size n
observations X1, Xy, X,. is defined as follows:

MAD:%*Zn;median‘Xi—MDj‘; i=12,..,n (10)
i=1

where MD is the sample median.

Thus we may set the control limits and central line for
the Shewhart S-control chart based on

3" MAD,

MAD =42
m

(11)
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LCL=c,06—30y1-C =c,b, MAD—30, MAD \/1-¢? =

(12)
= B,5, MAD=B; MAD
CL=c,0=c,b,MAD=c;MAD (13)
UCL=c,6+3041-c2 =c,b, MAD+3b, MAD \/1-C2 = (14)
= B,b, MAD = 5; MAD
o E 3)54*(”_1)*c2=bn04 (15)

c 4n-3

B; =B:b, = bn(c4 -3 1—c§j (16)
B = B.b, :bn(04+3 1—c§) (17)

The values of the control limit factors c;, Bz and B¢ and
the correction factor b, for different values of n are
calculated and given in Tab. 1 [2].

Now, when the LCL and UCL and the central line CL
are calculated, the values of MAD are plotted on the
chart. If any of the plotted MAD’s is falling outside the
control limits the process is considered to be out of
control [2].

5. Example

Control charts described in the previous chapters were
applied to the data that did not meet the assumption of
normal probability distribution. One hundred values
were generated from the binomial distribution in
twenty-five subgroups of the range five. The generated
data can be seen in Tab. 1.

Tab.1 Calculated data
Tab.1 Vypocitana data

Subgroup X1 Xo X3 X4 Xs
1 33.05 32.50 29.69 31.78 31.07
2 32.65 31.30 29.11 30.34 33.71
3 36.42 29.83 30.46 32.88 20.18
4 34.43 34.63 23.27 32.49 3243
5 32.76 34.25 36.09 34.52 36.93
6 35.26 25.67 30.76 32.55 32.28
7 26.15 28.99 29.67 29.63 31.18
8 30.44 31.51 28.42 29.54 31.78
9 29.30 31.68 33.48 28.31 30.93
10 32.94 32.72 32.37 28.70 30.68
11 29.49 31.08 28.62 35.93 31.05
12 26.98 33.43 28.44 31.73 40.45
13 29.35 30.02 30.39 29.58 35.90
14 29.50 33.05 34.12 26.86 36.79
15 31.30 31.10 29.10 28.78 32.16
16 29.51 30.54 31.96 41.52 26.38
17 29.71 26.87 25.29 32.70 36.00
18 36.68 28.81 31.18 42.84 30.92
19 28.80 29.89 23.16 30.93 32.71
20 30.87 31.09 29.60 28.87 31.43
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5.1 Nonparametric Progressive Mean Control
Chart

First of all, it is necessary to calculate the progressive
mean (PM) according to the Eq. (1). The resulting
values are presented in Tab. 2.

Tab. 2 Progressive mean
Tab. 2 Progresivni pramér

Subgroup| x; Xo X3 Xa Xs PM;
1 33.05 | 3250 | 29.69 | 31.78 | 31.07 | 31.62
2 3265 | 31.30 | 29.11 | 30.34 | 33.71 | 31.52
3 36.42 | 29.83 30.46 32.88 29.18 31.60
4 3443 | 34.63 23.27 32.49 32.43 31.56
5 32.76 | 3425 | 36.09 | 3452 | 36.93 | 32.23
6 35.26 | 25.67 | 30.76 | 3255 | 32.28 | 32.08
7 26.15 | 28.99 29.67 29.63 31.18 31.65
8 3044 | 3151 28.42 29.54 31.78 31.49
9 29.30 | 31.68 | 3348 | 28.31 | 3093 | 31.41
10 3294 | 3272 | 3237 | 28.70 | 30.68 | 31.41
11 29.49 | 31.08 28.62 35.93 31.05 31.40
12 26.98 | 33.43 28.44 31.73 40.45 31.47
13 29.35 | 30.02 | 30.39 | 29.58 | 3590 || 31.43
14 29.50 | 33.05 | 34.12 | 26.86 | 36.79 | 31.48
15 31.30 | 31.10 29.10 28.78 32.16 31.41
16 29.51 | 30.54 31.96 41.52 26.38 31.45
17 29.71 | 26.87 | 25.29 | 32.70 | 36.00 | 31.37
18 36.68 | 28.81 | 31.18 | 42.84 | 30.92 | 31.52
19 28.80 | 29.89 23.16 30.93 32.71 31.39
20 30.87 | 31.09 | 29.60 | 28.87 | 31.43 | 31.34

And subsequently it is possible to calculate the central
line and control limits according to the Egs. (2) — (4).
=30.5+3*

UCL, =, +3* =3

Sy
Jt

CL, =p, =305

mg‘m
o

*G—i —305-3%—~—

Jt V100

Now. it is possible to construct a control chart that is
shown in Fig. 2.

LCL, =y, -3 =29

32,50

[ /’"‘\. i ow

=#=UCL
L

31,50
30,50

29,50
==L

28,50

0 5 10 15

Fig.2 NPCC of the progressive mean
Obr. 2 Neparametricky regula¢ni diagram progresivniho praméru
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5.2 Nonparametric Control Chart Based on the
Mood Statistics

As the first step, it is necessary to calculate the Mood
statistic. The resulting values are presented in Tab. 3.

Tab. 3 Calculated values of the Mood statistics
Tab.3 Vypocitané hodnoty Moodovy statistiky

Subgroup X1 Xz X3 X4 Xs M5.20
1 33.05 | 3250 | 29.69 | 31.78 | 31.07 | 1740.17
2 32.65 | 31.30 | 29.11 | 30.34 | 33.71 | 1709.74
3 36.42 | 29.83 | 30.46 | 32.88 | 29.18 | 1793.29
4 3443 | 34.63 | 23.27 | 32.49 | 32.43 | 1789.87
5 32.76 | 34.25 | 36.09 | 3452 | 36.93 | 2411.42
6 35.26 | 25.67 | 30.76 | 32.55 | 32.28 | 1725.83
7 26.15 | 28.99 | 29.67 | 29.63 | 31.18 | 1313.41
8 30.44 | 3151 | 28.42 | 29.54 | 31.78 | 1510.25
9 29.30 | 31.68 | 33.48 | 28.31 | 30.93 | 1590.01
10 3294 | 32.72 | 32.37 | 28.70 | 30.68 | 1720.78
11 29.49 | 31.08 | 28.62 | 3593 | 31.05 | 1694.66
12 26.98 | 33.43 | 28.44 | 31.73 | 40.45 | 1956.10
13 29.35 | 30.02 | 30.39 | 29.58 | 35.90 | 1659.08
14 29.50 | 33.05 | 34.12 | 26.86 | 36.79 | 1878.40
15 31.30 | 31.10 | 29.10 | 28.78 | 32.16 | 1537.64
16 2951 | 30.54 | 31.96 | 4152 | 26.38 | 1932.27
17 29.71 | 26.87 | 25.29 | 32.70 | 36.00 | 1539.61
18 36.68 | 28.81 | 31.18 | 42.84 | 30.92 | 2352.67
19 28.80 | 29.89 | 23.16 | 30.93 | 32.71 | 1347.83
20 30.87 | 31.09 | 29.60 | 28.87 | 31.43 | 1513.81

And subsequently it is possible to calculate the central
line and control limits according to the Egs. (8) and (9).

UCL = Upp = E(Mp) + c*Jvar(Mpy,)

1736 + 2.78 xV74369 = 2494.5

LCL = Ly = E(Mp,n) + cxJvar(My,,) =

1736 — 2.78%+74369 = 977

Now. it is possible to construct a control chart that is
shown in Fig. 3.

2400,00

1900,00

1400,00

200,00 B

0 20

==M5,20 ~@=LCL ucL

Fig. 3 NPCC based on Mood statistics
Obr. 3 Neparametricky regulaéni diagram zalozeny na Moodové
statistice
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5.3 Mad Robust Control Chart

calculate the MAD
resulting values are

First of all, it is necessary to
according to the Eg.(10). The
presented in Tab. 4.

Tab. 4 Calculated MAD values
Tab. 4 Vypogcitané hodnoty MAD

Subgroup | X X2 X3 X4 Xs MD MAD
1 33.05 | 32.50 | 29.69 | 31.78 | 31.07 || 31.78 | 29.76343
2 32.65 | 31.30 | 29.11 | 30.34 | 33.71 || 31.30 | 42.90212
3 36.42 | 29.83 | 30.46 | 32.88 | 29.18 | 30.46 | 63.89889
4 34.43 | 34.63 | 23.27 | 32.49 | 32.43 | 32.49 | 83.03903
5 32.76 | 34.25 | 36.09 | 34.52 | 36.93 || 34.52 | 37.35204
6 35.26 | 25.67 | 30.76 | 32.55 | 32.28 | 32.28 | 70.73537
7 26.15 | 28.99 | 29.67 | 29.63 | 31.18 || 29.63 | 35.43301
8 30.44 | 31.51 | 28.42 | 29.54 | 31.78 | 30.44 | 33.11425
9 29.30 | 31.68 | 33.48 | 28.31 | 30.93 | 30.93 | 46.97075
10 32.94 | 32.72 | 32.37 | 28.70 | 30.68 || 32.37 | 39.05715
11 29.49 | 31.08 | 28.62 | 35.93 | 31.05 || 31.05 | 55.25724
12 26.98 | 33.43 | 28.44 | 31.73 | 40.45 | 31.73 | 114.7288
13 29.35 | 30.02 | 30.39 | 29.58 | 35.90 || 30.02 | 45.74974
14 29.50 | 33.05 | 34.12 | 26.86 | 36.79 || 33.05 | 90.44829
15 31.30 | 31.10 | 29.10 | 28.78 | 32.16 || 31.10 | 34.68239
16 29.51 | 30.54 | 31.96 | 41.52 | 26.38 | 30.54 | 109.3237
17 29.71 | 26.87 | 25.29 | 32.70 | 36.00 || 29.71 | 102.7724
18 36.68 | 28.81 | 31.18 | 42.84 | 30.92 || 31.18 | 123.0551
19 28.80 | 29.89 | 23.16 | 30.93 | 32.71 || 29.89 | 72.55145
20 30.87 | 31.09 | 29.60 | 28.87 | 31.43 || 30.87 | 25.15334

And subsequently it is possible to calculate the central
line and control limits according to the Egs. (12) — (14).

