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vyroba oceli
a feroslitin

Refining of Low-grade Manganese Ores through Organic Agents

swwr

Rafinace manganovych rud nizSich jakosti s vyuzitim organickych ¢inidel

Ing.Miroslav Dostal', Ing. Zuzana Lorencova'

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

Only a limited quantity of manganese ore is suitable for direct use in the production of manganese alloys for the
steel industry. The main problem is its chemical composition. This means mainly the low level of manganese in the
ore, and this is reflected in a poor ratio of manganese to iron (Mn / Fe), which is one of the decisive factors on
influencing the quality of the ore. Another problem is the high content of impurities, such as silicon, aluminum, but
mainly phosphorus, the content of which is another limiting factor of the manganese ore quality. Alternative
methods for manganese extraction from a low-grade ore were investigated using cane molasses and cornstalk as a
reducing agent in suitable dilute medium. The effects of concentrations of cane molasses and cornstalk, leaching
temperature, as well as reaction time were discussed. The results showed that high manganese recovery with low Fe
and Al extraction yield could be obtained by analyzing the leaching efficiencies of Mn, Fe and Al during the
leaching process.

Keywords: manganese ores, refining, technological methods, raw materials, organic agents

Mangan hraje diilezitou roli v mnoha primyslovych oblastech. Proto bylo v nedavné dobé vynalozeno mnoho usili
na zlepseni komercné realizovatelného procesu ziskavani manganu z nizko jakostnich manganovych rud. Rudy jsou
upravovany nejcastéji prazenim, po kterém ve vétsiné pripadit nasleduje louzZeni pomoci vhodné zvolené kyseliny.
V pripadé alternativnich zpusobu ziskavani manganu z nizkojakostnich manganovych rud se velmi zajimavym
FeSenim jevi vyuziti organickych zdroji, (predevsim trtinové melasy a kukuricného zrna). Trtinova melasa, vedlejsi
produkt z vyroby cukru, obvykle obsahuje 25 - 35 % trtinového cukru, 15 - 25 % invertniho cukru a 9 - 11 %
koloidnich materialii. Jedna se o nizkondkladové a bohaté prirodni zdroje, které neobsahuji nebezpecné latky ve
srovnani s jinymi redukcnimi cinidly, které se pouzivaji pro louzeni manganu za mirné kyselych podminek. V tomto
¢lanku, byla prokdazana moznost ziskavani manganu (popr. zZeleza a hliniku) z rud pomoci titinové melasy a
kukuricného zrna jako redukcnich cinidel v zavislosti na koncentraci jednotlivych redukcénich cinidel a kyselin.
Velmi diilezitym faktorem je viiv teploty a casu pri prazeni a ndsledném louzeni. Vysledky experimentii ukazaly, ze
kukuricné zrno miize byt dobrym redukovadlem pouze pri teploté prazeni okolo 500 °C. Optimalni podminky pro
redukci a louzeni manganu byly stanoveny na zdakladé hmotnostniho pomeru 10:3 (manganova ruda, kukuricné
zrno), teploty prazeni 500 °C po dobu 80 minut. Probihalo nasledné louzeni pri koncentraci kyseliny sirové byla 3
mol/l, teplota louzeni 50 °C po dobu 40 minut. Tyto technologie mohou byt pouzity pri ziskavani manganu z riiznych
manganovych rud a modifikovany v zavislosti na chemickém sloZeni dané rudy. Diky dobré dostupnosti, bohatym
zdrojiim a v neposledni Fadé také cené, se trtinova melasa a kukuricné zrno jevi jako vyhodna alternativa vyuzitelna
k redukci rud.

Kli¢ova slova: manganova ruda, rafinace, technologické metody, suroviny, organicka cinidla
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Low-grade manganese ores contain iron, silica, alumina,
sulphur and phosphorus. Both physical and chemical
methods were used. Physical methods include different
ore-dressing techniques, such as jigging, tabling and
magnetic separation to remove the gangue materials,
whereas the chemical methods are used for conversion
of manganese to a water-soluble compound, such as
sulphate, chloride or nitrite, which can be either
electrolysed to produce MnO, or evaporated to produce
manganese salts. The aim of this work is a introduce to
the different methods of enriching low - grade
manganese ores with uses natura organic resources for
the reduction agent, especialy cane molasses and the
corn cob.

1. Sulphation roasting of low-grade
manganese ores - optimisation by
factorial design

The predominant minerals of manganese are pyrolusite
(MnO,) and rhodochrosite (MnCO;). The MnO,
decomposes at heating to Mn,0; and subsequently to
Mn;0, [1]. During sulphation these oxides react with
S0,/SO; as shown below:

MnO, + (SO,) = MnSO, - (1)
2Mn203 + 4(802) + (02) = 4MIISO4 (2)
Mn304 + 3(802) + (02) = 3MIISO4 (3)

The lower temperature includes the conditions likely to
prevail when a mangan reacts with sulphur dioxide and
the higher temperature indicates the conditions for
recovering Mn,O; or Mn;0,4 for MnSO, by roasting.
Mellor (1961) has stated that (NH4),SO, decomposes to
yield sulphuric oxides [1],[6]. The latter combine with
the iron oxides and manganese during roasting and the
respective sulphates are formed:

(NH,),SO, = 2NH; + SO; + H,0 @)
3803 + 2NH3 = 3802 + N2 + 3H20 (5)

Besides, the sulphation of Fe,O; with these sulphuric
oxides is also feasible. The oxides of iron also react
with SO,:

1/3 F€203 + SOQ +1 02 =1/3 Fez (SO4)3 (6)

Next necessary technological step after the sulphation
roasting is often leaching in the dilute solutions on the
water base or acid. Leaching the sulphated nodules in
boiling water enables a > 80% extraction of Ni, Cu and
Co. Much of manganese and little iron are extracted.
Gofman et al. (1963) take the view that roasting
manganese ores with a sulphatising agent and followed
by subsequent leaching in water is the most efficient
method of recovering manganese selectively [1]. The
manganese sulphates of dissociate around 800 °C,
whereas those of iron decompose to Fe,O; around
500°C. Hence, such suitable roasting temperature can be
chosen at which the iron oxides can be separated from

the leach solution by filtration without much loss of
manganese.

However, part of the iron and other impurities going
into solution can be removed by blowing air into the
solution at pH=5. The used manganese ore was obtained
from the mines in the Keonjhar district, Orissa, India,
and they contained 26 % of manganese and 28% of iron,
along with other impurities, such as silica and alumina.
All the reagents used, i.e. (NH4),SO4, NH,Cl and
Na,S0O,, were of technical grade. The ground ore (- 250
BSS) was blended with the sulphatising agents. For the
laboratory-scale experiments, the mixture was put into a
silica crucible and roasted in rectangular furnace.

Fletcher and Shelef (1964) attempted to promote the
sulphation of mangan through the use of additions of
alkali salt and they observed that when used in larger
quantities the additives could produce favourable effects

[4]. Tt is clear, as is it can be seen from table 1, that the
addition of Na,SO, does not have any significant effect
on the recovery of manganese. Hence, only the four
experimental samples, (A),(B),(C),(D); (tablel) [1].

The optimum conditions for the maximum recovery of
manganese on the basis of 100 g of manganese ore are
as follows: Roasting temperature was assessed to
550-575°C. Roasting time was essentially of 55-60
min., and amount of the (NH;),SO, was laid down to
120-130g. The present study has described the
usefulness of the factorial design technique for arriving
to the optimum conditions [1].

Tab. 1 Recovery of manganese by sulphation roasting and leaching

in water — conditions obtained by the conventional method
(Roasting temperature 660°C, leaching temperature 70 °C,
roasting time 1h, leaching time 1h) [1]

Tab. 1 Vytézek manganu metodou sulfa¢niho prazeni a louzeni ve
vodé za podminek: (teplota prazeni 660°C, teplota louzeni
70 °C, doba prazeni lh, doba louzeni 1h) [1]

Additive compsition Roasting Percentage
in grams per 100g ore conditions of ore leached
(A) (NHy) ,SO4 120 as Mn 70,87
NH,C1 20 powder
N32$O4 10
(B) (NH4),SO, 120 0,5-0,75 | Mn 62,50
inch dia. | Fe 9,62
pellet
©) (NH4),S0, 120 0,5-0,75 | Mn 83,39
NH,CI 20 inch dia. | Fe 3,08
pellet
(D) (NH4) ,SO, 120 Mn 78,00
NH,Cl 20 Fe 0,76
Na ,SO, 10 -do-
Bentonite 3
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2. Reductive leaching of manganese from
low-grade manganese ore in H,SO4 using
cane molasses as reductant

The sample of manganese ore was obtained from the
Bayi Manganese Mine, Guangxi, China. Both the bulk
and sieved samples were characterized by powder X-ray
diffraction (XRD, Rigaku model D/max-2500) to define
their mineralogical composition.

The XRD analyzes showed that the main metallic
minerals included todorokite (MngO;,-4.16H,0),
hematite (Fe,O;) and gangue minerals consisting of
quartz (Si0O,) and kaolinite (Al,Si,05(OH),).

The ore material was also chemically analyzed for its
major and minor elements, Mn 22.50 %; Fe 12.35 %; Si
11.30; Al 6.01 %; Ca0.086 %; Mg 0,072 %; S 0.005 %;
P 0.078 %. The ore sample was crushed and ground to
the required particle size smaller than 0.147 mm (N100
mesh). Cane molasses (Yishan Sugarcane Refinery,
Guangxi, China), containing 27.80 % of cane sugar,
15.35 % invert sugar and 9.53 % colloidal material, was
used in this work.

Inverted or invert sugar is a mixture of glucose and
fructose; it is obtained by splitting sucrose into these
two components. All chemicals were of analytical grade
and used without further purification [2].

The leaching experiments were carried out in a 500 ml
three-neck flask immersed in the thermostatically
controlled water bath with mechanical stirring. In
a typical experiment, 10 g of the sample was first added
to 50 ml sulphuric acid solution under stirring
(=200 rpm) at 90°C, keeping the solid/liquid ratio of 200
g/1, and leaching started after cane molasses was added
to the solution.

The initial concentrations of H,SO,4 and cane molasses
were 1.9 mol/l and 60 g/1, respectively. After 120 min,
the slurry was filtered and the residue was washed with
the distilled water. The filtrate was then diluted in
HNO; solution (pH=2) for analysis. The Mn, Fe, and Al

1ok
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Concentration of cane molasses (gil)

Fig. 1 Effect of cane molasses concentration on the leaching
efficiency of Mn, Fe, Al [2]
Obr. 1 Vliv koncentrace titinové melasy na efektivitu louzeni Mn,

Fe, Al [2]

concentrations during the leaching process were
measured by an inductively coupled plasma
spectrophotometer (ICP, Optima 5300 DV, Perkin
Elmer). The leaching efficiency was calculated by the
reference amount of the leached metal in the liquor to its
original input quantity [2].

Effect of cane molasses concentration on leaching
efficiency

24Mn02 + C12H22011 + 24H2$O4 = 24MHSO4 +12 COZ
1435 H,0 1%

IZMHOZ + C6H1206 + 12H2804 = 12MHSO4 +6 C02 T
+18 H,0 )

In order to evaluate the effect of cane molasses, a series
of leaching experiments was carried out by varying
concentrations of cane molasses from 10 to 70 g/l while
fixing the H,SO, concentration at 1.9 mol/l (Fig. 1) [2].

However, the increase of cane molasses concentration
causes a notable decrease in iron dissolution. Hence,
a selective dissolution of Mn is achieved by Fe during
digestion at the presence of cane molasses. The reason
for such results is not yet understood and it is being
investigated. A mineralogical study of the manganese
ore has identified hematite as the main iron minerals in
the ore. The dissolution of hematite requires a highly
acidic medium and it is influenced by the crystallinity of
the mineral. It also results in the consumption of the H"
ions (Momade and Momade, 1999). At the given
temperature and initial acid concentration, when
concentration of the cane molasses increases, the
leaching efficiency of Mn increases and causes the H"
ion concentration and iron dissolution to decrease
accordingly. Similarly, Momade and Momade (1999)
found that in the leaching of a ferruginous manganese
ore in aqueous methanol-sulphuric acid medium, the
iron dissolution decreased as the methanol concentration
increased [5]. At the concentration of cane molasses of
60 g/l, manganese is almost completely dissolved. So an
initial cane molasses concentration of 60 g/l is sufficient
to leach efficiently MnO, in the ore [2]. It follows that
the increased concentration of molasses increases the
efficiency of formation MnSO, and suppresses
formation of FeSO,. [2].

Effect of H,SO, concentration on leaching efficiency

Leaching experiments at different initial
concentrations (0.4 to 2.3 mol/l) were made.

H,S0,

The result demonstrates that the leaching efficiency of
Mn, Fe and Al increases as the H,SO, concentration
increases. Thus, at an acid concentration of 1.9 mol/l,
Mn is almost completely dissolved. Increasing the
H,SO, concentration from 1.9 to 2.3 mol/l slightly
improved the leaching efficiency of Al from 21.6 % to
22.2 %; however, iron dissolution rose from 32.3 % to
36.3 %. Therefore, an initial H,SO, concentration of 1.9
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mol/l is sufficient for almost complete recovery of
manganese [2].

The reductive leaching process for a low-grade
manganese ore has been successfully demonstrated
using a mixture of sulphuric acid and cane molasses as
reductants. The results indicate that the leaching
efficiency of Mn, Fe and Al increase as the H,SO,
concentration and the concentration of cane molasses
increases, the leaching efficiency of Mn increases, but
there is little change in Al and a notable decrease in Fe
dissolution. The optimum leach conditions were
1.9 mol/l H,SO,4 and 60 g/ cane molasses at 90 °C for
120 min. Almost complete leaching of manganese was
realized under these conditions, together with approx.
21.5 % Al and 32.4 % Fe [2].

3. Study of reduction-roast leaching of
manganese from low-grade manganese
dioxide ores using cornstalk as reductant

Recently the research team found out that low-grade
manganese dioxide ores can be reduced fully by
biomass cornstalk roasting at the temperature of only
500 °C. Using sulphuric acid as the leaching agent, the
manganese can be leached from the roasted product.

Though the crude cornstalk is lighter than coal, it can be
pulverized and compressed to the same volume with
coal, while their weights are identical. Biomass
cornstalk resource is abundant renewable resource.

Making use of cornstalk to reduce manganese dioxide
ores can not only widen the channels of energy to lower
the cost, but also comply with the requirements of green
economy. The sample of low-grade manganese dioxide
ore was obtained from Guangxi, China. The ore material
was chemically analyzed for its major and minor
elements — see table 1 [3].

The reductant employed in the experiment was
cornstalk, which had been processed by pulverizer. The
proximate analysis of biomass cornstalk is shown in
table 2.

Tab. 2 Chemical composition of Guangxi area low-grade manganese
ores material [3]
Chemické slozeni nizko-jakostni manganové rudy z oblasti

Guangxi [3]

Tab. 2

Chemical composition of Guangxi low-grade
manganese ores material

Composition MnO, | MgO | SiO, | Fe,05 | AlLO;
Content (Wt.%) | 34.6 1.7 | 124 | 11.2 4
Element Cu Pb /n Co Ni
Content

(10-6 wt.%) 300 80 800 800 3000

At first, the low-grade manganese dioxide ore and
biomass cornstalk were mixed thoroughly in the
crucible, and they were then roasted in the muffle. After
completion of the roasting reduction, the roasted

Tab. 3 Proximate analysis of the cornstalk [3]
Tab. 3 Chemicka analyza pfi vyuziti kukuti¢ného Skrobu [3]

Proximate analysis of the cornstalk
Heat

Preliminary Elemental output | Biomass constituent

analysis (%) analysis(%) MJ/kg) (%)
Moisture | 8 Carbon 43.57 Cellulose 37.6
Volatiles | 78.7 | Hydrogen | 3.92 | 15.84 | Hemicellulose | 21.6
Ash 6.9 | Nitrogen | 1.43 Lignin 18.4
Fixed
carbon 144 Oxygen 44.14

product was put into the leaching pot containing the
required quantities of sulphuric acid and quickly
leached reduced ore was re-oxidized by oxygen from
air. The solution continuously stirred and then certain
amount of the sample was taken from the leaching pot at
the predetermined time interval. After the sample was
filtrated, manganese was in the filtrate. The chemical
reaction of biomass cornstalk during the roasting is as
follow:

C,H,0,CO + H,0 9)

The reducing gas CO produced in the Eq. (9) provides
a deoxidized ambience, which promotes the reduction
reaction of low-grade manganese dioxide ores. The
oxides of manganese are reduced from high-valent to
low-valent.

MnOz—>Mn203—>Mn3O4—>MnO

The chemical reactions involved in reduction process
are in turn:

2MnO, + CO—Mn,0; + CO, (10)
3M1’1203 + CO—>2MH304 + C02 (1 1)
3Mn;0, + CO—3MnO + CO, (12)

By combination of reaction according to the Egs. (9)-
(12), the overall roasting reduction reaction equation
can be written as:

CH,0, + MnO,—MnO + CO, + H,0 (13)
The major chemical reaction involved during the
leaching process of manganese from the roasted product

is as follow:

MnO + HzSO4 - MnSO4 + Hzo (14)
A reductive roasting process followed by leaching of
low-grade manganese dioxide ores has been
successfully demonstrated using cornstalk as reductant.
The results indicate that cornstalk can reduce
manganese dioxide fully at only 50 °C. The optimal
condition for reduction-roast leaching of manganese
from the low-grade manganese dioxide ores was
determined as the weight ratio of 10:3 (ore/cornstalk),
roasting temperature of 500 °C for 80 min, stirring
speed of 400 rpm, sulphuric acid concentration of 3
mol/l and the leaching temperature of 50 °C for 40 min.
Under the optimal conditions, the leaching recovery of
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Mn can reach 90.2 %. This technology can be applied
for the recovery of various low-grade manganese
dioxide ores, and it is promising as it may be used
widely in manganese industry thanks to its good
reactivity, availability and lower cost of cornstalk [3].

Conclusions

The alternative methods using the natural resources
(molasses and corn on the cob) as reductant, which is
environmentally friendly are of great interest. This
material has a rich resource base and it is low cost. The
results indicate that leaching efficiency of Mn, Fe and
Al increases as the H,SO, concentration and reaction
time increase. When the concentration of cane molasses
increases, the leaching efficiency of Mn increases, but
there is little change in Al and a notable decrease in Fe
dissolution. The optimum leach conditions were 1.9
mol/l of H,SO,4 and 60.0 g/l of cane molasses at 90 °C
for 120 min. The results indicate that cornstalk can
reduce manganese dioxide fully at only 500°C. The
optimal condition for reduction-roast leaching
manganese from the low-grade manganese dioxide ores
was determined as the weight ratio of 10:3
(ore/cornstalk), roasting temperature of 50 °C for 80
min., stirring speed of 400 rpm, sulphuric acid
concentration of 3 mol/l and the leaching temperature of
50 °C for 40 min. This technology can be applied for the
recovery of various low-grade manganese dioxide ores,
and this technology as it may be used widely in
manganese industry thanks to its good reactivity,
availability and lower cost of cornstalk and molasses.
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Skodovka ziskala obfi kontrakt, doda pohony pro lokomotivy do Kazachstanu

novinky.cz, lvan Blazek, Pravo

6.2.2013

Zakazku za miliardu korun ziskala plzefiskd Skoda Electric. Pro americky koncern GE Transportation
doda 660 kust kompletnich mechanickych pohonl pro 110 expresnich lokomotiv, které si objednaly
KazaSské statni drahy. ,Je to nejvétSi jednorazovy kontrakt v historii nasi divize,” fekl Pravu Martin
Sobotka, feditel Divize trakéni motory Skody Electric. Kazdy komplet bude obsahovat motor, prevodovku
a dvojkoli. Prvni dva prototypy plzefiské strojirny dodaji na zaatku fijna, sériové dodavky pobézi od roku
2014 do roku 2018. GE Transportation pfi hledani dodavatele pohonu nesel cestou vybérového fizeni,
ale oslovil pfimo Skodu Electric. ,PovaZzujeme to za ocenéni nasich dosavadnich dodavek,“ konstatoval
Jaromir Silhanek, generalni Feditel Skody Electric.

Zminé&né lokomotivy budou jezdit az 160kilometrovou rychlosti. Skodovadti inZzenyfi se mimo jiné museji
vyrovnat s faktem, Ze rozdil teplot na tamnich tratich mGze dosahovat i vic nez 100 °C. V zimé v
Kazachstanu padaji teploty pod -50 °C, v |été naopak stoupaji na 50 °C.

,Obdobny motor jsme v minulosti vyrabéli napfiklad pro koncern Alstom,* doplnil Silhanek. Kazachstan je
podle n&j velmi zajimavé teritorium, jehoZ vldda investuje znacné prostfedky do rozvoje infrastruktury.

SB
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Vplyv rychlosti deformacie na zmenu mechanickych vlastnosti IF, DP 600
a HSLA oceli

Influence of the Strain Rate on the Change of Mechanical Properties of IF, DP
600 and HSLA Steels

Ing. Miroslav Német', doc. Ing. Maria Mihalikova, PhD.'

Technické univerzita v Kosiciach, Hutnicka fakulta, Katedra nauky o materialoch, Park Komenského 11, 042 00,
Kosice, Slovenska republika

Sucasny rozvoj techniky je charakterizovany snahou o zvySovanie vykonu existujucich strojov, zariadeni
a projektovanie novych konstrukcnych celkov. Tento rozvoj zapricinuje zvySenmii potrebu hlbSieho poznania
procesov, ktoré prebiehaju v materialoch pri komplexnom pésobeni vonkajsich vplyvov, ako napriklad rychlost
zatazenia. Vplyv rychlosti zatazenia, resp. deformdcie na mechanické spravanie sa konstrukénych materidlov je v
poslednej dobe intenzivne sledovany jav. Tento clanok skuma zmenu mechanickych vlastnosti troch réznych
automobilovych oceli v zavislosti od rychlosti zatazenia. Meranie sa realizovalo na troch automobilovych oceliach.
IF (interstitial free) oceli, DP 600 (dual phase) oceli a mikrolegovanej oceli. Statické skusky sa realizovali pri troch
rychlostiach zatazenia 1,6.10 * m.s ', 1,6.10 * m.s " a 6,6.10 ° m.s”'. Pre dynamické experimenty bolo pouzité
dynamické rotacné kladivo RSO, ktoré bolo upravené na skusky plochych ty¢i. Dynamické skusky sa realizovali pri
troch rychlostiach zatazovania 6 m.s”, 12 m.s™, 20 m.s™. Experimentom ziskané hodnoty sii v sillade s literatiirou,
kde sa uvadza Ze so zvySujucou sa rychlostou deformacie dochadza k zmene mechanickych viastnosti a vo vsetkych
troch pripadoch k zvySeniu hodnoty medze pevnosti.

KPucové slova: automobiloveé ocele, dynamicka skuska tahom, rotacné kladivo, rychlost deformacie

The automotive industry is currently focusing on detailed information about various types of materials and their
behavior during dynamic loading. Dynamic tensile testing of sheet steels is becoming more important. Experimental
dynamic tensile technique is depending on the strain rate. Each serves for a specific range of strain rates and
provides specific type of information. This work deals with the influence of the strain rate on the mechanical
properties of automotives steel sheets. For comparison of static and dynamic properties three different types of steel
IF — steel, DP — steel and micro-alloyed steel (S 460) were used. Samples for tensile testing were prepared
according to the norm ISO 6892-1. Static tests were realized at three rates, namely 1, 6.10 “mst 16107 ms?!
and 6, 6.10° m.s™. Samples for the dynamic impact test hammer were prepared according to the norm ISO 26203 —
1. Dynamic tests were realized at three rates, namely of 6 m.s”, 12 m.s”, 20 m.s”". The yield strength of IF steel
increased from 502 MPa to 558 MPa. The yield strength of DP 600 steel increased from 600 MPa to 705 MPa. The
yield strength of micro-alloyed steel increased from 697 MPa to 814 MPa. Comparison of static and dynamic yield
strength and the percentage increase is given in Tab. 4. Percentage growth yield strength is the highest in case of IF
steel - 98%. We have concluded that increasing strain rate in all three steels resulted in an increase of strength
properties and in change of plastic properties. It is in consistent with the literature findings.

Key words: automotive steel sheets, dynamic tensile test, rotation wheel, strain rate

Automobilovy priemysel sa neustale rozvija a preto je
potrebné budovanie vyskumnych, vyvojovych a
inovacnych kapacit, ktoré napomadhaji rychlejSiemu
vyvoju vyrobkov a zniZovaniu nakladov [1,2].
Testovanie a skiisanie vyrobkov je Standardnou castou
procesu inovacii a samotnej vyroby. Na generovanie dat
v oblasti dynamickych podmienok sa pouZzivaju rozne
testovacie techniky [3]. Jednym z faktorov, ktory je v
poslednej dobe intenzivne sledovany je vplyv rychlosti

zat’azenia, resp. deformacie, na mechanické spravanie sa
konstrukénych materidlov. Pre deformacnt rychlost’
radové niz§iu ako 10 s’ existuju  spolahlivé
experimentdlne zariadenia a normované postupy
hodnotenia vysledkov — statické skuSanie. Oblast
deformaénych rychlosti vysich nez 10° s je znima
ako oblast’ vysokorychlostného zatazovania [4]. Tato
oblast zahffia mnoZzstvo pripadov extrémneho
namahania materialov. Délezitou strankou
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mechanického naméhania je casovy priebeh napitia a
deformacie v namahanom telese. Rychlost’ deformacie
je vyraznym vonkaj$im cinitelom pre ovplyviiovanie
dosiahnutych pevnostnych a plastickych vlastnosti
materidlov. So zvySovanim rychlosti deformacie stipa
odpor materidlu proti deformécii, ale zvySuje sa aj
nachylnost’ ku krehkému poruseniu [5].

Automobilové ocele

Z konstrukéného hladiska a exploatacie finalneho
vyrobku — automobilu, je snaha zvysit' ich pevnost a
dynamick(l tnosnost’. Pri aplikacii plechov sa sti¢asne
musi zvysit odolnost’ voc¢i vtlaceniu, alebo borteniu
vyliskov. Okrem toho sa kladil poziadavky na vysoku
absorpciu energie pri havarii vozidla [6].

Medzi najpozivanejSie automobilové ocele patria aj IF
(interstitial free) ocele, DP (dual phase) ocele a
mikrolegované ocele. IF ocele predstavuju jednu z
hlavnych skupin oceli aplikovanych v automobilovom
priemysle. Tieto ocele vykazuju vysoki mieru
tvarnitelnosti, ktorda je zabezpecena vyviazanim
intersticii (uhlika a dusika) z tuhého roztoku [7,8].
Struktira je tvorena &istym feritom (obr. 1).
Charakteristickym rysom dvojfazovych oceli je
Struktara, ktord pozostava z 70 az 90% feritu a 10 az
30% martenzitu. V naSom pripade bol zisteny podiel
martenzitu 11,62 % (obr. 2). DP ocele su Siroko
vyuzivané v réznych Castiach karosérie ako napriklad
vystuhy, konzoly adisky kolies automobilu [9].
Mikrolegované ocele su dnes casto pouzivanym
konstrukénym automobilovym materidlom. St zname
pod skratkou HSLA (high strengthlow alloy) (obr. 3).
Tato ocel obsahuje v roéznych kombinaciach malé
mnozstvo Cr, Ni, Mo, Cu, N, V, Nb, Ti, Zr s obsahmi
0,01 —0,1% [10].

Obr. 1 Mikrostruktura IF ocele
Fig. 1 Microstructure of IF steel
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Obr. 2
Fig. 2

Mikrostruktara DP ocele
Microstructure of DP steel

Obr. 3 Mikrostruktira HSLA ocele
Fig. 3 Microstructure of HSLA steel

Metodika experimentu

Staticka skuska sa realizovala podla normy STN EN
ISO 6892-1. Na realizaciu dynamickych skusok podl'a
normy CSN EN ISO 26203-1 sa pouzivaju skisobné
zariadenia na ktorych moézeme dosiahnut’ rychlost
deformécie nad 10° s™'. Medzi dynamické skusky patri
aj skuska razovym kladivom RSO. Princip skisky
razovym kladivom RSO (obr. 4) je zalozeny na velkej
hybnosti rotacného zotrvaénika. Jeden koniec vzorky je
upevneny Vv drziaku (specimen holder) ana druhom
konci vzorky je upevneny rozsireny ¢len (pile) urceny
na zachytenie trhacim kladivom. Po roztoceni rotacného
zotrvacnika (flywheel) na pozadovane otacky sa vysunt
zo zotrvacnika trhacie Celuste (claw), ktoré zachytia
dany ¢len a prenesu kinetickll energiu na koniec vzorky
ktort roztrhnl. Signal vychadzajuici z rotaéného kladiva
RSO je zosilneny v zosiliovaci, a nasledne spracovany

v osciloskope.
@\Specimen holder

Specimen
€

Flywheel
v=11050 m/s

Damping element

Pile

Obr. 4 Rota¢né kladivo RSO
Fig. 4 Rotation hammer RSO
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Tab. 1 Chemické zlozenie oceli
Tab. 1 Chemical composition of steels

Material C S N Mn P Si Al Nb v Ti

IF 0,0013 0,0105 0,0017 0,082 0,011 0,006 0,055 0,001 0,002 0,04
DP 600 0,072 0,006 0,005 1,18 0,017 0,01 0,057 0,002 0,003 0,001
S 460 0,040 0,002 0,44 0,009 0,05 0,046 0,035 0,2 0,016

Tab. 2 Mechanické vlastnosti oceli pri statickych rychlostiach zat'azovania
Tab. 2 Mechanical properties of steels under static loading rate

Material Mechanické vlastnosti Rychlost’ zat’aZovania
1,6.10* m.s” 1,6.10° m.s”' 6,6.10° m.s’'

IF F [N] 10 195 10 465 10 750
R, [MPa] 169 180 197
R, [MPa] 282 291 300
Ago [%] 34,5 35 39,5

DP 600 F [N] 18 242 18 512 18 622
R, [MPa] 346 363 365
R, [MPa] 561 574 570
Ago [%] 23,4 21 24,2

S 460 F [N] 21611 21722 22 022
R, [MPa] 427 457 464
R, [MPa] 509 538 536
Agg [%] 18,8 20,9 21,3

Vyhodnotenie experimentalnych dat

Pre staticki skusku v tahu a dynamické skusky, boli
pouzité tri oceli pre konstrukciu automobilov: IF ocel
hrubky 1,6 mm, ocel DP 600 hrabky 1,5 mm

1,6.10'4 m.s™, 1,6.10'3 ms'a 6,6.10'3 m.s™. Po vykonani
dynamickych skuSok razovym kladivom RSO boli
zostrojené z dat tahové diagramy. Dynamické skusky
sme vykonavali pri troch rychlostiach 6 m.s™, 12 m.s™,
20 m.s” pre kazdy material. Tab. 2 udéva vysledky

a mikrolegovana ocel’ S 460 hribky 1,5 mm. Chemické

zlozenie skimanych oceli je vtab. 1.
experimenty  boli

odobrané

V Smere

Vzorky pre
valcovania.

Statické skusky sa realizovali pri troch rychlostiach

statickych  sktiSok

tahom pri troch

rychlostiach
zat'azovania. Namerané hodnoty ziskané z dynamickych
skasok na RSO kladive, maximalne sily F ., a medze

pevnosti pre vSetky sledované ocele st v tab. 3.

Tab. 3 Mechanické vlastnosti oceli pri dynamickych rychlostiach zat'azovania
Tab. 3 Mechanical properties of steels under dynamic loading rate

Material Mechanické vlastnosti Rychlost’ zat’aZovania
6ms’ 12m.s’ 20 ms’

IF F [N] 7158 7 587 7961
R, [MPa] 502 532 559

DP 600 F[N] 10 723 12 517 13 581
R, [MPa] 705 824 894

S 460 F [N] 9 944 11321 11602
R, [MPa] 698 794 814

Vysledné porovnanie kriviek ziskanych dynamickou
skuskou kladivom RSO pre IF ocel je na obr. 5, pre

Obr. 5 Dynamické tahové krivky IF ocel’
Fig. 5 Dynamic tensile curves of IF steels

ocel’ DP 600 na obr. 6 a pre mikrolegovanu ocel na obr.
7. Porovnanie statickej a dynamickej medzi pevnosti je

znazornené v tab. 4.

Obr. 6 Dynamické tahové krivky DP ocele
Fig. 6 Dynamic tensile curves of DP 600 steel
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Obr. 7 Dynamické tahové krivky mikrolegovanej ocele S 460
Fig. 7 Dynamic tensile curves of microaloyed S 460 steel

Tab.4 Porovnanie statickej a dynamickej medzi pevnosti skuSanych
oceli

Tab.4 Comparison between static and dynamic ultimate tensile
strength of tested steels

Material Staticka Dynamicka AR, narast
R, [MPa] Rin [MPa] R
[MPa] [%]
IF 282 559 276 98
DP600 561 894 332 59
S 460 509 814 305 60
Zaver

Jednou z moznosti zvySenia produktivity vyroby stcasti
je  zvySovanie rychlosti deformacie. Rychlost’
deformacie je vyznamny externy faktor ktory vyrazne
ovplyviluje spravanie sa materidlov, ich deformacie
aich vysledné vlastnosti. Tento fakt si vyzaduje poznat
charakteristiky ~ vSetkych ~ materidlov v procese
deformacie ako aj ich medznych stavov. Monitorovanie
dejov pri vysokych rychlostiach je nevyhnutné
u materialu ktoré sa budd podrobovat vysokym
plastickym deformaciam v procese produkcie ale aj
v priebehu prevadzky. V automobilovom priemysle sa
pouzivaju plechy réznych akosti. Pouzitie danej akosti
zavisi od miesta aplikdcie pri vyrobe automobilu.
Analyza deformacnych charakteristik umozni ich lepsie
poznanie v statickych a dynamickych podmienkach.

Pre porovnanie statickych a dynamickych vlastnosti boli
pouzité tri rozne druhy oceli. Vzorky na statickt skisku
tahom boli pripravene podla normy STN ISO 6892-1
avzorky na dynamicki skuasku razovym kladivom
podla normy STN ISO 26203-1. Z nameranych hodnot
pre IF ocel je pozorovatelny narast medze pevnosti. Zo
zvySujucou sa rychlostou deformacie stipla medza
pevnosti z 502 MPa na 558 MPa. Percentudlny narast
medzi pevnosti je najvyssi u IF, a to az 98%.
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Narast medze pevnosti bol pozorovany aj pri oceli DP
600 z705 MPa na 893 MPa. Percentualny narast
v pripade DP 600 ocele bol 59 %. V pripade ocele
S 460 bol zisteny narast medze pevnosti z 705 MPa na
814 MPa. Percentudlny narast medzi pevnosti ocele S
460 oceli je 60 %.

Mobzeme konstatovat, Ze so stupajicou rychlostou
deformacie u vsetkych troch oceli dochddza ku narastu
pevnostnych vlastnosti a zmene plastickych vlastnosti,
¢o je vsutlade s literarnymi poznatkami. Ked'Ze nas
prispevok sa venuje uvodnym meraniam na troch
automobilovych plechov v dynamickych podmienkach
zatial’ nie su odporuenia pre prax jednoznac¢né. Nato
aby sme mohli jednoznaéne ur€it dynamické
charakteristiky skumanych plechov je potrebné
realizovat’ experimenty v §irSom rozsahu rychlosti.
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The paper is oriented on the new wrought austenitic steel BGA4 developed by the British Company Corus. Material
BGA4 was supplied in the form of rods with length of 160-300 mm with diameter of approximately 20 mm that had
been rolled from original material with cross section with diameter of 183 mm. The experimental material was heat
treated using the 1,200°C/20 min/water procedure at the manufacturer. Test specimens with specific dimensions of
O 5x25 mm were used for creep tests. The creep tests were performed at temperatures of 625-725°C and stress
values 90-330MPa on air at a constant load. The dependencies of the creep strength, strength for specific creep
strain and minimum creep strain rate were evaluated on the basis of long term creep. Metallographic analysis is an
important part of the paper. Metallographic study was carried out on 11 samples. The austenitic structure did not
contain any precipitates in the initial condition; the boundaries of grains and twins were sharp. Microstructure was
observed also after creep tests. Precipitates created inside the grains already after a short creep exposure when
compared with the initial condition. The precipitates coarsened with the time of temperature exposure. Growth of
the particles layer related to the thickness of the carbon depleted zone along the grain boundaries was another
phenomenon found out. The change of the layer thickness at the grain boundaries had the opposite character than
creep resistance of the steel BGA4. It seems that the size of the precipitated particles layer can be useful for
estimation of the creep lifetime of real parts. Detailed metallographic study was performed in order to find out what
phases were present in the microstructure of the steel. For this purpose the specimen after the creep test carried out
at 650°C and 170 MPa for 2318 h was chosen. Results were described by means of scanning electron microscope
(SEM) metallography, scanning transmission electron microscope (STEM) metallography and energy dispersive X-
ray spectrometry (EDX) of thin foils.

Keywords: austenitic steel, creep characteristics, the effect of creep exposure on microstructure, metallography.

Prispevek se zabyva novou tvarenou austenitickou oceli BGA4, kterd je vysledkem vyvoje v britské firmé CORUS.
Studium bylo zaméreno na zjisteni creepovych vlastnosti a ndsledné metalografické analyzy. Experimentalni
material dodany ve formé ty¢i o pruméru 20mm byl pretvaren z piivodniho rozméru 183mm a pote tepelne
zpracovan pri teploté 1200°C po dobu 20 minut a ochlazen ve vodé. Tento material byl pouzit pro zkousky teceni pri
teplotach 625°C az 725°C. Celkovy pocet zkuSebnich hodin byl vice nez 150 000hodin, pricemz doba do lomu
nejdelsi zkousky byla 22948h. Na zakladeé zkousek tecent byly nejprve vyhodnoceny priibéhy strednich hodnot meze
pevnosti teceni. Poté byly vvhodnoceny pro jednotlivé zkousky zavislosti deformace na case. Z vyhodnocenych krivek
bylo mozno ndsledné stanovit priibéhy strenich hodnot meze teceni a rychlosti teceni. Experimentalni material byl
pouzit dale pro metalografické analyzy, které probihaly, jak na materidalu ve stavu, ktery byl dodan, tak na vzorcich
po zkouskach teceni. Celkem bylo pro metalografické studium na optickém mikroskopu pripraveno jedendct vzorkii.
Ve vychozim stavu byla zjistena austeniticka struktura, ktera neobsahovala precipitaty, hranice zrn a dvojcat byly
ostré. Po zkouSkdch teceni byly zjisteny precipitaty uvniti: zrn, které v zavislosti na creepové expozici rostly. Dalsim
Jevem, ktery byl pozorovan, byl vznik pasma podél hranic zrn ochuzeného o uhlik. Sivka tohoto pdsma se zvétsovala
s dobou creepové expozice. Graficka interpretace zavislosti §irky ochuzeného pasma na Larson-Millerove
parametru P;y=T.(logt,+A4,) ma opacnou zavislost nez mez pevnosti pri teceni. Bude-li tento jev dale zkouman je
pravdepodobné, ze Sirku pasma bude mozno popsat funkcni zavislosti na Larson-Millerové parametru. Tato funkcni
zavislost by mohla byt vyuzitelnd pri odhadech zbytkové zivotnosti realnych konstrukcnich casti. Metalograficky
rozbor také prokdzal nepritomnost delta feritu, ¢imz byl potvrzen predpoklad ziskany pomoci vypoctu Cr a Ni
ekvivalentii a Schaefllerova diagramu. Doplikem popsaného metalografického zkoumani byla mikrostrukturni a
fazova analyza. Vysledky této analyzy je mozno popsat nasledovné. Hranice zrn byly tvoreny ovdlnymi cdsticemi,
které byly obklopeny kuboidalnimi casticemi. V obou pripadech se jednalo o karbidy M,;Cs bohaté na Cr. Uvnitri
zrn byly pozorovany jemné Castice, jednalo se o karbidy M,;Cs bohaté na Fe a Cr. Velké mnozstvi dislokaci bylo
zachyceno prevazné na jemnych karbidech My;Cg. V nékterych pripadech byly pozorovany shluky castic na bazi Cu.
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Podle literarnich zdrojit by se ve strukture mély vyskytovat faze na bohaté na Nb a V. Tyto faze nalezeny nebyly,
misto toho byly nalezeny okrouhlé faze vétsich rozméri bohaté na Nb, pravdépodobné elementdrni Nb nebo Nb ;5Ni,.

Klicova slova: austeniticka ocel, creepové charakteristiky,

Austenitic steels are used in temperatures from 620 to
680°C in the areas where resistance to creep and
corrosion is required. These steels can be divided into
four categories: 18Cr-8Ni, 15Cr-15Ni, 20Cr-25Ni and

viiv creepove expozice na strukturu, metalografie

higher content of Cr and Ni. Survey of this material,
which is suitable for energy industry, is shown in Tab. 1

[1].

Tab.1 Nominal chemical composition of austenitic steels for boiler (wt %)
Tab 1 Nominalni chemické slozeni austenitickych oceli pro energetiku (%hm.)

