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STUDY OF THE DESIGNS OF BOTTOM BLOWING DEVICES FOR
OXIDATIVE BLOWING IN TEEMING LADLES

It is discussed in the article the concept proposed for the production of ultra-low carbon
steel, which involves the production of crude steel in basic oxygen furnace followed by
oxidative blowing with an oxygen-argon mixture in a teeming ladle to decrease a carbon
content in steel to less than 0.03%. The objective of this article is to study the influence of
design of the blowing devices, namely, the position and shape of the pores, on the
efficiency of metal homogenization in the teeming ladle. Based on the water modeling,
the most efficient design of the blowing devices has been selected.
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Introduction

Ultra Low Carbon (ULC) steels have good formability and a superior surface
quality. These advantages provide their use as automobile panels since the latter
half of the 1980s. This automobile panel material is normally produced by cold
rolling and annealing after hot rolling, in which hot rolling is usually finished in the
austenite region at the elevated temperature [1].

Conventional IF steels which following the introduction of vacuum degassing
technology contained carbon in the range of 40-70 ppm and nitrogen in the range of
30-50 ppm. Later, niobium and/or titanium were added to these steels to stabilize
the interstitial carbon and nitrogen atoms [1].

Carbon and nitrogen in sheet steel results in higher mechanical properties, age
hardening, and deterioration of the r-value (measure of resistance to thinning and
drawability). Liquid steel is processed through a vacuum degasser to reduce carbon
and nitrogen to levels low enough that the remainder can be “stabilized” by small
additions of titanium and niobium [1].

Titanium and niobium are strong carbide/nitride formers, taking the remaining
carbon and nitrogen out of solution in liquid iron, after which these latter two
elements are no longer available to reside in the interstices between solidified iron
atoms. Non-ageing IF steel has no yield point elongation, which means fluting and

stretcher strains are never a problem [1].
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The IF steel made using only titanium is very common and is used to produce
the best mechanical properties for deep drawing. Also, a very popular type of IF
steels is stabilized with both titanium and niobium. The synergy of these two
elements allows complete stabilization to be achieved at lower levels of each
element. Depending on the relative amounts of titanium and niobium, the steel
needs to be annealed at a higher temperature during galvanizing and has slightly
inferior mechanical properties to the Ti type [1].

Literature Review

There are 3 technological routes for the production of ULC steel: 1) smelting of
crude steel in an EAF followed by refining in AOD converter; 2) smelting of crude
steel in BOF or LBE-converter followed by processing in RH-OB, VOD or VD-OB and
3) LWS-process [2-4]. The third route is not used outside of France [5]. Both
technological routes significantly increase the cost of steel through application of
additional units for deep decarburization of steel below a critical concentration of
0.03%. A cheaper alternative to the above-mentioned technologies is smelting of
crude steel in BOF to carbon content of 0.03%, followed by oxidative blowing in a
teeming ladle with oxygen-argon mixture [6].

Important indicators for the implementation of the proposed technology are
the durability of the blowing devices and the mixing time of the metal in the ladle.
The high durability of blowing devices can be achieved by a rational blowing mode
and gases flow rates. The mixing time depends of many factors, including the design
of the blowing devices, their location, the blowing mode, etc. [6].

It has been carried out number of studies aimed to determine the optimal
location of the blowing devices and blowing modes [7-13]. But the effect of pores
location and type of porosity in the blowing devices on the averaging mixing time
still remains unexplored.

The aim of the study is to determine the effect of pores location in the blowing

devices on the mixing time.

Material and methods
Investigation of the pores shape effect on the mixing time is possible by two
methods: 1) mathematical modeling using special commercial programs [8-11] and
2) physical modeling on water models [8, 10, 12-14]. In the present study, the second

method has been used, which has been successfully applied in previous studies [6-8,
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10, 12-14]. Estimation of mixing time during physical modeling on water models is
possible in three ways: temperature, optical, and chemical (conductive) [15]. Since
the temperature method has a high inertness, and the results obtained with the
conductive method can differ depending on the location of the electrodes in the
ladle model, an optical method has been chosen to estimate the mixing time, which
has a sufficiently high accuracy and visibility.