UCL = B, MAD = 2.369*62.8 =148.8
CL=c,MAD=1.134*62.8=71.2
LCL =B, MAD =0*62.8=0

Now. it is possible to construct a control chart that is
shown in Fig. 4.
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Fig.4 MAD robust control chart
Obr. 4 Robustni regulaéni diagram MAD
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Conclusions

We can see the resulting progressive mean control chart
that the process looks like to be out of control (the point
in the fifth subgroup is outside the limit), in spite of the
fact that no real non-random cause has influenced the
process. In the NPCC based on the Mood statistics. the
point in the fifth subgroup is approaching the upper
control limit. Only the robust control chart MAD shows
no indication that the process was out of control.

Statistical non-stability signal in the progressive mean
control chart is due to non-normal data, not by effect of
non-random causes of variation. It follows that NPCC
progressive mean has a greater risk of false signal in our
example and it is the least effective. For the NPCC
based on the Mood statistics, the false risk is smaller as
compared to the previous chart. The robust control chart
MAD seems to be the best, as it shows no signs of non-
stability and is the only one that respects hon normality
of the data. We can say that the robust control charts are
less sensitive to deviations from normality. These
conclusions must be verified in other cases.

The aim of this article is to answer the question - how it
is possible to control the production process when the
basic assumptions for application of the classic SPC
methods are not met. The aim of the next work is a
detailed look at how to control the production process,
which violates of the basic assumptions about the data
and creating a methodology for production process
control that do not meet these assumptions. The results
of the work will contribute to the development of, for
example, statistical process control and capability
evaluation. The proposed methodology could help in the
decision-making processes in practice.
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Dalsi investice do vyroby pruZzinové oceli pro automobilovy pramysl v ArcelorMittal Ostrava

ArcelorMittal Ostrava investuje do piestavby chladiciho loZe pro tizené chlazeni
pruzinové oceli na stredojemné véalcovné. Zakazku v hodnoté 80 mil. korun
ziskala dcetina spole¢nost ArcelorMittal Engineering Products Ostrava. Svym
rozsahem i hodnotou patii projekt mezi nejvétSi dosud realizované zakéazky
v historii kuncické strojirny. Piestavba zajisti lepSi vlastnosti pruzinové oceli,
kterda nachazi uplatnéni zejména v automobilovém pramyslu a nakladni
piepravé. Vyrobek svysokou pfidanou hodnotou vyvinula ostravska hut
v loniském roce a vyrabi jej jako jediny podnik ArcelorMittal v Evropg.

,Investice ndm umozni dodavat na trh vétsSi objem pruZinové oceli, a je tak
dalSim krokem ve zvySovani podilu vyrobkii s vysokou pridanou hodnotou v nasi
produkci. Chceme si tak zajistil lepSi konkurenceschopnost, fikd Vijay
Mahadevan, generalni feditel a piedseda piedstavenstva ArcelorMittal Ostrava.

Rizené chlazeni umozni huti garantovat u plochych ty&i pro vyrobu pruzin
maximalni tvrdost, jakou pozaduji zakaznici, a dodavat tak na trh vy3si objemy
tohoto vyrobku. Vyrobu pruzinové oceli, kterd nachazi uplatnéni jako soucast
zavésného systému vozidel, zahdjila ArcelorMittal Ostrava v loiiském roce.
Zavedeni produkce tohoto nového vyrobku s vysokou -
piidanou hodnotou si vyzadalo investici do stfedojemné
valcovny ve vysi vice nez 210 mil. korun.

,.Komponenty jsme zacali vyrabét na pocétku letoSniho roku
a na konci roku bude nové chladici loze pripraveno
k odzkouSeni. Projekt je casove narocny, protoZe se jedna
ovyrobu slozitych strojirenskych celki. Ty musime
s vysokou presnosti instalovat v pribehu dvou 12hodinovych
odstavek chladiciho loZze mésicné, urcenych pro béznou
Udrzbu, aby nebyl ovlivnén provoz a vyroba valcovny,*
popisuje Radim Holoubek, obchodnég-technicky zastupce
strojirny ArcelorMittal Engineering Products Ostrava, ktery
zasadnim zptsobem piispél k ziskani zakazky.

-z tiskové zpravy-

Indonéské rozhodnuti by mohlo odleh¢it vyrobce uslechtilych oceli

Stahl Aktuell 17.01.2017

Spolkové ministerstvo vzdélavani a vyzkum podpoii projekt na vyvoj nové oceli v Max-Planck institutu pro vyzkum
Zeleza v Disseldorfu ¢astkou 1,5 milionu €. TéZko hledat néco spolecného v pojmech jako jsou vétrné turbiny
a Zeleznice. Pfesto maji néco spole¢ného: tzv. bile naleptavané praskliny (White Etching Cracks), do zna¢né miry
zatim nevysvétleny Skodlivy mechanismus, ktery se v nepiedpovéditelné dobé vyskytuje na mechanickych kontaktnich
bodech a roéné zpisobuje enormni Skody. Proto jsou na celém svété Zelezniéni koleje v pravidelnych intervalech
obruSovany, aby se témto Skodam zabranilo. Jest¢ dramatictéjsi je situace u vétrnych elektraren, kde se podobné jevy
vyskytuji také a jejichZ prevodové mechanismy mohou byt vymétiovany jen s velkymi néklady. Tvorba téchto prasklin
probiha na tak malych délkovych Skalach, ze nemohla byt doposud zkoumana ani nejmoderngjSimi mikroskopy.
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Zpravy z HZ, a.s.

Hutni vyroba v CR a SR

Meziroéni porovnani mési¢nich a postupnych hutnich vyrob roku 2017 a 2016

W

Vyroba *) Vyroba | Index [ Vyroba | Index [ Vyroba | Index
leden tnor leden-Unor leden Gnor leden-tnor
2017 2017 2017 2016 | 2017/16 || 2016 |2017/16| 2016 |2017/16
tis. t tis. t % tis. t % tis. t %
KOKS
CELKEM 296,76 269,08 565,83 || 241,35 | 122,96 || 230,36 | 116,80 | 471,71 | 119,95
ztoho (HZ) CR 158,67 143,57 302,24 || 108,13 | 146,74 || 107,49 | 13357 || 215,62 | 140,17
(HZ) SR 138,09 125,50 263,59 || 133,22 | 103,65 || 122,87 | 102,14 || 256,10 | 102,93
AGLOMERAT
CELKEM 814,38 769,96 | 1584,35 || 798,63 | 101,97 || 760,40 | 101,26 | 1559,03 | 101,62
ztoho CR 479,08 467,96 947,05 | 492,53 97,27 || 475,30 | 98,46 | 967,83 | 97,85
SR 335,30 302,00 637,30 | 306,10 | 109,54 | 285,10 | 105,93 | 591,20 | 107,80
SUROVE ZELEZO
CELKEM 706,97 655,87 | 1362,84 || 647,20 | 109,24 || 603,74 | 108,63 | 1250,94 | 108,95
ztoho CR 347,09 326,28 673,37 | 331,76 | 104,62 | 336,66 | 96,92 | 668,42 | 100,74
SR 359,88 329,59 689,46 || 315,44 | 114,09 || 267,08 | 123,40 || 582,52 | 118,36
SUROVA OCEL
CELKEM 866,15 806,05 | 1672,20 || 788,32 | 109,87 || 759,45 | 106,14 | 1547,77 | 108,04
ztoho CR 437,05 409,68 846,73 || 412,93 | 105,84 || 431,77 | 94,88 || 844,70 | 100,24
SR 429,10 396,37 825,47 | 375,39 | 114,31 | 327,67 | 120,97 || 703,07 | 117,41
KONTISLITKY
CELKEM 834,79 773,50 | 1608,29 || 754,39 | 110,66 || 721,25 | 107,24 | 1475,64 | 108,99
ztoho CR 406,29 377,73 784,02 || 379,75 | 106,99 || 394,32 | 9579 | 774,07 | 101,29
SR 428,50 395,77 824,27 || 374,64 | 114,37 | 326,93 | 121,06 || 701,58 | 117,49
BLOKOVNY
CELKEM 59,62 51,89 111,51 50,61 | 117,81 || 49,32 | 105,21 99,93 | 111,59
ztoho CR 59,62 51,89 111,51 50,61 | 117,81 || 49,32 | 105,21 99,93 | 111,59
SR 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
VALCOVANY MATERIAL
CELKEM 787,72 788,57 | 1576,30 || 712,30 | 110,59 | 724,33 | 108,87 | 1436,63 | 109,72
ztoho CR 443,71 418,00 861,71 || 394,12 | 112,58 || 420,16 | 99,49 || 814,28 | 105,82
SR 344,01 370,57 71458 || 318,18 | 108,12 || 304,16 | 121,83 || 622,35 | 114,82
TRUBKY
CELKEM 51,96 52,14 104,10 55,10 94,29 || 57,69 | 90,38 | 112,79 | 92,29
ztoho CR 32,90 31,86 64,76 37,38 88,01 || 39,82 | 80,01 77,20 | 83,89
SR 19,05 20,28 39,33 17,72 | 107,55 || 17,87 | 113,47 35,59 | 110,52
TAZENA, LOUPANA, BROUSENA OCEL
CELKEM=(HZ)CR| 2245 | 1873 | 41,18 | 2220 | 101,11 || 2057 | 91,03 | 42,78 | 96,26
STUDENA PASKA KLASICKA
CELKEM = (HZ) CR| 1,30 | 1,38 | 269 | 116 | 11241 | 119 [ 11622 | 235 [ 114,34

POZNAMKA:
Zpracoval:

*) Za posledni mésic jsou Udaje predb&Zné.