T
of meeerial Steel C | Si|Man| Ni | ¢ |[Mo|W /| V| Nb | Ti B Other
18Cr-8Ni  |ASME TP304H | 008 | 06| 1.6 | 80 | 180 | - - - - - - -
3.0C
Super 304H 010 | 02| 08 | 9.0 | 180 | - - - | 040 | - . 0 1013
ASME TP321H | 0.08 | 0.6 | 1.6 | 10.0 | 180 | - R R - 0.5 - -
Tempalloy A-1 012 | 06| 1.6 | 100 | 180 | - R 0.10 | 0.08 - -
ASME TP316H | 0.08 | 06 | 1.6 | 120 | 160 | 2.5 | - - - - - -
ASME TP347H | 0.08 | 0.6 | 1.6 | 100 | 180 | - - | 08 - - -
15Cr-15Ni | 17-14CuMo 01210507 | 140 | 160 | 20 | - - 104 [ 03 [ 0006 | 3.0Cu
Esshete 1250 012 | 05] 60 | 100 | 150 | 1.0 | - | 02 | 1.0 | 0.06 - -
20-25Cr ASME TP310 0.08 | 0.6 | 1.6 | 20.0 | 250 | - - - - - . .
15-32Ni HR3C 0.06 | 0.4 | 1.2 | 200 | 250 | - - - 045 | - - 02N
Alloy 800H 008 | 05| 12 | 320 | 210 | - - - - 0.5 - 0.4Al
Tempalloy A-3 005104 ]| 1.5 15.0 22.0 - - - 0.7 - 0.002 0.15N
NF 709 0.15 | 05 | 1.0 | 250 | 200 | 1.5 | - - 02 | o1 - -
SAVE2S 010 | 0.1 | 1.0 | 180 | 230 | - | 15| - | 045 | - . 3.0Cu
0.2N
high Cr CR30A 0.06 | 03] 02 | 500 | 300 | 20 | - . - 0.2 . 0.03Zr
high Ni HR6W 008 | 04|12 |430|230| - |60| - | 018 | 0.08 | 0.003 -

In British company CORUS four austenitic steels have
been investigated — see Tab. 2. Content of Cr is higher
for better resistance against corrosion. They contain also
higher quantity of austenite-stabilizing element Mn.
Austenitic element Mn and alloying additions are more
complex [2].

Tab. 2 Nominal chemical composition of CORUS steel (wt %)
Tab. 2 Nominalni chemické slozeni oceli firmy CORUS (%hm.)

In SVUM creep resistance of one of these steels —
BGA4 was studied. The aim of this paper is to present
results of creep testing. Our description deals with creep
rupture strength, strength for specific creep strain and
creep rate. Detailed description of microstructure is
important part of the paper.

Type of material Chemical composition

C Si Mn Ni Cr Mo A \ Nb B N Cu
BGAIl 0.11 0.64 6.3 152 | 23.1 1.0 - 0.29 | 0.19 | 0.005 | 0.095 -
BGA2 0.11 0.54 9.7 13.0 | 232 1.0 - 0.30 | 0.57 | 0.005 | 0.18 -
BGA3 0.11 0.55 6.2 15.0 | 23.1 1.0 - 0.30 | 0.57 | 0.006 | 0.18 | 3Cu
BGA4 0.10 0.54 6.1 14.9 22.8 0.2 1.4 0.29 0.57 | 0.006 | 0.19 3 Cu

1. Experimental material

The company CORUS supplied to SVUM the best
material BGA4 (containing W) — identified as CORUS
CODE H4F53 — with chemical composition stated in
Table 3. The supply included rods with length of 160-
300 mm with diameter of approximately 20 mm that
had been rolled from original material with cross section

Tab. 3 Chemical composition of steel BGA4 (wt.%)
Tab. 3 Chemické slozeni oceli BGA4 (%hm.)

with diameter of 183 mm. The rods were subjected to an
ultrasonic test, the aim of which was to identify internal
defects. This test did not reveal any defects that could
be affecting consequent results. The experimental
material was heat treated using the 1200°C/20
min/water procedure at the manufacturer. Test
specimens with specific dimensions of & 5x25 mm
were made and creep tests carried out in SVUM.

Si Mn P S Cr

Nb Cu

0.11 0.49 6.10 0.02 0.024 22.9 0.14

15.4

0.007 0.61 0.31 0.185 2.70 1.49
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The creep tests were performed at temperatures from
625 to 725°C and stress values of 90-330MPa. The
creep tests were carried out on air at a constant load.
Deformation time changes were measured. The SVUM
a. s. laboratory is accredited in accordance with the
standard EN ISO/IEC 17025.

2. Results of the creep tests

The dependence of stress on the Larson-Miller
parameter (Pry) was assessed at first. A following
regression model was used for the assessment [3]

logo =4, + AP, + A,Ff,. (1)

where
Piv=T.(logt+Ay).
c is stress (MPa).
T is temperature (K).
t: is time to rupture (h).
A-A4 are material constants listed in Tab.4.

Fig. 1 illustrates the results of creep tests. The assessed
dependence of time to rupture on stress and
temperatures is demonstrated by solid curves.

Tab. 4 Material constants of regression models (1). (2) and (3)
Tab. 4 Materialové konstanty regresnich modelu(1). (2) a (3)

Model (1)

A, | -2.29537364E+00
A, | 5.46339300E-04
A; |-1.49047411E-08
A, | 2.16018327E+01
Model (2)

B, 8.66864452E+00
B, |-4.48340085E-04
B; 5.55963130E-09
B, 1.65163609E+01
Model (3)

C; |-1.42822301E+01
C, |-2.55821347E+00
C; | -3.94226416E+00
Cs |-1.32610010E+01
Cs 1.03641552E+03
Cs | 7.30214009E-06

100000
= 10000 +
g
2
S 1000 L. "625°C
° * 650°C
T.E‘, 4 675°C
£ * 700°C
= i
100 7 4 725°¢
© 650°C- running
10 : : : : : )
50 100 150 200 250 300 350
Stress [MPa]
Fig. 1 Time to rupture dependence on temperature and stress of steel

BGA4

Obr.1  Zavislost doby do lomu ocele BGA4 na teploté a napéti

= 675°C/260MPa
+ 675°C/230MPa

10 4 4 675°C/200MPa
g4 n « 675°C/175MPa x
£ * 675°C/150MPa
5 °

0 2000 4000 6000 8000

Time [h]

= 700°C/200MPa
* 700°C/180MPa
4700°C/150MPa
® 700°C/130MPa
x 700°C/115MPa

XX

10000

6000 8000 10000

Time [h]

0 2000 4000

b) Curves at 700°C

Fig. 2 Creep curves of steel BGA4
Obr.2 Creepové kiivky ocele BGA4

Some creep curves, which were evaluated using the
model [4], are shown in Fig.2. The curves allowed
specification of temperature and stress dependencies of
the creep limit. Identical equation (1) in the form

logo, =B, +B,'P,

T B P, (2
where

11)14,14 = T; : (10gl1 +B4) .

o is stress (MPa).

T, is temperature (K).

t; is time to creep strain 1% (h).
B;-B;, material constants given in Tab.4.

was used. The result of assessment of 1% creep limit is
illustrated in Fig. 3.
The model according to [5] was used to assess the creep
rate.

. 1 1 .
loge=C, +C, ~10g‘? A +C, -log[smh(C6 -O'-T)]+

5

+C, ~log%—— ‘log[sinh(CG o T)],
5
3)
where
£ is minimum creep rate (%/h).

c is stress (MPa).

is temperature (K).
C,c are material constants shown in Tab.4.
The assessed creep rate is illustrated in Fig. 4.
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Fig. 3 Comparison of rupture strength and strength for 1% creep
strain of steel BGA4

Obr. 3 Porovnani meze pevnosti pii teCeni a meze teceni 1% ocele
BGA4

0,01

0,001 4

Minimum creep rate [%/h]

100 150 200

Stress [MPa]

250 300

Fig. 4 Minimum creep rate of steel BGA4
Obr.4 Minimalni rychlost teeni ocele BGA4

3. Occurrence of delta ferrite in structure

Delta ferrite should not be present in structure of the
steel BGA4. This structural component could be
transformed relatively soon to a sigma phase during
exposure at higher temperatures, which would result in
steel embrittlement. Occurrence of delta ferrite can be
predicted using the Schaeffler’s diagram [6] which is
shown in Fig. 5. The values of Cr and Ni equivalents
can be calculated from the equations below [7.8]

Ceq= Cr+28i+1.5Mo+5V+5 5A1+1.75Nb+1.5Ti+0.75W.
Nig=Ni+Co+0.5Mn+0.3Cu+25N-+30C.

where contents of individual elements are in weight
percentage.

For BGA4 steel the values Creq=27.83%. Niq=27.19%
were calculated. It is apparent from Fig. 5 that delta
ferrite should not be present in the BGA4 steel. This
structural component has not been detected during our
metallographic investigation.
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Fig. 5 Shaeffler’s diagram of microstructure state of steel
BGA4

Obr. 5 ShaeflerGv diagram strukturnich stavii ocele BGA4
1000 - 675°C 675°C  725°C 725°C
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Fig. 6 Specimens chosen for metallographic study
Obr. 6 Vzorky vybrané pro metalografickou analyzu
4. Optical microscopy
Metallographic study was carried on 11 samples

identified in Fig.6. The samples were prepared for
examination using usual methods of grinding and
polishing. An agent consisting of 10 ml of HNO3+10 ml
of acetic acid + 15 ml of HCI +5 drops of glycerine was
used for etching of the sample surface for characterizing
the initial condition. All the other samples were etched
using an agent consisting of 2 g of CuCI2 + 40 ml of
HCI + 60 ml of ethanol.

The samples had an austenitic structure. The size of
grains was assessed using a comparison method with
100x magnification and it was found out to be 4.5
according to ASTM E112. The dimension of 75 um
corresponds to this value. The effect of the parameters
of thermal exposure on grain coarsening was not
apparent; the size of grains of the investigated samples
was constant.

The structure did not contain any precipitates in the
initial condition; the boundaries of grains and twins
were sharp (see Fig. 7.). This figure also shows the
changes that occurred at the exposure to a creep
temperature. The structures were arranged with the time
to increase of fracture. However, these values were re-
calculated for maximum temperature of application of
austenitic steels (680°C). It can be seen that precipitates
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were created inside the grains already after a short
exposure when compared with the initial condition. The
precipitates coarsened with the time of temperature
exposure. Growth of the particles layer connected to the
thickness of the carbon depleted zone along the grain
boundaries was another phenomenon found out. This
was assessed using photographs of the individual states

d) 675°C-200MPa-2045h
80":1514}1
A e
5 % 5 Y

700°C-115MPa-10857h
(trs80°c=37469h)

h) 725°C-110MPa-2335h
(trss0:c=35247h)

(from 10 to 15 states). As it can be seen in Fig. 8. the
change of the layer thickness at the grain boundaries
had the opposite character than creep resistance of the
steel BGA4. It seems that the size of the precipitated
particles layer is useful for estimation of the creep
lifetime of real parts.

i) 725°C-100MPa-6791h
(tr6gg°C:]07827h)

Fig. 7 Changes of microstructure of the steel BGA4 caused by temperature exposure

Obr.7 Zmeény struktury ocele BGA4 vlivem teplotni expozice

100 - 1000

Creep strength

r 100

Width of depleted zone on
grain boundary [mm]
>
Stress [MPa]

Width of zone
1 T T T T 10

21000 22000 23000 24000 25000 26000
PLy=T.(log(t}+C), [K.h]

Fig. 8 Changes of particle layer at the grain boundaries in relation
to the creep strength of the steel steel BGA4

Obr.8 Zmeény vrstvy ¢astic na hranicich zrm ve vztahu k pevnosti pii
teceni ocele BGA4

5. Microstructure and phase analysis

Detailed study was performed to find out what phases
were present in the microstructure of the steel. For this
purpose the specimen after the creep test carried out at
650°C and 170 MPa for 2318 h was chosen. Results
were described by means of scanning electron

microscope (SEM) metallography, scanning
transmission electron microscope (STEM)
metallography and  energy  dispersive  X-ray

spectrometry (EDX) of thin foils.

The sample for metallographic analyses were prepared
by common way of grinding, polishing and etching.
Thin foils were polished electrolytically in solution
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consisting of acetic acid (95%) and hydrochloric acid
(5%) at 10 °C and 90 V.

The boundaries of austenitic grains were decorated with
thick layer of particles as illustrated in Fig. 9 a, b.
Detailed view of the grain boundary in Fig.10 reveals
almost continuous chain of oval particles (10a) at the
boundaries and the carbon depleted zone (CDZ) (10b)
followed by the layer of particles. The particles in the
layer were of cuboidal shape. Both mentioned kinds of
particles were analysed as Cr-rich M»;C4 carbides, as
documented by selected area diffraction (SAD) in Fig.
11. Further into the grain interior fine particles were
present predominantly as well as arrays of more or less
ordered dislocations often pinned by fine particles
and/or the rows of cuboidal particles - see Fig. 12 a, b.
These fine particles were analysed as Fe-Cr-rich M,;C¢
carbides. After the creep tests the chain of particles
CDZ and layer of particles were found also at twin
boundaries. Fig. 13.

Under proper conditions (magnification, foil thickness)
a population of Cu-based particles can be seen in the
microstructure see Fig.14. Distribution of the
dispersion particles is very dense and most of them
demonstrate a well-known “coffee bean-like” contrast,
which can be attributed to the coherent dispersoids [9].

UMV SAV El 20.0kv X100

Taking into account the chemical composition of the
alloy Nb-V-rich particles should have been expected in
the microstructure. However, no such particles were
found. Large rounded Nb-rich particles of various
shapes were embedded in the microstructure instead -
see Fig. 15. The SADs on different particles give
ambiguous results. They shall be either the Nb element
or Nb15Ni2 phase. The white small “stains” in the
images were most probably the thinned parts in the foil
originated by the fine particles falling out during
polishing of the foils.

According to the thermodynamic calculation the phases
in equilibrium at the test temperature should be Cr-rich
M,;C¢ carbide. MX nitrides, Cu particles, and austenitic
matrix.

Semi-quantitative composition (EDXS) of metallic part
of particles in the investigated microstructure [in at.%]
is approximately as follows:

- Cr- rich oval and cuboidal particles mostly at
GB-M,;C4: 72Cr-18Fe-1Nb-3Ni-0.5Cu-1.8V-1Nb
(+Si.).

- Fine (up to 30 nm) and longer narrow particles in
the matrix are Fe-Cr-rich M,3Cq4 carbides: 50Fe-24
Cr-18Ni-2.5Cu + (~1V~1INb-Si..). Cu-rich coherent
particles.

- Nb-rich (88-92 %) large particles.

0pm . WD

0.0kV  X1200

Fig. 9 Microstructure of the sample (a). detail view of particles at grain boundaries (b), SEM
Obr. 9 Mikrostruktura vzorku (a) ¢astice na hranicich zrn-detailni snimek (b), SEM

Fig.
Obr. 10 Vrstva ¢astic (a) a oduhli¢ena oblast (b) na hranicich. folie
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10 Layer of particles (a) and carbon depleted zone (b) at boundarie, thin foil
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Fig. 11 Cuboidal M»;Cs particles (a) and SAD from this area (b), thin foil
Obr. 11 Kuboidalni karbidy M,3Cs a difraktrogram této oblasti. folie

Fig. 12 Interior of grains. Dislocations pinned by rows of fine particles (a), cuboidal particles (b), thin foil
Obr. 12 Struktura uvnitf zrn. Dislokace zachycené na fadcich jemnych ¢astic (a). kuboidalnich ¢asticich (b). folie

Fig. 13 Twin boundary (a), detail (b), thin foil
Obr. 13 Hranice dvojcat (a). detailni snimek. (b). folie

Fig. 14 Cu-rich coherent particles, thin foil Fig. 15 I}ﬂ?-r'ich large Particles
Obr. 14 Koherentni ¢astice bohaté na Cu. folie Obr.15  Castice bohaté na Nb
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ArcelorMittal snizi emise vapenného prachu
moravskoslezskenovinky.cz, iza 5.2.2013

Hut ArcelorMittal Ostrava investovala do snizeni emisi vapenného prachu a zlepSeni pracovnich
podminek na ocelarné. Dokondila instalaci zafizeni pro odpraseni vapennych cest, které se nyni uvadi do
provozu. V souladu s evropskou legislativou zvolila spole€nost k odpraSovani nejlepsi dostupnou
techniku v hodnoté 10 mil. K& Novy tkaninovy filtr zachytava prach, ktery vznika pfi manipulaci s vapnem.
Diky tomu se nepfimé (fugitivni) emise prachu snizi v priméru o 100 t ro¢né. ,Tato ekologicka investice
bude mit pozitivni pfinos pro Zivotni prostiedi a oceni ji také nasi zaméstnanci, ktefi na ocelarné s
vapnem pracuji. Vyznamné se zde omezi prasnost, a tudiZ se zlepsi pracovni podminky,“ vysvétluje Petr
Baranek, feditel pro zivotni prostfedi ArcelorMittal Ostrava.

Vapno se ve vyrobé& pouziva pfi zpracovani oceli v panvovych pecich na ocelarné. Prach se zachytava v
misté vykladky vapna, kde se béhem jeho pfemistovani z vagénl do podzemnich zasobnikl nejvice
prasi. Zadrzeny prach bude odvadén do tkaninového filtru, ktery zachyti 99 % C&astic vSech velikosti.
,Diky tkaninovému filiru se nam podafi snizit emise hluboko pod limit Evropské unie, ktery navic v
Ostravé splnime s tfiletym predstihnem, doplfiuje Petr Baranek. Za filirem bude koncentrace prachu
vyrazné pod limitem danym nejlep$i dostupnou technikou (BAT - Best Available Technique: 10 mg/m3). \%
Evropské unii vstoupi limit v platnost az od roku 2016.

Spole¢nost ArcelorMittal Ostrava splnila i dal$i podminky pro podani zadosti o spolufinancovani této
ekologické investice z prostfedkd Statniho fondu pro ochranu zivotniho prostfedi a o evropskou dotaci
zazadala v lofiském roce. Vlbec poprvé ma moznost ziskat dotaci na ekologickou investici, v tomto
pfipadé do vySe 90 % ceny. Dotace se Cerpaji vyhradné z prostfedku, které jsou uréeny pro zlepSeni
zivotniho prostfedi v primyslovych regionech.

SB
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Macro- and Microstructure Formation in the Liquid-solid Region of Solid
Solution Alloys, with Eutectic, Peritectic and Monotectic Transformations
at the Equilibrium and Non-equilibrium Crystallization

Tvorba makro- a mikrostruktury slitin tuhych roztokii v oblasti likvidu a
solidu pri eutektické, peritektické a monotektické reakci za podminek
rovnovazné a nerovnovazné krystalizace

prof. Evgeny Sidorov, d.t.n.', prof. Mikhail Pikunov, d.t.n.?, prof. Ing. Jaromir Drapala, cse.’

'Vladimir State University, Gorky St. 87, Vladimir, 600000, Russian Federation
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17. listopadu 15/2172, 708 33 Ostrava — Poruba, Czech Republic

In the work theoretical and experimental investigations to determine the size and configuration of transition liquid-
solid regions in directionally solidifying castings of solid solution alloys, with eutectic, peritectic and monotectic
transformations at the equilibrium and non-equilibrium processes have been carried out. Experimental research
was done by the quenching method of the directionally solidifying samples of alloys of Cu — Ni and Cu — Mn,
systems. On the basis of the investigations it was determined that in real conditions of alloy solidification the
crystallization process of all alloys is always closer to the non-equilibrium process, when the diffusion in the liquid
phase realizes completely (D, — ) and is absent in the solid phase (Ds = 0). It is shown that the size and
configuration of the transition liquid-solid region are determined by the non-equilibrium crystallization range, the
temperature gradient and the degree of the process deviation from the equilibrium way of crystallization. The size
and configuration of the transition region predetermine the formation of casting defects in ingots (micro- and
macrosegregation, shrinkage porosity, the macro-grain size). It is shown that the casting properties of alloys
depend on the crystallization character of the alloy, the distance between the liquid and the non-equilibrium solid
along the vertical and the distance between the liquid and the solid along the horizontal as well.

V predlozené praci byl proveden teoreticky a experimentdlni vyzkum za ucelem urceni velikosti a konfigurace
prechodu dvoufazove oblasti likvidu a solidu pri rFizeném tuhnuti odlitkii slitin tuhych roztoku a pri eutektickych,
peritektickych ¢i monovariantnich transformacich za termodynamicky rovnovaznych a za zcela nerovnovaznych
podminek krystalizace. Experimentalni vyzkum byl realizovan ochlazovanim vzorki slitin Cu — Ni a Cu — Mn
metodou smeérové krystalizace. Na zakladé vyzkumit bylo zjisténo, ze za redlnych podminek solidifikace pri procesu
krystalizace je u vsech slitin stav vzdy blize nerovnovaznému procesu, kdy dochazi k uplné difuzi v kapalné fazi (D;
— ®©) a difuze v pevné fazi je nepritomnd (Ds = 0). Z vysledkii studia dale vyplynulo, zZe velikost a konfigurace
prechodu v oblasti kapalné a pevné faze je urcena Sirkou oblasti nerovnovazné krystalizace, teplotnim gradientem a
stupném odchylky od procesu rovnovazné krystalizace. Velikost a konfigurace prechodové oblasti predurcuje tvorbu
licich vad v ingotech (mikro- a makroskopické odmésovani, rediny, makrozrnitost). Bylo prokdzano, Ze lici viastnosti
slitin zavisi na charakteru krystalizace slitiny, na vzdalenosti mezi likvidem a nerovnovaznym solidem podél
vertikaly a rovnéz na vzdalenosti mezi likvidem a solidem podél horizontaly.V clanku jsou prezentovany jednotlivé
typy diagramii bindrnich systémii, a to idealni, eutekticky, peritekticky i monotekticky. Dadle jsou zde zobrazeny
vybrané typy diagramii ternarnich systémii, a to idedlni, peritekticky a s monovariantni eutektickou reakci. Pro
vSechny uvedené pripady jsou na prislusnych obrdzcich zakresleny poméry pri krystalizaci z hlediska distribuce
prvkii v tuhnoucim ingotu za podminek rovnovazné a zcela nerovnovazné krystalizace. Prezentované teoretické i
experimentalni poznatky maji vyznamny prinos jak pro oblast slévarenstvi pri vyrobe odlitki, tak i pro Fizenou

20



Hutnické listy ¢.2/2013, ro¢. LXVI
ISSN 0018-8069

Nezelezné kovy a slitiny
Non-ferrous Metals and Alloys

krystalizaci pri danych experimentalnich podminkach. Typ fazového diagramu a konkrétni podminky krystalizace
hraji dominantni roli na makro- a mikrosegregace pritomnych prvkii ve slitine i na charakter bunécné ¢i dendritické

struktury.

In a solidifying ingot a temperature change always
exists assuring the formation of a transition liquid-solid
region limited by the alloy liquidus and solidus
isotherms. In this region crystallization takes place. The
presence of such intermediate region is the main
characteristic feature of the castings solidification
process, affecting many of their properties, including
micro- and macrostructure. Many properties of cast
ingots, density (the absence of shrinkage porosity) in the
first place and the macrostructure as well, correlate with
the transition region dimensions. In educational and
scientific literature dimensions and the configuration of
the transition liquid-solid region and the casting
properties accordingly are correlated as a rule with the
equilibrium crystallization range. However, practical
results often do not correspond to the generally accepted
statements. In the works [1, 2] a considerable role of the
crystallization character of solid solution alloys in the
microstructure formation in cast ingots is shown. The
present work determines the effect of the alloy
crystallization character and the degree of the process
deviation from the equilibrium development on the
liquid-solid region formation and the macro- and
microstructure in a solidifying casting.

Theory and Experiment

When equilibrium phase diagrams are available, it is
possible to show the element distribution analytically
and graphically through the height of the two-phase
transition region both in liquid and solid phases in case
of the equilibrium and completely non-equilibrium
crystallization and the convection absence in the melt.
These data allow predicting the development of the
microsegregation in an alloy and the macrosegregation
in the casting and accordingly make it possible to
elaborate measures to decrease these undesirable
phenomena.

Ideal binary system

Fig. 1 shows the binary phase diagram of the A — B
system and the configuration of the transition region in
the directionally solidifying casting (with the
temperature gradient) of the solid solution alloy with the
Co composition at the equilibrium (Dg — o, D; — o),
(a) and completely non-equilibrium (Dg — 0, D; — o)
(b) crystallization. In this figure the crystallization
process is represented as ultimate step at the
temperature decrease. When the process is equilibrium,
at each temperature layers of the solid and liquid phases
will form according to the equilibrium phase diagram,

and with the temperature decrease their compositions
will change to new equilibrium ones. When the process
is non-equilibrium, the liquid phase compositions will
also change along the liquidus line to the composition of
the lowest melting point element in the system, and the
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previously formed solid phase layers will retain their
composition and mass up to the room temperature due
to the conditions Dg — 0, D; — oo.

Fig. 1 The configuration of the transition region and the element

distribution in the solidifying ingot of the C, alloy at the
equilibrium (Ds — o, D; — ) (a) and non-equilibrium (Ds
— 0, D; — o) (b) crystallization.

Obr. 1 Konfigurace pfechodové oblasti a rozdéleni prvku

v tuhnoucim ingotu slitiny se slozenim C, pii rovnovazné (Ds
— o0, D, — o) (a) a nerovnovazné (Ds — 0, D, — ) (b)
krystalizaci.

At the first step at the temperature tl the solid phase
with the CS1 composition and the liquid one with the
CL1 composition form from the liquid with the Co
composition, the mass fractions and compositions of
these phases will be equal both for the equilibrium and
non-equilibrium crystallization (Fig. 1a, b). With further
temperature  decrease  during the  equilibrium
crystallization for each temperature in the two-phase
region there will also be its own layer of equilibrium
liquid and solid phases according to the equilibrium
phase diagram. At the equilibrium solidus temperature
(tS.E) the whole of the liquid phase disappears, and the
solid phase reaches the unit fraction (1.0), and its
composition becomes equal to the initial one — Co. Thus
at the equilibrium crystallization a homogeneous solid
solution with the Co composition forms from the
homogeneous liquid solution with the Co composition,
and all changes of the compositions and masses of the
liquid and solid phases take place in the two-phase
region, the configuration of which is determined by the
phase diagram configuration, and the dimensions along
the height — by the heat transfer conditions (temperature
gradient) and the crystallization range value.

In the case of the completely non-equilibrium
crystallization when Dg — 0 and D; — o each new
solid phase layer formed at the temperature decrease
will retain its mass and composition up to the room
temperature, and the liquid phase composition will
change along the liquidus line in conformity with the
equilibrium phase diagram. At the accepted conditions
of the non-equilibrium crystallization liquid layers of
different compositions will be in the two-phase region
according to the equilibrium phase diagram, and the
solid phase will form ring shaped vertical layers of
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different compositions. Hence, when such non-
equilibrium process is realized, a “stem” forms with
different element content from the centre (core) of the
stem to the boundary (Fig. 1b). If we sum up in any
region of the horizontal layer the products of the mass
fractions my of each layer by the element content Cs in
it, the following condition will be met X(mg Cs) = C,
(Fig. 1b).

The investigation of the dendrite heterogeneity by the
microanalysis method will show that the content of the
low melting element B will be maximal at the cell
boundary Cpop and the content of the high melting point
element A on the contrary will be the largest in the
dendrite centre Cczy. Thus it can be stated that the
segregation coefficient (Kszg = Cpou/Ccpy) of the low
melting point element B in the A — B system (Fig. 1)
will be more than a unit (Kgzc > 1) and the segregation
coefficient of the high melting point element A — less
than a unit.

In Fig. 1 one can clearly see that the dendrite
heterogeneity will be as less developed as the initial
alloy composition is closer to the low melting B, and
vice versa the closer the initial alloy composition is to
the high melting element A, the greater will be the
dendrite heterogeneity of both elements.

Cu-Ni and Cu-Mn binary system

Fig. 2 and Fig. 3 show fragments of the equilibrium
phase diagrams of the Cu — Ni and Cu — Mn systems
and configurations of the two-phase transition regions in
the specimens of alloys Cu — 10 wt. % Ni (Fig. 2) and
Cu — 8 wt. % Mn (Fig. 3) produced in the same heat
transfer conditions. These alloys have equal equilibrium
crystallization ranges (8 ¢z = t; — tsp = 45°C) but
different non-equilibrium ones: the alloy Cu — 10 wt. %
Ni has d tyz =55 °C and the alloy Cu — 8 wt. % Mn has
O typ = 120 °C. It is seen in the figures that for both
alloys the crystallization proceeds in a non-equilibrium
way, the presence of the dendrite structure and a
considerable decrease of the temperature of the
crystallization process termination to the non-
equilibrium solidus temperature in both alloys in the
systems under investigation indicate this. For the Cu —
10 wt.% Ni alloy the non-equilibrium solidus
temperature is equal to the melting temperature of the
pure copper (¢, = 1083 °C) and for the Cu — 8 wt. %
Mn alloy — to the temperature of the minimum point in
this system (#,y = 870 °C).

One should always bear in mind that the real
configuration of the transition region and the element
distribution in liquid and solid phases in this region at
the equilibrium and non-equilibrium processes will
never completely correspond to the ideal one, which is
shown in Fig. 1. This is due to many processes, which
cannot be taken into account during the solidification of
the casting. Convective liquid transfer, the liquid phase
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flow in the capillary channels, gas emission at the
crystal — liquid boundary, etc. are such processes.

Fig. 2 Fragment of the phase diagram of the Cu — Ni system (a) and
configuration of the transition two-phase region in the
directionally solidifying ingot of the Cu — 10 Wt. % Ni alloy
at the temperature gradient G = 5 + 6 K/mm and v = 1
mm/min (b).

Cast fazového diagramu systému Cu — Ni (a) a konfigurace
pfechodu dvoufazové oblasti pfi fizené solidifikaci ingotu
slitiny Cu — 10 hm.% Ni pfi teplotnim gradientu G =5 + 6
K/mm a v =1 mm/min (b).

Obr. 2

Fig. 3 Fragment of the phase diagram of the Cu — Mn system (a) and
configuration of the transition two-phase region in the
directionally solidifying ingot of the Cu — 8 hm.% Mn alloy
at G=5+6 K/mm and v=1 mm/min (b).

Cast fazového diagramu systému Cu — Mn (a) a konfigurace
pfechodu dvoufazové oblasti pfi fizené solidifikaci ingotu
slitiny Cu — 8 hm.% Mn pii teplotnim gradientu G =5 + 6
K/mm a v =1 mm/min (b).

Obr. 3

The total size of the transition region (%) in the cast
ingot will be determined by the non-equilibrium
crystallization range O tyy = t, — tsnye(tp) and the
temperature gradient (G), i.e. h = dtyg/ G.

The heterogeneity formed in the alloy retains as a rule
for a long time at the room temperature. To eliminate it,
it is necessary to apply homogenizing annealing, which
consists in heating of the sample below the non-
equilibrium solidus temperature and in long-term aging
at this temperature. After such treatment the
homogeneous solid solution of the C, composition will
be in the whole bulk of the sample.

Eutectic binary system

In Fig. 4a phase diagram of the two-component A — B
system with the eutectic equilibrium is shown. At the
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equilibrium crystallization of the C, alloy, when
solidification is going on with the temperature gradient,
a transition two-phase region will form, which will be
completely identical with the one obtained during the
crystallization of the continuous liquid and solid
solution alloys (Fig. la, Fig. 4a). However, during the
completely non-equilibrium crystallization of the C,
alloy the configuration of the transition region and the
element distribution in the microstructure will be
different. The ultimate composition of the non-
equilibrium liquid phase in the eutectic system of this
type will always be the composition, corresponding to
the non-variant eutectic equilibrium. For the given case
it is the composition equal to Cgy. At the completely
non-equilibrium crystallization (Ds — 0, D; — ©) of
any initial alloy composition of the system under
consideration the liquid phase composition will always
reach the Cpy composition, and this liquid will
crystallize at the temperature ¢z, with the simultaneous
formation of two solid phases oy r and Sy 7. At the
crystallization of under- and over-eutectic compositions
the liquid will change its composition along the liquidus
line with the formation of heterogenecous solid phase
layers in full conformity with the non-equilibrium
crystallization of solid solution alloys. Configuration of
the transition two-phase region and the phase
compositions for the case of the completely non-
equilibrium crystallization of the C, alloy are shown in
Fig. 4b. In the sample cooled to the room temperature
a cell or dendrite structure of o - solid solution will be
revealed and in the inter-dendrite space — the eutectic,
consisting of the crystals of the o - ultimate composition
(ayrr) and the crystals of the - ultimate composition
(Burr). If we apply later on the homogenization of the
sample, the heterogeneity obtained during the
crystallization will be eliminated, and the microstructure
will correspond to the homogeneous o - solid solution of
the C, composition.

Fig. 4 Phase diagram of the A — B system with the eutectic
equilibrium and configuration of the transition two-phase
regions in sample castings with the temperature gradient of
the C, alloy at the equilibrium (a) and non-equilibrium (b)
crystallization.

Obr. 4 Fazovy diagram systému A — B s eutektickou reakci a
konfigurace pfechodu dvoufdzové oblasti pfi tuhnuti vzorku
slitiny C, s teplotnim gradientem pii rovnovazné (a) a

nerovnovazné (b) krystalizaci.

The average distance between the eutectic constituents
is definitely correlated with the alloy cooling rate. The
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higher the cooling rate, the shorter is the distance
between the phases. At the same time a fine dispersed
structure is more preferable for a cast product, since
almost in all cases it secures higher working
characteristics. Therefore the increase of the cooling
rate of alloys with the eutectic transformation favors the
achievement of better mechanical properties in the cast
ingot.

Peritectic binary system

Fig. 5a represents the phase diagram of the A — B
system with the peritectic equilibrium. At the
equilibrium crystallization of the C, alloy, when the
sample solidifies with the temperature gradient, a
transition two-phase region will form similar to the
continuous liquid and solid solution alloys (Fig. 1a).
Crystallization of the C, alloy at the completely non-
equilibrium process (Ds — 0, D; — o) will go on with
the formation of heterogeneous liquid solution layers,
the composition of which will at first change from C, to
Cp, and solid solution layers with compositions from a;
to ayr. Further on the liquid composition will change
from Cp to the pure element B. At the same time
heterogeneous layers of solid B crystals with
compositions from S, r to the pure element B will form.
At the temperature gz = tp the crystallization process
will be completed. This whole process will result in the
formation of the transition region shown in Fig. 5b.

Monotectic binary system

Fig. 6 represents a phase diagram of the binary A — B
system with the monotectic equilibrium. The monotectic
equilibrium is observed at the ¢, temperature in alloys,
the compositions of which are in the ay; 7 — C, range. At
the ¢, temperature the solid phase with the composition
of the p point (ay;r) and two liquid phases with the
compositions of the m (C,) and n (C,) points are in

Fig. 5 Phase diagram of the A — B system with the peritectic
equilibrium and configuration of transition regions in the
sample castings with the temperature gradient of the C, alloy
at the equilibrium (a) and non-equilibrium (b) crystallization.

Obr. 5 Fazovy diagram systému A — B s peritektickou reakci a
konfigurace piechodu dvoufazové oblasti pfi tuhnuti vzorku
slitiny C, s teplotnim gradientem pfi rovnovazné (a) a
nerovnovazné (b) krystalizaci.
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equilibrium. A region of layering (decomposition) of the
homogeneous liquid phase (L) into two liquid L; and L,
phases, which have different chemical composition, is
always present in the diagram. There is an eutectic point
EU of the Cry composition at the temperature ¢z, in the
diagram as well. Therefore at the completely non-
equilibrium crystallization for any chosen alloy
composition the non-equilibrium solidus temperature
(tsne) Will be equal to #zy and the liquid will have the
Cry composition. If we choose the C, composition from
the solid solution region in the represented diagram
(Fig. 6), then at the equilibrium crystallization the
configuration of the transition region and the element
distribution in the layers of solid and liquid phases will
be similar to the ones considered earlier in other
diagrams for the alloys from the region of continuous
solid and liquid solutions (Fig. 6a).

Fig. 6 Phase diagram of the A — B system with the monotectic
equilibrium and configuration of transition regions in the
sample castings with the temperature gradient of the C, alloy
at the equilibrium (a) and non-equilibrium (b) crystallization.

Obr. 6 Fazovy diagram systtmu A — B s monotektickou reakci a
konfigurace prechodu oblasti pfi tuhnuti vzorku slitiny C, s
teplotnim gradientem pii rovnovazné (a) a nerovnovazné (b)
krystalizaci.

At the completely non-equilibrium crystallization of the
C, alloy from the #; temperature to the ¢, temperature
non-equilibrium vertical layers of o - solid solutions
with compositions from a; to ay;r will form, and these
layers and compositions will be retained at the room
temperature (Fig. 6b). On reaching the ¢, temperature,
the non-equilibrium liquid phase composition will be
equal to C,, and further temperature decrease leads to
the diffusion decomposition of the liquid phase with the
C,, composition into the solid one of the ay;r
composition and the new liquid one of the C,
composition. So we may write L,, — ayr + L,. When
temperature decreases further, the liquid phase
composition will change along the liquidus line from the
n point to the eutectic point EU, i.e. from the C,
composition to the Cgy composition. At this time
crystals of a - solid solution with the o7 composition
will form. At the temperature tzy = ¢ty the rest of the
liquid phase of the Cgy composition crystallizes
according to the eutectic reaction with the formation of
the ay;r and By, r crystals. General configuration of the
transition region at the completely non-equilibrium
crystallization is represented in Fig. 6b.
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Ideal ternary system

Fig. 7a represents spatial phase diagram of the ternary A
— B — C system (Fig. 7a) and configuration of transition
two-phase regions in the directionally solidifying
sample of the alloy with the C, composition (70 % B +
15 % A + 15 % C) at the completely equilibrium (Fig.
7b) and completely non-equilibrium (Fig. 7c)
crystallization. Fig. 7d shows the way of changing the
liquid and solid phase compositions at the completely
non-equilibrium crystallization. The chosen initial C,
alloy composition is in the region of the high melting
point element B. The non-equilibrium solidus
temperature of any alloy composition from this system
will be the melting temperature of the low melting point
element C, Therefore the non-equilibrium crystallization
range of the C, alloy will be O tyg = t; — tsnE (£s).

This figure represents the crystallization process also
going on in final steps at the temperature decrease. The
equilibrium and non-equilibrium  crystallization
processes will be similar to the ones described in the
binary A — B system. The main difference is that the
liquid and solid phase compositions contain all three
elements. However, availability of the phase diagram
allows us to determine these compositions for any alloy
in the crystallization range.

Boundary Centre Boundary

e

Fig. 7 Phase diagram of the A — B — C system (a) and configuration
of the transition two-phase regions in the sample castings
with the temperature gradient of the C, alloy at the
equilibrium (b) and non-equilibrium (c) crystallization; way
of changing the compositions of the non-equilibrium liquid
(Crng) and solid (Csne) phases (d) and the distribution of the
alloy elements in the dendrite cell (e).

Obr. 7 Fazovy diagram systtmu A — B — C (a) a konfigurace
pfechodu dvoufazové oblasti ve slitine C, odlévané pii
daném teplotnim gradientu za podminek rovnovazné (b) a
nerovnovazné (c) krystalizace; trajektorie zmén slozeni
nerovnovaznych fazi likvidu (C.nz) a solidu (Csyg) (d) a
rozdéleni prvki v dendritické bunce (e).
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Study of the dendrite segregation of the C, alloy
elements at the completely non-equilibrium process
shows (Fig. 7e) that the content of the high melting
point element B is maximal in the centre of the dendrite
stem and minimal at the boundary, the content of the
low melting point element C is minimal in the centre
and maximal at the boundary, the content of the medium
melting point element A gradually increases from the
centre to the periphery, reaches the maximum and then
begins decreasing to the minimum. Therefore at the
crystallization of this C, alloy one can assert that the
element B does not segregate and the element C
segregates. Howeve,r we cannot say whether the
element A segregates or not. The regularities of the
equilibrium distribution coefficient changing in multi-
component solid solution alloys are described in [3 — 5].

Eutectic ternary system

Fig. 8a represents spatial phase diagram of the ternary
A-B-C system with monovariant eutectic equilibrium
(Fig. 8a) and configuration of transition two-phase
regions in the directionally solidifying casting of the
alloy with the C, composition (40 % A + 40 % B + 20
% C) at the equilibrium (Fig. 8b) and completely non-
equilibrium (Fig. 8c¢) crystallization. Fig. 8a, d shows
the way of changing the non-equilibrium liquid (Cy yg)
and solid (anz fyz) phase compositions at the
completely non-equilibrium crystallization. The chosen
initial C, alloy composition is in the region, in which
the alloys crystallize at first as o - solid solution
crystals. The liquid phase composition reaches the
double eutectic line e; e, and the simultaneous
crystallization of two solid solutions o and § begins. If
there is a temperature gradient a transition two-phase
region proportional to the crystallization range will form
in the sample. The equilibrium crystallization range for
the C, alloy is equal to & ty = f, — t5r and the non-

equilibrium is equal to & tyg = t; — te).

At the equilibrium process the equilibrium layers of the
liquid and a - solid phases, the compositions of which
contain all three elements, will form initially in the two-
phase region. At this time the composition of a -
crystals changes along the solidus surface from a; to a,
and the liquid phase composition along the liquidus
surface from /; to /,. When the liquid phase reaches the
line e; e,, joint crystallization of the two a - and B -
solid solutions will begin. This process is going on in
the temperature range that depends on the specific
chemical composition of the alloy and on the type of
phase diagram. Accordingly the increment of a - and B -
crystals and their composition change are realized in the
mentioned temperature range as well (Fig. 8b). The
composition of a - crystals changes from o, to a3, of B -
crystals from £, to £, and the composition of the liquid
phase from [, to /. At the equilibrium solidus
temperature the crystallization process will be
completed and two homogeneous o - and B - solid
solutions will be presented in the microstructure. Since
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the initial composition is closer to o solid solution
region, its fraction will be greater.