The object of the study was a unit cell mixing of the teeming ladle of 250 t
capacity, in which the distribution of the additive occurs. According to the principles
of similarity theory, the gas flow rate can be described by the dimensionless

volumetric flow rate [13] and the mixing time by the modified homochromous

number [6]
0=—1_, (1)
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where q - gas flow rate; g — acceleration of gravity; d — diameter of porous plug;
T — mixing time.
By using the linear scale of the model, it can be determined from formula (1)

the gas flow rate for the model, as well as the homogenization time for the prototype
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Table 1
Parameters for prototype and model
Parameter Prototype Model
Fluid level, m 3,768 0,45
Diameter of porous plug, m 0,120 0,014
Gas flow rate, I/min 100-500 0,49-2,46
Usual processing time, min 10 3,5
Q number 0,11-0,53 0,11-0,57

For the experiment, an experimental facility (Fig. 1) was assembled on a 1:8

scale, consisting of a compressor 1 that pumps air into the receiver 2, which is
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necessary for maintenance of constant pressure and smooth regulation by valve 4.
A pressure gauge 3 is installed to measure air pressure and a float-type area
flowmeter 5 PM-0.63 to measure its flow rate. As a model of a unit cell of mixing, a
cylindrical tank 6 of acrylic plastic was used. It consists of a chamber and a socket in
which a model of the porous plug was installed. Specifically, for the experiment,
porous plug with round pores (4 pores of 1 mm in diameter), rectangular (4 parallel
slots 5x1 mm in size and spaced 1 mm apart) and with non-oriented porosity were
made. To make a high-quality video, the model was installed in the dark chamber 9,
which reduces the light glare on the model walls. Artificial lighting allows getting a
directed beam of light.

—— 6

10

Figure 1 — General scheme of the experimental facility: 1 - compressor; 2 — receiver;
3 — pressure gauge; 4 — valve; 5 — float-type area flowmeter PM-0.63;
6 — the model of an elementary mixing cell; 7 — video camera; 8 — a lamp;
9 — the dark chamber; 10 — control sample

As a tracer imitating chemical heterogeneity of the melt, we used a 30%
aqueous solution of KMnOy, in an amount of 100 ml. A tracer was poured at the top
of the model. The completion of melt homogenization was judged by approximating
the color intensity of the solution to the color of a 3.5% KMnO, aqueous solution
installed in a transparent container on the other side of the transparent model.

Results

Using the video, the time was estimated for which the entire volume of liquid
reached a uniform color, the same as the color of the control sample. Frames
corresponding in time to 0, 2, 3, 4, and 5 seconds after adding a tracer for each
design of the blowing devices are shown in Fig. 2. To obtain adequate results, 5
series of experiments were carried out using each design of the blowing devices.
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k) m) o o)
Figure 2 — Change in water color right after adding a tracer (a, f, k), after 2 s (b, g, 1),
3(c,h,m),4s(d, i, n)and5 s (e, j, 0) when using blowing units with pores of round (a-e) and
rectangular (f-j) shapes and with non-oriented porosity (k-o)

Discussion

Figure 3 shows a comparison of the average tracer mixing time in water. As can
be seen from the comparison, blowing devices with non-directional porosity provide
the shortest mixing time. This is probably due to the larger total specific area of the
bubbles that form on the surface of the blowing device with non-oriented porosity.
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Figure 3 — Comparison of mixing time when using porous devices of various designs

At the same time, plugs with non-oriented porosity have two significant
disadvantages [16]. The first is the rapid wear of the working part of the blowing
devices in contact with the metal. The second disadvantage is their low throughput.
The last one is eliminated when using plugs with slot porosity. However, when using
such plugs, there is a risk of deep infiltration of liquid metal into the slots during an
uneven argon supply.