Hutnictvi Zeleza, a.s. - Ing. Ludvik Vala
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7 7 )4
Hutni vyroba v CR a SR
Meziroéni porovnani mésiénich a postupnych hutnich vyrob roku 2017 a 2016
Vyroba *) Vyroba | Index [ Vyroba| Index [ Vyroba | Index
unor biezen |leden- birezen unor brezen leden- biezen
2017 2017 2017 2016 | 2017/16 | 2016 |2017/16| 2016 |2017/16
tis. t tis. t % tis. t % tis. t %
KOKS
CELKEM 269,08 300,55 866,38 | 230,36 | 116,80 || 264,69 | 11355 | 736,40 |117,65
ztoho (HZ) CR 143,57 160,39 462,63 || 107,49 | 13357 | 129554 | 123,82 | 345,16 |134,04
(HZ) SR 125,50 140,16 403,75 || 122,87 | 102,14 || 135,15 | 103,71 | 391,24 |103,20
AGLOMERAT
CELKEM 769,96 814,40 2398,74 || 760,40 | 101,26 | 81513 | 99,91 [2374,16 |101,04
ztoho CR 467,96 497,80 144484 | 47530 | 9846 | 511,83 | 97,26 [1479,66 | 97,65
SR 302,00 316,60 953,90 || 285,10 | 105,93 |/ 303,30 | 104,39 || 894,50 |106,64
SUROVE ZELEZO
CELKEM 655,87 671,61 203445 || 603,74 | 108,63 | 708,91 | 94,74 [ 1959,84 |103,81
ztoho CR 326,28 347,19 1020,56 || 336,66 | 96,92 || 361,41 | 96,06 || 1029,83 | 99,10
SR 329,59 324,42 1013,89 | 267,08 | 123,40 || 347,49 | 93,336 | 930,02 |109,02
SUROVA OCEL
CELKEM 806,05 849,05 2521,24 || 759,45 | 106,14 |/ 883,04 | 96,15 | 2430,81 [103,72
ztoho CR 409,68 446,89 1293,62 || 431,77 | 94,88 || 467,59 | 9557 | 1312,29 | 98,58
SR 396,37 402,15 1227,62 || 327,67 | 120,97 || 41545 | 96,80 || 1118,51 |109,75
KONTISLITKY
CELKEM 773,50 810,31 2418,60 || 721,25 | 107,24 || 842,65 | 96,16 | 2318,29 [104,33
ztoho CR 377,73 408,76 1192,78 || 394,32 | 9579 [ 427,94 | 9552 | 1202,01 | 99,23
SR 395,77 401,55 122582 | 326,93 | 121,06 || 414,71 | 96,83 [ 1116,28 |109,81
BLOKOVNY
CELKEM 51,89 56,18 167,69 || 49,32 | 105,21 || 55,70 | 100,86 [ 155,63 |107,75
ztoho CR 51,89 56,18 167,69 || 49,32 | 10521 || 55,70 | 100,86 | 155,63 |107,75
SR 0,00 0,00 0,00 0,00 0,00 | 000 | 0,00 0,00 | 0,00
VALCOVANY MATERIAL
CELKEM 788,57 820,59 2396,88 || 724,33 | 108,87 | 839,28 | 97,77 | 227591 [10532
ztoho CR 418,00 446,05 1307,76 || 420,16 | 99,49 [/ 469,73 | 94,96 |l 1284,02 [101,85
SR 370,57 374,54 1089,13 || 304,16 | 121,83 || 369,55 | 101,35 || 991,89 |109,80
TRUBKY
CELKEM 52,14 62,77 166,86 | 57,69 | 90,38 || 57,48 | 109,19 [ 170,28 | 98,00
ztoho CR 31,86 40,51 105,27 | 39,82 | 80,01 || 39,04 | 103,76 | 116,25 | 90,56
SR 20,28 22,26 61,59 | 17,87 | 11347 | 1844 [ 120,69 || 54,03 |113,99
TAZENA, LOUPANA, BROUSENA OCEL
CELKEM=(HZ)CR| 1873 | 2279 | 63,97 | 2057 | 91,03 | 2152 [ 10590 | 6430 | 18,73
STUDENA PASKA KLASICKA
CELKEM = (HZ) CR] 1,38 | 1,48 | 417 | 119 | 11622 | 123 [ 12065 | 358 [116,50

POZNAMKA:

Zpracoval:

*) Za posledni mésic jsou Udaje predbé&zné.
Hutnictvi Zeleza, a.s. - Ing. Ludvik Vala

50




Hutnicke listy ¢. 2/2017, ro¢. LXX
ISSN 0018-8069

Informac¢ni ¢lanky
Informative Articles

Spolecenska kronika

Odesel Ing. Jan Moravka, Ph.D.

Odchody blizkych spolupracovniki nés
vzdy zasahnou a jsou pokazdé smutné.
V breznu zemfiel ve véku 62 let nas ko-
lega Ing. Jan Moravka, Ph.D., védecko-
vyzkumny pracovnik ve spole¢nosti
Materidlovy a metalurgicky vyzkum,
dlouholety autor a recenzent casopisu
Hutnické listy. Pro celou odbornou spo-
le¢nost piedstavuje jeho odchod citelnou
ztrétu.

Ing. Jan Moravka se narodil v Piesta-
nech, kde také vystudoval stredni pra-
myslovou $kolu zaméienou na metici a
automatiza¢ni techniku. Ve studiich po-
kracoval na VSDS v Ziling absolvova-
nim fakulty strojni a elektrotechnické se
specializaci kybernetika v dopravé a spojich. A odborne
vzdélani si doplioval po cely Zivot. V letech 1988 aZ
1990 absolvoval postgraduélni studium na VSB Ostrava
zaméiené na specializaci “Moderni metody a prostiedky
automatického fizeni a ASR”. V roce 2000 dokondil
doktorské studium na VSB-TU Ostrava v mezi-
oborovém studiu  Automatizace technologickych
procesu. Ing. Moravka se podilel na feSeni vyzkumnych
Ukola a technologickych problémi, byl spoluautorem
4 piihlaSek vyndleza a autorskych osvédéeni a 7 zlepSo-
vacich navrha. Pravidelné publikoval v odborném tisku
a prednéSel na tuzemskych i mezinarodnich konferen-
cich. Byl autorem nebo spoluautorem 109 odbornych
pifspévka v odbornych i védeckych ¢asopisech a na
odbornych i védeckych konferencich a seminakich
vtuzemsku a zahrani¢i a autorem, &i spoluautorem
nékolika desitek vyzkumnych a technickych zprav.

Ing. Moravka mél kromé své rodiny ¢tyti velké lasky.
Prvni z nich se stala jeho profesi, a to véda, které se vé-
noval doslova dnem i noci, ve svém oboru ziskal dokto-
rat v oboru kybernetiky. Dalsi celoZivotni laskou pro ngj
byla hudba. Hral na nékolik hudebnich nastroja, rozepi-
soval a aranZoval pisné pro rizné hudebni soubory.
Treti velkou zalibou bylo hluboké studium Bible. Velmi
rad o teologickych tématech diskutoval s laiky
i fundovanymi odborniky a vSechny nézory si znovu
peclivé oveéroval v knihach své obséhlé knihovny. V ni
Cerpal také poznatky o své ¢tvrté velké lasce — Izraeli.

A jak na Ing. Moravku vzpominaji jeho kolegové?
»Spolupracovali jsme vice nez 15 let a diky nému a jeho
znalostem jsem se mnohému naugil a piiucil,” vzpomina
na svého profesniho kolegu prof. Karel Michalek,
vedouci katedry metalurgie a slévérenstvi VSB - TU
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Ostrava. ,,Jenda velmi rychle vstteba-
val poznatky, které nesouvisely s jeho
pavodni profesi vynikajiciho matema-
tika a kybernetika, a ¢asto m¢ doslova
piekvapoval, jak dovedl zvladnout
oblast metalurgie vyroby oceli, valco-
vani a dalSi hutnické obory. Jeho
vSestrannost vyplyvala z hlubokych
teoretickych ~ znalosti  matematiky
a zejména matematické statistiky, lo-
gického mysleni a systémovych po-
stupt, které umél dokonale vyuZzit pro
analyzu islozitych metalurgickych
déji a jejich popist. Své prace pak
tvofil aZz s neobycejnou lehkosti praveé
diky hlubokému rozhledu v oblasti
védni statistiky. Statistiku ptfitom pou-
Zival velmi profesionalng, ale soucasné tak, aby jeji
vysledky byly pochopitelné i laické veiejnosti.

Diky jeho znalostem se naptiklad podatilo vyteSit fadu
neobycejné sloZitych odbornych problému v Tiineckych
Zelezarnach — mimo jiné naptiklad verifikace smésnych
oblasti na ZPO a implementace navrZenych algoritma
do provozni praxe a fadu dalSich. Ale Jenda Moravka
nebyl jen vynikajici odbornik, byl zejména vynikajici
¢lovék. Nikdy neodmitl pomoc, vzdy se snazil vyhovét
a poradit méng zkuSenym, a to i na tkor svého volného
¢asu. Prisloveené ukézkové byly jeho vybrané pred-
nasky ze statistiky pro studenty FMMI VSB-TUO.
Dokazal své posluchace nadchnout jednoduchym
vysvétlovanim tématu, reakcemi na poloZené otazky a
také ochotou. Velmi rad pomahal studentim doktorand-
ského studia i mladym kolegiim ve vyzkumném Ustavu,
piedaval jim cenné rady a mél velkou radost z jejich
odbornych posunt. Byl to ¢lovék neobycejné pokorny,
pritom mél rdd humor a spole¢nost. Jeho vSestrannost
dokumentuje i to, Ze byl nadanym hudebnikem s abso-
lutnim sluchem, ktery kromé jiného rozepisoval notové
partitury pro ¢leny hudebniho souboru Halevaj, v némz
ptsobil i se svou manzelkou."

Ing. Jan Moravka, Ph.D. sice odeSel, ale jeho myslenky,
postoje, jeho védecké poznatky i lidské odkazy budou
Zit i naddle...

Cest jeho pamétce!

-red-
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Prof. Ing. Zdenék Biizek, CSc. navzdy odeSel pied deseti lety

Prof. Ing. Zdengk Buzek, CSc. se narodil dne 27. 2. 1930
v Krocéehlavech u Kladna a zemiel 25. 4. 2007 v Ostrave.
Jeho metalurgické zacétky jsou spojeny pravé
s kladenskymi hutémi. VVédeckou vychovu absolvoval na
Moskevském Ustavu metalurgie u akademika Samarina,
ktery pro ngj zistal po cely Zivot vzorem. A dopliime, Ze
Skolitelem pana akademika byl védec svétového jména
prof. Chapman, takZe u prof. BiZka se pieneseng projevil
i Chapmantiv odborny vliv.

Po navratu ze studii v Moskvé na katedru oceléistvi hut-
nické fakulty Vysoké Skoly banské v Ostraveé se tehdy
jesté docent Buzek zamétil na vystavbu Ustavu elektro-
metalurgie. Velice trpélivé si vytvarel reSitelsky kolektiv
piedevsim z mladych aspirantti zamétenych na metalur-
gii. Doplioval jej i o strojate, elektrikare, odborniky na
automatizaci, logistiku, ekonomy a dalsi obory. Tak se
jeho tymu zdatilo fesit problémy ceské a feknéme do jisté
miry i svétové elektrometalurgie komplexné. Prof. Buzek
se maximalné snazil o interdisciplinarni pristup pii reSeni
snad vSech Ukoli, kterym se v metalurgii vénoval.
Pripomenime si nékteré rysy pana docenta. V prvé radé
Zadnou novou myslenku nikdy neodmitl. Ve vSem hledal
néco uZite¢ného, uchopitelného. Mgl vynikajici pamét
amyslel znaéné rychleji nez hovofil. To snad néekdy
vedlo i ktomu, Ze mu nékdy poslucha¢ neznaly situace
apIné nesoustredény ani neporozumél. Vyznacoval se
obrovskou pracovitosti. Prof. BuZek byl snad az extrémné
pracovity. Na své diplomanty, aspiranty a pozdéji dokto-
randy byl velice naro¢ny. Sam Sel v préci prikladem.
Dokazal pro své myslenky nadchnout své aspiranty
a spolupracovniky tak, Ze chodili na katedru ¢asto i v ne-
déli. Na druhé strané byl velice spravedlivy a také velmi
lidsky a piistupny.