Fig. 8

Phase diagram of the A — B — C system with the monovariant
eutectic equilibrium (a); configuration of the transition two-
phase regions in the sample castings with the temperature
gradient of the C, alloy at the equilibrium (b) and non-
equilibrium (c) crystallization; way of changing the non-
equilibrium liquid (Cpyg) and solid (ang, fne) phase
compositions (d).

Obr. 8 Fazovy diagram systtmu A — B — C s monovariantni

eutektickou reakci (a); konfigurace ptechodu dvoufazové
oblasti ve slitineé C, odlévané pii teplotnim gradientu za
podminek rovnovazné (b) a nerovnovazné (c) krystalizace;
trajektorie zmény slozeni nerovnovaznych fazi likvidu (Cyyg)
a solidu (ang, fae) (d).

At the completely non-equilibrium crystallization (at Dy
= 0, D, —> o) the composition of o - crystals will
change from a; to the composition of the ¢ point (Fig.
8d), the liquid phase composition from C, to the
composition of the e, point, the composition of the f§ -
crystals from 3, to the composition of the d point.

Thus, layers of initially non-equilibrium o - crystals will
form in the two-phase region, and when the composition
of the non-equilibrium liquid phase (C; yz) reaches the
double eutectic line e; e, layers of the non-equilibrium o
- and P - crystals will start forming simultaneously (Fig.
8c). The composition of the non-equilibrium liquid
phase in the ultimate case will reach the composition of
the e, point, from which the last utmost small fractions
of the a - and B - crystals with the composition of the ¢
and d points correspondingly form. The configuration of
the transition two-phase region for the C, alloy at the
completely non-equilibrium crystallization is represen-
ted in Fig. 8c.

Peritectic ternary system

Fig. 9a represents a phase diagram of the ternary A — B
— C system with the peritectic equilibrium and the
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configuration of the transition two-phase regions in the
directionally solidifying samples of the C, alloy (40 %
B +38 % A + 22 % C) at the equilibrium (Fig. 9b) and
the completely non-equilibrium (Fig. 9¢) crystallization
and the way of changing the non-equilibrium
compositions of the liquid (C; yg) and solid (ang, fuk)
phases (Fig. 9d.

The chosen initial C, alloy composition is in the region
located closer to the high melting point element B and
gets into the ac line (Fig. 9d). At first the alloy
crystallizes as B - solid solution. The liquid phase
composition changes along the liquid surface from the
11(C,) composition to the /, composition and the crystals
of B - solid solution from the £, composition to the S,
composition. On reaching the peritectic temperature o -
solid solution of the a; composition forms (Fig. 9a) and
a three-phase equilibrium ensues. The peritectic
transformation realizes in a temperature range, which
leads to the gradual decrease of the fraction of B -
crystals and the liquid phase and the increase of the
fraction of a - crystals. At the same time compositions
of all coexisting phases and their masses change. The
liquid phase changes its composition from /, to /, the
solid phases from a; to a, and from S, to f,. The
configuration of the transition two-phase region for this

Fig. 9 Phase diagram of the A — B — C system with the peritectic
equilibrium (a); configuration of the transition two-phase
regions in the sample castings with the temperature gradient
of the C, alloy at the equilibrium (b) and non-equilibrium (c)
crystallization; way of changing the non-equilibrium liquid
(Cyrne) and solid (o ng, B ne) phase compositions (d).

Féazovy diagram systému A — B — C s peritektickou reakci
(a); konfigurace piechodu dvoufidzové oblasti ve slitiné C,
odlévané pfi teplotnim gradientu za podminek rovnovazné (b)
a nerovnovazné (c) krystalizace; trajektorie zmény slozeni
nerovnovaz-nych fazi likvidu (Cp yg) a solidu (ang, Sve) (d).

Obr. 9
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process is shown in Fig. 9b. Since the process is
represented as going on in discrete steps, in the
transition region the layers of the equilibrium liquid
phase for each temperature are in equilibrium with the
layers of the equilibrium solid phases, at first with f -
solid solution and at the peritectic transformation with 3
- and a - solid solutions. Since the initial alloy
composition is in the ac line, the - crystals disappear
completely, and when the crystallization terminates
there will be only a - phase with the C, composition in
the microstructure.

At the completely non-equilibrium crystallization (at Dg
=0, D; — ) the liquid phase composition will change
along the liquidus surfaces and reach the composition of
the practically pure low melting point element C. At
first the non-equilibrium [ - solid solution will
crystallize from the non-equilibrium liquid phase; when
the liquid phase composition reaches the p, p, line,
crystallization of the non-equilibrium a - solid solution
will begin. The way of changing the compositions of the
non-equilibrium liquid and solid phases is represented
in Fig. 9d. Vertical layers of the non-equilibrium f - and
o - phases, the compositions of which will be retained at
the room temperature (since Dg = 0), will form in the
transition two-phase region and o - and P - crystals with
heterogeneous chemical compositions will be obtained
in the microstructure (Fig. 9c).

Conclusions

In the present work the configuration of the transition
two-phase regions in directionally solidifying samples
of the Cu — Ni, Cu — Mn, Cu — Sn, Cu — Al, Fe — Co —
Ni— Al — Cu - Ti, Fe — Co — Cr — Mo system alloys was
determined experimentally. On the basis of the
theoretical and experimental investigations the
following was determined:

1. In real conditions of casting solidification the alloy
crystallization process is always closer to the
completely non-equilibrium mechanism.

. The size and configuration of the transition two-phase

region are determined by the value of the non-
equilibrium crystallization range, the temperature
gradient and the degree of the deviation from the
equilibrium crystallization route.

. The casting properties of the alloy depend on the
alloy crystallization character, the distance between
the liquidus and the non-equilibrium solidus along the
vertical (the non-equilibrium crystallization range)
and the difference between the first and the last solid
phase  composition at the non-equilibrium
crystallization — the distance along the horizontal.
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ABB otevie v CTParku Brno nové vyrobni, vyzkumné a vyvojové centrum
technickytydenik.cz, Crest Communications 12.2.2013

Svétovy lidr v oblasti energetiky a automatizace podepsal se spole¢nosti CTP smlouvu o pronajmu
nového vyrobniho, vyzkumného a vyvojového centra, které vyroste na plose 12 500 m? v CTParku Brno.
V novych prostorach najde praci na 150 zaméstnancu. Vyroba bude zahajena v roce 2014. Investice CTP
dosahla 10 mil. Eur. Nové prostory v CTParku Brno budou slouzit k vyrobé vysoce vykonnych spinacu
pro energeticky pramysl. Prostory, které pro ABB spole¢nost CTP pfipravi, umozni napfiklad instalaci
jefabu, specialnich zemnéni, rozpfickovani nebo pfipravu lakovny.

»1ento novy projekt prohlubuje kvalitni a dlouhodobou spolupraci obou firem a zaroven potvrzuje, ze
spoleénost ABB pozitivné vnima podnikatelské prostfedi v Ceské republice," fika Remon Vos, generalni
feditel CTP. ,Vybér Brna koresponduje s atraktivitou tohoto mésta, které se stava klicovou destinaci pro
mezinarodni spole¢nosti," dodava Remon Vos.

Novy projekt v CTParku Brno navazuje na dal$i dva uspésné projekty ABB v CR. V lofiském roce bylo v
CTParku Ostrava otevieno Centralni evropské stfedisko pro servis motor( a generatorl a repase robotu.
V CTParku Modfice pak pulsobi vyrobni divize a technologické centrum této spoleCnosti. ABB
zaméstnava v celé CR vice nez 3000 lidi. Mezi jeji zakazniky patfi napfiklad firmy Skoda, CEZ, Arcelor
Mittal nebo Tfinecké zelezarny.

V CTParku Brno momentalné probiha vystavba vyvojového a technologického centra o rozloze 40 000
m? pro firmu FEI a druha faze nového designového centra pro Honeywell. Celkem je ve vystavbé CTP po
celé CR vice nez 230 000 m? novych prostor. CTPark Brno je soucasti sité CTPark(, které se nachazeji
po celé CR. Od roku 2005 investovala CTP do CTParku Brno vice nez 280 mil. Eur a pfivedla sem 26
mezinarodnich firem, které zaméstnavaji vice nez 6 200 lidi. Na Moravé planuje letos CTP investovat
vice nez 150 mil. Eur.

SB
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Properties of Magnesium Alloys for Use at Elevated Temperatures
Vlastnosti horéikovych slitin pro pouziti za zvySenych teplot

Ing. Jan Serak, Ph.D.!, Ing. Milena Vodérova', prof. Dr. Ing. Dalibor Vojtéch', doc. Ing. Pavel Novak, Ph.D.'

'Institute of Chemical Technology Prague, Department of Metals and Corrosion Engineering, Technicka 5, 166 28
Praha 6 - Dejvice, Czech Republic

Magnesium alloys are usually used for applications at ambient temperature. The significant decrease in yield
strength and tensile strength is observed already at the temperatures higher than 150°C.This is the reason for the
effort to prepare new magnesium based alloys with enhanced mechanical properties at elevated temperatures. These
alloys can be usable for components of combustion engines and other mechanical parts working at elevated
temperatures. The microstructure and mechanical properties of selected commercial magnesium alloys AZ31, EZ23,
ZE41 and WE43 with relatively new MRI153 alloy for use at elevated temperatures were compared. Brinell and
Vickers hardness, yield strength and tensile strength at the temperatures of 20, 150 and 200°C were studied. It was
found, that MRI153 alloy appears to be very good alternative alloy for use at elevated temperatures.

Keywords: magnesium alloys;, mechanical properties

Poucziti vetsiny béznych horcikovych slitin je zpravidla omezeno pro aplikace za béznych teplot. Jiz pri teplotach nad
150°C vsak dochazi k vyraznému sniZeni jejich mechanickych vlastnosti, coz znemoznuje pouZiti techto slitin pro
vyrobu soucadstiz pracujicich za zvySenych teplot, kde jsou jiz bézné pouzivany lehké slitiny na bazi hliniku. V
soucasnosti je proto snaha pripravit nové, cenové dostupné typy horcikovych slitin s vyhovujicimi mechanickymi
viastnostmi i za zvySenych teplot, které by bylo mozné pouzit i pro aplikace za zvysenych teplot. V této prdci jsou
srovnany mikrostruktury, fazové slozeni a mechanické viastnosti vybranych komercnich horcikovych slitin AZ31,
EZ23, ZE41 s relativné novou slitinou MRI153 vyvinutou pro praci za zvySenych teplot. Pro srovnani jsou uvedeny i
viastnosti cistého horciku. Slitina MRII53 se vyznacuje netradicnim chemickym slozZenim. Obsahuje vapnik a
stroncium, stabilizujici mikrostrukturu slitiny za zvysSenych teplot. Slitiny byly odlity technologii gravitacniho liti.
Mechanické viastnosti studovanych slitin byly zjistovany za laboratorni teploty (tvrdost podle Brinella a Vickerse) a
za laboratorni teploty i zvySenych teplot 150 a 200°C (mez kluzu a mez pevnosti v tahu). Byl popsan negativni viiv
faze Mg;;Al;, na mechanické vlastnosti horcikovych slitin obsahujicich jako jednu z prisad hlinik. U komercnich
horcikovych slitin pro praci za zvySenych teplot byl ukdzan viiv stabilizujicich intermedidlnich fazi obsahujicich
prvky vzdcnych zemin. Mikrostruktura vetsiny studovanych slitin je tvorena zrny tuhého roztoku horciku s
rozpusténymi prisadami a na hranicich zrn jsou vyloucena eutektika, obsahujici intermedialni faze. V pripade
slitiny MRI153 se ukazalo, Ze jeji mechanické vlastnosti jsou plné srovmatelné s mechanickymi vlastnostmi
komercnich horcikovych slitin pro praci za zvySenych teplot. Nejvyssi tvrdosti za laboratorni teploty bylo dosazeno u
slitiny WE43. Stejné tak mez kluzu i mez pevnosti v tahu dosdhla nejvyssich hodnot slitina WE43, a to pri vSech
studovanych teplotach.

Klicovd slova: horcikoveé slitiny, mechanické viastnosti

Magnesium alloys represent modern structural materials  higher than 150°C. Therefore, there is an effort for
with very good ratio between the yield strength and development of new types of magnesium alloys with
density. It is advantageous if the necessity to acceptable mechanical properties at elevated
simultaneously achieve both the high mechanical temperatures. These alloys would be applicable for
properties and the lowest weight of the part exists. The  production of the selected parts working at elevated
effort to reach the maximal use of the magnesium alloys  temperatures, e.g. components of combustion engines.
in automotive industry, aerospace and cosmonautics still

increases. The aim of this effort is both the decrease in 1, Characterization of magnesium alloys

the weight of the part, the decrease in the fuel

consumption, both the increase in the shipping weight 1.1 Mechanical properties of magnesium alloys

of the load [1-4]. Magnesium alloys have relatively high

corrosion  resistance in  atmospheric conditions Mechanical properties of metallic magnesium are very
[5].Practical application of magnesium alloys is limited 10w due to its hexagonal structure and minimal
to work at ambient temperatures.Significant decrease in ~ possibilities of deformation strengthening. Therefore,
yield strength and other tensile mechanical properties of ~ only magnesium alloys are practically used for
magnesium alloys already occur at the temperature structural purposes at the industry.
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The basic assumption for achievement of the increase in
mechanical properties of magnesium alloys at elevated
temperatures is the microstructure of alloy with optimal
grain size, strengthening of the solid solution matrix
grains by the addition of alloying elements, such as
aluminum, zinc, lithium. Another important factor is the
stabilization of regions between the grains by suitable
stable intermediary phases. Ternary or multi-component
magnesium alloys are used in practice [1-4]. Composite
materials consisting of magnesium or magnesium alloy
matrix reinforced with suitable inorganic fibers or
particles can reach very high mechanical properties at
elevated temperatures [8].

1.2 The influence of Mg;,Al;, phase on properties of
Mg alloys

Aluminum is the most commonly used alloying element
in commercial magnesium alloys. Alloys containing
aluminum or other additions have very good mechanical
and casting properties and relatively good corrosion
resistance at the atmospheric conditions. Magnesium
and aluminum form the Mg;;Al;, intermediary phase.
This phase is in the microstructure of alloy present in
the form of the Mg + Mg;,Al,, eutectic, surrounding the
dendrites of magnesium solid solution. Low difference
of the electro-negativity between the aluminum and
magnesium and existence of the Mgi;Al;, phase in
relatively wide area of chemical composition imply the
low stability of the Mg;;Al;, phase. This fact also
documents a low melting point of this intermediary
phase (455°C) and low value of the hardness [7]. Low
stability of this phase causes the decrease in yield
strength and tensile strength of magnesium alloys
alloyed with aluminum at the temperatures higher than
150°C. The temperature dependency of micro-hardness
both of the solid solution matrix of AZ91 alloy and of
Mg;,Aly, intermediary phase [7] is shown in Fig.1. The

Fig. 1 Temperature dependence of micro-hardness of AZ91
matrix and Mg;,;Al;; phase [7]
Obr. 1 Zavislost mikrotvrdosti matrice slitiny AZ91 a faze

Mg;;Al; na teploté [7]

decrease in micro-hardness of Mg;;Al;; phase with
increasing temperature is much stronger compared to
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matrix. Mg;;Aly, intermediary phase do not allows
stabilization of the inter-dendritic regions and this is the
reason for decrease in mechanical properties of the
alloy. It was shown that the higher the increasing
volume portion of Mg;;Al;, phase, the higher the
decrease in mechanical properties of the alloy [7-8].

The increase in mechanical properties by precipitation
hardening is not effective for the mentioned magnesium
alloys in contrast to series of commercial aluminum
alloys. The development of new affordable magnesium
alloys with increased mechanical properties at elevated
temperatures presumes the absence of Mg;Alj,
intermediary phase in the microstructure of alloy.

1.3 Increase of the alloy stability at elevated
temperatures

There are several elements allowing enhancement of the
temperature stability of the alloy. Thorium has the
highest efficiency at all. Rare earth metals (RE),
zirconium, silicon, silver, calcium and strontium are
elements used in technical practice for this purpose.
Thorium is the element with the highest efficiency at
stabilization of the alloy microstructure at elevated
temperatures. Thorium and magnesium form Mg,;3Thg
intermediary phase with incongruent melting point. The
practical use of thorium containing alloys is limited due
to the radioactivity of thorium. Rare earth metals
(especially yttrium, neodymium, cerium, lanthanum and
praseodymium) are the most important alloying
elements in magnesium alloys with good mechanical
properties at elevated temperatures. These expensive
elements form with magnesium stable Mg,RE
intermediary phases [12]. Zirconium is the element used
for grain refinement of aluminum and magnesium
alloys. Moreover, zirconium significantly decreases the
grain coarsening at elevated temperatures. It is very
important element guaranteeing high mechanical
properties of the alloy at elevated temperatures. Silicon,
in a small amount, allows enhancement of the
mechanical properties of magnesium alloys at elevated
temperatures. Silicon and magnesium form extremely
stable Mg,Si intermediary phase. Addition of silver to
magnesium alloys improves the mechanical properties
and increases the creep resistance of the alloy at
elevated temperatures. The reason for its positive
influence is the formation of stable Mg,Ag intermediary
phase. Calcium and strontium have started to be used
comparatively recently at the development of
magnesium alloys stable at elevated temperatures. Both
elements form with magnesium stable intermediary
phases Mg,Ca or Mg,Sr. Both elements have grain
refinement ability, as well as zirconium. Moreover,
these elements also increase the creep resistance of the
alloy. The use of calcium and strontium is very
advantageous in magnesium alloys containing
aluminum. Intermediary phases Al,Ca and Al,Sr are
formed preferentially at the expense of undesirable
intermediary phase Mg;Al;; [9-11]. The properties of
commercial magnesium alloys with newly developed
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magnesium alloy with additions of calcium and
strontium for the use at elevated temperatures are
compared in this paper.

2. Experimental procedure

The experiments were realized with WE43, EZ33, ZE41
(ASTM marking) commercial magnesium alloys for
work at elevated temperatures, commercial alloy AZ31

Tab.1 Chemical composition of studied materials [wt.%)]
Tab.1 Chemické slozeni studovanych materialti [hm.%]

used for work at the ambient temperature and newly
developed alloy MRI153 (no ASTM marking) with
special chemical composition. Experimental results
were also compared with the properties of pure
magnesium. All studied materials were delivered as cast
ingots, AZ31 alloy was delivered both as cast ingot and
hot worked bar. The properties of investigated materials
in as-cast state were studied in this work. The properties
of WE43 and AZ31 hot worked alloys are also included.
The overview of studied alloys is in Tab.1.

Al Zn Mn Zr Y Nd Ce Ca Sr Fe
WEA43 E* - - 0.01 0.42 4.0 2.3 - - - 0.001
WE43 - - 0.01 0.55 4.1 2.4 - - - 0.002
AZ31B E* 3.1 0.79 0.24 - - - - - - 0.002
MRI153 8.0 0.015 - - - - - 0.93 0.34 0.26
EZ33 - 2.5 - 0.48 - - 1.6 - - -
ZE41 - 43 0.02 0.63 - - 0.73 - - -
Mg - - - - - - - - - 0.001

(E* - hot worked alloys)

All delivered alloys were re-melted in induction furnace
under argon inert atmosphere and consequently poured
into a brass mold to achieve a comparable cooling rate
during the solidification. The gravity casting technology
was used.

Metallographic samples of studied materials were
prepared by classical metallographic technique. The
microstructure of the alloys was observed by light
microscope, hardness was determined by Vickers and
Brinell methods. Phase composition of the alloys was
studied by X-ray diffractometry. The cylindrical
samples for tensile test were prepared by turning of the
castings. The tensile test was carried out at the
temperatures of 20, 150 and 200°C.

3. Results and discussion

The microstructure observation, phase composition and
mechanical properties of prepared alloys are shown in
the next paragraphs.
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3.1 Microstructure of alloys

The microstructure of magnesium consists of grains
separated by grain boundaries. Twinned areas are
present in some regions of the
microstructure, see Fig. 2.

Fig. 2 Microstructure of Mg, as cast
Obr. 2 Mikrostruktura Mg, lity stav

The eutectic microstructure of the MRI153 alloy is
shown in Fig. 3.
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Fig. 3 Microstructure of the MRI153 alloy, as cast
Obr. 3 Mikrostruktura slitiny MRI153, lity stav

Microstructures of the WE43 alloy both in as-cast (a)
and hot worked (b) states are shown in Fig. 4.

Fig. 4a Microstructure of the WE43 alloy, as cast
Obr. 4a  Mikrostruktura slitiny WE43, stav po odliti

Fig. 4b Microstructure of WE43 alloy, after hot working
Obr. 4b Mikrostruktura slitiny WE43, stav po tvafeni za tepla

Microstructure of both alloys consists of the grains of
solid solution with dissolved alloying elements. Areas
between the grains contain intermediary phases.
Microstructure of hot worked alloy had the same
character in both longitudinal and transversal direction
as the result of diffusion processes at elevated
temperature during the hot working.

Microstructures of AZ31 alloy both in as-cast (a) and
hot worked (b) states are shown in Fig. 5.

Fig. 5a Microstructure of the AZ31 alloy, as cast
Obr. 5a Mikrostruktura slitiny AZ31, stav po odliti

Microstructure of both alloys consists of the grains of
solid solution with dissolved alloying elements and the
areas between the grains contain intermediary phases.
Twinned areas were observed in the microstructure of
the cast alloy. Microstructure of hot worked alloy had
the same character both in longitudinal and transversal
direction as a result of diffusion processes at elevated
temperature during the hot working, as well as in the
WEA43 alloy.

Fig. 5b Microstructure of the AZ31 alloy, after hot
working
Obr. 5b Mikrostruktura slitiny AZ31, stav po tvafeni za tepla

Microstructure of EZ33 and ZE41 alloys is shown in
Figs. 6-7.

Fig. 6 Microstructure of the EZ33 alloy, as-cast
Obr. 6 Mikrostruktura slitiny EZ33, lity stav
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Microstructure of both alloys consists of the grains of
solid solution with dissolved alloying elements and the
areas between the grains contain intermediary phases.

Fig. 7 Microstructure of the ZE41 alloy, as-cast
Obr. 7 Mikrostruktura slitiny ZE41, lity stav

Microstructures of the major part of studied alloys
consist of the grains of magnesium solid solution with
dissolved alloying elements, and the areas between the
grains contain intermediary phases. The exception is the
MRI153 alloy. Microstructure of this alloy is formed by
eutectic, therefore good castings properties of MRI153
alloy are presumed.

3.2 Phase composition of alloys

X-ray diffractometry (XRD) was used for determination
of phase composition of the alloy. The results are
presented in Tab. 2. Phases, which are probably present
in the microstructure, but were not detected by XRD
due to their extremely low amount in the microstructure
are also included in the table with literature reference.
The formation of intermediary phases depends on the
conditions during the crystallization of alloy, which are
affected especially by cooling rate during the
crystallization of alloy. Therefore the results of
microstructure study of the same alloy can be different.

Tab. 2 Phase composition of studied materials [wt.%]
Tab. 2 Fazové slozeni studovanych materialii [hm.%]

ll:;lﬁ;zle;sl;ietected Expected other phases
WE43 g&ﬁﬁ;ﬁlﬁgm 4, | MEYII3) MeYo[13]
ATIIB | o ML
MRI153 g&ﬁﬁ;ﬁlﬁg” Al | M2ALCa[11], AbS[11]
EZ33 a-Mg solid Mg,Zn;RE [14], CeMg
solution [14], CeMg:,[14]
ZEA41 a-Mg solid Mg,Zn;RE [14], CeMg
solution [14], CeMg:,[14]
Mg Mg grains

3.3 Mechanical properties of alloys

Brinell and Vickers hardness of the studied alloys were
measured at the ambient temperature. Results are shown
in Fig. 8. The values of the hardness measured by both
methods are equivalent and nearly similar. The alloy
MRI153 had the content of alloying elements of
approximately 10 wt.%. Other alloys contained the
amount of additions in the range from 4 to 7 %. Despite
that fact, the hardness of MRI153 alloy is lower than
that of the WE43 alloy. This fact shows the lower
strengthening of the MRI153 alloy with alloying
elements compared to the WE43 alloy. Zirconium and
rare earth elements are in the alloy present in the form
of stable intermediary phases causing higher hardness of
the WE43 alloys. Additions of zirconium strengthen the
magnesium solid solution and rare earth elements
stabilize grain boundaries.

Fig. 8 Hardness of studied alloys (E — hot worked alloys, ts - transversal section, Is - longitudinal section)
Obr. 8 Tvrdost studovanych slitin (E — slitiny tvafené za tepla, ts — pficny fez, Is — podélny fez)
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Tensile tests were realized both at the ambient
temperature and at the elevated temperatures (150 and
200°C). Experimental results are shown in Figs. 9, 10.

Average values of 3 measurements of the yield strength
and tensile strength of each alloy at the studied
temperatures are presented.

Fig. 9 Yield strength of alloys at studied temperatures (E — hot worked alloys)

Obr. 9 Mez kluzu slitin pii 3 teplotach (E — slitiny tvafené za tepla)

The decrease in values of yield strength with increasing
temperature was expected. Experimental results did not
confirm this in all investigated alloys. It could be
explained by the presence of casting defects in studied
alloys. Castings from magnesium alloys were produced
by die cast technology and the pressure during the
crystallization of alloy did not allow an increased
formation of casting defects. This presumption is also
indicated by the differences between the values of yield
strength of the alloys in as cast and hot worked states.
The highest hardness was found in hot worked alloys,
because the presence of the castings defects was at the
minimal level.

The AZ31 alloy had the lowest value of yield strength,
if the value of the yield strength of magnesium was not
taken into the consideration. The cause of the low
mechanical properties of this alloy is the presence of
Mg;7(Al,Zn);, phase in the microstructure of the alloy.
The same intermediary phase was also detected in the
MRI153 alloy, but in this case, the simultaneous
influence of the intermediary phases containing calcium
and strontium stabilized the microstructure and
mechanical properties of the MRI153 alloy at elevated
temperatures. Yield strength of the MRI153 alloy is
very similar to the values found in the magnesium
alloys EZ33, WE43 and ZE41, which are commercial
alloys for work at elevated temperatures.

Fig. 10 Ultimate tensile strength of alloys at studied temperatures (E — hot worked alloys)
Obr. 10 Mez pevnosti v tahu slitin pfi 3 teplotach (E — slitiny tvafené za tepla)

The values of ultimate tensile strength of studied alloys
are not so important for technical practice as the values
of yield strength. The values of ultimate tensile strength

are more affected with casting defects than the values of
yield strength. Ultimate tensile strength of EZ33,
MRI153 and WE43 alloys practically did not change at
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elevated temperatures. AZ31 and ZE41 alloys showed [2] International Magnesium Association.

the decrease in ultimate tensile strength with increasing ?rtggfé /r "ev(ﬁj';ngrgf%‘org/ MgBibliographicDatabase.html

temperature. ) o . -
[3] HERMAN, A. Vyhody pouziti Mg slitin v porovnani s
ostatnimi konstrukénimi materialy [Advantages of use of Mg
Conclusions alloys in comparison with other structural materials], [online].
2005, No. 10 (presented on 14.9. 2012), p. 92.
The microstructure, phase composition and mechanical http://www.mmspektrum.com/clanek/vyhody-pouziti-mg-slitin-
properties of the WE43, AZ31, EZ33, ZE41 and vporovnani-s-ostatnimi-konstrukcnimi-materialy.html.

MRI153 magnesium alloys were compared with the [4] CECH,J;et ?.1. Pouziti hoi¢ikovych slitin ve slévarenstvi [Use
properties of pure magnesium. Tensile tests were of Mg alloys in foundry],

realized at the ambient temperature and at elevated
temperatures (150 and 200°C). The microstructure of
the most alloys consisted of the magnesium solid
solution with dissolved alloying elements and

http://www.explat.cz/files/pouziti_mg_slitin_ve_slevarenstvi.p
df (presented on14.9. 2012).

[5] KAINER, K. Corrosion of Magnesium and its Alloys; Elsevier,
2010.

[6] ZHU, S., et al. The relationship between microstructure and

intermediary phases located on the grain boundaries. creep resistance in die-cast magnesium rare earth alloys.
Phase composition of these intermediary phases was ScriptaMaterialia. 2010, vol. 63, p. 698-703.

found. Microstructure of the MRI153 alloy had eutectic  [7] YOO M.K., KIM J.J., SHIN K.S., KIM N.I.: Effect of the
character. The highest hardness and tensile properties Second Phases on the High temperature Mechanical Properties
were found in the WE43 alloy. The values of yield %flv?gu;g(z)ZCast Mg-Al Alloys, Magnesium Technology 2002,

strength of studied alloys were in the range of 58 — 175
MPa and the ultimate tensile strength varied in the range
of 150 — 270 MPa. Mechanical properties of the

[8] MARTIN, J. Concise encyclopaedia of the structure of
materials. 2006.

[9] ZHU, S., et al. Creep and Rupture Properties of a Squeeze-Cast

MRI153 were slightly lqwer than those _Of the WE43, Mg-Al-Ca Alloy. Metall. Mater. Trans. A, 2006, vol. 37A, p.
ZE41 and ZEA41, but its values practically did not 1222-1229.

change at all studied temperatures. Therefore, the [10] ZHU, S., etal. Creep properties of a Mg—Al-Ca alloy produced
MRI153 alloy seems to be very prospective magnesium by different casting technologies. Mater. Sci. Eng., A, 2008,

vol. 483, p. 583-586.

VON BUCH, F; et al. New die- casting alloy MRI153 for

power train applications.
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[12] YU, S, et al. Microstructure and mechanical properties of
friction stir welding of AZ31B magnesium alloy added with

alloy. An increasing practical use of this alloy at
elevated temperatures is supported by its low price  [11]
compared to commercial magnesium alloys. The highest
values of ultimate tensile strength were found in the hot
worked alloys. The tensile strength of cast alloys could
have been decreased by the presence of casting defects

in the microstructure. cerium. Journal of Rare Earths, 2010, vol. 28, no. 2, s. 316.,
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Acknowledgement [13] RZYCHON T., KIELBUS A. Microstructure of WE43 casting
The presented results were obtained within the frame magnesium alloy JAMME, vol.21, 2006, p. 31-34
of the research project GA CR No. P108/12/G043. [14] SEDIAKO D., SHOOK S. Application of Neutron Diffraction
in Characterization of Texture Evolution during High-
Literature Temperature Creep in Magnesium Alloys, In: Canadian
[1] KAINER, K. Magnesium- Alloys and Technologies. 2003. ISBN Nuclear Society Meeting, 2010, Montreal

9783527305704.

Séf Evrazu Vitkovice: Ocelarny skomiraji, vinika znam
aktualne.cz, Zuzana Kubatova 11.2.2013

Spousta lidi z branze tvrdi, Ze lofisky rok byl pro ocelarstvi v Evropé nejhorsi za poslednich 20 let. "V
celém svété Sla spotfeba ocelafské produkce nahoru o 1,2 %, ale v Evropé spadla o 4,7 % dolu.
Napfiklad u stavebni oceli je propad za poslednich pét let oproti minulym letiim az 50%," fekl v rozhovoru
pro denik Insider Dmitrij S8uka, pfedseda predstavenstva Evraz Vitkovice Steel. Jako hlavniho vinika,
pro¢ je evropské ocelafstvi malo konkurenceschopné, vidi Séuka prilis vysoké ceny elektfiny. "Cena
elektfiny je pro nas uz netinosna. Pfedevsim kvuli podpofe obnovitelnych zdrojd energie je uz ted celkové
0 200 % vyssi nez v USA. Dlouhodobd konkurence za takovych podminek je naprosto nemozZna. Navic
po roce 2020 dostane evropské ocelafstvi dal$i ranu v podobé snizenych emisnich limit," uved! Séuka.

Evraz Vitkovice Steel planovaly velkou investici do vybudovani obloukové elektrické vysoké pece, zhruba
za 200 mil. K&. Nyni uz o ni tolik nemluvi. "Zvazujeme, zda ma za sou€asnych podminek (ceny elektfiny
- pozn. red.) viibec smysl. Musime to propogitat." Séuka se obava, Ze do 10 az 15 let mtzZe byt v Evropé
zlikvidovana ocelafska prvovyroba.
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Piiprava kovovych nanopraski

Preparation of Metallic Nanopowders

Ing. Alena Michalcova, Ph.D.', prof. Dr. Ing. Dalibor Vojtéch', Ing. Eva Plizingrova’, Ing. Ivo Marek'

! Vysoka $kola chemicko-technologicka v Praze, Ustav kovovych materialil a korozniho inZenyrstvi, Technicka 3,
Praha 6, 166 28, Ceska republika
? Ustav anorganické chemie AV CR, Husinec-Rez 1001, 250 68 Rez, Ceské republika

V clanku jsou popsany zdkladni postupy vyroby kovovych nanokrystalickych praski. Jsou srovnany klasické metody
pripravy redukci z roztoku (redukcnim cinidlem nebo elektrochemicky) s metodou selektivniho rozpousteni. Pri
vyrobé kovovych nanocastic selektivnim rozpoustenim je nejprve pripravena slitina zajmovéeho kovu s dalsim kovem.
Nasledné je vyuzito odlisného chemického chovani kovii tvoricich slitinu — matricni kov je rozpustén a nerozpustény
legujici prvek je ziskan ve forme nanocastic. Proveditelnost tohoto postupu je konkrétné demonstrovana na dvou
prikladech — médi a niklu. Jako vychozi slitiny pro rozpousténi byly pouZzity slitiny téchto kovi s hlinikem (AICu40 a
AINi20) zpracované rychlym tuhnutim metodou melt spinning. Nasledné byly slitiny selektivné rozpusteny ve 20%
roztoku NaOH. Produktem rozpousteni slitiny AICu40 byl prasek tvoreny monokrystalickymi nanocdsticemi médi.
Produktem rozpousteni slitiny AINi20 byl prasek tvoreny polykrystalickymi casticemi Ni o velikosti 50-100nm.

Klicovd slova: nanoprasky, rychlé tuhnuti, transmisni elektronova mikroskopie

In this article, the possible ways of preparation of metallic nano-powder are described. The classical ways of
reparation, such as chemical or electrochemical reduction from metal salt solutions, are compared with the novel
method of selective dissolution. The first step in production of nano-particles by selective dissolution method is
preparation of initial alloy from the desired metal with some other metal (usually taken in higher amount in order to
form a matrix of the alloy). Consequently, the alloy is manufactured by convenient heat treatment or by rapid
solidification in order to obtain an oversaturated solid solution of the desired metal in matrix from the other metal.
Afterwards, the selective dissolution is carried out profiting from the differences in chemical behaviour of metals
forming the alloy. The matrix is dissolved while the resistant alloying metal is forming nano-particles. The main
advantage of this process is low temperature — the coarsening of nano-particles is reduced during the process. In
this article, examples of two metals — copper and nickel — are given. Both metals were alloyed with aluminium into
AICu40 and AINi20 alloys. Consequently, the alloys were processed by rapid solidification (melt spinning
technique). The aluminium matrix from ribbons of rapidly solidified alloys was selectively dissolved in 20% solution
of NaOH. Nano-powders obtained by this way were characterised by transmission electron microscopy and X-ray
diffraction. The particles size was determined by image analysis and by Scherrer calculator from the broadening of
diffraction peaks. Monocrystalline copper nano-particles with the size of 25 nm were successfully prepared. The
nickel nano-particles had larger size of approx. 50-100nm. The nickel nano-particles were polycrystalline and they
exhibited internal structure with the grain size of 2-10nm. The difference in morphology of the prepared nano-
particles is probably caused by different chemical behaviour of copper and nickel. Detailed study of this
phenomenon will be the topic of our future research.

Key words: nanopowders, rapid solidification, transmission electron microscopy

Nanomateridly a nanotechnologie jsou v poslednich  vyrazné star§i. Dokazuje to napiiklad Lycurglv pohar
dvou desetiletich velmi popularni. Obliba nanomaterial  (Lycurgus Cup), nadoba z antického Rima pochazejici
je jiz rozSifena i mezi vefejnosti, a tak je mozné koupit ze 4. stoleti n. 1. Zvlastnost tohoto poharu tkvi
napiiklad ponozky se stiibrnymi nanocasticemi. Kovové  ptfedev§im v jeho barvé — pokud je pozorovan v
nanoprasky maji Siroké vyuziti v katalyze. Dale je  odrazeném svétle, jevi se pohar zeleny. Pokud je vSak
mozné je pouzit kvyrobé kompaktnich materiall  pozorovan v prochdzejicim svétle, je pohar cCerveny.
metodami  praSkové metalurgie. Tyto kompaktni Tento jev je zplsoben pfitomnosti nanocastic slitiny
materialy se vyznacuji extrémné vysokou tvrdosti a zlata a stiibra o velikosti 50-100 nm rozptylenych v
dalsimi specifickymi vlastnostmi. sodném skle, ze kterého je pohar vyroben [2]. Tento
priklad dokazuje, ze moznost pfipravy kovovych
Jako pocatek nanotechnologii je uvadén rok 1959, kdy  koloidnich roztokd (¢i nanocastic nachazejicich se v
Richard Feynman pfednesl slavnou pfednaSku “There is  heterogenni matrici), je lidstvu zndmd jiz pomérnd
plenty of room at the bottom”, ve kter¢ pfedvidal posun  dlouho. Jinak je tomu oviem u piipravy samostatnych
technologii k men$im rozmérim [1]. OvSem pouziti kovovych nano&éstic.
nanotechnologii, ackoliv tak nebyly nazyvany, je
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Kovové nanoprasky lze pfipravit hydrometalurgicky
nebo vyuzitim reverznich micel (shluki molekul tenzida
dispergovanych v kapalin€) [3]. V prvni metod¢, kterd
je nejbéznéjsi, je roztok soli kovu redukovan vhodnym
Cinidlem. Pouzitd redukéni c¢inidla mohou byt zcela
tradi¢ni — NaBH, [4] nebo i ponckud zajimavéjsi, jako
je jako kyselina askorbova (vitamin C) [5], cukry [6]
nebo $tava z aloe vera [7]. Dal$im hydrometalurgickym
postupem pfipravy kovovych nanoééstic je selektivni
rozpousténi slitiny. Tento postup, ktery byl nejprve
vyuzivan k vyrobé kovovych nanokrystalickych
katalyzatort [8-12], nachdzi v soucCasnosti stale S$irsi
uplatnéni. Vyznamnou vyhodou procesu je nizka
teplota, pfi které rozpousténi probiha. Vzniklé kovoveé
nanocastice dosahuji velikosti 2 az 10 nm a pfi nizké
teploté procesu je minimalizovano riziko jejich
zhrubnuti. Z hlediska provedeni lze proces selektivniho
rozpousténi rozdélit podle dvou zékladnich kriterii: 1)
technika rozpousténi a 2) metoda zpracovani
rozpousténé vychozi slitiny. V procesu selektivniho
rozpousténi je mozné vyuzit jak elektrochemické
rozpousténi [13], tak také samovolné chemické
rozpousténi [14]. Pti elektrochemickém zplisobu ovSem
hrozi riziko nedokonalého rozpusténi. Z vychozi slitiny,
kterd je zapojend jako anoda, miize dojit k odlomeni
malych casti, které vlivem ztraty vodivého spojeni
zlustanou nerozpusténé. Idealni stav vychozi slitiny je
nasyceny ¢i presyceny tuhy roztok legujiciho prvku
v matrici, kterd bude rozpu$téna. Této struktury je
mozné dosahnout bud’ vhodnym tepelnym zpracovanim
[13] nebo metodami rychlého tuhnuti [14]. Nékteré
nanoprasky pfipravené selektivnim rozpousténim maji
dokonce schopnost uchovavat v sobé vodik [15], coz je
predurcuje k vyuziti v modernich spalovacich motorech.

Experiment

V soucasné dob& je na VSCHT Praha studovana
moznost pfipravy riznych kovovych nanopraski
selektivnim rozpousténim. V tomto ¢lanku budou jako
priklady uvedeny méd’ a nikl. Pro oba kovy byly jako
vychozi materidl pouzity rychle ztuhlé slitiny daného
kovu s hlinikem (jmenovité to byly slitiny AlCu40 a
AINi20), slozeni uvedeno v hmot. %). Slitiny byly
pfipraveny tavenim odpovidajicich mnozstvi Cistych
kovi v indukéni peci v argonové atmosféie pii teploté
900°C s naslednym odlitim do bronzové kokily. Poté
byly slitiny zpracovany procesem melt spinning.
Zakladem zatizeni umoziujici melt spinning taveniny je
rotujici médeény valec o poloméru 14,5 cm (legovany 1
% zirkonia pro zlepSeni otéruvzdornosti). Nad valcem je
v trysce z kfemenného skla umistén v indukéni peci
vzorek. Po roztaveni vzorku dojde k wvystfiknuti
taveniny na rotujici médény valec. Pro zpracovani slitin
AlCu40 a AINi20 byla pouzita rychlost 1800 otacek za
minutu, coz odpovidd obvodové rychlosti médéného
valce 28 m/s. Rychle ztuhlé slitiny vznikaji timto
procesem ve formé tenké pasky s tlouStkou piiblizné
100 pm. Pfed louzenim byly pasky rozstfihany na
prouzky, aby bylo usnadii¢no vlozeni slitiny do louzici
aparatury. Béhem rozpousténi bylo vyuzito amfoterniho
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nekolika cestami — redukci z roztoku, elektrodepozici
chovani hliniku a slitiny byly rouzpouStény v 20%
roztoku NaOH pii teplot¢ 80 °C v trojndsobném
stechiometrickém piebytku roztoku NaOH. Rozpousténi
hlinikové matrice probiha podle nasledujici rovnice:

2 Al+2 NaOH + 6 H,0 — 2 Na[AI(OH),] +3 H, (1)

Nikl ani méd v zasaditém prostfedi nereaguji, a tak
dojde k tvorbé nanocastic téchto prvkd. Vzniklé
nanocastice byly z louziciho roztoku oddéleny pomoci
sedimentace a dekantace a byly pfevedeny do
isopropanolu.