Conclusions

Using the method of physical modeling in a water model, it has been found that
the best results on mixing the chemical composition of liquid metal in a ladle show
blowing devices with non-oriented porosity. They are ideally suited for oxidative
blowing in a teeming ladle with an argon-oxygen mixture necessary for the
production of ultra-low carbon steel with an oxygen content of less than 0.03%. The
aim of further research is the development of the design of the mixing chamber of
the blowing device, in which oxygen and argon are pre-mixed before being blown
into the liquid metal.
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VIIK 669
JI.C. MosiuanoB, H.A. Apengau, €.B. CuHerin

JOCIIAXEHHSA KOHCTPYKUII JOHHUX ITPOAYBOYHUX IMPUCTPOIB JJI5
OKMCJ/IIOBAJIBHOI IMPOZAYBKUA YV CTAJIEPO3JIMBHUX KOBIIAX

Y craTTi OOTOBOPIOETHCS  KOHIIEMIIisl, 3alpolioHOBaHa [Jjisi BUPOOHUIITBA
YJIbTPOHM3bKOBYTJIEIEBOI CTasi, sIKa Mependavyae BUPOOHUIITBO CUPOi CTali B KMCHEBOMY
KOHBepTepi 3 MOJa/IbIIOK OKUCIIOBAJIBHOI IPOAYBKOK CYMINIIII0 KUCHIO Ta aproHy B
CTaJepO3JMBHOMY KOBIII i1 3MEHILIEHHSI BMICTy ByrjeLo B cTadi no MeHm HixX 0,03%.
Bucoka epeKkTUBHICTb 3aITPONIOHOBAHO1 TEXHOJIOTii MOXK/IMBA JMile 38 YMOBM iHTEHCMBHOTO
MPOTiKaHHSI TPOIeCy 3HEeBYIJIellbOBYBAHHSI MeTally, SIKUii CKIaJa€TbCsl 3 TPbOX JIAHOK:
IiIBeIeHHST peareHTiB A0 ra30BOi OyIb0aIKky, XiMidHa B3a€MO/Iisl peareHTiB Ha MiXKdasHiit
TOBEepXHi i BiABeIeHHs BiJ Hei MPOIYKTiB peaxilii. 3a HM3bKOI KOHI[EHTpallii BYT/Ieli0 B
MeTasTi JIiMiTyI0UuOI0 JIAHKOIO IMPOIeCcy CTa€ MacoIepeHic BYIJIelo 10 Mik(asHoi IToBepXHi,
SIKUit MOXKe OyTM iHTeHCH(diKOBaHMII IepeMilllyBaHHSIM pO3ILIaBy. 3aBAaHHS Iii€i cTaTTi
TMOJIITa€ Y BUBUEHHI BIUIMBY KOHCTPYKIIii MPOAYBOUHUX MPUCTPOIB, @ caMe pO3TallyBaHHS
ta dopmu Tip, Ha edeKTUBHICTh TOMOTeHi3allii MeTasiB y CTajJepO3JIMBHOMY KOBIIi. [Iist