Je znama jeho politicka situace v roce 1968 a jeho na-
sledny nuceny odchod z fakulty do staré ocelarny ve Vit-
kovickych Zelezarnach. | kdyZz byla jeho veédecké
a vyzkumné prace prerusena, nezatrpkl a na odbornych
tématech v provozu pracoval dal. V roce 1972 byl inici-
atorem 1. konference elektroocelara. Konferenci slévaci
»Vyroba oceli na odlitky* se prof. BiZek z(¢astioval od
roku 1972 a jeho tradiéni Gvodni referat na téma soucasny
a budouci vyvoj elektrometalurgie byl pro mnohé slévace
a ocelaie inspirujici pro dalSi praci. Pies vSechny zékazy
a omezeni, tak typické pro tehdejsi dobu, se prof. Bizek
zUcastnil feSeni mnohych projekta a prispél vyznamnou
mérou k rozvoji metalurgie. Systematickou védeckou
préci viak vykonavat nemohl. Pies viechna omezeni se
stal zakladatelem ceskoslovenské metalurgické Skoly a
i mnozi slévaci se povaZzuji za jeho Zaky. Jeho mottem,
které si za své vzala védeckd i pracovni komunita
v oboru, bylo: ,Véda, vyzkum, vyvoj, vyroba, uziti“.
V roce 1989 byl prof. Biizek, tehdy stéale jesté s titulem
doc., rehabilitovan a v nésledujicim roce byl jmenovan
profesorem. Po roce 1990 vSechny védecké aspiranty,
ktefi museli spolu s nim z politickych divodia z vysoké
Skoly odejit nebo jim bylo preruSeno, prip. zastaveno
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aspirantské studium, dovedl k obhajob& dizerta¢nich
praci.

Na zacatku roku 1990 zacal s organizacemi konferenci
»Sekundarni metalurgie®, ,,Kyslikové pochody“ a zejmé-
na s praci na mnohych projektech pro pramysl. Stal se
¢lenem 10 komisi GACR a tesil nékolik grantovych pro-
jektt. Byl aktivnim ¢lenem redakeni rady ¢asopisu Hut-
nické listy, ve kterém ¢asto publikoval. Navazal na svoje
piedchozi prace a vénoval se periodicité interakénich
koeficientd. Slévacam je znam z cinnosti v odborné ko-
misi Vyroba oceli na odlitky a z odbornych akci porada-
nych touto komisi, v neposledni fadé pak jako tradi¢ni
autor Uvodnich teoretickych prednéaSek pravidelné kona-
nych Celostétnich Skoleni tavi¢t oceli. Oceléti si jej bu-
dou pripominat ze svych seminait a z minulych ro¢nika
konference Oceléti. Pravem po ném Cesky svaz slévéren
nazval svoji cenu, kterou udéluje za mimofadné tvarci
pristupy k teSeni problémut slévarenstvi. Cenu lze také
udélit za mimoiéadné a netradi¢ni piistupy k hledani vy-
chodisek otazek zkoumanych vtomto oboru. Uvedené
vyznamenani obdrzi také osoby, které se mimoiadné
zaslouzily o vychovu a vzdélavani novych mladych
odborniki ve slévarenstvi. Toto jsou piistupy Ceského
svazu slévéren, které zrcadli postoj prof. Buzka k praci
v oboru ocelafstvi slévarenstvi.

Na zavér si pripomenme nastinény souhrn jeho praci, jak
jej zpracovala redakce Hutnickych listi v publikaénim
vybéru (Hutnické listy, 65 (2012, 2, 67-70). Ve snaze
0 zhusténi informaci neuvéadéla spoluautory, ktefi spolu
spanem prof. Buzkem na ¢lancich spolupracovali.
Zna¢na c¢ast uvedenych publikaci je spole¢nym dilem
skupiny autori. Autorska spoluprace svédéi o tom, Ze
prof. Bizek byl typicky tymovy hré&¢ a uplatiioval zasady
kolektivni prace. Z ptehledu zpracovanym redakci vyply-
vé obrovsky rozsah ¢innosti, které jeho tym zajistoval.

Uvedme alesponi oborovy piehled: fyzikalné-chemické
pochody, teorie tavenin, aktivity prvka v tavening, vyroba
oceli na odlitky, odlévani oceli, provoz elektrickych
obloukovych peci, tizeni technologického pochodu, kon-
cepce ocelaren a slévaren, kyslikové procesy, naklado-
vost v ocelarndch a slévarnach, sekundarni a mezi-
panvova metalurgie, kryci a rafina¢ni strusky, zvySovani
jakosti oceli, vliv pfimési a legur, nerezavgjici oceli,
specialni litiny, vliv metalurgickych ¢initeli na me-
chanické vlastnosti oceli, cistota oceli, filtrace, hutni
keramika, ocelaiské odpady, technologicky vyskyt,
druhotné zpracovani odpadi, vé. aplikace plasmové
technologie.

Z uvedeného piehledu vyplyva, Ze pied 10 lety néas opus-
tila zcela mimoradna osobnost, ktera trvale poznamenala
¢eskou a slovenskou metalurgii a vychovala fadu
vyznamnych ocelaira a slévac¢t. Za to patii profesu
Zdenku BaZkovi nas velky dik a trvalou vzpominku!

Za Z&ky a spolupracovniky
doc. Ing. Véaclav Kafka, CSc.
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Konference, vystavy, veletrhy

Konference ,,Teorie a praxe vyroby a zpracovani oceli“ se konala letos jiz
po tiiatricaté

Ve dnech 30. az 31. biezna 2017 se konala v Roznové
pod Radhostém tradi¢ni, jiz 33. celostatni konference
s mezinarodni Gc¢asti s ndzvem ,, Teorie a praxe vyroby
a zpracovani oceli“. Konference se zug¢astnilo celkem
64 odborniki z 23 podnikd a organizaci, 4 vysokych
Skol a 3 vyzkumnych Gstavii z Ceska, Slovenska
a z Polska. Mezi hlavni témata 19 odbornych referata
patiila mimo jiné technologie primarnich vyrob oceli,
plynulé odlévani oceli, sekundarni metalurgie
a odlévani ingott. DalSimi oblastmi Uzce navazujicimi
na priméarni vyrobu a zpracovani oceli byly pramysl
4.0, wnitini  cistota, kvalita oceli, fyzikalni
a numerické modelovani procesu, vyuziti Zarovzdor-
nych materidla a nakladovost vyroby, jeji ftizeni
a optimalizace procest.

llustracni foto z jednani konference.

Mnohé z piednédSek prezentovaly vysledky projekta 5
podporove}nych zvoperavénl'ch programi védy a vyzkumu Ministerstva pramyslu a obchodu CR, Technologické
agentury CR a MSMT CR. Prezentaci doprovazela bohaté diskuze, ktera probihala i v rAmci spolecenského setkani.

-Organizacni vybor konference-

ElektFina a teplo do mésta p¥imo z hutnich komina

Zacéatkem dubna probéhlo ve Védecko - technologickém parku v Ostravé jednani konsorcia firem evropského projektu
PITAGORAS, v rdmci kterého byla realizovana v italském hutnim zédvodé ORI MARTIN zajimavéa technologie vyuziti
odpadniho tepla k vyrobé elekttiny a v zimnich mésicich také k vytapéni nedalekého méstecka Brescia.

Zajimavé je, Ze puvodni myslenka na realizaci
projektu vznikla pravé v Ostravé, kdy ostravska
firma ForSTEEL pfiSla v roce 2010 s konceptem
vyuZziti odpadniho tepla v Arcelor Mittal Ostrava.
ZkuSenosti z pilotniho projektu z Itélie lze
povazovat za velmi cenné s ohledem na
skutecnost, Ze se jednd o prvni aplikaci vyuziti
odpadniho tepla v Evropé jak pro hutni firmu
(vyroba elektrické energie), tak pro mésto (teplo
pro domacnosti).

Na zavér tiidenniho jednani probéhla veiejna
prezentace projektu, na kterou byli pozvani
zastupci potencialnich investori z vyznamnych
hutnich podnika - Arceloru Mittal Ostrava,
Trineckych Zelezdren a U.S. Steel KaoSice.
Prezentace se zUcastnili také zastupci kovaren
(MSV Metal Studénka), slévaren (Viadrus
Bohumin), zastupci dodavatela energii (CEZ a
VEOLIA), zéstupci konstrukénich a realiza¢nich firem (Hutni projekt Frydek-Mistek, PAUL WURTH Ostrava,

Foto: Zuzana Ondejkova
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BKB Metal Ostrava a MAKS-D KaoSice), zastupci profesnich sdruzeni (Sdruzeni pro rozvoj Moravskoslezského
kraje) a v neposledni fadé odbornici a studenti z VSB-TUO, konkrétné z Centra ENET, Katedry energetiky a
Katedry ochrany Zivotniho prostiedi v priamyslu. Prezentace se zU¢astnilo 67 odbornika z 15 spoleénosti z tuzemska
i zahrani¢i. V zavéru jednani Ucastnici diskutovali zejména o ekonomické rentabilité realizovaného pilotniho
projektu. ,,Ze zavérecné diskuze vyplynulo, Ze technologie odpadniho tepla k vyrobé elektiiny a k vytapéni by se
mohla dobte uplatnit i v podminkéach tuzemskych hutnich spole¢nosti,” ekl hlavni organizator jednani konsorcia
Ing. Pavel Szturc, Ph.D., feditel firmy ForSTEEL.

-Ing. Pavel Szturc, Ph.D.-

26. ro¢nik mezinarodni konference metalurgie a materiala - METAL 2017

26. roénik mezinarodni konference metalurgie a materiala METAL
2017 se uskuteéni ve dnech 25. - 27. kvétna 2017 v hotelu Voronéz

- r 1 ® vBrng
l‘l ]1 j‘] Lonského 25. jubilejniho roéniku se zG&astnilo 418 odborniki z Ceské
< 4 republiky, ale také z Polska, Slovenska, Ruska, Rumunska, Turecka,

Rakouska, Némecka, AlZiru, Francie ¢i Danska. Ugastnici prezentovali

2017 ve 140 ptedndSkdch a ve 249 posterech. Podobnou Ucast ocekavaji
organizatofi i v letodnim roce.