Morfologie vzniklych nanocéstic a jejich chemické
slozeni byly studovany pomoci vysokorozliSovaciho
transmisniho elektronového mikroskopu Jeol JEM 3010
vybavené¢ho analyzitorem EDS analyzatorem. Fazové
slozeni nanocastic bylo wurCeno pomoci difrakce
rentgenova zafeni (XRD, X Pert Pro).

Velikost nanocastic byla vyhodnocena dvéma postupy.
Prvnim byla obrazova analyza pomoci programu Image
J. Pro srovnani byla téz vyhodnocena velikost
koherentn¢ difraktujicich domén pomoci Scherrerova
kalkulatoru, ktery je jednim z nastroji programu High
Scope Plus. Zakladem Scherrerova kalkulatoru [16] je
porovnani rozsifeni difrakénich linii standardu (v nasem
pfipadé LaB¢) se studovanym vzorkem dosazenim do
Scherrerova vzorce

d =K/ (B cos0), )

kde d je primérna velikost ¢astice, 4 je vlnova délka (v
nasem pfipad¢ 0,154 nm pro médénou anodu) a 4 je
Braggliv difrakéni thel. B je polosiika difrakéni linie
(plna sitka v poloviné vysky piku) a je vypocitana jako
rozdil pozorované polositky a polositky standardu.
Rozsiteni difrakénich linii je mozné pozorovat, pokud
jsou zrna materialu (v ptipadé praskd jednotlivé ¢astice)
mensinez 1 pm [17].

Vysledky a diskuze

Procesem selektivniho rozpousténi byl uspé$né ziskan
nanoprasek médi. Jak ilustruje obr. 1, jsou nanoéastice v
prasku ptitomné ve formé shlukd o velikosti v fadu
jednotek mikrometru.

1 pm

Obr. 1 Struktura nanoprasku Cu
Fig. 1 Structure of Cu nanopowder
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Jednotlivé nanocastice jsou ovSem vyrazné mensi (viz
obr. 2). Velikost nanocastic uréend jak obrazovou
analyzou tak pomoci Scherrerova kalkuldtoru byla
pfiblizné 25 nm.

20 nm

Obr. 2 Detail struktury nanoprasku Cu
Fig. 2 Detailed structure of Cu nanopowder

Nanocastice niklu vzniklé selektivnim rozpouSténim
hlinikové matrice z rychle ztuhlé slitiny AINi20 mély
velikost 50-100 nm, jak dokumentuje obr. 3, a opét
tvorily shluky.

Obr. 3 Struktura nanoﬁré§ku Ni
Fig. 3 Structure of Ni nanopowder

Na rozdil od monokrystalickych nanocastic médi mély
niklové nanocastice vnitini strukturu, jak je patrné z obr.
4.

Velikost zrn tvoficich nanocastice byla obrazovou
analyzou vyhodnocena na 2-10 nm a primérna velikost
uréena pomoci Scherrerova kalkulatoru byla 5 nm.

Experimentalni podminky byly u pfipravy nanoprasku z
obou kovi totozné. Odlisnou morfologii vzniklych
praski je pravdépodobné mozné piicitat odlisSnému
chemickému chovani médi a niklu a vysvétleni tohoto
jevu je pfedmétem naseho dal§iho vyzkumu.
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Obr. 4 Detail struktury nanoprasku Ni
Fig. 4 Detailed structure of Ni nanopowder

Zavér

Na zakladé¢ uvedenych vysledkd lze konstatovat, Ze
selektivni rozpousténi je metoda vhodna pro piipravu
kovovych nanopraskd. Bylo prokazéno, ze je mozné
touto metodou pfipravit nanoprasek medi, ktery
obsahuje monokrystalické nanocastice s velikosti 25
nm. Taktéz je mozné touto metodou pfipravit
polykrystalické nanocéstice niklu o velikosti 50-100 nm
s velikosti  krystali 2-10 nm, coz dokazuje jak
pozorovani v transmisnim elektronovém mikroskopu,
tak difrakce rentgenova zareni.
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Utilization of Slag from Pig Iron and Steel Making Possibilities

Moznosti vyuziti strusek z vyroby surového Zeleza a oceli
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Technology, 17. listopadu 15/2127, 703 88 Ostrava-Poruba, Czech Republic

Production of pig iron and steel is inevitably associated with large-volume production of secondary slag. The slag
from iron and steel metallurgy can be divided into the blast furnace and steel, which are further distinguished on the
furnace and ladle slag. This side-product from metallurgical industry is the subject of much research and solutions
with a range of knowledge in its use. Slag can not be considered as waste material. Due to its composition of the
slag is a valuable resource. The options of slag processing are limited by its parameters. Most of the slag is
produced, although currently used material, but a significant proportion is still landfilled. There are many
possibilities for transformation of slag materials with higher utility value. Currently, there are several ways of using
blast furnace slag and steel slag. Material use of granulated blast furnace slag is satisfactory. The blast furnace
slag is an important raw material for cement or concrete production. Use of steel slag is difficult and its
applications bring a lower value. The slags from steel furnaces are usually processed in less valuable stones. For a
specific application slag is besides her origin critical chemical and phase composition, method of processing but
also other factors such as its age. This article focuses on the different properties of individual types of slag from
metallurgical industry with emphasis on the possibility of its further material use in building and the metallurgical
industry. Next article will be paid attention to the causes of instability slag volume too.

Key words: blast furnace slag, steel slag, slag volume stability, slag utilization

Vyroba surového zeleza a oceli je nevyhnutelné spjata s vedlejsi velkoobjemovou produkci strusek. Strusky z
metalurgie Zeleza a oceli Ize rozdélit na vysokopecni a oceldiské, které se ddle rozlisuji na pecni a panvové. V Ceské
republice se rocné vyprodukuje téemer 2 mil. tun vysokopecnich strusek a vice nez 1 mil. tun ocelarskych strusek.
Tento vedlejsi produkt metalurgického primyslu je predmétem mnoha vyzkumit a reSeni s fadou poznatkii v oblasti
jejiho vyuziti. Strusku nelze povazovat za odpadni material. Vzhledem k jejimu sloZent je struska cennou surovinou.
Moznosti zpracovani strusek jsou limitované jejimi parametry. Vétsina z vyprodukované strusky je sice v soucasné
dobé materialove vyuzivand, ovSem vyrazny podil je pordad ukladan na skladky. Existuje Fada moznosti transformace
strusky na hmoty s vyssi uzitnou hodnotou. Momentdlné se vyuziva nékolik zpusobu uplatneni vysokopecnich a
ocelarskych strusek. Roztavena vysokopecni struska je rychlym chlazenim transformovanda na granulovanou
vysokopecni strusku, jejiz materialové vyuziti je uspokojivé. Granulovana vysokopecni struska vykazuje amorfni
charakter a diky svému priznivému chemickému slozeni je tzv. latentné hydraulicka. S uspéchem je tato surovina
pouzivana pri vyrobé cementu nebo betonu, vyuziti také nachazi ve sklarskéem prumyslu. Pomalu chlazend
vysokopecni struska je pouzivana na vyrobu kameniva, které je v mnoha pripadech dostatecnou nahradou kameniva
privodniho. Vyuziti ocelarskych strusek je obtiznéjsi a jeji aplikace prindseji nizsi uzitnou hodnotu. Strusky z
ocelarskych peci jsou nejcastéji zpracovavané na méné hodnotné kamenivo. Struska z panvovych peci je
momentalné ukladana na odval, resp. se pouziva pro rekultivacni ucely. V posledni dobé se producenti oceli vénuji
problematice recyklace strusek v agregdtech jejiho vzniku. Dany postup prindsi usporu prirodnich surovin. Pro
konkrétni aplikaci strusky je kromé jejiho pitvodu rozhodujici jeji chemické a fazové slozeni, zpiisob zpracovani, ale
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také dalsi viivy jako napriklad jeji stari. Aplikace strusek, zvlasté ocelarskych v podobé kameniva, jsou casto
spojovany s jejich objemovou zménou. Za hlavni priciny objemovych zmén lze povazovat reakce spojené s hydrataci
strusek a naslednou karbonizaci a dale fazové zmény pritomnych kalciumsilikatovych fazi. Tento clanek se zaméruje
na rozdilné viastnosti jednotlivych typi strusek z hutniho primyslu s dirazem na moznost jejich dalsiho
materialového vyuziti ve stavebnictvi a také v metalurgickém priumyslu. Ddle je v clanku vénovdana pozornost

pricinam objemové nestability strusek.

Klicovd slova: vysokopecni struska, ocelarska struska, objemova stabilita strusek, vyuziti strusek

The slag arises from iron and steel making as a
necessary side-product. From metallurgy production
point of view the slag is on the one side unwanted in the
other side technologically necessary. The slag increases
the costs of energy (slag must be heated to a
temperature of molten metal), the costs of technological
equipment (securing the working area of the melting

aggregate, increased corrosion lining of melting
furnaces) and finally increases the costs of its
processing respectively its removal. A positive benefit
of the slag is active participation in the processes of
metal production and slag as a protective layer reduces
the radiation of heat into surrounding area and this way
slow cooling of metal in melting aggregate. The slag

Tab. 1 Slag production in the Czech Republic (2006 year)
Tab. 1 Produkce strusek v Ceské republice (za rok 2006)

Specific production
Company Production (kt) (kstags/tiron)
(kgslag/ tsteel)
- § Pig iron 3159
g5 Slag 1092 346
ARCELORMITTAL 2 Steel 3 006
OSTRAVA as. S o Total 648 216
S = Tandem furnace 580 193
@ Ladle 68 23
Q . .
o Pig iron 2033
7 2 g
g5 Slag 874 | 430
TRINECKE ZELEZARNY, . Steel 2514
as. < Total 386 154
= & Converter 336 134
8 «n : 50
&3 Ladle 20
2 Steel 796
EVRAZ VITKOVICE STEEL, g o Total 117 147
a.s. 3 = Converter 88 111
s Ladle 29 36
° Steel 190
VITKOVICE HEAVY 2 o0 Total 32 168
MACHINERY a.s.” g = EOP 5 131
v Ladle 7 37
HESCO, s.r.o. (Zelezarny Steel 131
Hradek) Total slag 11 | 84
Steel 92
19
PILSEN STEEL s.r.o.
2 Total slag 206
E
3
&
- Pig iron 5192
Czech Republic = E Slag 1966 [ 379
(calculated from these data) § Steel 6 729
S - Total slag 1213 | 180

! Ladle slag including slag from electric steel plant (about 3 kt)

? Data in year 2007. In 2006 the built new steel plant furnace and
produciton was greatly influenced.

* Estimation of the produducer. The exact amount of the furnace
and ladle slag is carried out.
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depending on the chemical and phase composition isn't
waste but on the contrary can be as a standard product
from metallurgical plant. The slag from iron and steel
metallurgy can be divided into blast furnace slag arising
from production of pig iron and the steel slag. The steel
slags are divided according to melting aggregate in they
arised. There are furnace and ladle slags. Furnace slags
arise in the primary furnace aggregate for steel refining.
In this category are mainly slags of oxygen converter
and electric arc furnace. To the group of steel furnace
slags in the Czech Republic include slags from tandem
furnace but in abroad this technology of steel production
absent. On the contrary in abroad or on dums of historic
load in the Czech Republic can be meet the Siemens —
Martin slags. The ladle slags arise in the casting ladle
during steel processing in plant of secondary
metallurgy.

Literature presents one-year worldwide production
approximately 50,000 kt steel slags and from Europe
12,000 kt. In a world is approximately 65% of this
amount materially utilized. Remaining 35% is still
stored on the dumps. This ratio is different in other
countries, for example in Germany is used up to 93%
steel slags. In Czech Republic is a one-year production
of blast furnace slag around 2 million tonnes and in case
steel it is about one-half, Tab.1. In the Czech Republic
is blast furnace slag full used and similary is used
majority steel furnace slag. For ladle slag is not find
practical materials utilization yet.

There exist some causes why the statistical value
production of slags cannot be regarded as completely
precise. One of the main argument is nonuniform
methodology for monitoring presence of slags. The
amount of slag which is produced in the melting
aggregate is exactly recorded by the weighting system.
During next processing of slag is reduces their weight
thanks to separation of metal pieces and on the contrary
increase weight as a consequence of increase amount of
water in the slag. An important indication of the volume
of production slag is its specific production (kg slag/ton
of pig iron or kg slag/ton of steel). The values of
specific production are different in each plant and
depending on the level technology of production metals.
Production of steel and pig iron in the world and in the
Czech republic shows Fig. 1 [1, 2, 3].
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Fig. 1 Production of steel and pig iron in the world and CR
Obr. 1 Vyroba oceli a surového zeleza ve svété a v CR

Classification of slags based on oxides

From chemical analysis is evident that composition of
blast furnace and steel slag are formed most
significantly by oxides CaO, SiO,, Al,O3;. Their
summary represent ration 77 to 90 wt% in case majority
slags. This allows expression of the composition slags
just using proportional representation of these oxides.
Recalculation of their content to theoretical basis 100 %
enable to representation proportional oxides in different
types of slag in the ternary phase diagram of CaO - SiO
- AL, O3 (citation). The position of points corresponding
to the composition of the specific slags and with
equilibrium phase association of three minerals. They
can be obtained by ideally equilibrium (ie mostly slow)
cooling of melt composition (ie, molten slag). On Fig. 2
the yellow field present to composition of blast furnace
slags. Representation of CaO and SiO, in them is the
same 35 to 45 wt% and content Al,Os is low. Due to
high proportion of SiO, have the slag melts high
viscosity. Rapid cooling of melts support arise glass
phase as the predominant phase in rapidly cooled of
slags. Glass form is advantageous for latent hydratation
of slags. The product is called granulated blast furnace
slag.

Fig. 2 Illustration of used slag in equilibrium diagram CaO-AlLOs-
SiO,

Priklad vyuziti strusky v rovnovazném diagramu CaO-Al,Os-
SiO,

Obr. 2

The blue field present the composition of steel slags.
Cooling of the slag melts of such chemical composition
can be formed directly to the hydraulic phases C;S, -
C,S (high temperature form), C;A, Ci,A; or CA, or
C,AS - gehlenit. The hydraulic system after crushing
and reaction with water set, hardened and creating a
stability composite of cement. Very slow cooling of slag
is associated with the formed non hydraulic y form of
C,S, which does not allow formation of hydraulic
binder phases. Very good latently hydraulic attribute
exhibit in systems of steel slags after the rapid cooling
melts. In case of representation glass forming SiO, arise
glass phase with less portion of crystallized mineral
phases. Typical chemical composition of slags is
presented in Tab. 2. This optimally cooled slag can be
reactivated like granulated blast furnace slag with
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Tab. 2 Compound of slags
Tab. 2 SloZeni strusek

Type Component (wt%)

ofslag | CaO | SiO, | ALO; | MgO | MnO | FeO+Fe,0;
BF 35-38 [ 34-38| 6-9 11(2‘_ 0,5-2 0,5-1

BOF

carbon | 35-60 | 9-20 | 2-9 | 5-15 | 3-8 15-30
steel

BOF

steel | 39-45 |24-32| 3-8 | 8-15 | 0,4-2 1-6

alloy

BOF | 30-55 | 8-20 | 1-6 | 5-15 | 2-8 10-35

Ladle | 30-60 | 2-35 | 5-35 | 1-10 | 0-5 0,1-15

BF — blast furnace, BOF — basic oxygen furnace, EAF —
electric arc furnace

Ca(OH), or soluble compounds of alkali metal. Red
field characterized the chemical composition of another
kind of steel slags with Al,O; content in the range of 20
20 to 30 weight percent with higher content of CaO and
very low content of SiO, and important is the usual
presence of MgO. Due to composition are slags
unsuitable as a hydraulic binder. High content of CaO
and MgO change to volume stability. Free lime
exothermically strongly reacts with water and disrupts
hardening system. Similar process is in case MgO.
Alumina involved in the hydration reactions gradually
changing own volume, thereby contributing to
instability of slags. Therefore slags with these
composition cannot be used without modification as a
itself binders or just like part of mixed binder systems or
as an alternative aggregate for building [4-6].

Utilization of slags

The utilization of blast furnace slag is not a serious
problem. One part of rapidly cooled slag is changed to
granulated blast furnace slag, which is standardly used
for the preparation cement, also this slag is added to
concrete and find application in the glass industry.
Know it its use for preparation of binders by alkaline
activation. Next utilization of slag is processed to
aggregates. The simplest way for producers of steel
furnace slag is their disposal within their own
operations, namely way their recycling into blast
furnace charge or agglomeration lines, but also into the
furnace in which incurred. From slag will be utilized
iron and slag may be partly replaced by natural additive
as lime, dolomite, manganese oxides and aluminium
oxide. Recycled furnace steel slag in oxygen converters
can allow easier dissolution by lime at the beginning of
the refining process. Building industry is interest in
furnace steel slag as well. From steel furnace slag is
prepared aggregates for building purposes, especially as
a base for road construction and for asphalt road
surfaces. Difficult is utilization of ladle steel slag. These
slags are deposit, or may be used for recultivation. In
last year metallurgists are trying to rework slag on
product labeled as synthetic slag for next using.
Possibilities of material utilization different types of
slag present Fig. 3 [3, 4].

Granulated blast furnace

Recycled

Recycled

slag

Granulated blast furnace
slag is added to cement and

Slag forms part of the charge
to agglomeration and blast

furnace. The slag is added to

furnace in which arised.

concrete. Slag is suitable
for alkali activated binder.

The slag is fed into the furnace

in

which arise

Solid artifical slag
aggregate

Solid artifical aggregates

Aggregates for concrete
mixtures. Strengthen
underlying layer.

Aggregates as reinforcing base
can also be used in asfalt
mixtures. Aggregates for water

engineering.

Slag is suitable for
alkali activated binder.

Additive to cement and

concrete.

Fig. 3 Summary of blast and steel slags utillization
Obr. 3 Souhrn vyuziti vysokopecni a ocelafské strusky
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Recently developed way of using slag, showing latent
hydraulic properties is their alkaline activation. The
method of alkali activation of slag can be used for the
preparation of inorganic binders with a wide range of
properties that can be modified in the right direction. It
is possible to mention the leading advantages: high
compressive strength, long-term stability without loss of
original properties, low shrinkage, fast or slow setting,
high resistance to corrosive environments, resistance to
high temperatures (up to 1200°C), low thermal
conductivity, higher waterproofing and frost resistance,
the ability to immobilize toxic wastes. The slag shows
latent hydration in case, when after the addition of a
suitable activator Ca(OH), or soluble alkali metal
compounds, begin setting and hardening the same way
as Portland cement. The condition of latent hydration is
in the case of slag, the content of SiO, and AL,O; in the
so-called active (energy-rich) form, which will
guarantee their presence in the vitreous state. The
satisfactory development of the hydration process
activated slag is achieved granulometry similar as
Portland cement which can be expressed value of
specific surface 300 m”kg'or more. The quality of the
hydravion reactions is strongly influenced by the
presence of other important components namely - CaO.
The amorphous form of the slag reaches rapid cooling
to prevent crystallization. This situation is characteristic
for granulated blast furnace slag which create glass
structure due to high content of SiO,. The above
mentioned slag is frequently used for alkaline
activation. Products prepared in this way provide
excellent strength parameters after 28 days of hydration
are the values over 100 MPa. In the case of steel slag
where the content of SiO, is usually lower at the
expense CaO is their glass form limited. Experiences
prove that even fast-cooled steel slag is for methods
alkaline activation utilization. The products made from
selected steel slags after alkaline activation achieved
compressive strength on the level 80 MPa [7-9].

Volume stability of slag

Utilization of steel slags in the form agreggates for
building construction often bring problems with their
volume stability. The slags are subjected to reactions
that are related with change of volume of reaction
products compare to its original volume. The main
problem of volume instability steel slags is presents free
CaO or MgO and change of polymorphous phase of
dicalciumsilicate (C,S) and hydration. Free CaO and
MgO reacts with water to form hydroxides which can
further react with air CO, to form carbonate. From the
point of view of volume stability of slags is important
polymorphous change of C,S during cooling of slag.
High-temperature form of - C,S is changed to low-
temperature form of y- C,S. The process is associated
with change of volume approximately 10 %. Change of
modification continue well in slow cooling of slag.
Complete change come about after some days. The last
cause of volume instability of slags is hydration.
Reaction run in case, that C,S is present in form of 3
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which is hydraulic. This situation coming in case that
the slag is rapid cooled and not to transform on low-
temperature form of y- C,S. This change of volume is
usually aproximately 10 % [10].

Conclusions

The slags from production pig iron and steel making
introduce large-volume secondary materials and in the
near future expect any significant reduction of
production. In the future will dominate the social
interest in its utilization of valuable material. Utilization
of slag for binder systems by method alkaline activation
will be perspective. Availability of granulated blast
furnace slag is a guarantee of its long-term utilization in
the production of cement. Due to the widespread use of
the slag in the form of aggregates for construction
purposes, it is necessary to pay attention to their
methods of prediction of volume stability. Is expected
increasing proportion of recycled steel slag into the
aggregates where primarily slag arised.
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Differential thermal analysis (DTA) is one of the methods that are suitable for obtaining of thermo-physical and
themo-dynamical data. This method enables determination of temperatures and latent heats of phase
transformations of metallic systems. This paper deals with the influence of the experimental conditions settings of
the used DTA method on the obtained data. The paper is focused on the study of heating rate and sample mass
influence on shift of phase transformations temperatures of Fe sample. Research was aimed at high temperature
region. Gamma-delta and melting region was studied. DTA measurements were realised using Setaram Setsys 187y
laboratory system. Controlled heating rate of Fe samples (with different mass) was conducted at the following rates:
1, 2, 5, 10, 20 K/min. On the basis of adjusted experimental conditions (different heating rates and different sample
masses), the experimental data set was obtained and corresponding dependencies were derived. Using
corresponding dependencies the corrections can be applied to reduce the influence of experimental conditions on
studied data of investigated alloys (samples). Application of derived dependencies can substantially lead to
reduction (minimization) of the influence of experimental conditions and extrapolation to the so called “zero” mass
and “zero” heating rate is possible.

Klicovd slova: DTA, experimentalni podminky, rychlost ohievu, hmotnost vzorku, teploty fazovych transformact

Termofyzikalni a termodynamické vlastnosti kovovych systému na bazi Fe jsou stiale predmétem rozsahlého
vyzkumu. Presto neexistuje dostatek experimentalnich dat téchto systému. Diferencni termicka analyza (DTA) je
jedna z metod vhodnych pro ziskavani termofyzikalnich a termodynamickych dat. Pomoci této metody Ize urcit
teploty a latentni tepla fazovych transformaci (nejen) kovovych systémii. Podstatny viiv na termodynamickd a
termofyzikalni data, ziskana pomoci této metody, mohou mit experimentdlni podminky. V predkladaném prispévku je
studovan vliv nastaveni experimentalnich podminek metody DTA na ziskavana data. Prispévek se zabyva studiem
vlivu rychlosti ohfevu a hmotnosti vzorkit na posun teplot fazovych transformaci vzorku Fe (teploty pocatku a
ukonceni gama-delta transformace, teplota solidu a teplota likvidu). Studium bylo zaméreno na vysokoteplotni
oblast. Byla studovana oblast transformace gama-delta a tani. Experimentalni méreni metodou DTA bylo provedeno
s vyuzitim laboratorniho systému Setaram Setsys 18ny. Vzorky Fe, o riuznych hmotnostech, byly analyzovany
Fizenymi rychlostmi ohievu 1, 2, 5, 10, 20 K/min. Ze ziskanych vysledkii vyplyva, ze rychlost ohfevu a hmotnost
vzorkii nemaji podstatny vliv na posun teploty pocatku transformace gama-delta a teplotu solidu. (Tyto teploty
odpovidaji pocatkiim pikit prislusnych fazovych transformaci.) Naopak rychlost ohfevu a hmotnost vzorkii maji viiv
na posun teploty ukonceni transformace gama-delta a teplotu likvidu. (Tyto teploty odpovidaji vrcholim piku
prislusnych fazovych transformaci.) VIiv hmotnosti vzorku a rychlosti ohievu na posun teplot je vyraznéjsi u teplot
likvidu. S rostouci rychlosti ohievu a zvysujici se hmotnosti vzorkii dochazi k posunu teploty ukonceni gama-delta
fazove transformace a teploty likvidu k vyssim hodnotam. V daném experimentdlnim usporadani ma rychlost ohrevu
wraznejsi viliv na posun teplot nez hmotnost vzorku. Na zakladé takto ziskaného souboru dat a zavislosti
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vyjadrujicivliv jednotlivych faktori, je ndsledné mozné korigovat ziskavana data u dalsich studovanych slitin
(vzorkii) na tzv. ,,nulovou’ hmotnost a na ,,nulovou* rychlost ohrevu a tim minimalizovat vliv experimentdlnich
podminek. Timto zpiisobem je mozné ziskat pro dalsi studované slitiny teploty blizké teplotam rovnovaznym, bez
nutnosti provedeni ¢asove narocného souboru experimentalnich meéreni.

Key words: DTA, experimental conditions, heating rate, sample mass, phase transformations temperatur

Thermo-physical and thermo-dynamical properties of
Fe based metallic systems are still a subject of extensive
research. In spite of that the number of experimental
data about these systems is still insufficient. Important
data are for example temperatures [1] and latent heats of
phase transformations [2], specific heat [3], surface
tensions [4] and others. Although it is possible to find in
available literature the values of some of the above
physical quantities, differences exist even between the
available data.

One of the methods suitable for obtaining of thermo-
physical data about metallic systems is Differential
Thermal Analysis (DTA). This method makes it
possible to obtain some thermo-dynamical and thermo-
physical data, such as temperatures and latent heats of
phase transformations. Experimental conditions may
have a substantial influence on thermo-dynamical and
thermo-physical data obtained by this method. It is
possible to include among experimental conditions for
example temperature mode (heating x cooling), rate of
heating/cooling, mass of the analysed sample, type and
purity of atmosphere surrounding the sample during
analysis.

This paper is focused on investigation of influence of
the mass of analysed Fe samples and of the heating rate
on shifting on temperatures of solidus, liquidus and
gamma-delta phase transformation temperature of an
iron sample, obtained by the DT A method.

Differential thermal analysis

Differential thermal analysis is dynamic thermal
analytical method used for investigation of temperature
effects of investigated sample connected with its
physical, chemical or physical-chemical changes during
its continuous linear heating or cooling [6]. This method
is used for measurement of temperature differences
between investigated and  reference  sample.
Temperature of the reference sample follows the
selected temperature program, temperature of the
investigated sample is subject to changes, which reflect
physical and chemical transformations occurring in the
sample. This method makes it possible to express all
physical, chemical of physical-chemical changes that
are accompanied by sufficiently big change of
enthalpy [5].

Experiment

Samples of iron were made from powder iron with
purity of 98 wt. % Fe. Tablets were pressed from
powder iron. The tablets were then plasma re-melted.
Iron was during plasma melting also re-purified.
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Chemical composition of the analysed iron is given in
Table 1. Samples for DTA were prepared in the form of
cylinders with diameter of 3.5 mm. Mass of cylinders
were approximately 82, 153, 219, 318, 459 mg. The
samples were prior to DTA ground off and cleaned in
acetone with use of ultrasound.

Tab. 1 Chemical composition of the analysed iron (wt.%)
Tab. 1 Chemické slozeni analyzovaného zeleza (hm.%)

C Si Mn P S
0.015]0.005 | 0.042 | 0.002 | 0.006
Ni Mo | Co \4 w
0.015]0.010]0.0110.022|0.011

Cr
0.004
(0)
0.110

Setaram Setsys 181y (TG/DTA/DSC/TMA) laboratory
system for thermal analysis and DTA ,,S* type (Pt/PtRh
10%) measuring rod were used for obtaining of phase
transformations temperatures. The samples were
analysed in corundum crucibles with volume of 100 pl.
An empty corundum crucible served as a reference
sample. Dynamic atmosphere of Ar (purity>99.9999)
was maintained in the furnace during analysis to protect
the sample against oxidation. Each sample was analysed
at the controlled rates of heating: 1, 2, 5, 10 and
20 K/min.

Results and discussion

Phase transformations temperatures were obtained on
the basis of evaluation of DTA-curves. It is evident
from chemical composition of the analysed sample of
iron (Tab. 1) that this is not a sample of pure iron, it is
therefore possible to differentiate the temperatures of
start and end of gamma-delta phase transformation and
the temperatures of solidus and liquidus. Temperature of
start of gamma-delta transformation (T,.ss) corresponds
to the beginning of the gamma-delta transformation
peak and temperature of end of gamma-delta
transformation (T,;g) corresponds to the top of the
peak, Fig. 1. The solidus temperature (Ts) corresponds
to the beginning of the melting peak, the liquidus
temperature (Tr) corresponds to the top of the peak,
Fig. 1. Resulting temperatures are given in Tables 2-5.

It is evident from the obtained results (Tabs. 2, 3) that
heating rate and mass of the sample do not have any
substantial influence on shifting of the start of gamma-
delta phase transformation temperature and solidus
temperature. No trend in shifting of solidus temperature
was observed in dependence on the increasing mass of
the sample and on the increasing heating rate.
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Fig. 1 DTA curve of iron sample (81.62 mg, 2 K/min) with
marking of characteristic temperatures

Obr. 1 DTA kfivka vzorku Zeleza (81.62 mg, 2 K/min)
s oznacenim charakteristickych teplot

Average value of start of gamma-delta phase
transformation temperature is 1391.6 + 0.9 °C. The
difference between minimal and maximal solidus
temperature obtained experimentally is 4.2 °C. Average
value of solidus temperature is 15254 =+ 2.0 °C.
The difference between minimal and maximal solidus
temperature obtained experimentally is 6.4 °C.
Differences between these values may be caused by
difficult evaluation of the temperature of peak start on
the DTA-curve. This temperature can be determined
with a certainty only in certain temperature interval
(of the order of centigrades).

Tab. 2 Experimentally obtained temperature of start of gamma-delta
phase transformation (°C)

Tab. 2 Experimentaln¢ ziskana teplota poc¢atku gama-delta
transformace (°C)

small thermal effect need not be (is not) recorded, and it
is not registered on the DTA-curve.

It follows from the obtained results (Tabs. 4, 5) that
mass of the sample or heating rate have influence on
shifting of end of gamma-delta phase transformation
temperature and liquidus temperature. Heating rate and
mass of the sample have bigger influence on the
obtained liquidus temperature.

Tab. 4 Experimentally obtained temperature of end of gamma-delta
phase transformation (°C)

Tab.4 Experimentalné ziskana teplota ukonéeni gama-delta
transformace (°C)

Heating rate Sample mass [mg]
[K/min] | 81.62 |152.68|218.68 |318.30 | 459.05
1 1393.1(1393.5|1393.1|1393.1 | 1393.8
2 1393.8 (1394.2 | 1394.3|1394.6 | 1395.6
5 13949 11395.4 | 1396.0 | 1396.1 | 1397.5
10 1396.0 | 1396.7 | 1397.1|1397.4 | 1399.0
20 1397.41398.5|1399.4]1399.7 | 1402.6
Average value of end of gamma-delta phase

transformation temperature is 1396.1 + 2.4 °C. The
difference between minimal and maximal temperature
obtained experimentally is 9.5 °C.

Average value of the liquidus temperature is 1542 +
4.5 °C. The difference between the liquidus temperature
of the sample with mass of 81.62 mg obtained at the
heating rate 1 K/min (the lowest temperature) and the
temperature of the sample with the mass of 459.05 mg

obtained at the heating rate of 20 K/min (the highest
Heating rate Sample mass [mg] temperature) is 17 °C.
[K/min] | 81.62 |152.68 |218.68 |318.30 | 459.05
Tab. 5 Experimentally obtained liquidus temperature (°C)
; igg(l)g iggig };’Z?? 123(9)2 igg;(l) Tab. 5 Experimentalné ziskana teplota likvidu (°C)
: : : : : § Sample mass [m:
5 1392.4 [1391.1 | 1391.8 | 1391.5 | 1392.5 H‘Eg‘;ﬁ;i‘te 3 [me]
10 1391.4 | 1391.8 | 1391.9 | 1391.8 | 1392.6 81.62 | 152.68 | 218.68 | 318.30 | 459.05
20 1392.4 [1392.5[1391.9 [ 1392.1 [ 1394.0 1 1535.4 | 1535.8 | 1537.3 | 1537.4 | 1537.6
2 1537.8 | 1537.4 | 1537.6 | 1539.3 | 1541.0
Tab. 3 Experimentally obtained solidus temperature (°C) 5 1538.511542.3|1540.3|1542.4|1543.7
Tab. 3 Experimentalné ziskana teplota solidu (°C) 10 154171154431 1546.511545.7| 1547.1
Heating rate Sample mass [mg] 20 1544.5 | 1547.4 | 1547.6 | 1548.1 | 1552.4
[K/min] | 81.62 |152.68 |218.68|318.30 | 459.05
1 1528.5 | 1527.7| 15283 [ 1529.0 | 1529.8 | The temperatre of end of gamma-delta phase
5 15277 115253 | 1524.5 | 1522.8 | 1525.7 t;an.sformagon}?nd.llqu1dus temp(elrra}tll'lr::1 are shifted with
5 1523.8 | 1523.7 | 15243 | 1524.6 | 1525.4 tﬂi’.mcreasl‘)“g ea]t“?g gatg towards e te‘.“perat(‘;ris'
10 1523.4 | 1524.0 | 1524.2 | 1523.6 | 1525.3 det‘:a‘l?;‘:ab‘i’“;’gs j}‘:ﬁe inztrsrrr?;:fs ynamics and by
20 1523.8 [ 1524.0 | 1524.2 | 1524.1 | 1527.1 '

It is also apparent from these results that the solidus
temperature obtained at the heating rate of 1 K/min is
higher than the temperature obtained at other heating
rates (2, 5, 10, 20 K/min). This difference may be
caused by detection abilities of the equipment for
thermal analysis. At low heating rate (1 K/min) melting
down of the sample runs slowly. The sample absorbs
heat slowly (very slow melting takes place) and such a
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The temperature of end of gamma-delta phase
transformation and liquidus temperature are shifted with
the increasing mass of the iron sample towards higher
temperatures. The bigger the sample, the more heat it is
necessary to supply for its transformation (melting), and
the longer duration of transformation (melting).

It may be also stated on the basis of the obtained results
that in the given experimental arrangement the heating
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rate has much more distinct influence on shifting of the
temperatures than the mass of the sample.

Fig. 2 shows shifting of end of gamma-delta phase
transformation temperature of the sample of iron, with
relevant masses, in dependence on the increasing
heating rates. It may be assumed from the shape of
individual curves, that probably only minimal shifting
of the end of gamma-delta phase transformation
temperature towards higher temperatures will take place
with the increasing heating rate (heating rate exceeding
20 K/min). This assumption must be, however, verified
experimentally. Fig. 3 shows shifting of end of gamma-
delta phase transformation temperature at individual
heating rates in dependence on the increasing mass of
the sample.

Fig. 2 Dependence of temperature of end of gamma-delta phase
transformation on the heating rate

Obr. 2 Zavislost teploty ukonceni gama-delta fazové transformace na
rychlosti ohfevu

Fig. 3 Dependence of temperature of end of gamma-delta phase
transformation on the mass of the sample

Obr. 3 Zavislost teploty ukonceni gama-delta fazové transformace
na hmotnosti vzorku

On the basis of thus obtained dependences of shifting of
the end of gamma-delta phase transformation
temperature on the heating rate and on the mass of the
sample it is possible to extrapolate the temperatures
obtained experimentally to the so called “zero heating
rate”“ and so called “zero mass“ of the sample. The
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temperatures thus corrected would be therefore very
close to the equilibrium temperatures [6].

After extrapolation of temperature of end of gamma-
delta phase transformation to the “zero heating rate” and
“zero mass” we obtained the temperatures given in
Table 6. Correction of temperatures varied within a
range from -0.5 °C to -14.6 °C. For example the
liquidus temperature of the sample with the mass of
218.68 mg, obtained at the heating rate of 5 K/min, was
corrected to the “zero mass” by -1.4 °C, and to the “zero
heating rate” by -2.6 °C. Total correction was therefore
-4.0 °C.

By extrapolation of temperature to the “zero” mass and
heating rate it is possible to obtain temperatures close to
equilibrium ones. Equilibrium temperature of gamma-
delta phase transformation of pure iron given in
literature varies within an interval from 1392 to

1400 °C [7, 8].

Tab. 6 Temperature of end of gamma-delta phase transformation
after correction (°C)
Tab. 6 Teplota ukonceni gama-delta fazové transformace po korekei

O
Heating rate Sample mass [mg]
[K/min] 81.62 | 152.68 | 218.68 | 318.30 | 459.05
1 1392.611392.9 {1392.2 1 1392.1 | 1392.5
2 1392.6|11392.6 | 1392.2 | 1392.1 | 1392.2
5 1392.511392.4 11392.0 | 1391.5|1391.3
10 1392.111392.0 | 1391.0 | 1390.5 | 1389.9
20 1391.8|1391.3 | 1390.2 | 1388.9 | 1388.0

If we take an average value of the temperature of end of
gamma-delta phase transformation obtained by
extrapolation 1391.6 + 1.2 °C, it is very close to the
lower limit of the temperature interval given in
literature. ~ The  difference  between  corrected
temperatures obtained on the basis of experiment and
temperatures given in literature may be caused by
presence of other elements in the iron that was used in
experiment, Tab. 1.

Liquidus temperature is possible to correct in the same
way. (It is necessary to create dependences of shifting of
the liquidus temperature on the heating rate and on the
mass of the sample.) Liquidus temperature after
extrapolation to the “zero heating rate” and “zero mass”
is given in Table 7.

Tab. 7 Liquidus temperature after correction (°C)
Tab. 7 Teplota likvidu po korekci (°C)

Heating rate Sample mass [mg]
[K/min] | 81.62 |152.68|218.68 |318.30 | 459.05
1 1392.6 [1392.9 | 1392.2 [ 1392.1 | 1392.5
2 1392.6 [ 1392.6 [ 1392.2]1392.1[1392.2
5 1392.5[1392.4(1392.01391.5|1391.3
10 1392.1]1392.0|1391.0]1390.5 | 1389.9
20 1391.8 [ 1391.3 | 1390.2 | 1388.9(1388.0
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Equilibrium temperature of melting of pure iron given
in literature varies within an interval from 1535 to 1539
°C [7, 8]. If we take an average value of the liquidus
temperature obtained by extrapolation 1533 + 1.4 °C, it
is very close to the lower limit of the temperature
interval given in literature. The difference between
corrected temperatures obtained on the basis of
experiment and temperatures given in literature may be
caused by presence of other elements in the iron that
was used in experiment, Tab. 1. Presence of other
elements in iron, even in minimal quantity, may
substantially shift the liquidus temperature. The
temperatures obtained experimentally may be moreover
influenced also by other factors, such as detection
possibilities of the instrument and heat transport in the
sample.

Extrapolation to the “zero” mass and heating rate
minimises the influence of experimental conditions on
obtained temperatures. This assumption has been
confirmed by mutual approximation of temperatures
(compare tables 3 and 4). The difference between the
minimal and maximal value is 6.3 °C (difference of
temperatures before extrapolation was 17 °C.) This
temperature difference is the same as the temperature
difference of solidus temperatures (6.4 °C). Average
liquidus temperature was reduced by correction from
1542 °C to 1533 °C.

Conclusions

Influence of the mass of the sample and of heating rate
on temperatures of phase transformation (gamma-delta,
melting) was investigated with use of experimental
equipment Setaram Setsys 181y and DTA method on a
sample of iron.

It follows from the obtained results that mass of the
sample or heating rate have no substantial influence on
shifting of temperature of start of gamma-delta phase
transformation and solidus temperature (temperatures
corresponding with peak start). Even on the contrary,
mass of the sample, as well as heating rate do have
influence on shifting of the temperature of end of
gamma-delta phase transformation and liquidus
temperature (temperatures corresponding with peak
top). These temperatures with the increasing mass of the
samples and with the increasing heating rate shift
towards higher temperatures. Heating rate has more
pronounced influence on shifting of these temperatures
than mass of the sample.

The obtained temperatures of end of gamma-delta phase
transformation and liquidus temperature were
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extrapolated to the “zero heating rate” and “zero mass”
of the sample. The temperatures obtained by
extrapolation were compared with the equilibrium
temperatures found in the available literature. The
difference between the temperatures found in literature
and temperatures obtained by extrapolation was of the
order of centigrades.

On the basis of obtained dependences expressing the
influence of the mass of the sample and of the heating
rate, it is possible to to correct the data obtained in other
investigated metallic systems, e.g. steels, to the “zero
mass” and “zero heating rate”. In this way we will
obtain for the investigated systems the temperatures
close to the equilibrium temperatures without necessity
of performing time consuming complexes of
experimental measurements.
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Determination of Ultimate Strength of the Deep Drawing Steels by Ultrasound
Structuroscopy

Stanoveni meze pevnosti u hlubokotaznych oceli pomoci ultrazvukové
strukturoskopie

Ing. David Bilek', Ing. Tomas Jira', doc. Ing. Betislav Skrbek, CSc.', Ing. Pavel Solfronk, Ph.D.'