ISSN-print 1991-7848 87
ISSN-online 2707-9457



“Modern problems of metallurgy” N2 24 - 2021

BUpIiIIeHHS TTOCTaB/IeHOi 3amadi 6yys0 06paHo MeTon Gi3sMYHOTO MOJENIOBAaHHSI Ha BOIHI
Mpo30piit Mojesi. PO3rsHyTO MPOAYBOYHI MPUCTPOi 3 KPYyrOBMM OTBOPOM, IINIapMHOI Ta
HeHalpaB/JIeHOK MOpHUCTicTIO. [l mpoBeneHHsT (Qi3MYHOrO MOMAEIIOBAHHS 3a TeOpPeMOI0
Bykinrema 6ysi0 06paHo umcaa MoAo06M [ OMMCAHHS JOC/TiIKyBaHOTO MpoIecy. 3oKpeMa
3aIIpOIIOHOBAHO BMKOPUCTOBYBATM 06e3po3MipHy 06’€MHY BMUTpaTy i MoamdikoBaHMI
KpPUTEePiii TOMOXPOHHOCTI. BuKopucToByoun meton Qi3sMuHOro MoOAeaI0BaHHS Ha BOJSIHIiN
Mojeni, 6yJ0 BCTaHOBJIEHO, IO HaMKpallli pe3yJabTaTU 3 ycepeIHeHHS XiMiuHOTO CKJIamy
piIKOrO MeTaay B KOBIII [AeMOHCTPYIOTh IIPOAYBOYHI IIPUCTPOI 3 HEOpPi€HTOBAHOIO
MOPUCTICTI0. BOHM ileanbHO MiAXO0ASITh A1 OKMCHOTO MPOAYBaHHS B IepelOBHEHOMY KOBIITi
CYMIIIIIITI0 aprOHy Ta KMCHIO, HEOOXiTHOIO [IIT BUPOOHMIITBA HAJHM3bKOBYTJIEIIEBOI CTasli 3
BMicTOM KucHiO MeHine 0,03%. MeTo IOAaIbIIMX AOCTIIKEHb € PO3p00OKa KOHCTPYKILii
3MilllyBaJIbHOI KaMepyu IIPOJYBHOTO IIPUCTPOIO, B SKili KUCeHb i aproH IONepeaHbo
3MINIYIOThCS TIepe], BAyBaHHSIM Y PiIKuUii MeTaJl.

KnwouoBi cioBa: cTanb, TOMOTeHi3allis, HaAHMU3bKOBYyIJelleBa CTajlb, OKMCHE
MPOIyBaHHSI.
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STUDY OF THE DESIGNS OF BOTTOM BLOWING DEVICES FOR OXIDATIVE
BLOWING IN TEEMING LADLES

It is discussed in the article the concept proposed for the production of ultra-low
carbon steel, which involves the production of crude steel in basic oxygen furnace followed
by oxidative blowing with an oxygen-argon mixture in a teeming ladle to decrease a carbon
content in steel to less than 0.03%. High efficiency of the proposed technology is possible
only under the intensive process of metal decarburization, which consists of the three
stages: supply of reagents to the gas bubble, chemical interaction of reagents on the
interfacial surface and removal of reaction products. At low carbon concentrations in the
metal, the limiting link of the process is carbon mass transfer to the interfacial surface,
which can be intensified by melt stirring. The objective of this article is to study the
influence of design of the blowing devices, namely, the position and shape of the pores, on
the efficiency of metal homogenization in the teeming ladle. Blowing devices with a circular
hole, a slit and undirectional porosity were considered. To perform physical simulation by
Buckingham's theorem, similarity numbers were chosen to describe the considered process.
In particular, it is proposed to use dimensionless volume flow and a modified
homochronicity number. Based on the physical simulation on the “water” model, it was
found that the best results of homogenization of the chemical composition of the liquid
metal in the teeming ladle show blowing devices with undirected porosity. They are ideal for
oxidative purging in a crowded ladle with a mixture of argon and oxygen required for the
production of ultra-low carbon steel with an oxygen content of less than 0.03%. The purpose
of further research is to develop the design of the mixing chamber of the purge device, in
which oxygen and argon are pre-mixed before injection into the liquid metal.

Keywords: steel, homogenization, ultra-low carbon steel, oxidative blowing
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meTanyprii craji, IHctutyT yopHoi Metanyprii iMm. 3.I1. HekpacoBa HallioHanbHOiI akamemii
HayK YKpaiHu.

Apendau Hamana AunamojiieHa - acripaHTka Kadeapu MeTanyprii uyaByHy i crai,
HarlioHasbHa MeTa/ypriiiHa akageMis YKpaiHm.
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cranii, HalfioHanbHa MeTanypriiiHa akajgeMis YKpaiHu.
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MeTaTypruu ctanu, UHCTuTyT yepHoii metautyprum um. 3.1. HekpacoBa HanmoHanbHOM
akaJeMuu HayK YKpauHbL.

Apendau Hamanesa AnamonveeHa — acnpaHTKa Kadeapbl MeTaUTyprUM YyTyHa U CTallH,
HanmoHanbHasa MmeTaurypruyeckasi akagemMmmuss YKpauHbl.
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