-red-

27. roénik mezinarodni konference — IRON AND STEELMAKING 2017

/ VYSOKA SKOLA BANSKA - TECHNICKA UNIVERZITA OSTRAVA Zaméfeni konference
Fakulta metalurgie a materidlového inZenyrstvi

. L | Konference navazuje na tradici pfedchazejicich roéniku, tematicky
Katedra metalurgie a slévarenstvi

zamérené na tyto oblasti:
POLITECHNIKA SLASKA o Teoretické zakonitosti metalurgickych procesti
Instytut Technologii Metali Technologie vyroby a zpracovani surového 7eleza
TECHNICKA UNIVERZITA V KOSICIACH Technologie vyroby a zpracovéni ocel
Ustav metalurgie Vyroba a rafinace kov(
Ekologické aspekty vyroby kov(
Modelovani metalurgickych pochod

Konferencni poplatek
e 7950,- K& - ucastnici z Ceské republiky
e 350,- EUR - ucastnici ze zahranici
V cené je zahrnuto ubytovadni, stravné, sbornik, Wellness
- vstup do “saunového” svéta

)

&
%
(

@
/
A

poradaji
XXVII. INTERNATIONAL SCIENTIFIC CONFERENCE

IRON AND STEELMAKING

Hotel DUO, Horni Beéva, Beskydy, Ceskd republika

Terminy
4.-6.10.2017 do 2.6.2017 - zaslani zévazné pfihlasky
do 30. 6. 2017 - zaplaceni konferen¢niho poplatku

, do 15.9. 2017 - zaslani referatu
hlavni partner

Registrace, platby, terminy, doprava, ubytovani a informace na

\ @ TRINECKE ZELEZARNY http://www.fmmi.vsb.cz/iasm2017 /
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Ze zivota skol

Petitkovicka venuse v podobé kli¢enky

Petrkovickou venusi v podobé klicenky, kterou zaradilo
mésto Ostrava mezi své reklamni predméty na zacétku
letoSniho roku, vyrabéli studenti Fakulty metalurgie a
materidlového inZenyrstvi Vysoké Skoly baiské -
Technické univerzity Ostrava. V Utery 4. dubna pred-
vedli, jak nejprve vymysleli a pak zhotovovali tisicovku
odlitka.

,Mésto Ostrava oslovilo loni na podzim na$i fakultu, zda
bychom byli schopni cenové dostupné kopie vyrobit.
Nebylo moZne, aby se tim zabyvali zaméstnanci fakulty,
ti maji samoziejmé jiné Ukoly. Proto jsem se obratil na
naSe studenty,” tekl wvedouci laboratofe Katedry
metalurgie a slévarenstvi Petr Lichy. Nepiekvapilo ho,
kdyZz se Ukolu vymyslet celou technologii vyroby
a zhotovit potrebnych tisic kusi soSek ujal student
magisterského studia Vaclav Merta, ke kterému se
pfipojily jeho dvé spoluzacky Kristyna Kone¢na
a Kristina Adamusova. ,,Vaclav je jednim za naSich nej-
lepSich studentd,” konstatoval Petr Lichy.

Tym dostal jako podklad pro dalSi praci kopii Petiko-
vické venuSe v hodnoté nekolika tisic korun. ,,Museli
jsme byt opatrni, at’ se s ni nic nestane, abychom ji vratili
neposkozenou,“ konstatoval VVaclav Merta. Nejprve zacal
provéiovat, ktery material by byl vhodny. ,,Jsme slévadi,
takze nés logicky nejprve napadlo, ze by odlitky mohly
byt zkovu. Mame kdispozici n&jaké nizkotavitelné
materialy. Ale té¢Zko bychom doséahli potiebné barvy
ataké na omak by vysledny vyrobek pisobil jinak nez
original z krevelu,” uvedl Véaclav Merta.

Studenti se proto rozhodli, Ze odlitky budou délat
z pryskytice, kterou pouzivaji na vyrobu modelt. Jeji
vyhodou je, Ze je mozné ji zabarvit do potiebného
odstinu, po vytvrzeni je kone¢ny vyrobek pevny, dafi se
zhotovit presné tvary. Vyroba z pryskyiice je navic

e

levnéjSi nez z kovu.

Dosahnout ¢ervenohnédého zabarveni se podatilo pfi-
danim oxidi Zeleza, které se bé&Zné pouZivaji jako
barvivo. ,Vychézeli jsme ztoho, ze krevel je Zzeleznd
ruda, tak jsme chtéli n&jakou ndvaznost barviva na ori-
ginal. Pro spravny odstin jsme museli jeSt¢ primichat i
trochu uhlikatych prisad, tedy grafitu,” li¢il vedouci
tymu. Testovani a piiprava zabraly Vaclavovi Mertovi
cely lonsky prosinec, v laboratorich travil témer veSkery
svij volny ¢as.

Studenti pak vyrobili formu ze silikonové pryze a v ni
odlili prvni modely. S jejich pomoci zhotovili formy na
deset kust odlitki. Na posledni chvili se formy musely
jeSté upravovat, protoze v pavodnim zadani chybgl
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Kopie Petikovické venuse v podobé klicenky.

pozadavek na kovova ocka. Ty wvyrabéli studenti
z nerezového dratu, ktery namotavali na kulatinu; pro
tisic soSek udélali s kleStickami v ruce tisic kovovych
ocek. Vyroba soSek zabrala cely letosni leden.

»Pokud by mésto potiebovalo v budoucnu dalsi soSky,
bychom museli vyrobit nové formy, ty pavodni uz jsou
opotiebované,” prozradil Vaclav Merta. ,,Pro studenty je
takové prilezitost velmi cennd. Mohou vyuzit znalosti
ziskané teoretickou ptipravou, pro néco hmatatelného,
uzite¢ného. Myslim, Ze je to motivujici pro dalsi studium.
Navic se béhem svého Ukolu spoustu véci naugili, tieba
jak postupovat pti praci v tymu. Zjistili si, Ze v praxi musi
pruzné reagovat na potieby zadavatele a Ze se vyplati byt
kreativni,” uzaviel Petr Lichy.

Vyroba tisicovky venusi byla doposud poctem kust
nejvetsi zakazka, kterou fakulta délala.

_ig_

Studenti Fakulty metalurgie a materialového inZenyrstvi Vysoké Skoly
basiské - Technické univerzity Ostrava (zleva) Vaclav Merta, Kristina
Adamusové a Kristyna Konecnd piedvedli 4. dubna vyrobu kopii
Pet/kovické venuse v podobe klicenky.

FOTO (2): Jaroslav Ozana, CTK
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Hutnictvi ve svété

21. ocelarské zasedani deniku Handelsblatt:
Hrozi obchodni valka?

Sotva se zotavily ceny oceli a stabilizovaly zisky firem,
obavaji se némecké huté mezinarodni obchodni valky.
Pocinajici Fadeéni protekcionismu pod Donaldem
Trumpem ohrozuje rast. V evropském ocelaiském
pramyslu roste starost, Ze volny obchod cekaji tézke
¢asy. Hutni odvétvi sice Zije jiz dlouho s trestnymi cly a
izolovanymi dil¢imi trhy jako odpovéd’ na subvence a
dumpingové exporty, ale poté, co i Evropa vyrazné
rozsitila sva ochranna opatieni pied levnou oceli z Ciny
a jinych asijskych zemi, roste nebezpec¢i obchodni
valky. Nebot' i Ameri¢ané ukazuji svaly a predhazuji
evropskym a asijskym hutim dumping. ,,Vidime rast
protekcionistickych  tendenci,“ tekl Hans Jirgen
Kerkhoff na 21. ocelarském zasedani deniku Handels-
blatt v Dusseldorfu. President WV Stahl varuje pted
dalsi izolaci. Pokud by naptiklad USA uvalily vysoka
cla na importy oceli nebo vyrobky jako auta, ktera
obsahuji velkd mnozstvi oceli, byly by nésledky pro
evropsky ocelaisky primysl ,,znepokojujici“. Donald
Trump vyhlasil ,,America First* jako nejvyssi devizu.
Némeckym ocelaiim tak stoupaji rizika. USA jsou totiz
jednim z nejvétSich odbytist’ evropské oceli. Koncerny
ThyssenKrupp, Salzgitter dodavaji piimo do USA vice
nez 700 000 tun oceli. To odpovida &tvrting exportu
oceli mimo EU. Jesté dulezitéjsi jsou neptimé exporty
oceldrt. Auta a stroje, exportované ro¢né do USA,
obsahuji 2,5 mil. tun oceli. Jen jedna zem¢ je pro
némecké ocelare jeSté dualezitgjSi nez USA: Velka
Britanie. Ale i tam izola¢ni mechanismy spiSe piibyvaji,
nez ubyvaji. A to se bude s priblizujicim se vystou-
penim Velké Britanie z EU jeSte zhorSovat.

Na ocelarském trhu zaplava importu

Odvétvovy svaz obhajuje oteviené trhy a pritom
soucasné sazi na obchodni ochranna opatieni. O konci
poplachu v evropském ocelaifském pramyslu nemize
byt pfi pohledu na svétové piebytecné kapacity Z&dna
fe¢. Ocelarstvi sice nyni proziva lehké konjunkturalni
zotaveni, ale udalosti jsou stale definovany strukturalni
krizi, ktera vylstuje do masivnich levnych importa.
WV Stahl i pfes zotaveni a pomeérné Uspe&sny
kompromis v ndvrzich Europarlamentu si udrZuje svij
skepticky pohled na véc. ,Rizika pro ocelatsky trh
pietrvavaji v nezménéné podobé,“ varuje Hans Jiirgen
Kerkhoff. Nejvétsi starosti piitom vyplyvaji nepochybné
ze strukturalni krize, Cina je ptitom jen jeden problém,
i kdyZ nefeeny, prohladuje Kerkhoff. Cinsky piiklad
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totiZ néasleduji zemé jako Indie a iran a stupiuji svij
vyvoz oceli do Evropy. V loniském roce stouply dovozy
valcované oceli do EU 010 % na 35,3 mil. tun. Tim
stouply uZ potieti za sebou vice, nez stoupal cely trh.
Dalsi veliké obavy vzbuzuje poc¢indni nové admi-
nistrativy v USA.