'"Technical University of Liberec, Faculty of Mechanical Engineering, Studentska 2, 46117, Liberec 1, Czech
Republic

The impulse for creation of this contribution was exploration of new possibilities in the field of application of non-
destructive ultrasound structuroscopy of thin sheets. The tested samples were made from material that can be
ranged to the group of IF steels by its chemical composition and mechanical properties. These materials are
directly used for manufacture of bodywork stampings. Checking of mechanical properties using static tensile test,
which is continually on regular basis used for this purpose, was made at first. The resulting values were compared
with the enclosed directions and their guaranteed properties were evaluated. The acoustic paths (thicknesses) of the
tested samples were measured using ultrasound instrument and ultrasound probe in order to obtain information
about ultrasound velocity in transradiated material (tested by ultrasound ?). The aim is to find and describe new
opportunities useable for non-destructive determination of mechanical properties of these steels using obtained
mathematical models.

Key words: deep-drawing steels, static tensile test, ultrasound structuroscopy, ultrasound velocity

Podmeétem ke vzniku tohoto prispévku, bylo prozkoumani novych moznosti v oblastech vyuziti metody nedestruktivni
ultrazvukoveé strukturoskopie u tenkych plechii. Testovaci vzorky byly vyrobeny z materidalu, jenz svym chemickym
slozenim a mechanickymi vlastnosti se radi do skupiny IF oceli. Tyto materialy se primo pouzivaji k vyrobé
karosarskych vyliskii. Nejprve doslo k ovéreni mechanickych vlastnosti za pomoci statické zkousky tahem, ktera je
dlouhodobé k témto uceliim standardné pouzivana. Dale byly vysledné hodnoty porovnany s prilozenymi normativy
a vyhodnoceny jejich garantované vlastnosti. U zkouSenych vzorki ddle doslo ke zméreni akustickych drah
(tloustek) pomoci ultrazvukového pristroje a ultrazvukové sondy pro ziskani informaci o ultrazvukové rychlosti
v prozvucovaném materidalu. Cilem je najit a popsat nové moznosti, jez by bylo mozné vyuzit k nedestruktivnimu
stanoveni mechanickych vlastnosti téchto oceli a to za pomoci ziskanych matematickych modelii.

Kli¢ova slova: hlubokotazné oceli, statickd zkouSka tahem, ultrazvukova strukturoskopie, rychlost ultrazvuku

Since nowadays the ever increasing requirements and  mechanical properties of thin sheet especially in
claims are put on quality of finished products, it is  environment of serial production of bodywork stamps.
necessary to explore new possibilities, which might help

to achieve these requirements and intentions. 1. Investigated materials — IF steels

The attention will be focused on serial production of
bodywork stamps. The new possibilities of verification
of mechanical properties of supplied materials will be
searched for automotive parts, which are typical by their
irregular shape, high quality and special manufacturing
technology. Physical properties of the tested samples

The materials, which belong to the group of IF steels by
their chemical composition and mechanical properties,
were taken to the as-performed experiment (interstitials
free steels, see Tab. 1). These materials are commonly
used for production of automotive bodies. They contain
. ” interstitially dissolvable carbon and nitrogen atoms
will “be m casured  first by. ultrasound 1'nstrume.nt. bound in stable carbo-nitrides (TiCN, NbCN) obtained
Mathematical dependences will be determined using by microalloying by Nb or Ti, or else by combination of
regression analysis methods, which will serve for Nb and Ti. Considerable ’improvement of plastic

dete}’lmmatlonhoi;}t:asw 'mecha.rlucal pr(})}per'tles, SPCh l?s properties of steels can be reached by decreasing their
tensile strength. The static tensile test, that is continually . o~ =4 nitrogen content in the state of solid

used for this purpose on regular basis, will be used for solution. Steels with various Nb and Ti content are

destructively determined strength. continually developed in order to achieve an optimum

The aim will be the verification of possibility of compromise between the strength and workability of the

application of this method for determination of
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sheet. Practical tests show that alloying by Nb or by
combination of Nb and Ti is more favourable. Naturally,
the Nb amount has effect on the grain size, ageing of
steel and it increases recrystallizing temperature as well.
The consequence of it is higher energy consumption at
production (higher annealing temperatures). The
resulting mechanical properties depend on the content
of other alloying elements causing solution
strengthening (e.g. Mn, P), amount and dispersity of
precipitates, size of ferrite grains and also on draught at
smooth rolling. This draught has very considerable
effect on workability, since it is performed in cold state.
The IF steels are micro-alloyed by group of other
elements or a small amount of phosphorus for
achievement of solid solution strengthening in order to
enhance mechanical properties [1].

2. Tensile test

The test by uniaxial tension is the basic test, which is
used for evaluation of material mechanical properties.
This test is based on deformation of testing bar by
uniaxial tensile loading, usually up to breaking in order
to determine one or more material stress and strain
characteristics. It is usually performed at room
temperature. Rate of loading varies from 0.5 to 2.0
mm'min’. Testing of metallic materials in Czech
Republic are governed by the standard CSN EN 10002

(2].

Tab. 1 Example of chemical composition of the IF steel
Tab. 1 Priklad chemického slozeni IF oceli
ICiggert) | PNigwr MB%l | M

C [ppm] B [ppm] A Ti[b [%] + TNW[%] +

ITi [%]

The ultrasound waves velocity thus decreases with the
increasing damping of matrix mass and especially with
the amount and size of internal discontinuities. The
discontinuities are reinforcements, layers, inclusions
with considerably different wave resistance Z against
matrix [3].

[MPa/s] (1)

Z=c-p
The fraction R of the reflected pressure of acoustic
wave back from boundary increases with the increasing
difference of acoustic resistances Zm and Zg.
Zm=5.92-7.8 =46.2 MPa/s is valid for the steel matrix.
Zg =2-2 =4 MPa/s is valid approximately for carbon in
the shape of graphite. R = (Zg - Zm) / (Zg+ Zm) =
0.805 after insertion. One boundary matrix — graphite
thus reflects R = 80.5% of the pressure of acoustic
wave. Direct propagation of acoustic wave through
composite is after several reflections from formations of
reinforcement consumed and dispersed. Path size of
acoustic wave in matrix depends on labyrinth of path
through the matrix. The value of acoustic path Lu
increases in comparison with the direct path (thickness
of the transradiated wall (tested by ultrasound ?)) L with
the decreasing thickness of formations. Ultrasound
velocity cL thus decreases.

= =5920-%
L

‘o

€ [ms’] Q)

C L
L0

¢y - ultrasound velocity in steel (etalon for setting of
ultrasound instrument).

15 B 65 )] (1] e QB 0,09,02 +0,00,02 + (

Tensile test equipment

The electronic testing machine Zwick Z030 was used
for experiments in this work. The nominal force of
machine is 30 kN. The adjustable moving rate of
moving crosshead (transverse movement ???) is from
0.001 to 200 mm-min™'. The measured data are recorded
using Zwick testXpert software.

3. Ultrasound structuroscopy

Basic  principle of non-destructive  ultrasound
structuroscopy is experimental determination of
mathematical relation (model), that characterizes mutual
connection between ultrasound waves velocity
(damping) and structure of investigated material
(mechanical property). It is based on the theory of
interaction between ultrasound waves and boundary in
material, which makes it possible to find mutual
correlation between the ultrasound waves velocity and
structure, or rather mechanical properties of material.

The ultrasound waves velocity depends on the damping
size in the transradiated material (tested by ultrasound ?).
It means that its value will differ in case of steels, cast
irons, polymers or composites.

,01
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Boundary character expresses itself on the phase of
reflected wave. The boundary with lesser wave
impedance reflects the wave in the opposite phase than
the boundary with higher impedance. This effect is
often used in fibrous or layered systems of materials.
The highest stair (level ?) of structure diagnostics is
represented by spectral analysis of acoustic response
(echoes, noise). The damping of acoustic oscillations

aincreases  considerably, if the  wavelength
A approaches the size of reinforcement d [1].
w= ko A-(E) [dB.mm"'] 3)

Value a = 0.05 for steel enables to transradiate (test by
ultrasound ?) even the walls with one meter thicknesses.
Non-metallic reinforcement in metallic matrix increases
the damping considerably. It achieves a values of higher
order, it limits acoustic diagnostics heavily. The
ultrasound measurements of austenite steels and
graphite cast irons are complicated by austenite grain
boundaries and cast iron graphite. The low frequency
probes up to 2 MHz are necessary for measuring of wall
thickness over 30 mm. If the reinforcement has
dimensions d<<l, then the wave damping reaches
acceptable values. Good supposition for ultrasound
diagnostics of nanocomposites. The steel has length of
longitudinal wave of 1.2 mm, polymers, water approx.
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0.3 mm for the most common ultrasound frequency of 5
MHz. The E value depends directly on the size of sound
velocity c;.

£ )
C; = il:T—:ﬂ:' 0.5 [m.S 1] (4)
In practice the simplified expression is used:
= (x-LY
E=(x-7) [MPa] )

where Kis measured on the thin cylindrical sample.
Ultrasound structure diagnostics requires parallel planes
of walls at the site of checking. The value of the
measured L, is increased by surface roughness (amount
of binding medium ¢; 1500 m/s in the interspace under
the probe) and by the ,,V* effect of the ultrasound probe
on thin walls, so that checking of walls up to L=10 mm
is inaccurate.

As an example, we can introduce mathematical models
formulated for graphite cast irons (connection of
ultrasound and magnetic methods of non-destructive
structuroscopy), thus for macro-composite with the
boundary steel matrix — graphite. The formula (6) is
used for calculation of strength in tension R,,, and the
second formula for calculation of hardness [4].

[MPa]
[-]

(6)
(7

Rm=C-(i::ID-HEE

HE=4-M+ 5

where L — actual material thickness, L, — acoustic path,
M — remanent magnetism, 4 + E constants

4. Experimental

The non-proportionate testing bars with variable width
were used for measurement of mechanical properties of
the sheet in this part of work. It concerned the-testing
bars for thin products (sheets, bands and flat products)
with thickness from 0.1 mm to 3 mm. The set of 9
specimens was prepared from the tested material. Those
testing specimens were made perpendicularly to the
direction of rolling of tested material. The produced
testing specimens were exposed to static tensile test
(CSN EN 10002) and resulting values were treated
processed into Tab. 2 below.

Tab. 2 Resulting values from tensile test
Tab. 2 Vysledné hodnoty z tahové zkousky

‘ 90° Sy E Rpo2 Rm Ag | Ago | n | r ‘
n=9 [mm? | kN/mm?]| [Nmm?]| [N/mm?] [%] [%] [l [l
X 15,19 203 168 279 25,8 44,3 0,236 2,28
min 15,19 196 167 278 278 432 0,236 2,23
max. 15,19 210 169 279 279 46,3 0,237 2,33
s 0 6 1 04 0,2 11 0,001 0,04

The measurement of acoustic path L, using ultrasound
instrument (see Fig. 1) and 20 MHz probe was
performed on each specimen and the strength was also
measured by destructive method. The courses of single
tensile tests are illustrated in Fig. 2.
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Fig. 1 Used ultrasound instrument
Obr. 1 Pouzity ultrazvukovy piistroj

Tab. 3 Measured values
Tab. 3 Méfené hodnoty

) Path Actual L/Lu UT‘ Tensile
Notation Lu thickness [mm] velocity strength
[mm] L[mm] [m/s] R [MPa]

1 0.73 0.67 0918 5575.7 279

2 0.73 0.67 0918 5575.7 279

3 0.74 0.69 0.932 5664.5 279

4 0.73 0.67 0918 5575.7 279

5 0.74 0.68 0919 5582.4 279

6 0.73 0.69 0.945 5742.1 279

7 0.73 0.68 0.932 5658.9 279

8 0.73 0.68 0.932 5658.9 278

9 0.73 0.67 0918 5575.7 278

Conclusions

Materials taken for experiments were materials, which
are suitable for working of deep-drawn bodywork
stampings thanks to their properties. At first mechanical
properties of these tested specimens were determined
and checked. The resulting values were compared with
the corresponding direction, which were specified for
particular batch of material. It may be stated on the
basis of resulting values and the course of the
strengthening curve, that this material corresponds to
the guaranteed data specified by this steel manufacturer
(see Fig. 2).

Intensity [N/mm?]

Deformation [%]
Fig. 2 Graphic course of the strengthening curve

Obr. 2 Graficky prib¢h kiivky napéti — deformace

Attention was focused on utilization and determination
of strength of the tested material using ultrasound
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measurement in the second part of this experiment. The
graph of dependence between the ultrasound velocity
and destructively obtained strength is depicted in Fig. 4.
The measured vales are interleaved by linear connecting
trend line.

Fig. 3 Graph of dependence between ¢, and R,
Obr. 3 Graficka zavislost mezi ¢, a R,,

Unfortunately we found that thin samples of sheets and
their measured values are not ideal for this experiment.
The resulting mathematical model and its reliability is
insignificant for us. The wider is the scatter of the
measured samples' properties, the more probable it is to
obtain higher reliability of the model, which could not
be achieved, because it concerned in the same way the
thin sheets, for which it was difficult to trace the effect
of the ultrasound wave velocity on the structure.

However, this method of ultrasound structuroscopy was
already before applied to other materials, such as
graphite cast irons, where the reliability of the resulting
mathematical models reached up to 98% (see relations
(5, 6)). Thus it seems to be useful to apply this method
for other automotive parts, which are made from this
material. It should enable easy and more rapid quality
checking, correctness of graphite formations and
determination of mechanical properties using just the
wall of casting without any destructive testing [4].

This contribution was created with financial support
of the Student Grant Competition 2822 from TUL
within the frame of subsidy to specific research at

higher education institutions and with support of the

research plan MSM 4674788501.
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Original numerical model was applied for simulation of the transient temperature field of continuously cast steel
slab of two different chemical composition. The model solves the Fourier-Kirchhoff's equation of the temperature
field of slab-mould system or slab-environment system with the following various thermo-physical parameters:
thermal conductivity, specific heat capacity, density and enthalpy including their dependence on temperature. When
both melts follow closely after each other, the critical state of the so called breakout occurs at a certain point of the
secondary cooling zone of a caster. It is obviously caused by a combination of surface defects. However, different
chemical composition of two steels and their mixing is apparently decisive. Therefore the temperature model has
simulated the temperature history of every point of the cross-section of the slab during its movement through the
whole caster from the level of the melt in the mould to the cutting torch for both melts and for their mixture (with
average chemical composition). Calculation of the temperature field of a slab has focused mainly on the part of the
slab before the breakout and its surroundings. Calculation results were compared graphically by means of a graph
of temperatures in characteristic points of the cross section, a graph of isotherms in the critical cross-section
passing through the breakout, including iso-liquidus and iso-solidus, a graph of isotherms in longitudinal sections
and a graph of increase in thickness of solidified shell. Definition of the boundary conditions in primary and tertiary
cooling zone of the caster is identical for all three variants of calculation, in secondary cooling zone depends on the
cooling curves. The results of the temperature field can establish a model of the chemical heterogeneity of steel
supported by material expertise on the samples taken from the breakout.

Keywords: concastslab, steel, chemical composition of steel, thermo-physical properties, temperature field,
numerical model, breakout

Byl aplikovan origindlni numericky model nestaciondrniho teplotniho pole plynule lite ocelové bramy o riizném
chemickém sloZeni. Model vesi Fourier-Kirchhoffovu rovnici teplotniho pole soustavy brama-krystalizator resp.
brama-okoli s témito riznymi termofyzikalnimi parametry: tepelnda vodivost, mérnad tepelnd kapacita, hustota a
entalpie véetné jejich rozdilné zavislosti na teploté. V pripadé, Ze obé tavby nasleduji tésne po sobé, dojde v urcitéem
misté sekundarniho chlazeni ke kritickému stavu liciho stroje (ZPO) tzv. privalu. Miize se jednat o kombinaci
povrchovych vad, jejichz puvod se nachazi jiz na pocatku krystalizace. Témito vadami jsou oscilacni vrasky a
zejména podpovrchové kapsy — ,,hooks*”, jejichz povrch je pokryt oxidy a struskou z liciho prdasku a jejichz
mikrostruktura je odlisnd od zakladniho materialu tuhnouci kiiry. Oba jmenované defekty mohou za urcitych
podminek vyvolat poruchy odlévani az pripadné prival. Rozhodujici je vSak zirejmé rozdilné chemické slozeni obou
taveb a jejich smiseni. V sekundarni zoné chlazeni, kde se predlitek zacina naprimovat, mize k privalu dojit vliivem
vzrustajici mistni chemické a teplotni heterogenity oceli. Proto teplotni model simuloval teplotni historii kazdého
bodu pricného rezu bramou behem jeho pohybu celym ZPO od hladiny taveniny v krystalizatoru az po palici stroj
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pro obé tavby a pro jejich smés (s primérnym chemickych slozenim). Vypocet teplotniho pole se zaméril predevsim
na cast bramy pred mistem priivalu a v jeho okoli. Vysledky vypoctu byly srovnany graficky vykreslenim teplot v
charakteristickych bodech pricného rezu véetné bodu povrchového, vykreslenim izoterem v kritickém pricném rezu
prochazejicim mistem privalu vietné izolikvidy a izosolidy, vykreslenim izoterem v podélnych rezech v riizné
hloubce pod povrchem bramy a vykreslenim naristu tloustky ztuhlé kiry. Definice okrajovych podminek je v
primarni a tercialni zoné chlazeni ZPO pro vSechny tiii varianty vypoctu totoznd, pro sekundarni zonu zavisi na
chladicich krivkach. Pouzitim off-line verze modelu teplotniho pole byly ziskany vysledky zahrnujici vliv
termofyzikalnich vlastnosti obou oceli a technologickych parametrii liciho stroje. Pro vyjadieni vzajemné zavislosti
vybranych urcujicich parametrit se predpoklada vyuZiti teorie fyzikalni podobnosti a odvozeni podobnostnich
kriterii. Na vysledky teplotniho pole miize navazat model chemické heterogenity oceli podporeny provedenou
materialovou expertizou na vzorcich odebranych z mista privalu.

Klicova slova: plynule lita brama, ocel, chemické slozeni oceli, termofyzikalni viastnosti, teplotni pole, numericky
model, priival

Oscillation marks are transverse grooves forming on the grade B followed. The change in the chemical
surface of the solidifying shell of a continuously cast  compositions of the steels of both grades was carried
slab. The course of individual marks is rough and out very quickly by changing the tundish. Inside the
perpendicular to the direction of the movement of the mould, the steel B mixed with the steel A from the
slab. The formation of the marks is sometimes the result  previous melt. The casting continued for another 20
of the bending of the solidifying shell during the minutes but then, at the point of straightening of the
oscillation of the mould, which depends on the slab, at a distance of 14.15 m from the level of the melt
frequency and the amplitude of the oscillation and on  inside the mould, a breakout occurred between the 7
the casting speed. The hooks are solidified and 8™ segment and the caster stopped. The difference
microscopically thin surface layers of steel [1-3]. They in height between the level inside the mould and the
are covered with oxides and slag from casting powder.  breakout point was 8.605 m. This tear in the shell
Their microstructure is different from that of the base = occurred on the small radius of the caster. A 250 mm
material of the solidifying shell. Formation of the thick plate was taken from the breakout area using a
oscillation marks is related to formation of hooks. The longitudinal axial section (Fig. 1a). The structure of this
depth of the oscillation marks and also the shape, size  plate was analyzed and the distribution of sulphur was
and the microstructure of the hooks, vary irregularly. An  also analyzed with use of the Bauman print. In the Fig.
increasing extent of these changes leads to a defect in  1b the numbers 1 to 11 indicate also the positions of the
the shape of a crack, which reduces the thickness of the ~ samples in the places around the breakout intended for
solidified shell of the slab upon its exit from the mould analysis. Simultaneously, significant 25 mm sulphide
and causes a dangerous notch. In the secondary-cooling  segregations were discovered — very heterogeneous
zone, where the slab is beginning to straighten out, the  areas created by the original base material of the slab
breakout of the steel can occur in the points of the (melt3), by new material of the slab (melt4) and
increased local chemical and temperature heterogeneity = between them, and also by the areas of mixed
of the steel, from increased tension as aresult of composition. Beneath the surface of the slab, at a depth
bending of the slab and also of high local concentration  of 75-to-85 mm, there were cracks and a zone of
of non-metallic slag inclusions. Especially dangerous columnar crystals oriented towards the surface of the
are the changes in the chemical composition of the steel ~ slab on the small radius. This was identical to the
during the actual continuous casting. The consequences  orientation of the groove, which gradually turned into
of this operational immediate change in the chemical a crack (Fig. 1b — direction 4 — 6) and, on the opposite
composition of the steel, which are not prevented by a  surface of the slab, the hook, which was covered by
breakout system directly inside the mould, could lead to  melt (position 8).

an immediate interruption of continuous casting and to a

breakout at a greater distance from the mould than

usual, thus leading to significant material loss and

downtime of the caster.

Interruption of continuous casting

This case was recorded during the process of continuous
casting of 2501530 mm steel slabs of the grade A with
a 0.416 wt. % carbon content and 0.95 wt. % chromium
content (melts 1 to 3) and the grade B with 0.174 wt. %
carbon content and 0.070 wt. % chromium content (melt
4). The casting of the first two melts of the grade A took
place without any significant issues, after the casting of
the third melt of the grade A, the fourth melt ofthe )
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Fig. la A plate taken from the breakout area
Obr.la Deska odebrana z pasma pruvalu

Obr.1b Schema umisténi vzorkd 1-11

Fig. 1b Diagram of positions of the samples 1-11

Assignment of boundary conditions and
preparation for simulation with use of a 3D
numerical model

An original numerical model of the temperature field of
continuously cast steel slab was applied, which was
based on the explicit numerical method [4].
Solidification and cooling of continuously cast slab
passing through the radial continuous casting machine
(CCM) with large curve radius has been described by
the Fourier-Kirchhoff’s equation, which takes into
account only the vector component identical with
direction of the slab movement through individual zones
of the CCM, and which contains a term comprising an
internal source of latent heats of phase or structural
transformation.
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The velocity vector components perpendicular to the
direction z of the blank movement are negligible.
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This equation must comprehend the slab’s temperature
field in all its three stages, i.e. above the liquidus
temperature (melt), within the liquidus and solidus
temperature interval (so called mushy zone), and also
below the solidus temperature (solid phase). For this
reason a thermo-dynamic function of specific volume
enthalpy has been implemented into the equation.
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Other thermo-physical properties of the cast materials
contained in the equation and dependent on their
chemical composition, i.e. heat conductivity, specific
heat capacity and density, are also a function of
temperature [4]. Function of enthalpy is not known as
an analytical function, but as a set of tabular values,
which means that reverse determination of temperature
is numerically highly demanding task.

Chemical composition of the steel A in wt%: C=0,416
Cr=0.95 Ni=0.03 Mn=0.7 M0=0.206 Si=0.28

Chemical composition of the steel B in wt%: C=0,174
Cr=0.07 Ni=0.02 Mn=1.46 M0=0.005 Si=0.23

Dependences of the main thermo-physical properties on
temperature — heat conductivity, specific heat capacity,
enthalpy and density of both steels are shown in Figs. 2
to 5 [5].

Fig. 2 Dependence of heat conductivity of the steels A and B on
temperature
Obr. 2 Zavislost tepelné vodivosti oceli A a B na teploté

Fig. 3 Dependence of specific heat capacity of the steels A and B
on temperature
Obr. 3 Zavislost mérné tepelné kapacity oceli A a B na teploté

It is therefore a matter of solution of distinctly non-
linear task, since even for boundary conditions their
dependence on the surface temperature of the
continuously cast slab is respected. All boundary
conditions were derived, which were then divided to the
areas of the mould (primary cooling) and of the
secondary and tertiary cooling. Heat transfer
coefficients were determined also under air-water
cooling jets and in contact of the slab with the guide
rollers. Zero heat flow perpendicular to the symmetry
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plane is the boundary condition that is common for all
the zones of the caster. Definition of the boundary
conditions in primary and tertiary cooling zone of the
caster calculation is identical for all three variants, in
secondary cooling zone depends on the cooling curves.

Fig. 4 Dependence of density of the steels A and B on
temperature
Obr. 4 Zavislost entalpie oceli A a B na teploté

Fig. 5 Dependence of enthalpy of the steels A and B on
temperature
Obr. 5 Zavislost entalpie oceli A a B na teploté

The initial condition for solution is setting of the
temperature in individual points of the computational
mesh. The maximum possible temperature, i.e. casting
temperature is a suitable value. An explicit differential
method is used for solution of the Fourier-Kirchhoff’s
equation. It follows from its principle that stability of
calculation depends on the magnitude of time step.
That’s why a method of adaptive change of calculation
step was implemented into the model, i.e. the
calculation step defined by the user is considered as
recommended one and software changes it in the course
of calculation. The model is equipped with an
interactive  graphical environment for automatic
generation of the mesh and for evaluation of results, it
means by so called pre-processing and post-processing.
Heat model solves temperatures at the nodes of the
calculation 3D mesh of the whole object (from meniscus
of the melt in the mold to the flame cutter) with a
number of nodes exceeding 10° on symmetrical half of
cross-section of rectangular profile. The system of
coordinates is chosen in such a way that the beginning is
at the half of the profile width on the small radius, x is
in direction of the width, y is in direction of the height
and z is in direction of casting. The advantage of this

selection is the fact that all coordinates are positive,
which simplifies the software realisation. Rectangular
coordinates are in the area of radius transformed into
cylindrical ones, i.e. y is a radius and zis an angle.
Thanks to universality of the code it is possible to apply
the model of the temperature field, after modification
and adjustments, to any caster with rectangular cross-
section.

Numerical results

Off-line version of the original temperature model was
used now to simulate the temperature field of the steel
slab of the grade A, the steel slab of the grade B and the
steel slab of the grades A and B (with an average
chemical composition). After the computation, it is
possible to obtain the temperatures at each node of the
network and at any time during the process. Fig.6 shows
for example a 3D graph of the temperature field along
the longitudinal section of the steel slab of the grade A.
Temperature history graphs (Fig.7a-7¢), which show the
temperature at defined points of the cross-section of the
slab are very useful. The course of the temperatures can
also be displayed in any other user-defined point.

Fig. 6 The 3D temperature field of the longitudinal section of the
slab (steel grade A)
Obr. 6 3D teplotni pole podélného fezu bramy (kvality A)

STEEL

wt%
0.416 C
0.95Cr
0.03 Ni
0.70 Mn
0.28 Si

Fig. 7a Temperature history of the points of the slab cross-section
(steel grade A)
Obr. 7a Teplotni historie bodt pii¢ného fezu bramou (ocel A)
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STEEL

wt%
0.174 C
0.07 Cr
0.02 Ni
1.46 Mn
0.23 Si

Fig. 7b Temperature history of the points of the slab cross-section
(steel grade B)
Obr. 7b Teplotni historie bodl pficného fezu bramou (ocel B)

STEEL
A+B

Fig. 7c Temperature history of the points of the slab cross-section
(steel grades A+B)
Obr. 7c¢ Teplotni historie bodt pfi¢ného fezu bramou (ocel A+B)

The course of the calculated isotherms in the cross
section of the breakout, for example for a slab of the
grade B at a distance of 14.15 m from the level of the
melt in the mould is shown in Figure 8.

Fig. 8 Isotherms in the cross section of the breakout for the steel
slab of the grade B.
Obr. 8 Izotermy v pficném fezu privalu pro ocel kvality B

Calculated iso-liquidus and iso-solidus in both
longitudinal axial sections for the steel slab of the
grades A, B and A+B are plotted in Figs. 9 and 10.

The model provides also the course of surface
temperature and isotherms in any longitudinal section of
the slab. The computed surface temperatures of the slab
in the large and small radius are shown in Fig. 11 and
isotherms in the longitudinal section 20 mm under
surface (small radius) in Fig. 12
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Fig. 9 Iso-liquidus and iso-solidus in the vertical longitudinal
axial section for the steel slab of the grades A, B and
A+B

Izolikvidy a izosolidy ve vertikalnim podélném axialnim
tezu pro ocelovou bramu kvality A, B a A+B

Obr. 9

Fig. 10 Iso-liquidus and iso-solidus in the horizontal longitudinal
axial section for the steel slab of the grades A, B and
A+B

Obr. 10 Izolikvidy a izosolidy v horizontalnim podélném
axidlnim fezu pro ocelovou bramu kvality A, B a A+B

Fig. 11 The surface temperature of the slab (steel grade B) in the
large (red) and small radius (blue curve)

Obr. 11 Povrchova teplota bramy (ocel B) na velkém (Cervena) a
malém radiusu (modra kiivka)
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Teplotni pole v podéiném fezu

Fuiltoky: 60, 46, 56, 9, 29, 63, 40, 52, 30, 41,30, 65 ¥min
I 78 v, Frehiati 18 & 27,36 m

i 75
I3 1} JBKOSE 4999, FIONE 1550 X 200 rarm

Fig. 12 Isotherms in the longitudinal section (steel grade B) 20mm
under surface in the small radius

Obr. 12 Izotermy v podélném fezu bramou (ocel B) 20 mm pod
povrchem na malém radiusu

Figs. 13-15 represent computed mushy zones in one half
of the breakout cross section for the steel grades A, B
and their mixture A+B. These shaded areas bounded by
iso-liquidus and iso-solidus will be important geometric
parameters for an analysis of the causes of the breakout

[6].

Fig. 13 A computed mushy zone in one half of the breakout cross
section (steel grade A)

Obr. 13 Vypoétena mushy zona v jedné poloviné pii¢ného fezu
pravalem (ocel A)

Fig. 13 A computed mushy zone in one half of the breakout cross
section (steel grade B)

Obr. 13 Vypoctena mushy zoéna v jedné poloviné pii¢ného fezu
pruvalem (ocel B)

Fig. 13 A computed mushy zone in one half of the breakout cross
section (steel grades A+B)

Obr. 13 Vypocétena mushy zoéna v jedné poloviné pfi¢ného fezu
pravalem (ocel A+B)
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Conclusions

A breakout of the continuously cast slab right under the
mould is usually detected and indicated by an anti-
breakout system. However, breakouts occur at
continuous casting, i.e. failure of strength of solidified
shell caused even by a slight change of grade of the cast
steel, also on radial CCM at the place of straightening of
the slab. This irreparable defect is moreover often
initiated by surface defects, the origin of which is
already in the mould at the beginning of crystallisation.
These are oscillation marks and sub-surface pockets -
hooks. Both phenomena, i.e. formation of marks and
hooks are related to each other. These defects may also
lead under certain conditions, such as change of grade
of continuously cast steel, to an interruption of casting
and to breakout, as it is demonstrated in the photo of
macro-structure of defect, taken directly at the place of
breakout of continuously cast slab. Moreover the
breakout occurred after a quick change of the chemical
composition of the continuously cast steel of the grade
A and the grade B. The change of the chemical
compositions of both steels grades was carried out very
quickly by changing the tundish. The pouring continued
for another 20 minutes but then, at the point of
straightening of the slab a breakout occurred and the
caster stopped. Off-line version of the temperature
model was used to simulate the temperature field of the
slab of steel grades A and B and a mixture of A and B
grades. It used thermo-physical parameters of both
grades of steel, technological parameters of the caster
(casting speed, mould characteristics, etc.) and the data
that were obtained by means of off-line temperature
model. Mutual dependence of the set of thus determined
parameters and quantities will be determined. For this
an application based on the theory of physical similarity
and the derivation of similarity criteria is assumed.

Nomenclature

c specific heat capacity [J/kg.K]

H, volume enthalphy [J/m3]

k heat conductivity [W/mK]

OsourcE heat flow from internal [W/m3]
sources

T temperature K]

Xz axes in given direction [m]

Wy, W,, W,  casting speed in given [m/s]
direction

p density [kg/m’]

T time [s]
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Projekt uplného tollingu pri financovani pracovniho kapitalu v hutnictvi

Project of Total Tolling Used for Working Capital Financing in Metallurgy
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2ESAP Consult, s.r.0., Mostarenska 1140/48, 706 02 Ostrava-Vitkovice, Ceska republika

Rozhodujicim zdrojem financovani ceskych primyslovych podnikii je bankovni sektor, ktery v soucasné dobé
pokracuje ve zprisnovani urokovych i neurokovych podminek v radeé segmentii uvérového trhu a snizuje se tak tempo
poskytovani uveri. Podniky musi pro financovani svych soucasnych i budoucich potieb pracovniho kapitalu hledat
alternativni financni zdroje, mezi které lze zaradit i metodu tollingu. Financovini metodou tollingu je v Ceské
republice realizovino predevsim na bazi soukromého investora u malych resp. strednich podnikii, jejichz predmétem
podnikani jsou cinnosti v oblastech stavebnictvi ¢i lehkého strojirenstvi. Autori clanku se vsak domnivaji, ze
napriklad pro malé a stredni slévarenské spolecnosti se miize metoda tollingu stat efektivnim nastrojem k resSenit
krizovych situaci spolecnosti v oblasti toku hotovosti (cash flow), ale je treba si uvédomit rizika spojena s
nevhodnou ¢i nedostatecné pripravenou aplikaci tollingu.

Klicovd slova: tolling, pracovni kapital, hutni primysl

Metallurgy is one of the basic industries thanks to the fact that production of metals is the first important foregoing
step in the added value chain of many industries, such as engineering, automotive industry, air and space industry
and civil engineering. A decrease in sales of rolled material in 2011 compared to 2006 has led to worse economic
results of metallurgical enterprises due to unused capacities. This effect was then logically reflected in the reduction
of resources usable for funding of metallurgical enterprises.

The banking sector, which has currently been continuing in tightening the interest and non-interest conditions in
many segments of the credit market thus slowing down the provision of loans, represents a crucial source of funding
of Czech industrial enterprises. The enterprises must look for alternative financial resources in order to finance
their current and future working capital needs, and the method of tolling is one of them. The tolling method can be
characterized as a method of effective working capital financing, during which the funding body (tolling company)
uses either its own free resources or, more often, complements these own resources using a bank credit so as to
finance the needs of the manufacturer. Financing by means of the tolling method in the Czech Republic is primarily
carried out on the basis of a private investor in small or medium-sized enterprises, the-business activities of which
are in the areas of civil engineering and light engineering. However, the authors of the article believe that for
example for small and medium-sized foundry companies, the tolling method can be an effective tool to address the
critical situations of the companies in the area of cash flow, but it is necessary to realize the risks associated with
inappropriate or poorly prepared application of tolling.

Key words: tolling, working capital, metallurgical industry

Hutnictvivéeské Republicevobdobi pfedchazejicim krokem v fetézci pridané hodnoty
2006 — 2011 mnoha odvétvi, napf. strojirenstvi, automobilového
primyslu, leteckého a kosmického primyslu a

Hutnictvi patfi mezi zakladni pramyslovd odvétyi —Stavebmictvi.

vzhledem k tomu, Ze vyroba kovi je prvnim dulezitym
60
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Objem vyroby a prodeje v hutnich podnicich v Ceské
republice je proti obdobi pfed krizi stale na vyrazné
vyraznému poklesu a nejnizsi uroven vyroba dosédhla v
roce 2009, kdy byla proti roku 2006 u valcovaného

Obr. 1 Vyvoj vyroby valcovaného materialu v CR v letech 1993 az 2011

Fig.

Snizeni prodeje valcovaného materidlu v roce 2011
(4,974 mil. t) proti roku 2006 (6,274 mil. t)1 o 1,3 mil. t
vyvolalo zhorSeni hospodarskych vysledkti hutnich
podniki z titulu nevyuzitych kapacit. Tento vliv se pak
logicky promitne do sniZzeni vlastnich zdroju
pouzitelnych pro financovani hutnich podnikd.

Mezi vlastni zdroje financovani majetku lze zaradit
predevsim zakladni kapital, rezervni fondy, odpisy ¢i
zisk. Podniky maji k dispozici také i cizi zdroje k
zajisténi svého financovani - predevsim Gvéry od bank
¢i pujéky od jinych externich zdroji. Rozhodujicim
zdrojem financovani ¢eskych primyslovych podniki je
bankovni sektor, ktery v soucasné dobé pokracuje ve
zptisiovani urokovych i netrokovych podminek v fadé
segmentll Uvérového trhu a snizuje se tak tempo
poskytovani tvért. Podniky proto musi pro financovani
svych soucasnych i budoucich potfeb pracovniho
kapitalu hledat alternativni finan¢ni zdroje, mezi které
lze zatadit i metodu tollingu.

Uplatnéni uplného tollingu pri financovani
pracovniho kapitalu v hutnictvi

Podstata tollingu spoc¢iva v tom, Ze zadavatel
(financujici spolecnost, poskytovatel tollingu) predava
zpracovateli (financovand spolecnosti vyrobce)
suroviny a  energii ke zpracovani. Zpracovatel z
prevzatych komodit vyrobi hotovy vyrobek, za jehoz
vyrobu obdrzi zpracovatelskou odménu, kterd pokryje
jeho zpracovaci naklady a zadavatel prodd hotovy
vyrobek na sviij ucet odbérateli. Specifickym rysem
tollingového financovani je, ze obé&zné prostiedky,
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materialu o 31,5 % niz8i. Od roku 2010 dochazi k
postupnému zvySovani vyroby, avSak rok 2011 je proti
roku 2006 u valcovaného materialu stale o vice jak 20
% nizsi. Tato skutecnost vychazi z podkladi uvedenych
v grafu na obr. 1 [1].

1 Evolution of production of rolled materials in Czech Republic during the period 1993 - 2011

potizené z tollingovych zdroju, jsou po celou dobu a ve
vSech formach (suroviny, nedokoncend vyroba,
pohledavky) ve vlastnictvi financujici tollingové
spolecnosti (zadavatele), nikoliv zpracovatele. Pokud je
jednim ze zdroji financovani bankovni uvér, neni
dluZznikem  zpracovatel, nybrz opét tollingova
spole¢nost. Financujici subjekt (poskytovatel tollingu —
zadavatel) je podnikatelskym subjektem, nikoliv vSak
bankou, ktera ma jiny (rozdilny) zptsob podnikani.

Metoda tollingu byla v Ceské republice pouzita ve
veétsim Casovém 1 veécném rozsahu na projektu
VITKOVICE — OSINEK, kdy tolling jako zptisob
financovani pracovniho kapitalu byl realizovan v letech
2000-2005. Spoleénost VITKOVICE, a.s. méla zakladni
hutni a strojirenské vyrobni kapacity a dalsi servisni a
souvisejici provozy. Financovani hutni vyroby a.s.
OSINEK v zafizenich a.s. VITKOVICE bylo feseno
formou uzavieného (Giplného) tollingu. Financovani
strojirenské vyroby a.s. OSINEK v zafizenich a.s.
VITKOVICE bylo  feSeno na projektové bazi.

Strojirenskd  vyroba vyuzivala tzv. projektové
financovani - financovani pfedem definovanych
projekta.

Podnikatelsky zamér zadavatele uzavi‘eného (iplného)
tollingu je obecné zalozen navyuziti kapacit
zpracovatele pro vyrobu produktd, které by mély
splnovat nasledujici podminky:

o Vyrabéji produkt, po kterém je poptavka,

Vyroba neni ztratova (pfi objemu projektovaném
po realizaci tollingu).

Podnikatelska ¢innost zadavatele (tollingové
spolecnosti) v hutnictvi je zalozena na nasledujicich
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principech (formulovano dle konkrétniho projektu
Osinek — Vitkovice):

Celad vsazka (surové zelezo, Srot, polotovary,
ferroslitiny) a energie jsou nakupovany
zadavatelem.

Zpracovani (zuslechténi) nakoupenych
materiall je provadéno zpracovatelem za
odménu (zuslechtovaci poplatek), ktera
pokryva ostatni nakladové polozky (zejména
mzdy, Udrzbu, nejednicovy materidl a dalsi).
Vsazka, ocel, rozpracovana vyroba, valcovany
materidl a posléze pohledavky za odbérateli
jsou vlastnictvim zadavatele.

Zuslechtovaci  (zpracovaci) poplatek je
stanoven jako rezidualni hodnota mezi cenou
prodanych vyrobkli a cenou nakoupenych
vstupli, (vlastnimi) provoznimi naklady
zadavatele, finan¢nimi naklady na poskytnuté
uvéry, ziskem zadavatele. ZusSlechtovaci
poplatek je uctovan mésicné a zpravidla hrazen
zalohové.

Pracovni kapital zpracovatele je financovan
bud’ vlastnimi zdroji zadavatele, které¢ je
ochoten vramci svého podnikatelského
zaméru uplatnit pii financovani vyroby a
odbytu financovaného subjektu (zpracovatele)
nebo je zadavatel schopen Cerpat cizi zdroje

v podobé¢ bankovniho Gvéru. Pripadné
zajisténi  Gvéru je mozné materidlem,
rozpracovanou vyrobou, hotovymi vyrobky a
pohledavkami.

. Financovani vyroby je realizovano
prostiednictvim zpracovatelské smlouvy a

smlouvy o dilo. Zajisténi ndkupu a prodeje
formou smluv o obchodnim zastoupeni a
smlouvy komisionaiské.

Finanéni projekce podnikatelského zaméru

Pro stanoveni potieb provozniho kapitdlu pro
financovani hutni vyroby u zpracovatele je potieba
sestavit finan¢ni plan, ktery musi vychazet z navrzeného
uspofadani vztahti mezi poskytovatelem tollingu a
zpracovatelem a z predpokladii o odbytu a nakladech
zpracovanych ve spolecnosti zpracovatele. Do nakladi
je tieba zahrnout nezbytné provozni naklady zadavatele
a finanéni ndklady souvisejici s obstaranim cizich
zdroji. Kalkulovat je nutno i smluvné dohodnuty zisk
zadavatele. SoucCasné je tfeba do modelu zapracovat
zpusob Cerpani Uvéru ve vazbé na finanCni potieby
vyroby. Sestaveny finan¢ni plan by mél také zahrnout
predpokladany objem financnich potfeb na pokryti
pfipadnych rizik spojenych s dobytnosti pohledavek.
Sestaveni  finan¢niho  projektu  pro  toolingové
financovani (s vyuzitim podklada Zadatele o tooling) je
plné v kompetenci poskytovatele toolingu.Tento krok je
pfed zahajenim tollingu zcela nezbytny, nebot’ tato
finan¢ni projekce poskytne zasadni informace o vysi
potiebnych zdroji a jejich Casovém rozloZeni. Financni
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plan je vhodné zpracovat formou standardnich
finan¢nich vykazi — vykaz zisku a ztraty, rozvahy
(bilance) a Cash Flow.