Hospodarské sdruzeni Ocel: Konjunktura
ve vyrobé oceli se nachazi v mirném zotavo-
vacim kurzu

Nové zakédzky u valcované oceli i v poslednim &tvrtleti
2016 pribyvaly. A pokracovaly v jejich stabiliza¢nim
kurzu. V poslednim étvrtleti 2016 stouply oproti stejné-
mu ¢tvrtleti roku 2015 o 5 %, jak sdélilo odvétvové
sdruzeni WV Stahl. Silné plus v zésobé zakazek
v prosinci vyrovnalo proléklinu ve stejném mésici 2015.
,Nejnovejsi data o prichodu novych zakazek podporuji
dojem, Ze se konjunktura, pokud jde o mnoZstvi
vyrobené oceli, nachazi v mirném vzestupném kurzu,*
pise WV Stahl. Ocelaisky pramysl v Némecku tak
startuje s lepSi zakazkovou situaci, zatéZuje ho ale
vyrazna konjunkturdlni nejistota. NeteSena strukturalni
krize a rostouci protekcionismus, jakoZz i ftrvajici
importni tlak zistavaji i nadale centralnimi rizikovymi
faktory.

Konec ocelérské katastrofy

Kdyz Thyssenkrupp v roce 2005 zacal s miliardovymi
investicemi v ocelafském obchodu v Americe, nikdo
netusil, jak katastrofalng toto dobrodruzstvi skongi.
O 12 let pozdgji je na stole bilance: tovarna na bramy
v Brazilii, ktera byla postavena doslova v bazing, a pro
dale zpracovavajici véalcovny v USA vydal Thyssen-
Krupp celkem 12 mld. euro. Po nyné&Sim prodeji
brazilského zévodu argentinské firmé& Ternium Slo
nevratné do ztracena 8 mld. euro. Pfesto investofi
povazuji prodej jako osvobozujici odkop a slavi
transakci s kurzovym skokem akcii do plusu. Vynos
z prodeje 1,5 mld. € je ovSem spojen s odpisem ve vysSi
900 mil. €, jakoZ i se snizenim vlastniho kapitalu
a zatim jeSté nevycislenou ro¢ni ztratou. Ale ziskané
penize snizi dluhy, a to Thyssenkrupp pottebuje ze
vSeho nejvic. Stupeti zadluzeni prekro¢il koncem roku
kritickou hodnotu pro Gvérové smlouvy (150 %) na
166 %. Nyni ziskd koncern <¢&as, aby do konce
obchodniho roku v zaii zlepsil cash-flow a vyhnul se
navySovani kapitdlu. Kromé toho ma deal strategicky
vyznam: prodej brazilské ocelarny je dulezitym milni-
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kem pti prestavbé firmy smérem k silnému priamyslo-
vému koncernu. Séf predstavenstva Heinrich Hiesinger
chce pry¢ od kapitdlové naroéné a cyklické vyroby
autosouc¢astkami, stavbou pramyslovych zatizeni
a ponorek se podstatné zvysi. DalSim krokem je fuze
ocelarskeé divize s evropskou ¢asti indického konkurenta
Tata Steel. BritSti zaméstnanci souhlasili s oddélenim
15 mild. liber penzijnich povinnosti. Pokud nyni da
statni penzijni Orad zelenou, bude cesta k vytvoreni
druhého nejvétsiho ocelaiského koncernu za Arcelor-
Mittal volna. Ze je oddéleni ocelarské casti koncernu
pro Thyssenkrupp dal$im miliardovym dobrodruzstvim,
nelze pochybovat. O efektivni vyuZziti kapacit se ale
koncern sdm nepostara a proto, se zda, Ze tato riskantni
flze nema alternativu.

Kvantovou mechanikou vedeny design oceli
TWIP

Deformac¢ni chovéani modernich oceli zavisi rozhodujici
mérou na elementarnich procesech na Urovni atomu.
V ocelich TWIP (Twinning Induced Plasticity) se
vytvaieni hranic dvojc¢at stara o redukci dislokaci, a tim
0 zpevnéni materialu. Pomoci simula¢nich metod
abinitio, které spocivaji na zékonech kvantové
mechaniky mohou byt zkoumany zakladni mechanismy
na pogitaci, aniz bychom byli odkéazani na experimenty
nebo empirické materialové zdkony. Timto zpisobem se
napfiklad dafi stanovit spravné sloZeni materiélu, aby se
vylepsil zpeviiovaci proces. Pro takovy materidlovy
design se jako idedlni kontrolni parametr prokazala tzv.
energie vrstevné chyby (SFE). Aby se v TWIP ocelich
vytvorily ke zpevnéni potiebné hranice dvojcat, musi se
posunout atomarni roviny v materialu. SFE udava, kolik
je zapotiebi pouzit energie, aby se takovad energie
vytvorila. V institutu Maxe Plancka pro vyzkum Zeleza
(MPIE) byly za timto Gcelem v poslednich letech
sestaveny nové simula¢ni programy, které dokéazou
precizné piedpovédét zavislost SFE na relevantnich
procesnich  parametrech, zejména ale také na
chemickém slozeni materiadlu. S jejich pomoci byly
vyvinuty vysokomanganové (cca 20%) oceli s pevnosti
pies 1 GPa a se 70% taznosti.

Obchod s emisemi: EU parlament rovna
cestu pro reformu

Ochranéfi klimatu a zastupci podnikii si v uplynulych
mésicich ptedavali v Europarlamentu kliky od dvefi
poslanci. Jako malokteré jiné téma polarizovala
reforma obchodu semisemi pro dobu po roce 2020
situaci: na jedné strané zastanci piisnych klimatickych
piedpist a rychlé dekarbonizace hospodérstvi, na druhé
strané pramysl, ktery se boji o své pieziti. V hlaso-
vanich ve vyborech slavila Uspéchy jednou jedna strana,

57

podruhé druha strana. Takze bylo pomérné nutné, aby se
na plenarnim zasedani parlamentu naSel kompromis.
Pocet certifikatda bude snizen vice, nez bylo navrhovano
komisi pied paldruhym rokem. Soucasné jich ale
pramysl obdrzi ptidélenych vic zadarmo. Obchod
s emisemi pokryva zhruba 45 % celkovych emisi CO,
v EU. Neni do né&j zapocitana doprava a zemédglstvi.
Podniky, zapojené do obchodu semisemi, musi za
kazdou tunu vypusténého CO, predlozit certifikat
(povolenku). Mnozstvi emisnich prav je ale jiz od
zacatku omezeno tak, aby EU dosahla svych cild.
Vypusti-li podnik vic CO,, nez na co ma certifikaty,
maZe si koupit prava od jiného podniku, nebo emise
investicemi do nové techniky snizit. Nakonec se
rozhodne pro vyhodnégjSi cestu. Tim je nejen zaruceno,
Ze emise budou sniZzeny, ale Zze to bude také za co
ovsem jiz dnes protestuji, Ze cena certifikatu za 5 euro
je prilis nizka, aby hospodaistvi dekarbonizaci skute¢né
podporovalo. Reforma schvélend europarlamentem se
vztahuje na ¢asové obdobi 2021 az 2030 a mé zarucit,
Ze se emise sklenikovych plyna snizi do roku 2030
040 %. Mnozstvi emisnich opravnéni bude kazdy rok
klesat 0 2,2 %.

Prodej U.S. Steel KoSice udajné jiz brzy

Ocelarsky koncern U.S. Steel se svelkou pravdépo-
dobnosti stdhne z vychodniho Slovenska. Jak informo-
valy v bieznu 2017 slovenské noviny Pravda, vSak
vedeni ocelarny v Kosicich popira informace o nastava-
jicim prodeji ¢inskému gigantu He Steel a oznacuje tyto
informace jako spekulace. Transakce byla ale mezitim
potvrzena slovenskym premiérem Robertem Ficem.
Koncem minulého tydne navstivil ocelarnu v KoSicich
§éf U.S. Steel Mario Longhi. Cinsky He-Steel nechal
v ocelarné udélat revizi G¢td a navazal kontakty se
slovenskou vladou. Oceldrna zaméstnava v soucasné
dob¢ 12 000 zaméstnanct. Minuly rok vyprodukovala
ocelarna zisk 185 mil. dolart a vyznamné tak ptispéla
k redukci celkové ztraty U.S. Steel na 440 mil. dolaru.
Dariovd zvyhodnéni, prislibena Donaldem Trumpem,
lakaji ale Ameri¢any zpé&t do vlasti. Cinsky He-Steel je
celosvétoveé druhy nejvetsi vyrobce oceli. Koncern,
zaloZeny c¢inskym statem vroce 1943, vyrobi ro¢né
18 mil. tun oceli a zaméstnava jen v Cing 33 000 lidi.

Blokada Donbasu: Achmetovovy ocelarny a
uhelné doly nepracuji

Vyrobce oceli Enakijewski (EMZ) a koksovna
Krasnodonugol ze skupiny Metinvest ukrajinského
miliardafe Rinata Achmetova zastavily vyrobu.
Dtivodem pro zastaveni vyroby oceli jsou trvajici boje
ablokéda zelezniéniho spojeni mezi Ukrajinou a
Uzemimi na jihovychodé zemg.
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Cina chce zbrzdit razantné stoupajici ceny
oceli

Cinska vlada povzbuzuje ocelaiské podniky, aby
uzaviraly s uhelnymi doly a podobnymi dodavateli, ktefi
spotiebovavaji skladovanou ocel, dlouhodobé smlouvy
asoucasné zvySovaly kvalitu. Toto opatieni, které je
vtéleno do naifzeni vlady, cili smérem, aby se utlumilo
v posledni dobé razantné stoupajici zvySovani cen
aodbouraly se dale piebytecné kapacity v pramyslu.
V dokumentu se konstatuje, Ze bylo v uplynulych mési-
cich sice dosazeno pokroku v odbouravani prebyte¢nych
kapacit, ale zastaveni vyroby v zastaralych kapacitach
zistava nadale vyzvou. Podle odhadu analytiku se situace
v nabidce a poptadvce i pies stoupajici ceny oceli
zacdtkem roku nezmeénila. VI&dni dokument by mgl
stabilizovat trh a zabréanit, aby doslo k piehiati cen oceli.
Data Lange Steel Information Center uvéadgji, Ze zasoby
oceli ve 29 ¢&inskych velkoméstech k 10.02.2017
piesahly 12,39 mil. tun, coz odpovida 35 procentnimu
nartstu z obdobi pied tremi tydny a piesahuje nejvyssi
stav z roku 2016. Nejvyssi rust zaznamenaly konstrukeni
oceli (50,8 % vice neZ pied tiemi tydny).