Zpracovani tollingové projekce Cash Flow je vhodné
sestavit v tydennich intervalech, pfi¢emz celkova délka
planovaného obdobi by méla byt minimalné tak velka,
aby doslo k ustaleni vySe potfebnych finan¢nich zdroju,
pfipadné k jejich poklesu [2]. Pfi zpracovani tollingové
projekce Cash Flow je tifeba pocitat nejen s
pravidelnymi thradami a inkasem, ale i s t¢mi vykyvy a
odchylkami, které se daji predvidat (sezéonni poptavka
po vyrobcich a nutnost zvySeni skladi hotovych
vyrobkli bez inkasa po wurcitou dobu, potieba
pfedzasobeni pii planované odstdvce =zafizeni u
dodavatele atd.). Dosti ¢asto se v pocateénim obdobi
realizace tollingu projevuje urcita nedidvéra dodavateli
k novému partnerovi (poskytovateli tollingu) a mohou
proto pozadovat krat$i Ihiitu splatnosti faktur, pfipadné i
zalohové platby. Takto vypoctena potieba cizich zdroju
pro financovani pracovniho kapitdlu je dulezitou
informaci pro poskytovatele tollingu, avsak je tfeba ji
postupné zptesiiovat po uzavieni smluv s dodavateli i
odbérateli, korigovat ji o nové sjednané lhity splatnosti
na vstupu i vystupu, vzit v uvahu bonitu a platebni
moralku odbératelt atd. Veskeré tyto tdaje by mély byt
zaznamenavané prostiednictvim podnikového
informaéniho systému tak, aby je bylo mozno kdykoliv
pouzit [3].

Samoziejmym piedpokladem je také sestaveni financni
projekce u zpracovatele, jehoz pfijmem je predev§im
zuslechtovaci (zpracovatelska) odména, ze které hradi
mzdy, povinné odvody, nakupy rezijniho materidlu a
dal§i. Tato projekce by méla prokazat, ze néklady
zpracovatele budou thrnem zpracovatelské odmény,
odmény komisionafské a odmény za obchodni
zastoupeni bezpecné pokryty.

Zuslechtovaci (zpracovaci) poplatek lze strukturovat
nasledujicim zptisobem:

Trzby

Materialové a energetické naklady hrazené
zadavatelem tollingu

Urokové naklady financovani

Provozni néklady zadavatele tollingu

Zisk zadavatele

ZPRACOVATELSKE NAKLADY

Skutecna vyse a splatnost zpracovatelskych nakladia je
vazana na  skutecné inkaso z  pohledavek.
Zpracovatelské naklady mohou byt splatné ve dvou
castkach: zalohové a doplatkem. Plan Cash Flow by
zpracovatel mél dat k dispozici zadavateli jako dikaz
»pruchodnosti® tollingového zaméru, Ze zpracovatel
bude schopen z tollingové odmény hradit zpracovani
zadavatelem vlozeného materidlu a dokonCit vyrobu
finalni produkce [2].
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Zavér

V soucasné dobé se jiz neda ptedpokladat, ze projekt
uplného tollingu pro financovani pracovniho kapitalu
v hutnich podnicich v takovém rozsahu, jak byl
implementovan v projektu VITKOVICE, a.s.
OSINEK, a.s. (pro financovani hutni ¢asti spole¢nosti
VITKOVICE, a.s. byl na¢erpan a plné splacen uvér ve
vysi 1,8 mld. K¢), bude realizovan znovu.

Majoritnim vlastnikem spole¢nosti VITKOVICE a.s.
byl stat a pfestoze se nejednalo o vetejnou podporu, byl
projekt tollingu zastitén vladnim usnesenim a mél
politickou podporu, coz u akce takového rozsahu (1,8 +
1 mld. K¢) neni zanedbatelné. Dnes by se asi tézko
hledal soukromy investor, ochotny jit do tak velkého
rizika u podniku s tak dramaticky se zhorSujicimi
parametry (pokud by vSak napfiklad nepocital s
nepratelskym prevzetim apod.)

Financovani metodou tollingu je v Ceské republice
realizovano predev$im na bazi soukromého investora u
malych resp. stiednich podnikil, jejichz predmétem
podnikani jsou cinnosti v oblastech stavebnictvi i
lehkého strojirenstvi. AvSak autofi ¢lanku se domnivaji,
ze napiiklad pro malé a stiedni slévarenské spolecnosti
se mize metoda tollingu stat efektivnim nastrojem k
feSeni krizovych situaci spolecnosti v oblasti toku
hotovosti (Cash Flow), ale je tieba si uvédomit rizika
spojena s nevhodnou ¢i nedostatecné piipravenou
aplikaci tollingu.

Obecné lze rizika zadavatele pii tollingovém
financovani rozdélit do dvou casov€é navazujicich
skupin:

A) Rizika pted zahajenim financovani (rizika projektu):

Zpracovatel je vysoce predluzen a banky odmitaji
uzaviit tzv.standstil agreement. Dodavatelé odmitaji
uzaviit nové smlouvy se zadavatelem, pfipadné je
podminuji thradou starych pohledavek zadavatelem.
Dodavatelé rozhodujicich komponent pro vyrobu jsou
nespolehlivi a v nékterych pfipadech neexistuje
nahradni feSeni. Soudinnost zadavatele a zpracovatele je
problematicka, schazi vzajemnd duvéra, zpracovatel
zatajuje podstatné skuteCnosti pro zdarny pribéh
financovani.

B) Rizika po zahajeni financovani (rizika realizace):
Vyrobky zpracovatele nemaji zajistén odbyt, jsou z

ruznych davodi ptechodné nebo 1 dlouhodobé
neprodejné.
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Nizka bonita odbérateld, riziko nesplaceni novych
pohledavek ve 1htité splatnosti. Vyroba je nerentabilni, v
kritickém pfipadé netvoii ani kladny kryci prispévek.

Zadavatel ve svych propoctech Cash Flow podcenil
potiebu volnych zdroji pro financovani (napiiklad
neredlnym stanovenim doby splatnosti zavazkti a
pohledavek, Spatnym odhadem cen vstuptl i vystupl) a

disponibilni  prostfedky jsou pro financovani
nedostatecné.
Zpracovatel neni schopen kapacitné, technicky,

technologicky ani personalné zajistit projektovanou a
smluvné uzavienou vyrobu a dodavky ve smluveném
terminu.

Zpracovatel zneuzije svéfené vstupy (materidl, energii)
k jinym ucelim, nez ke zhotoveni vyrobkd pro
zadavatele.

Jednou z dilezitych zasad tollingu je, ze zadavatel
nete$i staré zavazky zpracovatele. Pokud je =z
jakychkoliv diivodd nucen tuto zasadu porusit, mize byt
tollingové financovani ohroZeno.

Vyhodou uvedeného zptisobu financovani je také to, ze
forma tollingu neni neménnd, ale existuji moznosti
modifikace pro jednotlivé konkrétni ptipady jeho
realizace, samoziejm¢ pii respektovani zakladnich
ekonomickych, legislativnich a také i etickych pravidel.
Nespornou vyhodou této metody je rovnéz to, Ze pii
ohrozeni zpracovatele upadkem neni pracovni kapital,
financovany tollingem, soucasti konkurzni podstaty a
zpracovatel tak mize pokracovat ve vyrob¢ pii soucasné
restrukturalizaci a realizaci dalSich krokl sanace
podniku.

Acknowledgement
The work was supported by the specific university
research of the Ministry of Education, Youth and
Sports of the Czech Republic No. SP2012/12.

Literatura

(1]

Hutnictvi Zeleza a.s., citovano 28.4.2012
http://www.hz.cz/cz/vyroba-ocelarskeho-prumyslu

STANEK, ,J. Piedpoklady efektivniho financovani pracovniho
kapitalu metodou tollingu, diserta¢ni prace, FMMI, VSB-TU
Ostrava, 2011

(2]

HVIZDOVA, E. - MIKLOSIK, A. ManaZment znalosti:
persondlne  a  technologické  perspektivy. ~ Bratislava:
Vydavatel'stvo EKONOM, 2012. 150 s. ISBN 978-80-225-
3384-3.

(3]


http://www.hz.cz/cz/vyroba-ocelarskeho-prumyslu0

Zpravy HZ. a.s. Hutnické listy ¢.2/2013, ro¢. LXVI

hutni vyroba v CR a SR

Meziro¢ni porovnani mési¢nich a postupnych hutnich vyrob roku 2012 a 2013, v¢. upiesnénir. 2012

Vyroba *) Vyroba | Index | Vyroba | Index Vyroba Index
leden unor leden-iinor leden unor leden-iinor
2013 2013 2013 2012 | 2013/12 | 2012 | 2013/12 | 2012 | 2013/12
tis.t tis.t % tis.t % tis.t %

KOKS

CELKEM 285,76| 259,18 5449041 29298 9754 268,00 96,71 560,97 97,14

ztoho (HZ) CR 15529 140,08 29537 157,02 9890 14522 96,46 302,24 97,73
(HZ) SR 13048| 119,10 24957 13596 9597 122,78 97,00 258,74 96,46

AGLOMERAT

CELKEM 695,72 65598 135170 689,000  10098| 56508 11609| 125407 107,78

ztoho CR 4782 42438 85220( 449,70 9513 36598 11596 81567| 10448
SR 26790 231,60 49950  23930]  111,95] 199,10 11632 43840 11394

SUROVE ZELEZO

CELKEM 649,16 62549 127466 602,99 10766 62487 100,101 122785 103,81

ztoho CR 341,02 319,50 660,52 344738 99,02 314,00 101,75 65838| 100,32
SR 308,14 306,00 614,14 25860 119,16] 31086 98,43 56947 107,84

SUROVA OCEL

CELKEM 82823 791,54 161977 786,75 10527 799,13 9905 158588 102,14

ztoho CR 43982 41630 856,12 45728 96,18] 424,67 98,03 881,95 97,07
SR 38841 37525 763,65  32947| 11789 37446 10021 703,93 10848

KONTISLITKY

CELKEM 79424 75392 154816 74829  106,14| 75643 9967| 150472 102,89

ztoho CR 406,80] 379,65 786,45 419,82 9690 382,97 99,13 802,78 97,96
SR 38744| 37428 761,71 32847 11795 37346 10022 701,93| 108,52

BLOKOVNY

CELKEM 49,75 4349 9324 4969 100,12 4761 91,34 9730 95,83

ztoho CR 49,75 4349 93,24 4969 100,12 47,61 91,34 97,30 95,83
SR 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

VALCOVANY MATERIAL

CELKEM 78249 710,46 149295  742,07| 10545 748,58 9491 1490,65| 100,15

ztoho CR 43409 37748 811,57 44561 9741 412,87 91,43 858,48 94,54
SR 34841 33298 68138 29645 11753 33572 99,18 632,17| 107,79

TRUBKY

CELKEM 53,70 62,05 115,75 65,50 81,99 68,09 91,13 133,59 86,65

ztoho CR 33,75 4228 76,03 4443 75,96 46,75 90,43 91,19 83,38
SR 19,94 19,77 39,72 21,06 94,69 2134 92,66 42,40 93,67

TAZENA, LOUPANA, BROUSENA OCEL

CELKEM=HZ) 1561 1471 3033  1586] 9845  1428] 10305  3014] 10063

STUDENA PASKA KLASICKA

CELKEM= (HZ)(] 2,44 234 4.78] 2671 9139] 249 9394] 516 92,60

POZNAMKA: *) Za posledni mésic jsou tidaje predb&zné

Zpracoval: Hutnictvi Zeleza, a.s. - ing. Vala
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Z hospodai'ské ¢innosti podnikt

z hospodarské cinnosti podniku

THE LINDE GROUP

TRINECKE ZELEZARNY uzaviely s Linde Gas a.s.
dlouhodobou smlouvu na zasobovani technickymi
plyny. Podle ni Linde Gas a.s. zajisti dodavky kysliku,
dusiku a argonu pro potieby ocelarny, vysokych peci,
technologie injektaze praskového uhli a dal§ich provozu
zelezaren. K zajisténi téchto dodavek dodavatel postavi
v Tfinci novou jednotku na déleni vzduchu
s investicnimi naklady pfevySujicimi 1,5 mld. K¢&.
Vystavba nového vyrobniho zafizeni zapocne v lednu
2014.

Dodavatel se bude podilet na realizaci nejvyznamngjsi
soucasné investice v TRINECKYCH ZELEZARNACH
a.s., kterou je injektaz prachového uhli PCI (Pulverized
Coal Injection). Tato technologie umozni, aby proces
soucasny. Pouziti jemné mletého uhli aplikovaného
pfimo ve vyfuénach dovoli dosahnout snizeni spotieby

drazs§iho vysokopecniho koksu ve vsazce. Pouziti
technologie PCI vSak vyzaduje oproti stavajici
technologii zalozené na redukci rudy vylucné

vysokopecnim koksem rozsahlejsi pouziti technickych
plynti: jednak kysliku pro intenzivnéjsi hofeni v Grovni
vyfucen, jednak inertnich plynt pro dopravu silné
pyrogenniho praskového uhli. Spotfeba praskového uhli
v technologii PCI sice pfevySuje podle provoznich
zkuSenosti u  jinych  vysokych peci tGsporu
vysokopecniho koksu zhruba o 10 %, avSak jeho cena je
v soucasnosti i do budoucna vyrazné niz§i. Tudiz
ekonomicky efekt jeho pouziti se kladné projevi
v nakladovosti vyroby surového Zeleza.
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Linde Gas partnerem pri realizaci nejvyznamné;jsi

soucasné investice

v TRINECKYCH ZELEZARNACH a.s.

Linde Gas a.s. jiz nyni v Tfinci provozuje tfi existujici
jednotky na déleni vzduchu. Stavajici jednotky budou
nahrazeny novym zafizenim, které zvysi spolehlivost,
bezpecnost a také efektivitu zasobovani. Injektazi
prachového uhli do vysokych peci dojde k navySeni
spotieby kysliku i dusiku a v provozu budou muset byt
vSechny tfi stavajici délici pfistroje. Dlouhodobym
feSenim je tedy vystavba nové délici jednotky, ktera
nahradi stavajici tfi piistroje a pokryje potfeby kysliku a
argonu pro zkujiiovani surového zeleza i v piipad¢
navyseni vyroby v ocelarné. Nové moderni zafizeni na
déleni vzduchu je navrZzeno na zdklad¢ dlouholetych
zkuSenosti Linde Gas a.s. Je schopno vyrabét vice nez
1000 t kysliku za den a dale i dusik a argon.

Pii prilezitosti podpisu této dodavatelsko-odbératelské
smlouvy generalni feditel Linde Gas a.s. Ing. Petr
Choulik, CSc. zduraznil, Ze tato investice dale upevni
silnou trzni pozici Linde Gas a.s. na ceském trhu
v oblasti zasobovani velkych zakaznik@i potrubnimi
dodavkami a kapalin a plynt. Na vystavbé se budou

podilet jak tuzemské, tak zahranicni firmy.
Dodavatelem technologie bude Linde Engineering.
Predpokladanym  terminem  zahdjeni dodavek

technickych plynt je ¢ervenec 2015.

red.
(s vwuzitim dil¢tho zdroje: tisk. zprava Linde Gas a.s.,
12.3.2013, autor Ing. Zbynék Brada,
+420 272 100 418, zbynek.brada@linde.com)
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ze spolkové Cinnosti
a odbornych akci

Konference

Teorie a praxe vyroby a zpracovani oceli

Ve dnech 4. — 5.4.2013 se konala v Lazeiiském dom&  DalSimi oblastmi uzce navazujicimi na primarni vyrobu
Libuse v Karlové Studance v Jesenikach tradi¢ni, jiz 29.  a zpracovani oceli byla tato témata:
celostatni konference s mezindrodni ucasti s nazvem

,,Leorie a praxe vyroby a zpracovani oceli®. o vnitini Cistota a kvalita oceli
) ) ) fyzikalni a numerické modelovani procest
Konference se zucastnilo celkem 90 odborniku, z toho 1 struskové resimy pii vorobé a aplikaci
ucastnik byl z Mad’arska, 3 castnici z Polska a 11 noveh strusko tz(f,rn 'c}lllr smési P
ucastniki ze Slovenské republiky. Piitomni odbornici V}j o ) 4 _
zastupovali celkem 33 podnikii a organizaci a 6 o vyuZiti Zarovzdornych materiali
vysokych §kol. Bylo pfedneseno celkem 27 odbornych o nakladovost vyroby, fizeni vyroby a
referatu. optimalizace procesl
Prednasky se zabyvaly zejména t€mito tématy: Mnohé  zprednesenych  piispévkii  prezentovaly

vysledky  projektd  podporovanych  z operacnich

doprovazela bohata diskuze, ktera pokracovala v ramci
neformalniho spolec¢enského setkani.

o technologie primarnich vyrob oceli programti védy a vyzkumu Ministerstva primyslu a
o plynulé odlévani oceli obchodu CR, Grantové agentury CR a Ministerstva
o sekundérni metalurgie Skolstvi, mladeze a télovychovy CR. Prezentaci
o

odlévani ingoti

Organizacni vybor

Vystavba velké huté ve Viethamu
Formosa orders equipment for new steel plant. Metallurgical Plant and Technology. 2013, ¢. 1, s. 15

Taiwanska firma Formosa Heavy Industries Co. stavi velkou hut ve Vung Ang ve Vietnamu. Novy zavod
ma nazev Ha Tinh Steel Corporation. Firma Siemens Metal Technologies dodava pro ocelarnu zafizeni
pro plynulé odlévani. Jedna se o dvé dvoupruda zafizeni pro odlévani bram, jedno osmiproudé zafizeni
pro odlévani sochorli a jedno Sestiproudé zafizené pro odlévani blokl. Celkovy vykon vSech téchto
odlévacich zafizeni bude 8,4 mil. t/r. VSechna zafizeni by méla byt uvedena do provozu v poloviné roku
2015.

Sirokopasovou vélcovnu pro tento zévod dodava firma Mitsubishi-Hitachi Metals Machinery. Valcovnu
tvofi dvé stolice pfedvalcovaciho pofadi, lis pro Upravu Sitky rozvalku, sedmistolicové hotovni poradi a
navijeCky. Ro¢ni vykon traté bude 5,3 mil. t. Trat by méla byt uvedena do provozu rovnéz v poloviné roku
2015.

LJ
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Vrch Peperek nad Velkou Losenici a Slakhamry na Zd’arsku - stopy po tézbé
stiibra

Hill Bergwerk above Velka Losenice and Slakhamry near Zd’ar —traces of
silver mining

prof. Ing. Karel Stransky, DrSc.!, Jaroslav Brhel’, Ing. Drahomira Janova’, prof. Ing. FrantiSek Kavitka,
CSe.’ , Ing. Lubomir Stransky, CSc.3, prof. Ing. Rudolf Foret, CSc.3, Ing. Bohumil Sekanina, CSe.?

"UFM Akademie véd CR, Zizkova 22, 616 62 Brno, Ceska republika
* Zd'ar nad Sazavou, Ceska republika 5
3 Vysoké uéeni technické v Brné, FSI, Brno, Technicka 2, 616 64, Ceska republika

Tradice dolovani a zpracovani polymetalickych Pb-Cu-Zn-Ag rud je spojovana s hornickou vsi Milikovice a s tézbou
i zpracovanim téchto rud v blizkém okoli vrchu Peperku. Na zaklade terénniho prizkumu byl na jiznim svahu
Peperku vybran usek tvoreny brdazdou, podobnou kutaci ryze. Vzorky kremicité horniny odebrané z kiemencové
vyplné zil vrcholovych skal Peperku a z obvalii brazdy podobné kutaci ryze byly podrobeny rozboru metodikou
semikvantitativni pomérné analyzy. Z prvki, které tvori slozky polymetalickych rud byly v obvalu brazdy, kutaci ryhy
metodikou SPA stanoveny v [mg/kg] = [g/t]: nejméné 4,44 barya, 0,242 olova, 0,114 Cu, 0,0811 Ag a 0,0466 Zn.
Ve stredoveku to predstavovalo racionadlné tézitelna mnozstvi kovii. Priizzkumem terénu nebyly nalezeny zZadné stopy
hutnického zpracovani polymetalické rudniny

This article deals with the history of mining and smelting of complex Pb-Ag-Cu-Zn ores in the village Jezdovice.
Tradition of mining and processing of complex Pb-Cu-Zn-Ag ores is connected with the extinct mining near the
village Milikovice and with mining and processing of these ores in the near surroundings of the hill Bergwerk. On
the basis of the field investigation the southern slope of the hill Bergwerk the former trench (waste bank from the
former mining), similar to the prospecting ditch was chosen. The method of semi-quantitative proportionate
analyses was applied for the estimation of small quantity of minerals containing Pb, Cu, Zn, Ag and other elements
from waste bank from the former mining. With use of this method the following minimal quantities of the elements in
mg/kg were analysed: 4.44 barium, 0.242 lead, 0.114 copper, 0.0811 silver and 0.0466 zinc. In the time of Middle
Ages it represented a workable quantity of metal. In this region no traces of metallurgical processing of this
complex ores were found by filed investigation.

Peperek, skalnaty vrch o nadmoiské vysce 675 m, se  rychtari za laciny peniz. Jesté za sto rokd na to
zdviha severovychodné nad Velkou Losenici a  pfipominad Milikovice dal§i zaznamenana udalost, podle
severozapadné nad Slakhamry (obr. 1). V minulosti  niZ koupil vesnici Milikovice Viadyka Simon Sléglovsky
délila od sebe ob& osady historickd hranice mezi  z Sicendorfu [2]. Neni vylougeno, Ze stopy jeji existence
Cechami a Moravou. Doly na stifbro byly podle mizi s kone¢nou platnosti a7 v dobé tiicetileté valky,
tradovanych zprav v okoli Velké Losenice, aviak ziahy  kdy zanikly okolni vesnice Vetla u Zdaru a Babin v
zde dolovani stfibrnych rud zaniklo. Stfediskem  blizkosti Ceské Meze. Podle mistniho podani stila tato
hornickych praci byl podle nezaru¢enych zprav vrch mald ves osazend horniky bydlicimi v dfevénych
Peperek [1]. Podle mistni tradice, udrzujici se ve Velké  domech, mezi dnesni Starou a Novou silnici vedouci z
Losenici, se s hornickou minulosti obce spojuje ves  Velké Losenice do Sézavy nad Sazavou [2,3]. Je to
Milikovice, kterd podle mistni tradice existovala od  severné od dnesniho Zelezniéni stanice CD v Sazavé u
nepaméti, aviak v priibéhu doby se jeji povédomi ztraci ~ Zd'aru.
[2].

Podle tradice zpracované v literatufe [2] prochazela
Ma se za to, ze v husitskych valkach Milikovice zanikly,  Stard silnice postavena v roce 1878 z Losenice do
avSak tomu odporuje zprava, Ze roku 1471 prodal opat  Sazavy misty, kde se v minulosti tézila stfibrnd ruda.
zd’arského  klastera Linhart vzhledem k nouzi a  Podle katastrdlni mapy z roku 1838 byla v téchto
znamenajici velké potieby ves Milikovice losenickému  mistech vyvazka hluSiny a stala zde borovice. Mistu se
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fikalo U borovice a oblast byla jest¢ v roce 1838
zalesnéna. Po t&ézbé zustala hluboka strouha, ktera méla
své katastralni Cislo. Strouha zmizela teprve v
poslednich letech (psano pied rokem 1989 [2]).

Podle nékterych zprav [4] existovaly doly na stiibrnou
rudu také pfimo u Velké Losenice, ktera byla pivodné
hornickou osadou a stfediskem kratkodob¢ provadénych
dilnich praci se stal vrch Peperek, na némz v dobé krale
a cisafe Karla IV, zdarsky klaster tdajné¢ vlastnil
stiibrny dul. Dolovani vSak neni dolozeno zadnym
pisemnym, historickym dokladem. Podle povésti vedl
veskeré kutaci prace hormistr Frendl ze Slakhamru.
Existuje domnénka, ze vrch Peperek muze byt také
zaménén s vrchem Poperek, ¢i Puchperk, mezi
Hesovem a Utinem u Havlickova Brodu, kde se doly na
stiibrnou rudu v téze dobé prikazné nachazely [4]. Oba
vrchy, vyrazny Peperek u Slakhamri a nendpadny

Puchperk (Buchberg ¢i Poperek) mezi Hesovem a
Utinem, jsou od sebe vzdaleny vzdus$nou ¢arou 12,5 km
a je dosti nepravdépodobné, ze by mohly byt navzajem
zaménény.

Také v latinsky psané kronice zdarského klastera
Cronica domus Sarensis, pochazejici z konce 13. stoleti,
je zprava o tom, ze do Zd’4ru pfislo ke stavbé klastera
krom¢ jinych muzii a zen z ciziny i z Moravy také
mnoho hornikti. Tito hornici té€zili kromé Zeleznych rud
také rudu stiibrnou. Patrn& pod Zdkovou horou, snad
nékde v mistech kde je dnes Stribrna studanka, a lze
predpokladat, Ze cast z nich mohla pracovat také v
nedalekych dolech v blizkém okoli Peperku, ¢i pfimo na
tomto vrchu. Vidime tedy, Ze zpravy o pocatcich tézby
stiibrnych rud v okoli Peperku, ¢i pfimo na jeho
svazich, jsou neurcité a v mnohém se opiraji jenom o
tradici zachovanou v stnim podéni.

Obr. 1 Poloha vrchu Peperku 675 m n.m. a jeho blizkého okoli

Fig. 1 Position of the hill Bergwerk 675 m above the sea level and his vicinage

K priizkumu terénu v okoli vrchu Peperku,
odbér vzorku a jejich analyza

Zanikla hornicka ves Milikovice se nejspiSe nachazela
na mirném svahu sklonéném pfiblizn¢ k jihovychodu,
pfimo nad soutokem dvou nepfili§ vydatnych potokt, a
byla chranéna pred prevazujicimi sz vétry. V
soucasnosti prochézi ptiblizné stejnymi misty kde staly
Milikovice silni¢ni zkratka odbocujici vpravo z ptivodni
staré silnice spojujici Velkou Losenici s Horni Sédzavou
(obr. 2). Tato zkratka je napojena na novou silni¢ni
tepnu Velka Losenice - Sdzava, a z ni cca po 100 m, za
zelezni€nim mostem pietinajicim trat, odbocuje taktéz
vpravo k Zelezniéni stanici Sdzava u Zddru. Dnes se
pfiblizné v mistech byvalych Milikovic nachazi
soukromy sad a na vychodnim vodnim toku jsou nové
vybudované, kaskadovit¢ uspofadané, malé vodni
nadrze [6].
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Podrobné byl prohlédnut les v okoli cesty vedouci ze
Slakhamri, z mista oznatovaného jako z Konce svéta,
ktery je na byvalé hranici mezi Cechami a Moravou,
osadou Samotinem, tvotenou skupinou nékolika chalup,
a vrcholem Peperku. Tato tfi mista vymezuji pfiblizné
trojuhelnikovou oblast lesa. Na jiznim az jihozapadnim
svahu Peperku pod vrcholem lze pozorovat mélké jamy,
asi 3 az 5 m v pruméru, se stopami po odvalech, avSak
rozlozené nahodné, nikoli orientované v tazich. Snad
jde o stopy po kutacich jamach, avsak ani zdaleka
nejsou tyto stopy tak piesvédCivé, jako napiiklad je
tomu na lokalitich: Utin, Bartousov, Ceska Bé&la,
Stifibrné Hory, Simtany — na Havlickobrodsku, nebo
Jezdovice, Piedni radlicky vrch, Valtinov — Havlova
hora, Hybrélec aj. — na Jihlavsku a Dacicku, které az
doposud byly prozkoumany.
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Velka Losenice

e
{ Dolni Sazava

Obr. 2 Poloha zaniklé hornické vsi Milikovice podle literatury
[2].

Fig. 2 Position of the former extinct mining village Milikovice
according to literature sources [2].

Skalni hfeben Peperku je tvofen pyroxenickymi rulami
a kvarcity. Podle geologického pruzkumu byl vytvofen
procesy mrazového zvétravani ve starSich ctvrtohorach.
Skalni sténa je asi 300 m dlouha a je roz¢len¢na dvéma
Sirokymi depresemi z nichz dnes vychazeji balvanové
proudy a kde v nizsich ¢astech svahd s rozvleCenymi
balvanitymi pokryvy se objevuji drobngjsi skalni
vychozy.

Podrobny prizkum prob¢hl také na upati jihozapadniho
svahu Peperku pod vrcholem, ktery je dnes porostly
smrkovym lesem. Prizkum sledoval tizemi zapadniho
svahu od zZeleznicni traté az po Losenicky rybnik, kde
jsou dnes dvé malé vodni nadrze. Potok ktery z nich
vytékd byl sveden melioracemi do podzemi, podtéka
louky a na povrch vytéka asi 200 m pied Zelezni¢ni
trati, v mistech kde zaroven konéi les. Na okraji lesa,
avsak jes$té ve starém lesnim porostu, lze v mirném
jihozapadnim svahu pozorovat misty az 4 m hlubokou,
5 az 7 m Sirokou a cca 200 m dlouhou piimou
prolaklinu — brazdu, vyvolavajici ptedstavu kutaci ryhy.
Odval hlusiny z této brazdy ¢i kutaci ryhy byl vynasen
pfevazné v jiznim sméru. Odval sestiva =z
pyroxenickych rul a kvarciti, které obsahuji zilky
zeleznych rud a kfemene. Charakteristické vzorky
zeleznorudnych kiemencti byly odebrany v mnozstvi
cca do 250 g. Poloha brazdy byla orientacné zakreslena
na obr. 3 a také byly pofizeny jeji snimky, jednak po
svahu, jednak proti svahu Peperku (obr. 4 a 5).

Navzdory témto nevyraznym stopdm po byvalé
prospekci a t&zb&é rudnin v dadvné minulosti byly
odebrané vzorky kifemence z okoli vrcholovych skal
Peperku (vzorky la, 1b) podrobeny fazové difrakéni
analyze a orientacni chemické analyze, a vzorky hornin
odebranych z odvalu v mistech oznacenych jako brazda
¢i kutaci ryha (vzorek 2) byly podrobeny detailni
chemické mikroanalyze a semikvantitativni pomérné
analyze (SPA).
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Obr. 3 Okoli vrcholu Peperku s vyznacenim odbéru vzorki a
prub&éhem brazdy - kutaci ryhy pfi prospekci.

Fig. 3 Neighbourhood of the hill Bergwerk with marked places
of taking of samples and course of the waste bank from
the former prospecting ditch.

Obr. 4 Brazdana svahu pod vrcholem Peperku — spodni ¢ast.
Fig. 4 Trench (waste bank from the former mining) below the
hill Bergwerk — lower part.

Obr. 5 Brazda na svahu pod vrcholem Peperku — horni ¢ast.
Fig. 5 Trench (waste bank from the former mining) below the
hill —upper part.

Analyzy a jejich vysledky

K fazové difrakéni analyze a k analyze chemického byl
pouzit rentgenovy difraktometr PHILIPS—X'Pert ve
spojeni s energiové disperznim mikroanalyzatorem
EDAX a elektronovym rastrovacim mikroskopem
PHILIPS XL 10. Vzorky byly k analyze pfipraveny
v praskové formé. Nejprve jejich rozdrcenim na zrnitost
do 5 mm a poté rozemletim v achatovém vibraénim
mlynku na prasek o zrnitosti 1 az 50 pm.
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Vysledky difrakénich analyz vzorka 1a, 1b
odebranych z kiemenct tvoficich vyplné rulovych skal
na Peperku jsou uspofddany v tabulce 1. Rozemleti
oznacené v tab. 1 jako prvni mleti bylo kratkodobé (cca
3 h), rozemleti oznacené jako druhé mleti trvalo cca
dvojnasobek prvniho casu. Ztab. 1 plyne, zZe
mineralogické slozeni kiemencovych zil vrule
vrcholovych skal na Peperku je znacné pestré, pricemz
testem stanovené mineraly obsahuji jeSté Cetné
pfimésové prvky uvedené v poznamce k téze tab.1.

Vysledky analyz vzorku z mista oznaceného jako
brazda
(kutaci ryha) jsou uspotfadany v tabulce 2, kde prvni tfi

Tab. 1 Mineraly vzorkt z vrcholovych skal na Peperku
Tab. 1 Minerals-from the samples from top rocks on the hill Bergwerk

sloupce charakterizuji pramérné sloZeni horniny ktera
obsahuje v hm.%: 47,47 O; 27,18 Si; 9,00 AlL; 7,65 K;
2,01 Ca a 1,78 Fe (celkem 97,27 hm.%), pficemz v
mnozstvi pod 1 hm.% obsahuji 0,37 Mg, 0,75 P, 0,27 S,
0,17 Ti, 0,14 Ti, a z tézitelnych polymetalickych prvka
0,29 Pb, 0,38 Ag, 0,31Cu a 0,07 Zn, tj. toliko 1,05
hm.%.

Pokud jde vskutku o kutaci ryhu, pak jeji obval dnes
tvofi pouze hlusina bez primarnich nerostli, obsahujici
prvky vazané pouze na akcesorické mineraly (a.m.).
Akcesorické mineraly jsou takové, které se vyskytuji
v tak malém mnozstvi, ze k nim neni pfihlizeno ani
v chemickém sloZeni ani ve stechiometrickém vzorci.

Vzorek Faze Stechiometricky vzorec Mineral Standard
Vzorek 1a 1 KSi;AlOg ortoklas 71-1540
vrchol 2 K4A1,S11,05, adularia 71-0956
1. mleti 3 Na(AlISi;0g) albit (low) 72-1245
Vzorek 1a 1 KAISi;Og ortoklas 75-1592
vrchol 2 K4A1,S11,05, adularia 71-0956
2. mleti 3 K(SIO 75A10 25)408 mikroklin 77-0135
4 Na(AlSi;Og) albit (low) 72-1245
Vzorek 1b 1 KSi;AlOg ortoklas 71-1540
vrchol 2 K(SIO 75A10 25)408 mikroklin 77-0135
1. mleti 3 Na(AlSi;0g) albit (low) 72-1245
4 CaMgSi,Oq diopsid 71-1495
Vzorek 1b 1 KSi;AlOg ortoklas 71-1540
vrchol 2 K(Siy 75Alp25)405 mikroklin 77-0135
2. mleti 3 Mg, (Si,0¢) enstatit 86-0431
4 SiO, kifemen 86-1628
Vzorek 2 1 CaMgSi,Oq diopsid 71-1494
Peperek 2 (Feo.115Mgo.885)(FeOg353M g0 61... ortoferosilit 85-0669
kutaci 3 SiO, kfemen 05-0490
ryha 4 Mg, (Si,04) enstatit 86-0432
5 Ca(Al,Si,05) anortit 73-0264

Poznamky k tabulce 1:

Testovani probéhlo s vyuzitim databaze praskovych udaji PDF3: ICDD - JCPDS Pensylvania, USA 2000, - testem

identifikované mineraly byly sefazeny do tabulky podle klesajici intenzity jejich difrakénich spekter; zakladni difrakéni spektra jednotlivych
vzorkd hluginy byla v databazi UMI FSI VUT v Brné archivovana k piipadné kontrole. Lokaln&, v mikroskopické formé byly v praskovych
Casticich mineral v tab.l detekovany spolehlivé nad mezi detekovatelnosti zjistény prvky: Zr, Ag, Ni, Cu, Ta, Zn, Bi. V zilném kfemenci
(vrcholovych skal) byly zjistény prvky: Ag, Ba, Gd, Cu, Zn, Bi V odvalu na upati: Zr, Ag, Ni, Cu, Ta, Zn, Bi. Testovani difrakénich spekter
realizoval na zakladé stanoveného chemického slozeni vzorkti RNDr. Antonin Buchal, CSc., jemuz autorsky kolektiv pfispévku upfimné dékuje.

Tab. 2 Chemické slozeni praskového vzorku 2 z brazdy - kutaci ryhy na svahu
Tab. 2 Chemical composition of powdery sample 2 from the trench (waste bank from the former mining)

Analyza 1. primérné chemické Analyza 2. semikvantitativni pomérna (SPA)
sloZeni [hm.%] mikroanalyza Castic praskového vzorku
Prvek X sX Prvek [mg/kg] [hm.%] Xmax
[hm.%)]
O 47,47 0,64 La 0,000611 0,004781 3,44
Na 2,18 0,51 Th 0,000780 0,006103 4,39
Mg 0,37 0,32 Co 0,00489 0,038262 5.44
Al 9,00 0,09 Cl 0,0123 0,096243 5,47
Si 27,18 0,65 Sm 0,0268 0,209700 29,85
P 0,75 0,17 Mn 0,0438 0,342718 0,76
S 0,27 0,10 Zn 0,0466 0,364627 1,13
Pb 0,29 0,29 Al 0,0522 0,408445 10,37
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Ag 0,38 0,07 Mg 0,0685 0,535986 1,05
K 7,65 0,38 Ag 0,0811 0,634576 7,24
Ca 2,01 0,10 P 0,0986 0,771507 4,71
Ti 0,17 0,22 Cu 0,114 0,892006 2,27
Mn 0,14 0,14 Na 0,143 1,118920 4,48
Fe 1,78 0,23 Ca 0,157 1,228465 7,92
Cu 0,31 0,38 Ti 0,178 1,392782 5,79
Zn 0,07 0,12 Pb 0,242 1,893557 8,40
suma 100,00 0,00 K 0,275 2,151769 9,31
at. Cislo 12,13 Fe 0,346 2,707317 6,59
Zr 0,545 4264416 51,23
S 0,624 4,882560 11,36
Bi 1,09 8,528831 51,37
Si 1,29 10,093755 27,06
0 2,90 22,691386 49,66
Ba 4,44 34,741295 53,18
12,78018 100,000000

Poznamky: x zna¢i mnozstvi prvku v hm. %, sx zna¢i smérodatnou odchylku mnozstvi prvku, x mex zna¢i maximalni zméfenou koncentraci prvku
v souboru 21 &astic pii SPA mikroanalyze &astic; primémé plocha souboru 21 mikro&astic 23,26 pm?; primémné atomové &islo souboru 21

mikrocastic je 31,58.

Semikvantitativni pomérnd  mikroanalyza  Castic
praskového  vzorku je  zaloZena na  vybéru
mikroskopickych ¢astic prasku v zobrazeni zpétné

odrazenych elektroni - BSE. Jestlize prohlizime
praskovy vzorek v zobrazeni BSE, potom castice
obsahujici prvky o vétsim atomovém Cisle nez je
primérné atomové Cislo analyzovaného vzorku se
zobrazi zfetelné vysSim jasem. Tyto castice lze poté
vybrat a také analyzovat, tj. stanovit jejich chemické
slozeni a také ziskat snimek. Chemické slozeni k
analyze vybranych mikrocastic je registrovano formou
matic, kterda umoznuje stanovit a posoudit parcialni
korelaéni vztahy  vybranych dvojic prvki
v mikroskopickych ¢asticich. Naptiklad v daném
konkrétnim pripadé vztah barya a siry, olova a siry,
zeleza a siry, ale téz Zeleza a stiibra aj., a posoudit tak
akcesorické mineraly, které mohou koexistovat ve
vzorcich odebranych zodvali, kde ocekavame jiz
vytfidénou rudninu ¢i pouhou hlusinu. Tak napfiklad
testem vztahu mezi baryem a sirou a dalSimi dvojicemi
prvkl ziskame z vypoctové matice SPA korelacni
koeficienty r g,.s = 0,9940; mezi olovem a sirou r p,.g =
0,4262, mezi Zelezem a sirou r p..g = 0,9618, mezi
zelezem a stiibrem 1 pe.a, = 0,5892, mezi médi a sirou r
cus = 0,8716, mezi médi a zelezem 1 cy.pe = 0,8422 aj.
Takto stanovené vzajemné korelaéni vztahy dvojic
prvkl jsou vyznamné vesmeés na hladiné spolehlivosti
lepsi nez 0,1. V obvalech kutaci ryhy Ize takto na
podkladé parcidlnich korelacnich vztahli s jistou
pravdépodobnosti predpokladat existenci akcesorickych,
zbytkovych mineraltt barytu BaSO,, anglesitu PbSO,,
pyritu FeS,, argentitu AgS, ale téZz chalkosinu Cu,S a
chalkopyritu CuFeS,.

Jako ptiklady mikroanalyz bylo vybrano pét mikrocastic
na obr. 6 az 10. Céstice obsahovaly jako prvky
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stanovené semikvantitativni pomérnou mikroanalyzou
(SPA) baryum, kiemik, zirkonium, bizmut, méd’, zinek
a také stiibro Ag v mezich hm.% 0,54 az 7,24 Ag.
Statistickou vyznamnost vybranych dvojic prvki
v zobrazenych ¢asticich bylo mozno posoudit cestou
parcialnich korelacnich vztah. Napfiklad stiibro
v mikro¢asticich vyznamné koreluje s baryem, r g,.ay =
0,5692, pficemz baryum koreluje téz velmi tésné
s olovem r g, p, = 0,9940, avSak mezi olovem a stiibrem
byl nalezen nevyznamny korelacéni vztah r p,a, = 0,2888
(obr. 6 a 9) Nejvyssi analyticky stanoveny obsah stiibra
7,24 hm.% v mikrocasticich je svazan s kifemikem a
korela¢ni vztah obou prvkli je velmi tésny r gi.a,
0,6240 (obr. 10). Bizmut v mikrocasticich koreluje té€sné
s olovem (obr. 7) r gi.p, = 0,8090, avSak jeho korela¢ni
vztah ke stiibru v mikrocasticich je zdporny r gia, = -
0,0369. Zirkonium koreluje se stiibrem nevyznamné r
zrag = 0,1786 a jejich vztah ve vzorku na obr. 8 lze
pokladat jako nahodny.

AccV Spot Magn e
20.0kv 48 1499x BSE 10.8 90814 PEPEREK.vz.2, 2 mleti

Det WD Exp 10 pm

Obr. 6 Mikrocastice vzorku 2 z obvalu obsahujici v hm.% 53,18 Ba;
6,41 S; 0,93 Pb; 8,70 Si; 0,69 Cu; 0,15 Zna 0,41 Ag.
Micro-particles of the sample 2 from the waste bank
containing in wt.%: 53.18 Ba; 0.93 Pb; 8.70 Si; 0.69 Cu; 0.15

Znand 041 Ag.
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36.03 pm

<
S 6.99 um

AccV Spot Magn
200kV 45 2000x

Det WD Exp 1 10um
BSE 10.1 90827 PEPEREK . vz.2. 2 mleti

Obr. 7 Mikrocastice vzorku 2 z obvalu obsahujici v hm.% 47,66
Bi; 0,00 S; 7,18 Pb; 5,53 Si; 1,40 Cu; 0,61 Zn a 0,54 Ag.
Micro-particles of the samples 2 from the waste bank
containing in wt.%: 47.66 Bi; 0.00 S; 7.18 Pb; 5.53 Si;
1.40 Cu, 0.61 Zn and 0.54 Ag.

Fig. 7

A Ve

AccV Spot Magn
20.0kV 45 4000x

Det WD Exp 5 pm
BSE 10.1 90828 PEPEREK . vz.2, 2. mleti

Obr. 8 Mikrocastice vzorku 2 z obvalu obsahujici v hm.% 51,53
Zr; 0,57 S;0,00 Pb; 3,10Si; 1,18 Cu, 0,71 Zn a 0,78 Ag.
Micro-particles from the sample 2 from the waste bank
containing in wt.%: 51.53 Zr; 0.57 S; 0.00 Pb; 3.10Si;
1.18 Cu, 0.71 Zn and 0.78 Ag.

Fig. 8

“ 5
3.95 pm

AccV Spot Magn
20.0kV 48 3000x

Det WD Exp 5 pm

—
BSE 11.3 90685 PEPEREK . vz.2. 2.mleti

Obr. 9 Mikrocastice vzorku 2 z obvalu obsahujici v hm.% 43.65

Ba; 11.36 S; 1.37 Pb, 3.15 Si; 0.44 Cu; 0.00 Zn a 0,84 Ag.

Fig. 9 Micro-particles of the samples 2 from the waste bank
containing in wt.%: 43.65 Ba; 11.36 S; 1.37 Pb; 3.15 Si;

0.44 Cu; 0.00 Zn and 0.84 Ag.
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AccV Spot Magn
200kV 3.1 7112x

Det WD Exp FH——
BSE 10.7 90821 PEPEREK . vz.2. 2 mleti

Obr. 10 Mikro¢astice vzorku 2 z obvalu obsahujici v hm.%
23,41 Si; 0,00 S; 0,00 Pb; 1,38 Fe; 0,17 Cu; 0,00Zn a
7,24 Ag.
Fig. 10 Micro-particles of the samples 2 from the waste bank
containing in wt.%: 23.41 Si; 0.00 S; 0.00 Pb; 1,38
Fe; 0.17 Cu; 0.00Zn a 7.24 Ag.
Zavér

Terénnim prizkumem oblasti mezi osadou jmenovanou
Slakhamry, Samotin, lokalitou Novy Dviir, véetn& okoli
vrchu Peperku a jeho jiznich a zapadnich svahd az po
osadu Velka Losenice se nepodafilo nalézt naprosto
presvédéivé stopy po prospekei a tézbé polymetalickych
rud, se kterymi je tato Cast Gizemi pfevazné podle Ustni a
z¢asti pisemné doloZené tradice svazana.

Tradice dolovani a zpracovani polymetalickych Pb-Cu-
Zn-Ag rud je spojovana s hornickou vsi Milikovice a
s t€zbou i zpracovanim téchto rud v blizkém okoli vrchu
Peperku. Na zéaklad¢ terénniho pruzkumu byl na jiznim
svahu Peperku vybran usek tvoteny brazdou, podobnou
kutaci ryze.

Vzorky kfemicité horniny odebrané z kfemencové
vyplné Zil vrcholovych skal Peperku a z obvall brazdy
podobné kutaci ryze byly podrobeny rozboru metodikou
semikvantitativni pomérné analyzy. Z prvki, které tvorfi
slozky polymetalickych rud byly v obvalu brazdy,
kutaci ryhy metodikou SPA stanoveny v [mg/kg] =
[g/t]: nejméné 4,44 barya, 0,242 olova, 0,114 Cu,
0,0811 Ag a 0,0466 Zn. Ve sttedovéku to predstavovalo
racionaln¢ tézitelna mnozstvi kovil. Prizkumem terénu
nebyly nalezeny zadné stopy hutnického zpracovani
polymetalické rudniny.

Podékovani
Tato prdce byla realizovana v ramci projektu NETME
Centre financovaného 7 Operacniho programu
vyzkum a vyvoj pro inovace, ktery je spolufinancovany
ERDF (European Regional Development Fund) reg. C.
projektu CZ.1.05/2.1.00/01.0002. Cist praci probéhla
téz v ramci projektu GAP107/11/1566, jemu? je
autorsky kolektiv také zavdzdn svou vdécnosti.
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Sto let vyroby oceli v Nové ocelarné ve Vitkovicich
(EVRAZ VITKOVICE STEEL)

Ing. FrantiSek Hromek, Ostrava

Rok 2013 je pro VITKOVICE as. a EVRAZ
VITKOVICE STEEL as. pfipominkou nékolika
vyznamnych vyroci:

r.1828 - 185. vyro¢i od rozhodnuti olomouckého
arcibiskupa Rudolfa zfidit nové Zelezarny v blizkosti
obce Vitkovice, ktera v té dobé méla pouze 27 domu se
157 obyvateli.

r.1843 170. wvyro¢i od odkoupeni Zelezaren
S.M.Rothschildem za 321 500 zlatych.  Vidensky
bankét byl od r.1836 v cele finanéni skupiny pro
vystavbu Severni drahy Ferdinandovy vedouci z Vidné
do Bochnie. Pii vystavbé zeleznice se pocitalo s
dodavkou hutniho materialu pravé z Rudolfovy huté.

r.1873 - 140. vyroci od zalozeni Vitkovického horniho
a hutniho tézitstva (VHHT). Vstup bratii Villiama a
Davida Gutmannovych do spolecnosti. Soub&zné s tim
byla ve Vidni zalozena ,Prvni Rakousko-Uherska
vysokopecni spole¢nost“ — Zofinska hut' situovana
mezi Vitkovicemi a Ostravou. Spole¢niky se stali bratfi
Gutmannové, Rothschild, Larisch-Moénnich a spissky
hrabé Andrassy.

r.1883 Zahajena vyroba bezeSvych trubek ve
Vitkovicich.

1.1913 - Zapalena prvni Talbotova pec v Nové ocelarne
— dnesni EVRAZ VITKOVICE STEEL. K této dobé se
vztahuje podoba zavodu na obr. 1.

Tento clanek je zaméfen na stoletou historii Nové
ocelarny. S timto provozem byl autor pfispévku
aktivné spojen po dobu témét 40 let.
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Obr. 1 Nova ocelarna ve Vitkovickych Zelezarnach, pohled z r. 1913

Historie Nové ocelarny je az do roku 1973 podrobné
popsana v publikacich [1, 2]. Zde je treba si
pfipomenout Ze od roku 1948 nebylo mozné
zvefejhovat ty udalosti, které nezapadaly do vyvoje
hutnictvi jako jednoznacné pozitivni kroky a mohly byt
posuzovany vetejnosti jako chybna rozhodnuti statnich
a stranickych organt.. Nastupujici generace hutnich
inzenyrt a technikti mé pravo na objasnéni nékterych
krokt, jez se mohou pfi nedostatku informaci jevit jako
chyby tehdejSich vedoucich pracovnikl a projekcnich
organizaci. Rada kroki, ktera se z dne$niho pohledu
jevi jako chybné, vSak byla zapfi¢inéna Spatnymi
politickymi rozhodnutimi.

1. Vyroba oceli v Dolni oblasti Vitkovic

Pted rozhodnutim o vybudovani Nové ocelarny byla
veskera hutni vyroba soustfedéna v dnesni Dolni
oblasti VITKOVICE, as. Vroce 1884 zde byly
postaveny 2 Bessemerovy konvertory o obsahu 10 a 13
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t a k tomu postupné¢ 5 SM peci. Byl zaveden svétove
prosluly  duplexni vyrobni pochod pfelévanim
predzkujnéného zeleza do 3 Siemens-Martinskych peci
(SM) pracujicich v cyklech. Z celkové vyroby oceli
204 468 t vobdobi 1908/1909 bylo duplexnim
procesem vyrobeno 157 558 t, tj. 77,5 %.

Doslovny hlad po ocelovych vyrobcich pfimél vedeni
spolecnosti k modernizaci a piestavbé valcoven,
pocinaje vystavbou nové kolejnicové traté v r.1880.
Provoz valcoven byl rozdélen na valcovny I a valcovny
II. Valcovny I byly vybaveny témito tratémi:
pancéfova trat’ duo 4,5, blokovna, pozdé&ji ptibyla
druha blokova trat, kolejnicova trat’, hruba plechotrat’ I
a II, univerzalni trat, stfedni a jemna plechotrat.
Vialcovny II byly vybaveny témito tratémi: stiedni a
jemna plechotrat, druhd jemna profilovad trat’ z
r.1884,druha stfedni trat’ z r.1893, pozdé&ji jeste 2 jemné
trat¢ a stfedni traté. Po roce 1909, tedy v dobé jiz
zahajené vystavby novych valcoven byla provedena
elektrifikace vSech pohoni valcovacich stolic. V roce
1895 bylo dosazeno sumarni vyroby valcovaného
materialu 126 000 t.

Neustale se zvysujici objednavky hutniho materialu ze
strany  rozvijejici se dopravni infrastruktury,
energetickych zavodi, téZebnich zavodt a zbrojniho
pramyslu uspisily rozhodnuti o pfeneseni vyroby oceli
a valcoven do nové budovaného zavodu a uvolnéné
prostory v dolni oblasti ponechat pro dal§i rozvoj
prvovyroby (koksovny, aglomerace, vysoké pece).

2. Priprava a realizace vystavby Nové
ocelarny

Studium  vybrané  technologie  vyroby  oceli
v talbotovych pecich zapocalo navstévou Tfeditele
Holze v zavodé Pencoyd u Filadelfie, USA v roce
1901, kde byla vyroba touto technologii provozovana
od roku 1894. Po rozsahlych uvahach, propoctech a
hodnocenich této technologie vyroby oceli bylo
prikroceno ke zpracovani projektové dokumentace a
zahajeni vystavby ocelarny. Projekéné realizacni tym
vedl vedouci provozu ocelarny Justus Hoffmann.

Projekt zahrnoval vystavbu dvou Talbotovych peci
(TP), z nichz jedna pracovala jako 300 t aktivni misi¢
surového Zeleza a druhd méla obsah kovu 200 t. Déle
3x SM pece po 60 t a jedna sklopna 60 t pec typu
Wellmann. Prvni sklopna Talbotova pec byla zapalena
pravé pred sto lety 20.2.1913. Jiz 14.4.1913 byla
uvedena do provozu dalsi Talbotova pec, provozovana
jako misic.

V rychlém sledu nasledovala vystavba dalsich peci:

- Wellmannova pec ¢.4 24.4.1913
-SM¢. 3 24.6.1913
-SM¢. 2 5.10.1913
-SM¢. 1 25.7.1914
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Téhoz dne byl v monarchii vyhlaSen valecny stav.
Vystavba vSak pokracovala nesnizenym tempem:
- Wellmannova pec €. 4, zvétSen obsah na 100 t

31.3.1915
-TP¢.2 12.2.1915
-TP¢.3 13.3.1915

Tato sestava peci umoziiovala vyrobu potiebného
sortimentu oceli pro nové budované valcovny a aktivni
misi¢ zajistoval dostatecnou rezervu tekutého Zzeleza
pfi piipadnych pfepravnich potizich pti velké
vzdalenosti vysokych peci.

Vroce 1914 byly postaveny rovnéz dvé elektrické
obloukové pece o obsahu 3 a 6 t typu Heroult—
Lindenberg, mensi pro ptetavbu FeMn a vétsi pro
vyrobu legovanych oceli. Podrobny popis ocelarny je
uveden ve zminéné literatute.

Po ukonceni prvni svétové valky v fijnu roku 1918 byla
skladba peci nasledujici:

-3 x SM pece 60 t

- 1 x Wellmannova pec sklopna 100 t

-4xTP200t

V roce 1921 musel odejit z ocelarny vedouci provozu
fissky Némec Kerl a vedoucim se stal Alfred Rotter,
ktery vyznamné prispél k postupné modernizaci
ocelarny az do roku 1945. Tehdy se vedoucim ocelarny
stal prvni Cech Ing. Kapar, pozd&jsi profesor a
vedouci na katedry ocelarenstvi VSB v Ostravé.

Piehled modernizaénich kroki v té dobeé:

- vr.1924 byl zvétsen obsah SM¢. 1 na70ta
zavedeny hlavy systému Moll ,

- vSechny TP byly pti vétsich opravach zvétSeny na
250t

- vr. 1928 byla Wellmannova pec zvétSena na 140 t

- vr.1928 byla dalsi Wellmannova pec zvétSena na
140t

- vr.1929 byla SM ¢. 3 rekonstruovana na sklopnou
Wellmannovu pec 180 t

- vr. 1943 byla uvedena do provozu TP ¢. 9 a
kapacita ocelarny se zvysila na 830 000 t/r.

3. Povale¢né obdobi po roce 1945

Pro spravné hodnoceni povale¢ného vyvoje Nové
ocelarny je nezbytné predeslat, ze jiz ve 30.letech
usilovalo zastupitelstvo mésta Ostravy o zrusSeni hutni
vyroby a jeji vymisténi mimo zastavénou meéstskou
oblast. Protokol o dislokaci hutnich provozi byl
podepsan generdlnim feditelem VHHT Dr. Federerem
a ostravskym starostou ProkeSem. Ulozen je
v méstském archivu. Byl zpracovan projekt vystavby
nového hutniho komplexu Siid Bau (Jizni stavba) —
dnesni kuncicky MittalSteel Ostrava, jehoz realizace
byla tedy zahajena béhem jiz Il.svétové valky v r.1944.
Novy zavod mél planovanou kapacitu 2 mil. t oceli
ro¢né. Po r.1945 byly rozestavéné objekty zahrnuty do
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nového narodniho podniku NHKG. Dohoda ve vyse
uvedeném protokolu byla vzdy investiénim odborem a
utvarem uzemniho planu mésta Ostravy vyuzivana
proti VZKG pii pozdgjsich snahach podniku o
modernizaci vyroby oceli, at uz to byla vystavba
konvertorové ocelarny v r. 1961 nebo snaha o zasadni
feSeni zivotniho prostfedi ve mést€¢ ruSenim
tandemovych peci ndhradou za konvertorovy proces
OXYVIT po r.1981.Ale k tomu jeste dale.

Valkou rozvracené narodni hospodafstvi a obnova
zni¢enych zavodld, méstskych objektd a dopravni
infrastruktury vyzadovaly mnoho ocelovych vyrobkd, a
proto  zruseni  vitkovickych  hutnich  provozi
nepfichazelo do uvahy. O to vice bylo nepochopitelné,
pro¢ se mésto nezasadilo o modernizaci této vyroby a
to pfedevsim s ohledem na zivotni prostiedi.

Jiz v roce 1947 byla uvedena do provozu TP €.10. To
umoznilo dosazeni nejvyssi vyroby oceli od r.1943 a to
813 822 t/r. Koncem roku 1949 byl zprovoznén
v piistavbé pecni haly misi¢ surového Zeleza 1000 t.
Popis vSech provadénych moderniza¢nich opatieni
v tomto obdobi pfesahuje rozsah ¢lanku, a proto dale
jen struéné.

Rozvoj energetiky a chemického primyslu si vyzadal
vyrobu supertézkych kovarenskych ingotd. V roce
1956 byl odlit rekordni 180tunovy kovarensky ingot.

Povalecna ztrata §védskych rudnych doli méla zasadni
vliv na skladbu a jakost vysokopecni vyroby. Vyroba
surového zeleza se zvySenym obsahem fosforu byla
omezena, snizila se jakost strusek pro vyrobu
thomasovy moucky. Nahrada pfidavanim apatitu byla
ekonomicky pochybna a skoncila neuspéchem.

Sovétsky poradce S. 1. MalySev po vzoru zavodu
AZOVSTAL zavedl tzv. trojtavby na Talbotovych
pecich, ¢imz prakticky skoncila technologie vyroby
talbotovym pochodem.

V 50. letech byla provadéna intenzifikace vyroby
vhanénim ¢istého kysliku trubkami na hladinu
surového Zeleza v panvi. Bylo sice dosazeno jeho
piedzkujnéni, ale se Skodlivym dopadem na Zivotni
prostiedi vyvinem zna¢ného mnozstvi cerveného
dymu. V roce 1955 byla zprovoznéna nova kyslikarna
hutniho kysliku na vysokopecnim zavodé a v ocelarné
byl hutni kyslik zkouSen pro obohacovani vzduchu
v regeneracnich komorach, jeho dmychani do plamene
v pecnich hlavach a rovnéz jeho dmychani trubkami
pfimo do lazné roztaveného kovu.

Plynové generatory byly v 60. letech minulého stoleti
zruSeny a generatorovy plyn byl nahrazen smésnym
plynem (koksovy a vysokopecni plyn). ZvySeni
tepelného piikonu si vyzadalo konstrukéni zmeény
hotakdl a postupny ptechod od dinasovych kleneb na
celobazické CrMg vyzdivky v 1.1962.

Od roku 1959 byly postupné prestavény pece SM 1 —
SM 3 na olejové pece typu MAERZ o obsahu 75 t. V r.
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1962 byla pec TP ¢.10 piestavéna na vytapéni olejem,
totéZ bylo provedeno u pece TP €.9 v roce 1965. Téhoz
roku byla Wellmannova pec ¢.4 pfestavén na SM pec
MAERZ 75 t. Pii prestavbach peci doslo k rozsahlym
moderniza¢nim akcim i ve vybavovani pecnich velinil
novou fidici, regula¢ni a méfici technikou.

Vsechna tato modernizacni opatfeni vSak nemohla
zajistit vyznamné zlepSeni ekonomickych parametrti ve
srovnani s ocelarnami provozujicimi vysokokapacitni
pecni agregaty a uz vibec ne nastupujici vyrobni
pochode v LD kyslikovych konvertorech.

Doslova osudnym bylo pro Novou oceldrnu zruseni
vysoce rozestavéné konvertorové kyslikové ocelarny
(KKO) na strané mestské ctvrti Hulvaky v roce 1961.
Tato moderni ocelarna byla projekéné pfipravovana od
roku 1958 snepatrnym zpozdénim za svétovym
trendem. Slo tedy o bezprecedentni politické
rozhodnuti stranickych a vladnich organi a bylo to
gesto ve prospéch rozestavéné ocelarny ve VSZ
Kosice, kdyz nékolik let predtim zkrachovala sovéty
prosazovana vystavba HUKO Kosice. Negativni roli
zde schralo 1 zastupitelstvo Ostravy, které bylo
donuceno pfijmout usneseni o zastaveni vystavby
ze zastupnych divodd  vychazejicich z obav o
zneCiStovani  ovzdusi ve méste. To byla
vykonstruovana lez a nesmysl, nebot tato ocelarna
méla byt poprvé od r.1830 vybavena tcinnou ¢istirnou
plynu. Autor osobné jako nastupujici novy vedouci
ocelarny v listopadu 1962 pievzal od svého predchiidce
Ing. Jenika S$rotovaci protokol kyslikové ocelarny,
znéjici na Castku vice jak 350 mil. Kés. Do Kosic byla
predisponovana plynodistirna Lurgi a kyslikarna Linde.

Nasledujici obdobi bylo velice slozité. Vedeni zavodu
a podniku planovalo vystavbu moderni jednostolicové
valcovny tlustych plechti kvarto 3,5 m s vyrobni
kapacitou 500 k t/r, kterA méla nahradit zastaralé
valcovny plechu 2,3 a 3,2 trio.

4. Zavedeni vyroby oceli v tandemovych
pecich

V této souvislosti dostala Nova oceldrna zadani co
nejdiive pfipravit ndhradni vyrobni pochod, ktery by
zajistoval zvySeni vyrobni kapacity ocelarny z 1 mil.t/r
na 1,6 mil. t/r. Pfitom je tfeba mit na pameéti, zZe
ocelarna byla dispozicné projektovana na cca 750 —
800 k t/r. V odborné literatufe byla zminka o provozu
dvounistéjovych peci v ocelarné ISCOR v Pretorii,
JAR. Pfimy kontakt s touto ocelarnou byl znemoznén
zakazem OSN k navazovani hospodarské spoluprace
z diivodt apartheidu .

Ve spolupréci s vlastnimi podnikovymi projekénimi a
konstrukénimi slozkami proto fesSitelsky kolektiv pod
vedenim autora tohoto clanku pfipravil provozni
zkuSebni provoz stouto technologii, a to upravou
Wellmannovy pece ¢.3 pied jeji rekonstrukei na pec
MAERZ 75 t. Piezdénim wvnitiniho prostoru byly
vytvofeny dvé nistéje s dvéma odpichovymi otvory,
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pfechodovym kanalem mezi nistéjemi, dospalovaci
oto¢nou tryskou a dvéma stropnimi kyslikovymi
tryskami. Pokusny provoz byl z hlediska metalurgie
pochodu velmi uspéSny. Zavadou byl znacny unik
cervenohnédych dymti pecnim kominem. Proto byla
vrekordnim case instalovana mokra venturiho
plynocistirna. Pfi pokusnych tavbach byli pfitomni i
kolegové zocelarny NHKG, ktefi o tento pochod
rovnéz projevovali  hluboky zajem.Pro  ziskani
vykresové dokumentace od spole¢nosti ISCOR byla po
dohodé¢ obou podnikii zvolena S$vycarskd firma
MAERZ Ofenbau A.G., Ziirich.

Prvni dvounistéjova pec (dale tandemova pec) TM ¢.2
byla vybudovana na misté zrusené TP ¢. 8 vr. 1967.
Zabéhovy provoz pece ukdzal celou fadu
konstrukénich problémt, ale to se u nové zavadénych
technologii stava. Muselo byt zcela nové konstrukéné
feSeno zasouvaci zafizeni primarnich trysek, jejich
tvar, konstrukce vyménnych pecnich paneld a podobné.
Hlavnim problémem vsak zustal Ginik ¢ervenych dymu
z pecniho prostoru pii otevienych pecnich dvirkach
béhem sdzeni Srotu a prisad. ZkouSela se
velkokapacitni sazeci koryta, ktera se vSak neosvédcila
z divodi odlisného dopravniho systému nez byl
realizovatelny v ocelarné NHKG. Autor clanku
vypracoval podrobnou zpravu o zab&hovém provozu
s poukazem na nefeSitelnost téchto hygienickych
problémi s doporucenim na konecné feSeni, a to
vystavbou kyslikovych konvertori v nové hale na
stran¢ Srotis$té ocelarny a v prostoru stavajici misicové
haly. S ohledem na ptipravu stavby valcovny kvarto
3,5 vS8ak nebyl autoriv navrh vedenim podniku
akceptovan.

V roce 1968 byly zrusena TP ¢. 5 az 7 a vybudovana
TM ¢. 1. Vroce 1970 nasledovala vystavba TM ¢. 0.
Po srpnovych mocenskych udélostech roku 1968, kdy
autor se vstupem cizich armad na uzemi CR vyjadfil
nesouhlas, byl z funkce vedouciho ocelarny odvolan a
pracoval jako oborovy inzenyr pro ocelarny az do
1.1989.

V hrubé vyrobé oceli bylo dosazeno jiz v roce 1972
vysledku 764.067 t oceli, coz bylo 52 % celkové
vyroby oceli v podniku pii vykonu 47,21 t/h a spotiebé
kysliku 51,4 m’t. Uplné vlastni naklady ginily
1634,68 K¢é/t, VOC ingoti dosahovala hodnoty
1589,26 K¢/t

Ptestoze bylo v roce 1973 dosazeno hrubé vyroby oceli
1,5 mil. t/r a byla provedena cela fada technicko-
organiza¢nich opatieni, nepodafilo se odstranit
exhalace ¢ervenohnédych dymu z pecni haly do okoli
ocelarny, za coz bylo vedeni podniku permanentné
kritizovano. Tato koncepce ocelarny neumoziiovala
zavedeni sekundarni metalurgie oceli a uz vibec ne
zafizeni pro plynulé odlévani oceli.

5. Vyzkum, priprava a realizace projektu
OXYVIT
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Vedeni zavodu 2, vniz byla Nova ocelarna
provozovana, zadalo vr.1972 zpracovani projekéni
studie vystavby konvertorové kyslikové ocelarny
(KKO) pro vyrobu pfes 2 mil.t/r, umisténou v tésné
blizkosti pecni haly. V uvolnénych prostorach byla
situovana technologie mimopecniho zpracovani oceli a
kontiliti. Investicni ndklady asi 1,2 mld..K¢s byly
pfedmétem jednani na Grovni GRHZ a vlady CR, aviak
bez vysledku. Situace se dale zkomplikovala po vzniku
koncernu VITKOVICE od 1.1. 1979, jako hutnicko-
strojirenského komplexu. Gesce za hutni vyrobu
zistala viak na GRHZ a navic generdlni feditel
koncernu VITKOVICE Ing. Rudolf Peska podepsal
vynucenou dohodu, ze nebude usilovat o vystavbu
KKO.

Exhalace dymu z pecni haly byla jiz neudrzitelnd a
bylo nezbytné provést zasadni zménu technologie
vyroby. V disledku nevyhodnych zavazkti podnik i
koncern se ukazalo, Ze jedinou cestou bylo feSeni
z rozvojovych prostiedkd.

Spole¢né s prof. Ing. Theodorem Mysliveem, CSc.
navrhl autor jiz v roce 1974 vedeni koncernu vyzkouset
v ramci podnikového tkolu RVT technologii spodniho
dmychani kysliku dnem nadoby s obalovym plynem.
V nezvykle kratkém case  feSitelsky tym vyrobil
konvertor upravou sklopné slévarenské panve.
Garantem za technologii byl Vyzkumny ustav
metalurgicky VITKOVICE (VUM), za strojirenskou
¢ast to byly technické utvary podniku a konstrukce
strojirenskych zavodil. Rizenim vyzkumného tkolu
byla povéfena odborna skupina pod vedenim prof.
Myslivce. Po jeho predéasném umrti byl fizenim
povéfen autor, a to po celou dobu feSeni ukolu.
Pokusné tavby na 800kg konvertoru byly uspésné, a
proto bylo rozhodnuto o vybudovani poloprovozniho
pokusného konvertoru o obsahu 3 t se spodnim
dmychanim v poloprovoze ~ VUM,  vybaveném
potfebnou fidici a regulacni technikou a hlavné
ucinnou  plynocistirnou  konvertorového  plynu.
Navazujici oborovy ukol RVT probihal velmi Gspésné,
bylo vyrobeno vice jak 800 taveb o hmotnosti 3 t,
odlitych do bramovych ingotli a provalcovanych na
valcovné kvarto 3,5 vzavodé 2. Vystupem tohoto
oborového ukolu byla projektova a  vyrobni
dokumentace pro vystavbu konvertoru OXYVIT K I
s obsahem 75 t v nové konvertorové hale situované
vprostoru  zrusené misiCové  haly.  Soucasti
dokumentace byla i tlakova propanova stanice, uc¢inna
plynocistirna, mlynice vapna, velin s vypocetni a
regulacni technikou, ventilové stanice kysliku a dusiku,
bezkolejova doprava strusky a dalsi zafizeni. To vSe
vramci soubézné feSeného stadtntho ukolu RVT
,Vyrobni pochod OXYVIT®. Vypracovanim projektu
konvertorové ocelarny — I. ¢asti byl povéfen Hutni
projekt Ostrava.

Prvni tavba na provoznim konvertoru 75 t se
uskutecnila 28.9.1981 (obr. 2). Nutno podotknout, Ze
bez osobniho vlivu generalniho feditele Ing. Pesky
v tehdejsi politické struktufe (byl ¢lenem vSemocného
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UV KSC) by se cely zamér piestavby ocelarny asi
nepodafilo prosadit. Ale to byl obvykly systém
praktikovany jiz od 50. let minulého stoleti (viz
HUKO, VSZ Kogice, Poldi DRIN atd.). Presto trvalo

Obr. 2 Kyslikova konvertorova ocelarna, vsazeni tekutého surového
zeleza pro prvni tavbu, zafi 1981

dalsich Sest let do rozhodnuti o investicni dostavbé
druhého konvertoru OXYVIT K 11 jiz s kombinovanym
dmychanim kysliku a o projekéni piipravé vystavby
bramového kontiliti. Cela rekonstrukce ocelarny na
Cisty konvertorovy proces byla provedena za plného
provozu a pii minimalnim vypadku kapacit. To si
vyzadalo nékolikaleté plné nasazeni celého osazenstva
ocelarny.

Zde je uveden stru¢ny ptehled jednotlivych kroku:
® 1987 — 1988: Zastaveny SM pece ¢. 1,2a3aTP €. 9
alo

e 1987: TP ¢.9 rekonstruovana na SM €. 9

e 1987: TP ¢.10 rekonstruovana na SM pec ¢.10

® 1988 : Zastaven TM €. 0

e 1991: Zahijena vyroba na konvertoru OXY VIT K II

® 1992: GO plynocistirny konvertoru OXY VIT K I,
zprovoznéni jimani plynu

® 1993: Ukonceni vyroby na tandemovych pecich TP
¢.1 a2, GOMO spodem dmychaného.konvertoru
OXYVIT K1

® 1995 : Zahajen provoz bramového ZPO

® 1991 — 1995: Uvadeéna do provozu zatizeni
sekundarni metalurgie (1991 — zafizeni pro
homogenizaci, 1993 — DH stanice, 1994 — SL tryska,
1995 — LF panvova pec)

® 1995: Vysledna skladba technologického vybaveni
Nové ocelarny v tomto roce: 2 kyslikové spodem
dmychané konvertory OXY VIT, sekundarni
metalurgie (LF pec, DH stanice, SL tryska, zatizeni

pro homogenizaci oceli), ZPO — zafizeni pro plynulé
liti bram (obr. 3, 4).

e 2006: Zahajeni vyroby na novém systému
sekundarni metalurgie integrovaného systému
sekundarni metalurgie (ISSM, obr. 5) a GO
kotelniho systému konvertoru OXYVIT K II

Obr. 3 Panvova pec LF

Obr. 4 Zafizeni pro plynulé odlévani bram

e 2009: Zprovoznéni automatického scarfovaciho
stroje

e 2010: Zprovoznéni zafizeni pro indikaci vytoku
strusky u konvertoru OXYVIT K Ta K II
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Zavér

Stoleté vyro¢i provozu Nové ocelarny je bezesporu
vyznamnym meznikem ve vyrobé oceli ve
Vitkovickych zelezarnach. Za tuto dobu se pfi tviréi a
obétavé praci vystfidalo nékolik generaci pracovnika
vsech profesi a to jak domacich, tak i zahrani¢nich.
Ocelarna prozivala okamziky rozkvétu i utlumu a to
v souvislosti s hospodaiskym a politickym vyvojem.
Vyhodnoceni polistopadového vyvoje po r. 1989 by si
vyzadalo ob$irné studium a k takovému kroku neni
v souCasnosti ani politickad wvile. Ocelarna je dnes
v rukou zahrani¢ni nadnarodni spolecnosti EVRAZ.
Ma odvazné plany, spocivajici v komplexni ptestavbé
na flexibilni elektroocelarnu. Autor pfispévku pieje
souasnému managementu mnoho sily a uspécht pfi
prosazeni tak odvazného feseni.

Literatura

[11 BOHUS, O. Strucné déjiny oceldrstvi na iizemi
Ceskoslovenska.. TEVUH Praha, MTZ Ostrava, 1970

[2] BOHUS, O. Déjiny vyroby oceli ve Vitkovickych Zelezdrndch.
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Obr. 5 Stanovisté integrovaného systému sekundarni metalurgie
[4] EVRAZ - Presentation, 30 let konvertoru NS 220 — Ocelarna,
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Unie chce podporit ocelarny, ale pozaduje zaruky

e15.cz, nos, ¢tk 12.2.2013

Evropska komise predstavi plan na oziveni ocelafského primyslu. Na oplatku pozaduje aby ArcelorMittal,
nejvétsi huni spole€nost do té doby odloZila pldnované propousténi a snizovani vyrobnich kapacit v
Evropé. Evropska komise chce do léta predstavit svlj program na oziveni resortu. Nebude to ale
zadarmo. Za podpurny program pozaduje, aby huté ArcelorMittal upustily od svych uspornych plant v
Evropé. V sazce jsou totiz stovky pracovnich mist v ocelarnach v fadé evropskych zemi. ArcelorMittal
nyni planuje uzavirani provoz( v Belgii a jiz dfive omezil produkci ve Francii a Lucembursku. K vyzvé
Evropské komise se v8ak firma, do které patfi i nejvétsi Ceska ocelarna ArcelorMittal Ostrava, zatim
odmitla vyjadfit.

Spotfeba oceli v Evropé loni podle ocelafské asociace Eurofer v disledku hospodarské krize klesla témér
0 10 %. V letoSnim roce by mél pokles zpomalit na necelé 1 % a napfesrok by poptavka méla stoupnout
0 3 %. | tak by ale méla zustat hluboko pod Urovni z obdobi pfed zacatkem krize, napsala agentura
Reuters.

Evropsky ocelarsky primysl navic upozorfiuje, ze ho z Evropské unie vytlaCuje nadmérna regulace a
stoupajici naklady. Poukazuje napfiklad na relativné vysoké ceny energie a radikalni plany EU na
snizovani emisi. Ty podle ocelafl povedou pouze k tomu, Ze se zvySi emise mimo Evropskou unii.
.Pokud se firmy pfesunou za hranice EU, bude to problém nejen pro zaméstnance, ale také pro boj proti
klimatickym zménam,“ uved| evropsky komisaf pro prdmysl a podnikani Antonio Tajani.
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Cliford Alan Pickover

Matematicka kniha/ Od Pythagora po 57. dimenzi: 250 milnikd v
déjinach matematiky

(Recenze Ing. RNDr. Bohumil Tesarik)

,Matematika je hra podle jistych jednoduchych pravidel nesmyslnymi znaky na papife* (cit. David Hilbert).
"Matematika vidéna ze spravného tihlu pohledu oplyva nejen pravdou, ale i vrcholnou krasou — krasou chladnou a

strohou, podobnou krase sochy" (cit. Bertrand Russell).

Mezi okamzikem, kdy si
nasi prapfedkové poprvé
v§imli, ze nééeho je vice a
néceho méné, a dneSkem,

se vSudypfitomnymi
matematickymi modely,
kody, abstraktivnimi

teoriemi, hypotézami atd.,
uplynulo hodné vody. V té
dobé¢ se  matematické
mysleni a matematické
poznani vyvijelo, nékdy
plynule, jindy s
prekvapivymi  skoky a
obraty. V né&kterych oblastech zlstala matematika
souborem uzite¢nych dovednosti, v jinych pierostla dal,
na uzemi filozofie, ale v podstaté byla vyvojova linie
vSude hodné podobna. Historie matematiky saha az do
pravéku (dokonce az do druhohor). Velky rozvoj
prodélala v antickém Recku, kde zagali k pogitani
pridavat i néco navic — filozoficky nadhled. Diky nému
prezila tato véda i svij vlastni pokrok a zachovala si
vnitini konzistenci. Dalsi etapou bouflivého rozvoje
matematiky byla renesance, v niz byly polozeny zaklady
matematické analyzy. Dal§im vyznamnym obdobim v
d¢jinach matematiky byl ptelom 19. a 20. stoleti. V roce
1900 vystoupil na mezindrodnim matematickém
kongresu v Pafizi vyznamny némecky matematik David
Hilbert a ptedlozil zde seznam 23 podle jeho nazoru

vvvvvv

stoleti (dnes jiz vétsinou vyfesenych). O sto let pozdéji
v roce 2000 vyhlasil americky Clayiv matematicky
ustav sedm "problému tisicileti", jakousi aktualni
podobu Hilbertovych problému soucasnosti. Béhem celé
této doby pronikla matematika do vSech obord poznéani
a umoznila ndm pochopit vSe, co je pfistupné racionalni
analyze. Bez ni bychom neuméli spocitat pevnost
mostl, tvar leteckych vrtuli, ale ani stavbu molekul,
piesné a efektivné pochopit klimatické ¢i astronomické
civilizacemi. Kromé psani knih autor spolupracuje s
televizemi a redakcemi rtznych magazini a je také
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jevy, architekturu mozku ¢&i tvar Skebli, aZ po kvantové
fluktuace a chovani galaxii.

Pro vyvazenost pohledu na matematiku je rovnéz
nezbytné uvédomit si jest¢ jednu skuteCnost, totiz zZe
patii do kategorie estetickych a kulturnich zazitka. V
nasi narodni kultufe je zvykem povazovat za jeji
moderni zaklad slovesné uméni, pfipadné jazykoveédné
usili buditeld. Ale jiz méné si uvédomujeme dulezitou
praci nadSenych pfirodovédcti a technikd. A tak
malokdo vi, Ze dokonce u zac¢atku ¢esky psané literatury
v piedveCer obrozeni stil kupodivu matematik — z
Jiraskova F. L. Vé&ka znamy profesor matematiky a
astronomie na prazské univerzité Stanislav Vydra. Ale
to jen na okraj.

Jisté je, Ze matematika je skutecné za kazdym rohem a
ve vSednim zivoté ¢eka na to, az ji objevime. Knizek
snazicich se s veétSim ¢ mensSim Gspéchem
popularizovat matematiku vychazi kazdorocné desitky,
moznéa stovky; pfipomenme jen naSimi nakladateli v
posledni dobé vydané (vétSinou prekladové) tituly
"Matematika — 50 mysSlenek, které musite znat"
(Slovart), "Matematiko, jsi to ty ?" (Kniha Zlin), "Hraje
Bih kostky?" (Dokofan), "Je Buh matematik?"
(Dokotan),  "Problém  obchodniho  cestujiciho,
matematika na hranicich moznosti" (Dokofan), "Piib&hy
matematiky" (Pistorius&OlSanska) aj. Pfesto novou
bohaté ilustrovanou publikaci "Matematicka kniha/Od
Pythagora po 57. dimenzi: 250 milnikti v dé&jinach
matematiky", 1ze oznacit za svého druhu jedinec¢nou,
predevsim diky velkorysé podobé, kterou ji vtiskla
nakladatelstvi Dokofan a Argo (Praha 2012, 1. vyd. v
Ceském jazyce, prekl. Petr HolCak, 29. svazek edice zip,
544 s.). Autorem obséhlého dila je Clifford Alan
Pickover, zkuSeny ptivodce dalSich témef 50 popularné
nau¢nych knih, které se pfevazné zabyvaji matematikou
a pfirodnimi védami, ale také uménim, naboZenstvim,
socialni psychologii i mimozemskymi
drzitelem vice nez 40 americkych patentl. Zpracoval
fadu témat, jako napf.: Kdy uvazal ¢loveék svlj prvni
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uzel? Jaké byly vyznamné matematicky a pro¢ prvni z
nich zlync¢oval dav? Lze stejnomérné ucesat chlupatou
kouli? Je hra Tetris efektivné feSitelnd? Jak asi vypada
Ctyfrozmérnd krychle a jak to pokracuje ve vysSich
dimenzich? Tyto otazky ptedstavuji jen nékolik piiklada
z nesmirného bohatstvi pfevratnych matematickych
konceptd, vyznamnych udalosti i slavnych vzorci,
jejichz ptehled tato kniha pfinasi. Text je doprovazen
zajimavymi fakty ze Zivota jejich plivodcl a Casto az
bizarnimi piiklady vyuziti téchto myslenek. VSech 250
kapitol je chronologicky uspofadano (od asi 150
miliont let pt. n. 1. az do roku 2007) a ke kazdému datu
zde najdeme celostrankovou barevnou ilustraci, ktera
bud’ osvétluje koncept sam, nebo je v néjakém smyslu
vytvarnym ztvarnénim jeho podstaty, myslenkového
odrazu ¢&i praktického pouziti. Radu matematickych
problémi doprovazeji jedineéné pocitacové grafiky
vytvarnika Paula Nylandera.

Vlastni vyklad je podan pfistupnou formou; predkladané

problémy jsou vzdy predstaveny a poté je naznaceno
jejich feseni.