ArcelorMittal posilil 0 21 % za 3 dny: Eufo-
rie u ocelarskych hodnot

Investofi jsou stale euforisti¢téjSi a na akciovych trzich je
euforie ptimo hmatatelnd. Ukazuje se to ptredevsim na
vyvoji akciového kurzu cyklickych podnika. Tak se nyni
postaral vzestup kurzu akcii lucemburského koncernu
ArcelorMittal o to, Ze index CAC - 40 zaznamenal za
posledni dny uctyhodné kurzové zisky. Papiry svétove
ocelarské jednicky si pripsaly za 3 obchodni dny pii
vysokych objemech obchodi az 21 %. Kurz se za jeden
rok vice nez ztrojnasobil a s8,7 USD za akcii dosahl
nejvyssi hodnoty za posledni 2 roky. Akcie profitovaly
predevsim z toho, Ze se cena oceli v prabéhu 12 mésict
v Evropé témét zdvojnasobila, zadruhé diky navratu do
ziskové z6ny a za treti diky enormnim spekulacim na
vzestup, vyvolanych prohladSenimi Donalda Trumpa
o investicich do infrastruktury. Vzestup kurzu se
neomezil jen na ArcelorMittal, nybrZ se dal pozorovat
iuU.S. Steel, ThyssenKrupp a Magnitogorsk Iron and
Steel Works (jejich rublovy kurz se za posledni 3 roky
témét zdesateronasobil). Investori oviem ignoruji fakt, Ze
se vyroba oceli v poslednich mésicich vyrazné zvedla
a Ze se cena oceli brzy dostane pod tlak.

Uvolnéni v dolech diilniho pramyslu

Néakladova disciplina, mensi investice a zvySené ceny
surovin se v dalnim pramyslu postaraly o uvolnéni. Po
katastrofalnim roce 2015, ktery dohnal nékteré podniky
na okraj krachu, predlozily nyni koncerny BHP Billiton a
Anglo American roéni bilance, ve kterych jsou nejen
vysledky opét vyrazné pozitivni, ale ukazuji se také
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pokroky v oddluZeni. Z&stupci odvétvi se ale i pres
nejnovéjSi miliardové zisky vyjadiuji opatrné. Neoce-
kdvané vysoka poptavka z Ciny vyhnala sice v roce 2016
ceny vysoko nahoru a naplnila pokladny, ale krize
piedchazejicich let nebyla zapomenuta. Dtivod k opatr-
nosti je piedevSim to, Ze pomaleji rostouci ¢inské
hospodarstvi, jako nejvétsi svétovy spotiebitel, jiz nebude
potiebovat tolik surovin jako v minulosti. Proto vénuji
majitelé  dalnich  koncernt  nejvétSi  pozornost
odbouravani dluht. A samoziejmé vyckavaji, zda se rast
ukéZe byt trvalym. V prvnich Sesti mésicich obchodniho
roku 2016/2017 (konec 30.06.2017) vykazal BHP
Billiton ¢isty zisk 3,2 mld. dolari (v pfedchazejicim
obchodnim roce minus 5,7 mld. dolart). Obrat se zvysil
0 pétinu na 18,8 mid. dolard. Nejvice se zvysil obchod
s zeleznou rudou. Séf piedstavenstva ale varoval, Ze trh
s zeleznou rudou se muze octnout v kratké dobé pod
tlakem. Od nejvétSiho poklesu koncem roku 2015 se sice

vice neZz dvojnasobek, ale vzhledem k nejisté dobé
zastavd prvoradym Ukolem sniZeni dluhové zatéze.
Z vzestupu trhu profitoval také rival BHP koncern Anglo
American, jenZ byl mezi velkymi hraci (vedle BHP také
Rio Tinto, Vale, Freeport) postizen nejvic. Jeho bilance
v uplynulém obdobi dosahla ¢istého zisku 1,6 mid. dolari
(minulé obdobi minus 5,6 mld. dolart).

Trump nové ozivuje projekty plynovoda

Prezident USA Donald Trump oZivil dva kontroverzni
infrastrukturni projekty hned prvni tyden po nastupu do
Uradu. Konkrétng jde o ropovod Keystone XL a Dakota
Acces, které maji vytvorit spojeni mezi rafineriemi a
tézebnimi oblastmi v Severni Dakoté a Kanadé. Trump
zddaraznil, Ze o obou projektech se jeSté bude jednat. Tak
naptiklad podle svého oblibeného hesla ,,America first”
chce president dosahnout toho, aby se trubky pro stavbu
vyrabély v zavodech v USA. Doposud platilo, Ze ocel pro
Keystone XL méla pochazet z poloviny z USA, ¢tvrtina
z Kanady a zbytek z Italie a Indie. Pro Dakota Acces
meélo byt pouZito 57 % oceli z USA.

Odchod z TPP neni dobra myslenka pro
vyrobce oceli v USA

Prezidentem Trumpem rozhodnuty odchod USA
z transpacifické smlouvy o volném obchodu TPP se zd3,
alespoit pro ocelaiské odvétvi USA, nepromysleny.
Zatimco USA podle zpravy Wood Mackenzie ze zemi,
pro néZ smlouva plati, dovazi zhruba 30 % (11 mil. tun)
oceli, celkové importované do USA, je mnohem vy3Si
podil 89 % (9 mil. tun) ocelaiskych exporti USA do
téchto zemi vyvazen. ,,To ukazuje, Ze ocelaisky pramysl
USA bral vice penéz prodejem témto obchodnim
partneram, neZz importem od nich ztracel,“ vysvétluje
WoodMackenzie. Kromé¢ toho ¢inila hodnota exporto-
vané oceli v praméru 1400 USD za tunu, ve srovnani

$ 972 USD za tunu importovaného materiélu.
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Co zkouméd Christoph Kirchlehner: Inteli-
gentni materialy

V soucasné dobé jsou mechanické vlastnosti materiali
definovany jejich chemickym sloZzenim a mohou byt
ovlivnény jen béhem jejich vyroby, napiiklad tepelnym
zpracovanim. Existuji ale mySlenky zabudovat pfi vyrobé
do materidlu castecky, které vlastnosti celkového
materialu, treba oceli, dokdZou spontanné a inteligentné
Uplné  zmeénit. Tohle zkoumad Dr. Christopher
Kirchlechner v disseldorfském Max-Planck institutu pro
vyzkum Zeleza (MPIE) s finanéni podporou 100 000 €
nal8 mesica nadace Volkswagen. Pro klasifikaci
projektu je tieba si piedstavit nasledujici scénai: vozidlo
frontalné narazi proti chodci. Ale misto toho, aby do ngj
narazilo s plnou pevnosti, zméni se ¢elni ¢ast vozidla ve
zlomku sekundy a bude tak mékka, Ze se chodci, ani
pasazérim ve vozidle nic nestane. Pokud by ale stejné
vozidlo mélo narazit do stromu, zvysi karoserie svoji
pevnost a pasazéti budou chranéni Iépe neZ predtim.

Projekt Thyssenkrupp by mohl profitovat
z rozsudku Evropského soudniho dvora

Projekt Carbon2Chem némeckého ocelaiského primyslu
by mohl profitovat z prakopnického  rozsudku
Evropského  soudniho dvora (EuGH) k tématu
»Zachycovani a vyuzivani uhliku“ /Carbon Capture and
Utilisation — CCU). Kdo aktivné redukuje své emise
opatienimi CCU, musi byt za to v evropském systému
obchodu s emisemi piimérené odmeénén. To je substance
rozsudku lucemburskych soudcti ve vzorovém pripadé
v primyslu vyroby vapna. Dosavadni neochota Evropské
komise uznat ptislusSnym stylem zpisoby CCU, je podle
EuGH protipravni. Z pohledu EK totiz nemize byt CO,,
ktery se nedostane do atmosféry, uznan jako emise ve
smyslu predpist 0 obchodu s emisemi a nemusi byt proto
také vyrovnavan certifikaty.

EU financuje vodikovy pilotni projekt
v Rakousku

VoestAlpine, Siemens a Verbund zfizuji v arealu
VoestAlpine v Linci spolecné vodikové elektrolytické
zaiizeni. Cilem je vyhnout se emisim CO,. Ocelaisky
pramysl musi v budoucnu vyrdb&t mnohem Setrngji
k Zivotnimu prostiedi a masivné omezit emise CO,.
Prislusna technologie musi byt ale teprve vyvinuta. Tti
velké koncerny VoestAlpine, Siemens a Verbund tdhnou
ted vrdmci jednoho vyzkumného projektu za jeden
provaz a buduji zkuSebni zatizeni s podporou EU. Pilotni
projekt s ndzvem ,,H2Future* bude stat celkem 18 mil.
euro, z toho EU zaplati dv¢ tretiny. Klicovou technologii
PEM (Proton Exchange Membran) doda Siemens.
Testovat se bude zaiizeni s vykonem 6 MW. Zatizeni ma
jit do provozu za 4 roky.
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Obchod s emisemi se zost¥i

Po pildruhaletém dohadovani chce Evropsky parlament
piisti  tyden odklepnout vyrazné zostieni obchodu
semisemi. Pro cementaisky pramysl, letecké
spole¢nosti a jind odvétvi bude v budoucnu vypousténi
CO, drazsi. Brexit ale muze stémito plany jesté
zamavat. Planovana reforma evropského emisniho prava
od roku 2021 dostava kone¢nou podobu a EP bude pristi
tyden o ni hlasovat. Pfindsi vyraznd zatizeni pro
pramysl, ale potieba diskuse se uz tyka jen nékolika
malo mist. Na stole nyni lezi konsensudlni navrh, ktery
ptivodni ndvrhy EK vylepsuje. ,,Svét obchodu s emisemi
drasticky zmeénime,“ zduraziiuje Peter Liese, mluv¢i
kiestansko-demokratické frakce ve vyboru pro Zivotni
prostiedi. Systém obchodu s emisemi ma rozhodujicim
zptusobem prispét k tomu, aby EU doséahla svého cile do
roku 2030 - tedy sniZeni exhalaci CO, 0 40 %. Reforma
je naprosto nutna, protoZe aktualné systém nepiinasi
potiebné cenové signaly pro vypousténi sklenikovych
plynt. Chyby souéasného systému a krize vedly k tomu,
Ze je dnes na trhu prosté pfiliS§ mnoho certifikatd.
V planu je stadhnout ztrhu pry¢ vice nez 1 mild.
certifikata, pticemz nemaji skoncit v rezervé, nybrz
Uplng zruSeny. Druhy bod stanovuje, Ze mnoZstvi
certifikatt nemda Kklesat tak, jako doposud, ro¢né
01,74 %, ale dokonce o 2,4 %. Soucasné ma byt ale
zajisténo, Ze 10 % nejefektivngjSich podnika z branze
budou iv budoucnu dostavat certifikdty zdarma, coz
znamena navyseni 05 %. Déle je planovano zavedeni
inovativniho fondu, ktery bude finan¢né podporovat
vyvoj technologii ke snizeni emisi CO,.