Autorovym zamérem vSak neni nabidnout ctenditim
srozumitelnou uéebnici celé matematiky. Rika se, Ze
dobré knihy nam vydrzi jeden den, lepsi vydrzi jeden
rok a velmi dobré knihy vydrzi mnoho let. Také vSak
existuji knihy, které nas doprovazeji po cely zivot nebo
alesponn  jeho ¢ast — a ty jsou nepostradatelné. Tato
kniha se fadi pravé mezi ty tituly, které pfetrvavaji v
knihovnach svych majiteld po cely jejich Zivot. Vétsinu
¢tenafi  nebudou  pravdépodobné  predstavovat
profesionalni matematici, ale spiSe laici, pro které
matematika skoncila maturitnim vysvédéenim na
stiednich Skolach nebo zépisem o vykonani zkousky na
vysoké Skole ne-matematického zaméteni. Ale jak
doklada "Matematickd kniha", byla by Skoda, kdyby
jejich patrani po tajemstvi matematiky a jeji historie
skoncilo tak brzy.

Alexander Galba, Antonin Pavlicek

Moderni informatika

(Recenze Ing. RNDr. Bohumil Tesarik)

Publikace pro vSechny zajemce o moderni informatiku. "Programovani je mix kreativniho psani, matematiky,
kiizovky a skladani puzzle. Pokud se dostanete do potizi (a to se dostanete), tak je to také detektivni prace pfi
hledani chyby" (cit. Jaan Tallin, estonsky softwarovy inzenyr a spoluvynalezce programu Skype).

Zijeme v  informacni
spolecnosti, tedy ve stavu,
kdy kvalita zivota i
perspektiva socialnich
zmén a ekonomického
rozvoje zavisi na
informacich (datech) a
schopnosti jejich vyuziti.
Jen téZko se hledd obor
lidské cCinnosti, kde by
informacni  technologie
(studujici vSe, co se tyka
fungovani pocitaci po
technické strance) nebyly néjakym zplsobem pifitomné.
Jejich prostfednictvim uskuteciiujeme své spolecenské,
politické, obchodni, podnikatelské i jiné aktivity. Lidé
se setkavaji s informaénimi technologiemi v nékolika
rovindich a jejich ovladani patii mezi klicové
kompetence pro Uspé€Snou praci v ruznych typech
¢innosti. Porozuméni informatice, jejich principim a
nastrojim jiz davno prestalo byt vysadou jen uzkého

okruhu pocitatovych expertd. Navic, vznik
celosvétového propojeni informacnich technologii
vytvofil novy fenomén, ktery promeénil lidskou

spolecnost ve vSech ohledech. Internet ma dnes vliv
nejen na zivoty jedincl, ale zasadnim zplsobem
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ovlivituje média, umeéni, podnikani a dalsi oblasti lidské
interakce.

Ctenarom, ktefi cht&ji ziskat zakladni piehled o
informaénich technologiich, pochopit jejich vyvoj a
poodhalit principy jejich fungovani, je urfena nova
puvodni prace RNDr. Alexandera Galby a PhDr. Ing.
Antonina Pavlicka, Ph.D. "Moderni informatika" z
produkce nakladatelstvi Kamil Matik - Professional
Publishing (Praha 2012, 1. vyd., 184 s. ISBN 978-80-
7431-095-9).

Jedenact kapitol vlastniho textu je uspofadano do
logického celku, zacinajictho popisem vyvoje
informacnich technologii, principem jejich fungovani a
pokracujiciho pfehledem nejrozsifenéjSich zpasobt
jejich vyuziti. Kapitoly Pocitace, Algoritmy, Software,
Databazové systémy a Internet poskytuji uceleny pohled
na vyvoj informacnich technologii a principy jejich
fungovani. Problémem pfestava byt pfistup k
technologiim, ale schopnost vyznat se v nich a spravné
je vyuzivat. Kapitoly Nova média, Socialni sité a Cloud
Computing (poskytovani sluzeb/programti/ulozeni dat
na vzdalenych serverech) piedstavuji nejnovejsi sméry
vyvoje pouziti informacnich technologii, patficich mezi
obory s vysokym poctem inovaci. Kapitola Bezpecnost
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v prostfedi informacnich technologii nahlizi na
informacni technologie z bezpecnostniho pohledu.
Zavéreéna kapitola eGovernmet popisuje aplikaci
informaénich technologii v prostfedi vetejné spravy v
ramci Ceské republiky (Czech POINT, datové schranky,
zakladni registry, ISZR, ORG-pievodnik). Vyznamnou

obzory v dané problematice. Uvedeny jsou rovnéz
kontrolni dotazy, na n€z by mél ¢tenaf po precteni knihy
znat odpoved.

Publikace vznikla na Katedfe systémové analyzy
Fakulty informatiky a statistiky VSE v Praze a

primarnim impulsem k jejimu napsani byla potfeba
vytvofit dilo, urcené studentim prvnich ro¢nika
vysokych $kol, jejichz obor pouziva informacni
technologie jako prostiedek a neni koneénym cilem
jejich studia. Vzhledem k obsahovému pojeti celého
textu a zpuisobu jeho zpracovani se pravdépodobné
dostane do pfiru¢ni knihovny daleko $irSiho okruhu
uzivateld informacnich technologii v praxi nez jen
specialistdl informatikd.

Cast publikace ptedstavuji ptilohy, dopliujici jednotlivé
algoritmy, netiketa, legislativni prostfedi v CR, mérné
jednotky v ICT, vyklad dualezitych pojmd, zkratky a
jejich vysvétleni).

Vedle fady obrazka jsou vSechny kapitoly doplnény o
text v rameccich, ktery obsahuje zajimavosti rozsifujici

Valcovna tyéi v Bangladési

DAS S. K., TAURINO, A.: High-strenght rebar production in the new rolling plant at B. S. M. R. in
Bangladesh. Metallurgical Plant and Technology. 2013, ¢. 1, s. 42-46

Valcovnu ty¢i spole¢nosti B. S. M. R. v Chittangong pracuje od r. 2008. Trat dodala firma Danieli
Morgadshammar. Valcovna je zaméfena na vyrobu vyztuze do betonu a ty¢i podle pozadavk( zakaznikd,
tedy i v malém mnozstvi. Konstrukéné i technologicky je FeSena tak, aby bylo mozné rychle ménit
sortiment.

Hlavnimi vyrobnimi agregaty jsou:
- prubézna narazeci ohfivaci pec o vykonu 75 t/h.
- 18 valcovacich stolic
- linka pro zrychlené chlazeni a popusténi vnitfnim teplem (termomechanické zpracovani)
- automatické chladici loze

Vychozi sochory jsou ¢tyfhranné o strané 130 mm, maji délku 6 nebo 12 m. Pdvodné se na trati valcovaly
tyCe o priméru 8 az 38 mm, dnes az 40 mm. Vykon traté byl 75 t/h. V r. 2009 bylo pfipravné poradi
rozSifeno o dvé stolice, horizontalni a vertikalni. Napichovy prirez se zvysil na 160 x 160 mm a rovnéz se
zvétSil vykon ohfivaci pece na 90 t/h.

Trat ma tfi valcovaci pofadi. Pfipravné porfadi je tvofeno stfidavé bezstojanovymi stolicemi s
horizontalnimi a vertikalnimi valci. Podobné je uspofadano i stfedni poradi. Pfed hotovnim pofadim je
podélna déli¢ka rozvalku. Za ni nasleduje valcovani ve dvou, tfech nebo ¢tyfech zilach na primér 8 az 16
mm rychlosti 12,5 m/s. Bezprostfedné za vystupni stolici hotovniho pofadi je zafizeni GTB (Quenching
Tempering Bar) pro kaleni a popusténi vnitinim teplem, které umozZzfiuje vyrabét vysoce pevnou vyztuz do
betonu pfi zaruceni jeji svafitelnosti. Dale nasleduji nazky, chladici loze krokového typu o délce 66 m,
nuzky pro déleni na pozadované délky (obchodni nlizky), automatické svazkovani, vazeni a ukladani.

Trat dosahla vykonu 600 000 t/r. V nékterych mésicich se dosahuje vyuziti provozniho ¢asu az 88 %,
zmetkovitost €ini 0,08 % a vyuZiti kovu je 97,4 %, coZ odpovida velmi nizké pfedvaze 1,027. Spotfeba
elektrické energie je 68,33 kWh/t.

PF¥i kaleni na zafizeni QTB se dosahuje na povrchu tyCe teplota 250 - 300 °C, teplota v ose tyCe je v8ak
okolo 850 °C. Pfi popousténi vnitfnim teplem se teplota vyrovna asi na 550 — 600 °C. Nasleduje
ochlazovani na vzduchu. Vysledna ty¢ pak ma v povrchové vrstvé popustény martenzit, pod nim je
bainiticka vrstva a v ose je feriticko-perliticka struktura. U béznych oceli se tak dosahuje mez kluzu 550
MPa a taznost nad 10 %. Svafitelnost je dobra pro uhlikovy ekvivalent az 0,4 %. Tento postup umoznuje
usporu 8 az 18 % na vstupnim materialu, ponévadz k dosazeni téchto hodnot by bylo pfi konvenéni
technologii tfeba pouzivat mikrolegované nebo nizkolegované oceli. Misto toho se pouziva ocel s
chemickym slozenim: 0,18 — 0,24 % C; 0,60 — 0,80 % Mn a 0,15 — 0,30 % Si, ktera pokryva vSechny
pozadavky na pruty do betonu. Hodnoty mechanickych vlastnosti pfi tomto zplsobu ochlazovani zavisi
pfedevSim na dobé kaleni. Pfidanim sekundarniho chlazeni Ize dosahnout smésnou strukturu.

LJ
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Mezinarodni odborné akce v r. 2013

Londyn

RAILTEX 2013

www.railtex.co.uk

Pittsbourgh, USA

Konference a vystava

www.aist.odg/aistech

New Developments in

Stuttgart, Némecko | Forging Technology www.ifu-stuttgart.de
Birmingham,

Velka Britanie SUBCON www.subconshow.co.uk
Dusseldorf, Konference International

Némecko Therm Process www.itps-online.com
Salzburg,

Rakousko NAFEMS www.nafems.org
Diisseldorf, International Therm http://www.itps-
Némecko Process Summit online.com/home/

Montreal, Kanada

WMC 2013 - 23.
svétovy hornicky kongres

http://www.wmc-expo2013.org

Shanghai, Cina Metalform China www.china-metalform.com
Budapest, IN-TECH 2013,

Mad’arsko konference o inovacich http://www.in-tech.info
Hannover,

Némecko Veletrh EMO www.emo-hannover.de

Essen, Némecko

Veletrh Schweissen &
Schneiden

www.schweissen-
schneiden.com

Mumbai, Indie

ALUMINIUM

www.aluminium-india.com

Stuttgart, Némecko

Veletrh
Blechewpo/Schweisstech

www.blechewpo-messe.de

Senlis, Francie Fatigue Design www.cetim.fr

Materialy v tepelném http://www.asociacetz.cz/confe
Jihlava, CR zpracovani rence.html
Patiz, Francie POLLUTEC www.pollutec.com
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Nova ocelarna v Brazilii

Geradau to built new melt shop. Metallurgical Plant
and Technology. 2013, ¢. 1, s. 10

Brazilska firma pfipravuje vystavbu ocelarny
s vyrobnosti 650 000 t/r v zavodé v Riograndense.
Tato nova ocelarna nahradi stavajici ocelarnu
s vyrobnosti 450 000 t/r. Soucasti projektu je
budova i technologické vybaveni a také pfislusna
infrastruktura. Nova ocelarna by méla zadit
pracovat ve druhé poloviné r. 2015.

LJ
Projekt miniocelarny v Brazilii

GV du Brasil to built Greenfield minimill.
Metallurgical Plant and Technology. 2013, ¢. 1, s.
10

Mexicka finanéni skupina SIMEC objednala
vystavbu minihuté v mésté Pindamonhangaba
v brazilském stat Sao Paulo. Ocelarnu doda
némecka firma SMS Concast, valcovnu SMS
Meer. Hlavnim vyrobnim agregatem v ocelarné
bude elektricka tfifazova pec 65 t, ktera bude
schopna udélat 30 taveb za den. Dale zde bude
panvova pec 65 t a zafizeni pro plynulé odlévani
blokd o prifezu 127 x 127 mm az 200 x 200 mm.
Zarizeni bude mit tfi lici proudy, v budoucnu ho
bude mozné rozSifit az na 5 licich proudd.
Pocatecni vyroba bude 520 000 t kontislitk( za rok.
Budou se z nich valcovat ty€e a draty s vyrobnosti
400 000 t za rok. Déle se pocita se zvySenim
kapcity valcovny aZz na 560 000 t/r. Minihut by
méla byt uvedena do provozu v poloviné roku
2013.

LJ
Dalsi valcovna trubek v USA

TPCO orders seamless tube mill. Metallurgical
Plant and Technology. 2013, ¢. 1, s. 10

Spole€nost TPCO zmésta Corpus Christi
v Texasu objednala u firmy SMS Meer dodavku
valcovny bezeSvych trubek 10 3% °° (273 mm)
s technologii PQF (tfivalcové stolice
s hydraulickym stavénim valcu). Je to jiz pata
valcovna s touto technologii, kterou firma SMS
Meer dodava pro spolec¢nost TPCO. Na nové trati
se budou valcovat trubky pro ropny primysl.
Valcovna by méla mit vyrobnost 534 000 t trubek
za rok. Prva trubka by méla byt vyvalcovana v fijnu
2014.

LJ
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Nova valcovna dratt pro Cinu

Xilin orders new wire rod mill. Metallurgical Plant
and Technology. 2013, ¢. 1, s. 13

Firma SMS Meer obdrzela od firmy Xilin Iron Steel
sidlici v provincii Heilongjiang objednavku na
dodavku nové valcovny dratu. Jde o dvouzilovou
trat s desetistolicovymi bloky, na nichz se
dosahuje valcovaci rychlost az 120 m/s. Roc¢ni
vyroba by méla byt az 1 mil. t. Budou se na ni
valcovat draty z uhlikové oceli, draty uréené pro
vyrobu Sroubl za studena, pruzinova ocel a dalsi.
Vychozi sochory budou mit priifez 165 x 165 mm,
hotovy produkt bude mit pramér 5,5 az 20 mm.
Trat by méla jit do provozu v prosinci 2013.

LJ
Rozsiteni valcovny trubek v Ciné

Anhui Tianda to expand tube production.
Metallurgical Plant and Technology. 2013, ¢. 1, s.
10

Firma Anhui Tianda Oil Pipe provozuje valcovnu
trubek typu PQF (tfivalcové stolice s hydraulickym
stavénim valcu) od firmy SMS Meer jiz od r. 2007.
Valcuji se na ni bezeSvé trubky az do praméru 10
% (273 mm). V souCasné dobé firma objednala
rozSifeni této valcovny tak, aby bylo mozné
valcovat trubky az do primeéru 13 3/8° (339,7
mm). Uprava bude realizovana tak, Ze se instaluje
dal$i blok dvanacti stolic typu PQF. Zbyla cast
traté zlistava beze zmény.

LJ
Modernizace ocelarny v Indii

Vizag Steel to modernize converter shop.
Metallurgical Plant and Technology. 2013, ¢é. 1, s.
14

Indicka spoleCnost Vizag Steel objednala
modernizaci a rozsifeni konvertorové ocelarny €. 1
ve Visakhapatnam. Akci bude provadét

konsorcium firem vedené némeckou firmou SMS
Siemag. Cilem je zvysit vyrobu z 3,2 na 3,6 mil. t
za rok a soucCasné prispét ke zlepSeni Zivotniho
prostfedi instalaci Cisticky konvertorovych plyn(.
Dodavka bude dale obsahovat tfi noveé
konvertorové nadoby s kapacitou 150 t vcetné
pohont, kyslikové ftrysky, michaci zafizeni a
modernizaci primarniho i sekundarniho
odprasovani. Uvedeni do provozu je planovano na
prvni kvartal 2014.

LJ



Hutnictvi ve svété

Hutnické listy ¢.2/2013, ro¢. LXVI

Vystavba valcovny za studena v Indii

JSW to implement planning, scheduling and MES
solution. Metallurgical Plant and Technology. 2013,
¢. 1,8 14

Firma JSW Vijaynagar, coz je dcefina spolecnost
japonské firmy JSW, buduje v Indii integrovany
hutni zavod. Zatim je v provozu vélcovna za
studena a druha vélcovna za studena je ve
vystavbé. Méla by byt uvedena do provozu v srpnu
2013.

LJ
Nova valcovna pro Vietnam

VKS orders new rolling mill for expansion project.
Metallurgical Plant and Technology. 2013, ¢. 1, s.
15

Vietnamska firma VKS objednala u firmy JP Steel
Plantech dodavku valcovny s ro¢ni kapacitou
500 000 t, navazujici na ocelarnu, ktera je uz ve
vystavbé. Do provozu by méla jit ve druhém
kvartalu 2014.

LJ
Zarizeni pro dmychani praskového uhli

DMKD to apply pulverized coal injection.
Metallurgical Plant and Technology. 2013, ¢. 1, s.
16

Donécky metalurgicky kombinat (DMKD) na
Ukrajiné objednal u firmy Paul Wurth zafizeni pro
mleti uhli, suSeni a dmychani do &tyf vysokych
peci, které pracuji vzavodé DnéprodzerZinsk.
Zafizeni by mélo byt uvedeno do provozu za 19
meésicl.

LJ
Nova vakuova indukéni pec

Tata Steel Speciality Steels to built VIM Furnace.
Metallurgical Plant and Technology. 2013, ¢. 1, s.
16-17

Firma Tata Steel Speciality Steels, pusobici ve
Velké Britanii, objednala u némecké firmy SMS
Mevac vakuovou indukéni pec VIM X-eed o
kapacité 8 t pro zavod v Stocksbridge. Budou se
na ni vyrabét specialni oceli a slitiny pro letecky
pramysl. Zatim probihaji pfipravné prace, vyroba
by méla zacit v roce 2014. Soucasti dodavky bude
vlastni pec, vakuové Cerpadlo, sazeci zafizeni a
automatické Fizeni. VSechny soucasti budou
feSeny tak, aby bylo mozné zvysit velikost tavby na
18 t.

LJ
TZ pripravuji modernizaci dratovny

TZ modernizuji kontidratovou trat.
tydenik, 2013, ¢. 5, s 8

Technicky
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Spoleénost  Tfinecké  Zelezarny  pfipravuje
modernizaci spojité dratovny. Jejim cilem je
zvyseni kvality dratu, zlepSeni presnosti, rozSifeni
vyrobniho sortimentu a zvySeni rychlosti valcovaci
traté. Hlavnim pfedmétem investice je instalace
novych c¢tyfstolicovych bloki RSM (Reducing
Sizing Mill). Pocita se s investi¢nimi naklady 800
mil. K& Tato modernizace by méla vyrobce dratu
zafadit do kategorie svétovych firem, jako je
Nippon Steel ¢i Daido Steel.

Modernizaci provede konsorcium firem v Cele
s némeckou firmou Siemens. Cleny konsorcia jsou
i firmy zUSA a CR. Prace by mély byt ukonéeny
v srpnu 2014.

LJ
ArcelorMittal ve ztraté

http.//www.industryweek.com/finance/arcelormittal-
lost-37-billion-2012 Feb. 6, 2013

Svétova ocelarenska jednicka, firma ArcelorMittal,
zaznamenala vr. 2012 ztratu 3,72 mid. USD.
Hlavni pfi€inu vidi vtom, ze v Evropé poklesla
poptavka po oceli 0 8,8 %. Podnik vyrobil v r. 2012
83,8 Mt oceli, coz predstavuje pokles o 2,3 %,
obrat vSak klesl o 10,4 na 84,2 mid. USD. Vr.
2021 pfitom firma vykazala c&isty zisk 2,3 mid.
USD. Na rok 2013 hledi vedeni firmy optimisticky,
ocekava rast vyroby o 2 — 3 % a predevsim rust
cen.

LJ
Pfizniva predpovéd pro rok 2013

http://www.meps.co.uk/GlobalSteelProductionNew
s2013.htm

Nezavisla britska analytickd skupina MEPS
International Ltd. vydala svoji pfedpovéd vyroby
oceli vr. 2013. Svétova vyroba oceli by méla
stoupnout 0 4,7 % na 1620 Mt. Huté by mély
vytvofit zisk 1,4 %. Vyroba surového zeleza by
méla rust stejpou mérou na hodnotu 1160 Mt.
Podil zeleza vyrobeného pfimou redukci by se mél
zvySit, protoze tento postup se rozSifuje na
stfednim vychodé a v Indii.

Pfedpovéd vyvoje svétové ekonomiky je nejasna.
Eurozéna bude i nadéle v blizkosti recese.
Negativni ucinek prudkého vzristu fiskalnich
vydajl v USA dosud jesté nevyprchal. U mnoha
zemi srychle rostouci ekonomikou dochazi ke
zietelnému zpomaleni rdstu. Proto se oCekava jen
stfedni zotaveni v hrubém domacim produktu a ve
spotfebé oceli. Vyraznéjsi rust se otekava az vr.
2014.

LJ
EU se snazi odradit od uzavirani zavodti

http.//www.industryweek.com/global-economy/eu-
urges-arcelormittal-suspend-closures, Feb. 12,
2013
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Pfedni cinitelé EU tlaci na firmu ArcelorMittal, aby
neuzavirala hutni zavody v Evropé, ale misto toho
aby vyc€kala, az EU zahaji svUj plan na zachranu
primyslu. Svétovy ocelarensky gigant se vsak
k tomuto poZadavku nestavi kladné. Firma
ArcelorMittal uzavira Sest valcoven za studena
v oblasti Liege na vychodé& Belgie. Je tim ohroZeno
1300 pracovnich mist. Déle probihaji kontroversni
jednani o uzavfeni vysokych peci ve Florange ve
Francii a o doCasném zastaveni vyroby vysokych
peci v Schifflange a omezeni vyroby v Rodange.
EU ocelarny zaméstnavaji 360 000 osob asi v 500
podnicich. Podil EU na svétové vyrobé oceli vSak
klesa, v roce 2001 C&inil 22 %, vr. 2011 uz jen 12
%.

LJ
Snizeni emisi vapenného prachu na ocelarné
ArcelorMittal Ostrava

http.//www.arcelormittal.com/ostrava/AM_tz_237 s
1_cz.html

Firma ArcelorMittal Ostrava investovala do snizeni
emisi prachu a zlepSeni pracovnich podminek na
ocelarné. DokoncCila instalaci zafizeni pro
odpraseni vapennych cest. Pro odpraseni
spole€nost zvolila nejlepSi dostupnou techniku,
zachycovani prachu pomoci tkaninového filtru.
Diky tomu se nepfimé (fugitivni) emise prachu
snizi v priméru o 100 t roéné. Prach se zachycuje
v misté vykladky vapna, kde jsou bé&hem
pfemistovani vapna z vagénl do podzemnich
zasobnikl nejvétsi ulety. Postup je v souladu s
evropskou legislativou.

ArcelorMittal Ostrava investovala od roku 2003 do
roku 2012 do ekologizace svych provozl 4 mid. K&
z vlastniho rozpodtu. Jiz dnes pini vesSkeré platné
limity vCetné evropské legislativy dané nejlepSi
dostupnou technikou (BAT).

LJ
Sidlisté vytapéné odpadnim teplem z huti

http.//www.arcelormittal.com/ostrava/AM_tz 237 s
1_cz.html

Sidlisté Vratimov se nachazi v blizkosti huté
ArcelorMittal a diky tomu ma z jejich provozu
ekologické teplo. Plvodni mySlenka pouzit
odpadni teplo vznikajici na spalinovych kotlich
stfedojemné valcovny vznikla uz v roce 1994. Byl
zalozen spoleény podnik Teplo Vratimov, ve
kterém meéla tehdejSi Nova hut 50% podil. V roce
2009 byl podil ArcelorMittal Ostrava ve spole¢nosti
Teplo Vratimov prodan méstu Vratimov. Roéni
dodavka tepla do mésta Vratimov je pfiblizné 35
000 GJ.

LJ
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http.//www.industryweek.com/finance/arcelormittal-
lost-37-billion-2012 Feb. 6, 2013

Svétova ocelarenska jednicka, firma ArcelorMittal,
zaznamenala vr. 2012 ztratu 3,72 mid. USD.
Hlavni pfi€inu vidi vtom, ze v Evropé poklesla
poptavka po oceli 0 8,8 %. Podnik vyrobil v r. 2012
83,8 Mt oceli, coz predstavuje pokles o 2,3 %,
obrat v8ak klesl o 10,4 na 84,2 mid. USD. Vr.
2021 pfitom firma vykazala disty zisk 2,3 mld.
USD. Na rok 2013 hledi vedeni firmy optimisticky,
ocekava rast vyroby o 2 — 3 % a predevsim rust
cen.

LJ
Pfizniva predpovéd’ pro rok 2013

http.//www.meps.co.uk/GlobalSteelProductionNew
s2013.htm

Nezavisla britska analyticka skupina MEPS
International Ltd. vydala svoji pfedpovéd vyroby
oceli vr. 2013. Svétova vyroba oceli by méla
stoupnout o0 4,7 % na 1620 Mt. Huté by mély
vytvofit zisk 1,4 %. Vyroba surového zZeleza by
méla rUst stejnou mérou na hodnotu 1160 Mt.
Podil zeleza vyrobeného pfimou redukci by se mél
zvySit, protoze tento postup se rozSifuje na
stfednim vychodé a v Indii.

Pfedpovéd vyvoje svétové ekonomiky je nejasna.
Eurozéna bude i nadéle v blizkosti recese.
Negativni ucinek prudkého vzristu fiskalnich
vydaju v USA dosud jesté nevyprchal. U mnoha
zemi srychle rostouci ekonomikou dochazi ke
zifetelnému zpomaleni rdstu. Proto se o¢ekava jen
stfedni zotaveni v hrubém domacim produktu a ve
spotfebé oceli. Vyraznéjsi rust se oCekava az vr.
2014.

LJ
EU se snazi odradit od uzavirani zavodu

http://www.industryweek.com/global-economy/eu-
urges-arcelormittal-suspend-closures, Feb. 12,
2013

Pfedni Cinitelé EU tlagi na firmu ArcelorMittal, aby
neuzavirala hutni zavody v Evropé, ale misto toho
aby vyc¢kala, az EU zahdji svdj plan na zachranu
primyslu. Svétovy ocelarensky gigant se vSak
k tomuto pozadavku nestavi kladné. Firma
ArcelorMittal uzavira Sest valcoven za studena
v oblasti Liege na vychodé Belgie. Je tim ohrozeno
1300 pracovnich mist. Dale probihaji kontroversni
jednani o uzavfeni vysokych peci ve Florange ve
Francii a o doasném zastaveni vyroby vysokych
peci v Schifflange a omezeni vyroby v Rodange.

EU ocelarny zaméstnavaji 360 000 osob asi v 500
podnicich. Podil EU na svétové vyrobé oceli vSak
klesa, v roce 2001 ¢&inil 22 %, vr. 2011 uz jen 12
%.

LJ
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Snizeni emisi vapenného prachu na ocelarné
ArcelorMittal Ostrava

http.//www.arcelormittal.com/ostrava/AM_tz 237 _
s1_cz.html

Firma ArcelorMittal Ostrava investovala do
snizeni emisi prachu a zlepSeni pracovnich
podminek na ocelarné. Dokoncila instalaci
zafizeni pro odpraSeni vapennych cest. Pro
odpraseni spole¢nost zvolila nejlepsi dostupnou
techniku, zachycovani prachu pomoci
tkaninového filtru. Diky tomu se nepfimé
(fugitivni) emise prachu snizi v priméru o 100 t
roéné. Prach se zachycuje v misté vykladky
vapna, kde jsou béhem pfemistovani vapna z
vagonl do podzemnich zasobnikl nejvétsi ulety.
Postup je v souladu s evropskou legislativou.

ArcelorMittal Ostrava investovala od roku 2003 do
roku 2012 do ekologizace svych provoz( 4 mid. K&
z vlastniho rozpod¢tu. Jiz dnes plni veskeré platné
limity vCetné evropské legislativy dané nejlepsi
dostupnou technikou (BAT).

LJ

Sidlisté vytapéné odpadnim teplem z huti

http.//www.arcelormittal.com/ostrava/AM_tz_237 s
1_cz.html

Sidlist¢ Vratimov se nachazi v blizkosti huté
ArcelorMittal a diky tomu ma z jejich provozu
ekologické teplo. Plvodni mySlenka pouzit
odpadni teplo vznikajici na spalinovych kotlich
stfedojemné valcovny vznikla uz v roce 1994. Byl
zalozen spole¢ny podnik Teplo Vratimov, ve
kterém méla tehdejSi Nova hut 50% podil. V roce
2009 byl podil ArcelorMittal Ostrava ve spole¢nosti
Teplo Vratimov prodan méstu Vratimov. Rocéni
dodavka tepla do mésta Vratimov je pfiblizné 35
000 GJ.

LJ
Vyroba oceli v r. 2012

http://www.worldsteel.org/media-centre/press-
releases/2012/12-2012-crude-steel.html

Svétova vyroba oceli v lofiském roce opét vzrostla
a dosahla 1,548 Mt. Oproti roku 2011 vzrostla o
1,2 %, pfi¢emz hlavnim motorem rdstu byla Cina a
dal$i zemé& s rychle rostouci ekonomikou, dfive
oznacované jako rozvojové. Vtab. 1 je 10 zemi s
nejvétsi vyrobou oceli.

Tab. 1 Prvych 10 zemi ve vyrobé oceli

2012 2011 2012/2011

Pof. | Zemé (Mt) (Mt) (%)
1 Cina 716,5 694,8 3,1
2 | Japonsko 107,2 107,6 -0,3
Spojené 88,6 86,4 2,5

3 | Staty
4 | Indie 76,7 73,6 4,3
5 | Rusko 70,6 68,9 2,5
6 | Jizni Korea 69,3 68,5 1,2
7 Némecko 42,7 44,3 -3,7
8 | Turecko 35,9 341 52
9 | Brazilie 34,7 35,2 -1,5
10 | Ukrajina 32,9 35,3 -6,9

86

Pozn.: Nékteré Udaje jsou predbézny odhad. Nazorny je i
kolacovy diagram na obr. 1 ukazujici podil jednotlivych zemi.

Obr. 1 Podil jednotlivych zemi na vyrobé oceli v r. 2011 a 2012

V Asii se v r. 2012 vyrobilo 1 012,7 Mt oceli. Je to
oproti r. 2011 narust o0 2,6 %. V EU se v r. 2012
vyrobilo 169,4 Mt oceli, coz predstavuje oproti r.
2011 pokles 4,7 %. V Némecku se vyrobilo 42,7 Mt
oceli, pokles byl 3,7 %. ltalie vyrobila 27,2 Mt,
pokles ¢&inil 5,2 %. Vyroba ve Francii byla 15,6 Mt
pfi poklesu 1,1 %. Spanélsko vyrobilo 13,6 Mt,
pokles Cinil 12,1 %. Naproti tomu Severni Amerika
v r. 2012 vyrobila 121,9 Mt oceli, oproti roku 2011
vyroba stoupla 0 2,5 %. Stejny rGst zaznamenalo i
Rusko, kde se v r. 2012 vyrobilo 68,9 Mt. Ukrajina
vyrobila 32,9 Mt a zaznamenala rekordni pokles
6,9%. Vyroba v Jizni Americe C&inila v r. 2012 46,9
Mt, meziro¢ni pokles byl 3,0. Brazilie vyrobila 34,7
Mt, pokles €inil 1,5 %.

V prosinci 2012 vSak ve vétSiné zemi huté
zaznamenaly narUst vyroby ve srovnani se
stejnym obdobim pfedchoziho roku. Tento rist
pokracoval i v lednu 2013.

Statistiky huté zjiStuji i vyuziti vyrobnich kapacit. V
r. 2011 byly vyuzivany na 78,8 %, zatimco v r.
2011 to bylo 80,7 %. Tento ukazatel vSak
dlouhodobé& celkové klesa, protoze v Ciné a
nékterych dalSich zemich stale vyrlstaji nové
zavody.

LJ
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Kovarska je soucasti
kruSnohorského Uzemi, v némz se
odedavna vyuzivaly kvalitni a
snadno pfistupné kovonosné rudy.
Prvni Zelezarsky hamr byl postaven
ve 14. stol. V pribéhu 15. a 16.
stoleti pocet hamrd narlistal a
vyZzadoval si zvySeni primarni
vyroby Zeleza. Prvni doklady o
systematické vyrobé surového
Zeleza pochazeji zr. 1595, kdy
Lobkovicové postavili vysokou pec
durynského typu, zvanou dymacka.
Vr. 1598 (nékteré prameny uvadéji
r. 1597, jiné 1599) postavil
ZachariaS Munich ze sousedniho
Saska po svoleni cisafe Rudolfa Il.
pokrocilejSi vysokou pec. Byla to
v Ceskych zemich druha vysoka
pec, postavena po prvni vysoké peci Jindficha ze Sartu v Kralové Dvore zr. 1595 tohoto pokrocilého
typu. Surové Zelezo se dale zkujfiovalo v hamrech. V pribéhu 17. stol. pfibyvaly dal$i hamry. Vyroba se
stale rozsifovala, v r. 1754 se zavedla vyroba dratu, trubek pro hlavné ru¢nich palnych zbrani a vykovku.
Nékteré prameny toto rozsifeni vyrobniho sortimentu pfisuzuji az pocatku 19. stol., coz je vS8ak malo
pravdépodobné, protoZe jiz od r. 1780 se ve zdej$ich hamrech zavedla vyroba ty&i a plechi. Cili strmy
rozvoj zelezarské vyroby nastal v Kovarské jiz ve 2. pol. 18. stol., a neni tudiz divod se domnivat, ze
k nému doslo az v 19. stol. V r. 1832 presla Kovarska i s huti do panstvi rodu Buquoyt. Pred tim vsak jiz
v r. 1808 byla v huti postavena nova vysoka pec. V dobé nejvétSiho rozkvétu v Kovarské pracovaly pfi
vysoké peci az ¢tyfi hamry a jedna tazirna dratu, vSe v odhadovaném objemu vyroby 300 t/r. Od pol. 19.
stol. rentabilita huté vlivem konkurence kladenskych a ostravskych huti znacné poklesla, takze vyroba a
zpracovani zeleza zde byly vr. 1864 zcela zastaveny. Ani KruSnohorské Zzelezarské a ocelarské
spole¢nosti v Chomutoveé, ktera majetek zakoupila v r. 1869, se nepodafilo provoz huté obnovit. Od r.
1875 preSel areal do majetku velkostatku, ktery zde provozoval dfevaiskou a posléze potravinarskou
vyrobu.

Do dneSnich dnu se zachovalo jen torzo historické kamenné budovy, které je v literatufe vSeobecné
pfisuzovan uc&el uhelného skladu (bez uréeni druhu uhli). Pokud se tim mysli €erné nebo hnédé uhli pro
vyrobu surového Zeleza, Ize o tomto uc€elu pochybovat, nebot budova byla soucasti dfevouhelné huté a
od redukce Zeleznych rud ¢ernym uhlim Anglie ustoupila kratce po prvnich provoznich pokusech nahrady
dfevéného uhli ¢ernym uhlim v r. 1582. V habsburském mocnafstvi se s ndhradou dfeva éernym uhlim
zapocalo v r. 1625, ale stejné jako v Anglii se brzy pfiSlo na to, Ze uhli mélo pro hutnictvi fadu nevyhod.
Byl to vysoky obsah siry a prchavych latek a nizka pevnost za tepla. Témto nevyhodnym vlastnostem se
huté vyhnuly az pouzitim karbonizovaného ¢erného uhli €ili ¢ernouhelného koksu. Do doby vystavby
koksovych vysokych peci tedy

prevliadaly dfevouhelné vysoké

pece. Dalo by se tedy spekulovat,

Ze budova slouzila jako sklad

dfevéného uhli. (pozn.:

Z technologického hlediska by mél

byt tento material, ktery vznika

karbonizaci dfeva, pojmenovan

dievény nebo dfevny  koks,

vyrabény v  milifich). Pokud

bychom vSak skute¢né uvazovali o

skladovani ¢erného nebo hnédého

uhli, pak by to bylo uhli pro

zkujnovaci vyhné pracujici  pfi

hamrech. Casovy plvod oné

budovy, znazornéné na obou

fotografiich, I1ze podle katastralnich

dokladll zasadit mezi roky 1777 a

1842.

VM a red.



Plastometr Glcebie v OsSirave

V prosinci 2012 se splnil desitky let trvajici sen nékolika generaci ¢eskych vyzkumnikd z oblasti objemového tvareni
a materialového inZenyrstvi. V Laboratofi intenzivnich procest tvafeni materiali REGIONALNIHO MATERIALOVE
TECHNOLOGICKEHO VYZKUMNEHO CENTRA (Fakulta metalurgie a materialového inzenyrstvi, VSB — Technicka univerzita
Ostrava) byl jako prvni v Ceské republice instalovan a zprovoznén Spiékovy servo-hydraulicky plastometr renomované firmy
Dynamic Systems Inc. (USA), jenz diky mnoha patentovanym technikam a speciélnimu fidicimu poé€itaGovému systému

Vv,

tvareni nebo tepelného zpracovani kovovych materiald. Simulator deformaci za tepla HDS-20 je stavebnicovy soubor zafizeni
s hlavnimi komponentami nejnovéjSiho plastometru Gleeble 3800 a simulaéniho modulu Hydrawedge Il. Experimentalni
komplex tohoto typu, vyuZivajici zejména riizné sofistikované rezimy deformace tlakem nebo tahem (jako vhodny doplnék
k tradiénimu torznimu plastometru v MATERIALOVEM A METALURGICKEM VYZKUMU s.r.0., Ostrava), je v celosvétovém
méFitku vSeobecné povaZzovany za standard v oblasti vyzkumu deformaéniho chovani materidlu za tepla, a jeho absence
v Ceské republice hrozila postupnym snizovanim konkurenceschopnosti vyzkumnikd nejen na Ostravsku.

Zakladni parametry zafizeni a jeho aplikaéni moznosti:

Simulace tepelného zpracovani véetné zuslechtovani (ve vakuové komore odporovy ohfev rychlosti az 10000 °C-s? na max. teplotu
1700 °C; teplota méfena navarenymi termoclanky a fizena v éase s vysokou pfesnosti; ochlazovani vzorku odvodem tepla do
médénych Celisti pii max. rychlosti 102 °C-s-1, s pomoci vzduchovych trysek nebo kalenim vodou s rychlosti Fadové 103 °C-s1).

Zkouska jednoosym tahem rychlosti 0,001 — 2000 mm-s-! pfi max. zatéZovaci sile
98 kN (ekvivalent 10 tun), vhodna ke zkouSeni tvafitelnosti materialu spojitou ;
deformaci do lomu nebo k pfesnému urcovani ,meze kluzu“ za zvySenych teplot.

Simulace svaiovani obloukem nebo laserem (s registraci dat frekvenci az 50

kHz), jehoZ vysledkem je vzorek o prdfezu 10 x 10 mm s tepelné ovlivnénou oblasti

(HAZ), uréeny pro nasledné strukturni analyzy a mechanické zkousky.

ViyuZiti pomalého vysokoteplotnim ohfevu pfi uréovani teploty tani ¢i teploty

nulové pevnosti oceli, resp. pro komplexni simulaci procesu taveni, tunnuti i ochlazovani napf. pfi plynulém odlévani.

@—— SICO test tvaritelnosti zalozeny na zamérneém otevirani napétové indukovanych trhlin ve volné se Sifici
stfedové ¢asti dlouhého valcovitého vzorku o priméru 10 mm, odporové ohfaté a intenzivné napéchované
jednim ¢i vice Ubé&ry s pfesné definovanymi termomechanickymi parametry.

Izotermické zkouska jednoosym tlakem (pfi rychlostech deformace 103 — 102 s'1 a zatéZovaci sile max.
196 kN) pro zjiStovani spojitych i pferuSovanych kfivek deformace-napéti, jez jsou zékladem pro vyvoj
matematickych modelt deformacnich odpord, predikci tvarecich sil a pocitadové simulace.

Dilatometricka studia umoZiujici na jednom zafizeni urovat teploty fazovych pfemén a sestavovat
izotermickeé i anizotermické rozpadové diagramy materialu s aplikaci pfedchozi deformace, nebo bez ni.

Relaxaéni test vhodny pro identifikaci jednotlivych postdynamickych uzdravovacich procesu (zotaveni —
rekrystalizace) a rovnéz pro matematicky popis jejich kinetiky bez nutnosti strukturnich analyz.

Anizotermicka zkouska tlakem s rovinnou deformaci, 1200 3.0
realizovana na vyménném modulu Hydrawedge Il =9 Utinek
a ur€ena prednostné k optimalizacnim simulacim 1000 1 def°£ma|5"ih° kans | 25

. , v , v o wr ; IZzene —

komplexnich vicetbérovych rezima fizeného T e e =
Lo Lt L Rizené 20 §
tvafeni a ochlazovani. £ 3500 1 - g
- = ochlazovani E
5 - 15 &
= 600 Prvni &
& 1 valcovaci g
e, pofadi Dovalcovani r1.0 E

[}

: S 400 4 Druhé £
Kontakt: s Precvalcovani vileovsei 05§
prof. lvo Schindler . el -
VSB - Technicka univerzita Ostrava | | | | | l
Fakulta metalurgie a materidlového inZenyrstvi 0 | , | : , ,

RMTVC, 17. listopadu 15, 708 33 Ostrava 275 285 295 305 315 325 335 345
E-mail: ivo.schindler@vsb.cz €as [s]
Tel.: +420 596 995 215 (pfiklad simulace vysokorychlostniho spojitého valcovani za tepla)
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