Vysoké ceny surovin brzdi VoestAlpine

Odvolani poplachu pro nejvétsi rakousky ocelaisky
koncern VoestAlpine: burzovni dozor FMA zastavil
Setieni kolem necekaného zvyseni nékladia o 250 mil.
euro pri stavbé hutniho zavodu v Texasu. K vysledkim
Setfeni prohlasil $éf predstavenstva Wolfgang Eder na
pateéni telefonické konferenci k vysledkam &tvrtletni
bilance, Zze se neobjevily Zadné ,vystiednosti“.
VoestAlpine neporusila zadné informaéni povinnosti.
VoestAlpine rovnéz potvrdila (i pies zpomaleny vyvoj

zisku v prvnich deviti mésicich obchodniho roku
2016/2017 kvali cenam surovin, podobné jako
u ThyssenKrupp) vyhled na cely obchodni rok

2016/2017. Cilem je ociStény operativni vysledek
(Ebitda) na drovni predchéazejiciho roku ve vysi
1,45 mld. euro a ogistény provozni vysledek (Ebit) na
Grovni posledniho obchodniho roku, tj. 814 mil. euro.
Ozndmeni nového presidenta Trumpa 0 shaze zavest
vysokda importni cla nevzbuzuje u Edera piilisné obavy:
,Bedlivé sledujeme vyvoj v USA. V souc¢asné dobé ale
nevidime Zadny divod revidovat naSe investi¢ni plany
pro vystavbu zavodu na automobilni soucastky
v Mexiku“.
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4. ¢ast: Hutni pece

Pece jsou hlavnim zatfizenim v hutni vyrobé. SlouZi predevsim k redukci kova z rud. Nekdy jesté pred redukci se
i opakovana, a to rovnéz v peci. Z rafinovaného kovu se zhotovuje vyrobek bud’ tak, Ze se odlije do formy nebo se
tvaii na pozadovany tvar. Pti odlévani do forem se odléva bud’ bezprosttedné po rafinaci, nebo se kov znovu natavi.
Pred tvaienim se kov zpravidla opét ohtiva. Z historie zname v tvafecich technologiich piedevSim kovani,
ale archeologické artefakty nebo vytvarné pamatky jsou dokladem napfi. i valcovani a tazeni. Nékteré vyrobky se
jeSte tepelné zpracovavaji. Je vidét, Ze pocet operaci pri vyrobé a zpracovani kovid, které vyzaduji ohtev v peci, je
docela pocetny. Veskeré uvedené portfolio technologii pro vyrobu a zpracovani kova bylo sou¢asti davnych vyrob-
nich struktur.

Prvé pece, které se zacaly pii vyrobé kovia pouZivat, byla jen jednoduSe upravena ohnisté. Brzy se zacaly pouzivat i

pece, které patrné vychazely z hrn¢itskych dovednosti. Ziejmé takova pec je uvedena na obr. 1 ve 3. pokracovani
tohoto seridlu (Hutnické listy, 68 (2016) 6,

.. [’ \\ 94-95.) V nasledujicim vyvoji se jejich objem
\\’l dale zvySoval a pouZivaly se i pro redukci
- Zeleza. V blizkosti polského mésta Nowa
. OOO O O( ) Stupia archeologové odkryli velky pocet
-~ zbytki takovychto peci, ve kterych se vyrabélo
O O O O O ¢~y Zelezo. Pracovni postup tehdejsich hutnikii

. \ /  schematicky ukazuje obr. 1.

T

/7 W Pece byly uspotadany ve &tyistupu. Vzdy se
N \__J steny peci v jedné ctverici udusaly zjilu
vytvoreni _ aslamy a nechaly se ur¢itou dobu vyschnout.
pece ] _ provedeni 3 rozbiti Zatim se zhotovovaly daldi ctvefice peci.
zjilu postupné vysouseni " ... B avymuti  Povysudeni se pece naplnily dievénym uhlim
a slamy 5 slitku a provedla se v nich redukce rudy. Po vychlad-

nuti se pec rozbila a vyjmul se slitek, ze kte-
rého se vytloukla struska. Pfi vyrobé Zeleza
pracovaly tyto pece v rezimu na jedno pouZiti.

Obr. 1 Schéma préce peci pro vyrobu Zeleza
nalezenych v oblasti Nowa Stupia v Polsku

Tento vyrobni postup dnes nékterd pracovisté
zopakovala. Fotograficky doklad je uveden na
obr. 2. Pec z novodobého experimentu z roku
2016 byla ovsem zhotovena z kvalitngjSiho
Zarovzdorného materidlu, vyrobeného smicha-
nim a dusanim zarovzdorného jilu a pisku.
Zastupné chemické slozeni této smési je
Al,O3 + SiO,. Takova pec vydrzi vice taveb.
Rovnéz jeji tepelny rezim byl intenzifikovan
vykonnym dmychadlem. Jako paliva bylo
poZzito dievéné uhli.

Velikost peci vyrobenych z jilu byla omezena.
Kdyz bylo tteba zvysit vyrobu, zacaly se pro-
sazovat nadzemni zdéné pece a podzemni
pece. Podzemni pec byla jednoduchd jama
vymazand blatem, do niZ se vsadila ruda
a dievéné uhli. Nadzemni pece byly postaveny
z kameni a vymazany hlinou. Pouzivaly se
delSi dobu ve vice cyklech. Po tavbhé se znovu

rudy drevénym uhlim, VSB — TU Ostrava, 2016
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vymazaly a pouzily se pro dalsi tavbu. Do nistéje peci se foukal vzduch vétSinou pomoci méchi. V mistech, kde
vane trvaly vitr, jako napi. na motském pobiezi, byly nalezeny i jakési velké trychtyie, které slouzily k zachyceni
vétru a jeho usmérnéného dmychani do pece. Tak tomu bylo i v huti na vyrobu meédi v Aziongaber patiici kréli
Salomounovi. (Aziongaber bylo misto, na némz tabofili Izraelci pii svém putovani do Palestiny a v némz odpogivali
pied vstupem do Moabské pousté.) Objem peci byl maly. Hmotnost jedné tavby zpravidla nepiesahovala nékolik
desitek kilogrami kovu. Nadzemni pece byvaly v&t$i, nékteré mély objem az 10 m?.

Obr. 3 ukazuje praci hutnikii v Troji. Pec ma jiz vetsi objem nez pece egyptské a muz za peci ziejmé vhani do pece
mé&chem vzduch. Na obr. 4 jsou znazornéni hutnici v Recku. Zde je zietelny dmychaci méch u pece. Na obou obréz-
cich je zajimavé detailni zndzornéni pracovnich nastrojut, jako jsou prohrabovaci a podavaci tyce, klesté, vytloukaci
kladiva, sekace nebo ochranné pomucky.

Obr. 3 Obraz prace hutniki pochazejici z Troje, asi r. 500 pi. Kr. Obr. 4 Préce hutniki ve starém Recku

Nadzemni pec pro redukci rudy tzv. galo-fimska je zndzornéna na obr. 5. Tehdejsi hutnici dovedli s vyhodou
vyuzivat morfologie terénu k optimalizaci obsluhy peci. Zahloubenou pec ukazuje obr. 6. Tato pec méla rovnéz
dmychéni vzduchu do spodni &asti, jak je vidét v otvoru pod Urovni rostlého terénu.

Po cely starovék se jako palivo pouzivalo dievéné uhli. V tehdejsi dobé& byla sice znamd i jina paliva, jak svédci
hrizu budici ver$ v ¢asti bible zvané T/ muzi v rozpélené peci. V kap. 1, verS 43 stoji: Sluzebnici kralovi, kteri je
uvrhli dovnit7, neprestali rozpalovat pec naftou, koudeli, smilou a roStim. Nic vSak nenasvédéuje tomu, Ze by se
tato paliva uzivala i v hutnictvi.

Popsané pece se v priabéhu veka vyvijely, az vznikly dnedni pece. V Africe vSak Sel vyvoj velmi pomalu a az do
poloviny 20. stoleti se zde uzivaly pece, které se od historickych prilis neliSily (obr. 7).

Obr. 5 Galo-timskéa nadzemni pec Obr. 6 Zahloubena pec Obr. 7 Pece pouzivané k vyrobg Zeleza
v subsaharské Africe do poloviny 20. stoleti

Ing. Ladislav Jilek, CSc.
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FAKULTA METALURGIE A MATERIALOVEHO INZENYRSTVI, PRO AKADEMICKY ROK 2017/2018 NABIZIME ROVNEZ
VSB-TUO PRO AKADEMICKY ROK 2017/2018 NABIZi STUDIUM STUDIUM V MAGISTERSKYCH NAVAZU)iCiCH

V BAKALARSKYCH STUDIJNICH PROGRAMECH: STUDIJNICH PROGRAMECH:

METALURGICKE INZENYRSTVI METALURGICKE INZENYRSTVi

¢ Moderni metalurgické technologie e Moderni metalurgické technologie

¢ Tepelna technika a keramické materialy  Tepelna technika a keramické materialy

* Umélecké slévarenstvi MATERIALOVE INZENYRSTVi

MATERIALOVE INZENYRSTVi * Progresivni technické materialy

¢ Progresivni technické materialy  Materialy a technologie pro automobilovy pramysl
» Materialy a technologie pro automobilovy primysl * Recyklace materiali

* Recyklace materiald e Biomechanické inZenyrstvi

PROCESNi INZENYRSTVi PROCESNI INZENYRSTVi
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e Management kvality e Management kvality

ZAUJALY VAS STUDIJNi PROGRAMY NA FMMI?

S podrobnou charakteristikou jednotlivych studijnich programt a oborl se muZete seznamit na webu www.fmmi.vsb.cz.
Po (spésném absolvovani bakalarského studia lze pokracovat v magisterskych navazujicich studijnich programech fakulty.
Absolventi FMMI se uplatni v materialovych, metalurgickych, chemickych, ekonomickych a ekologickych oborech, ale také

ve védecko-vyzkumnych organizacich ¢i organizacich statni spravy.

PRIHLASKU KE STUDIU lze podat elektronickou formou prostfednictvim
formularu dostupnych na www.fmmi.vsb.cz do 10.8.2017.
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