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CALCULATION OF ALUMINIUM DEOXIDISER MELTING IN THE STEEL LADLE

PO3PAXYHOK IIVIABJIEHHA AJIIOMIHIEBOTI'O PO3KUCJ/IIOBAYA
B CTAJIEPO3JINBHOMY KOBIII

Today, the development of the steel industry constantly requires the introduction of new tech-
nologies to save resources and improve product quality. One of the most important processes in
steelmaking is the out-of-furnace treatment and semi-finished product smelting in metal finishing
facilities.

Out-of-furnace treatment as a trend in steel industry is a process that improves quality and re-
source efficiency. Deoxidation of steel in a steel ladle is one of the main operations that improves
product quality by reducing dissolved oxygen in the metal melt. This procedure is carried out by in-
troducing aluminium into the liquid metal when the steel is discharged into the ladle from the
steelmaking unit.

Keywords: steel ladle; deoxidation of steel; metal melt; slag melt; aluminium deoxidiser;
mathematical model Dusimber method.

Ha cvoe00niwmill 0enb po36umox memanypeiiiHoi npoMucio8ocmi noCmitHo nompebye ge-
OCHHSI HOBUX MEXHOJI02IU OISl pecypco3depedicenHsi ma nidguujerns akocmi npooykyii. OOnum 3 Ha-
BAJNCIUBIULUX NPOYECI8 Y CMANENTIABUTLHOMY BUPOOHUYMEE € Npoyec NO3aniuHoi 0OPOOKU Ma BUNIA6KU
HAanienpooKymy 8 yCmanogkax 0ogedenus memany. Ilpoyec nozaniunoi oOpobKu K HANPIMOK Y Me-
manypeii € npoyecom, Akutl nioguwye axkicme i pecypcosbepedsicenns. Poskucnenna cmani 6 cmanepos-
JIUBHOMY KOBULL — Ye 0OHA 3 20I08HUX ONnepayill, Ka NOKpawye aKicms npoOyKyii 3a paxyHoK 3MeH-
WIeHHS PO3YUHEH020 KUCHIO 8 posniasi memany. Taxa npoyedypa 30ilCHIOEMbCA WISAXOM 68E0EHHS 8
PIOKuULl Meman aoMiHiio, KOIU 30IiICHIOEMbCS BUNYCK CINAI 8 KiBUL 3i CIMANENIABUTILHO20 a2pe2amy.

Amominiil 3HAUHO Jlecuuti 3a Cmalb, MOMY 3aKUHYMUL Y Kieu PO3KUCTIO8AY CNIUBAE HA NOGe-
PXHIO WIAKY, THMEHCUBHO 83aemooiiouu 3 ammocgheporo i 3i wnaxkom. llpu euxopucmanni 32adanux
supobie cnocmepicacmucs Huzvke (5—15 %) 3aceoenns anominiio piokum memanom. Heghiyum i eu-
COKA 8apMiCMb ANIOMIHIIO NOCMIUHO 3MYULYIOMb MEMAiypeié WyKamu Wiaxu 3HUNCEHHS 1020 GU-
mpam. Bupiwennam nocmasnenoi 3a0aui € 30inbuenHs WitbHoCmi amiOMIHIUBGMICHO20 3IUMKA WS-
Xom 68edeHHs 008AJICHIOBAUA 3 OOHOUACHOIO [30]AYicio tlo2co nosepxHi. Lla 3adaua nanexcums 00 3a-
0au MenionposiOHOCHI 3 PYXOMUMU Medcamu po30iny ¢ha3z. [{ns ii po3e'szanus euxopucmarno pizHuye-
8y CXeMy, 3ACHOBAHY HA 8PAXYBAHHI NPUXOBAHOI MENIomMuU NIABAEHHS 3 Memodom [{o3imbepa.
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Ipu 86edenni poskucniosaya 6 npoyeci BUNYCKy Memary 3 KOHeepmepa 8 Cmaiepo3IUeHULL Kigul
CnoOYamky 6iH nepebysae 8 00 ’emi po3niasy, a NOMIM CRIUBAE HA epanuyio wiiak-meman. llicis posnia-
61eHHs HAMeP3710i cmanesoi 0O0NIOHKY | NOMIM 4ABYHHOI 0DOJIOHKU, YACTUHA PIOKO20 AIOMIHIIO CU-
84€ HA WLNAK, A YACTKOB0 KOHBEKMUBHUMU NOMOKAMU MEMATY POSHOCUMbCSL 8 00'eMi Memary.

st po3paxyHxie 3numox npedcmaegierull y uensnoi yuiinopa oiamempom 00 110 mm i 3a600-
sorcku 700 mm, i posmawiosanuii Ha medxci uwinak-wemain. Pesyismamu 004uciio8anbHo2o excnepume-
HMY 0aioms 3M02y 6CIAHOBUMU PAYIOHATbHI PEXCUMU 86€0€HHS KYCKOBUX 000ABOK i3 pi3HUX Mamepi-
anie, sKi 3a0e3neyyoms HAUCNPUATAUGIUL YMOBU O IXHbO20 PO3NIAGLEHHS 8 CINANEPO3TUSHOMY KO-
8ui abo Kosuwii-neui.

Kntouoei cnosa: cmaneposnuenuti Kigul; po3KUCIEHHS CMAi; Memanesuti po3nias; uiaKosui
PO3NNAB; POSKUCTIOBAY ATIOMIHIIO; MAmMeMamuyna mooens; memoo /iozimbepa.

Problem’s Formulation

Having reviewed the technological processes which are used at metallurgical enterprises and
having conducted a literature review of the problems of improving the quality of products, it was
found that aluminium is much lighter than steel, so aluminium introduced into the ladle of castings
floats to the surface of slag, interacting intensively with the atmosphere and with slag. At such use of
aluminium-containing deoxidisers low (5—15 %) assimilation of aluminium in the metal melt is ob-
served. The high cost of aluminium constantly forces metallurgists to search for ways to reduce its
consumption. In this articles we propose a solution to the problem of qualitative aluminium assimila-
tion in the steel ladle by increasing the density of aluminium ingot through the use of a weighting
agent and a protective shell of metal to isolate its surface from the impact of slag [1,2].

Analysis of recent research and publications

This problem belongs to the problems of heat conduction with moving interfaces, and numeri-
cal methods are used for its solution. The universal method of calculation is the finite difference meth-
od. A difference scheme based on the Dusimber method of accounting for the latent heat of fusion has
been used. The method has already been applied to solve one-dimensional problems of melting of al-
uminium deoxidiser during steel finishing in a steel ladle, as well as to study the melting kinetics of
aluminium and powder wires during their introduction into liquid steel. In addition, the method was
applied to solve the two-dimensional melting problem of an aluminium rod (longitudinal flow of a
cylinder) with a protective coating [2—4].

Formulation of the study purpose

The aim of the work is to calculate the melting on the basis of the Dusimber method of cylin-

drical-shaped materials under asymmetric boundary conditions in a steel casting ladle.
Presenting main material

When introducing deoxidant in the process of metal release from the converter into the steel
ladle, it will be either in the melt volume or at the slag-metal interface Fig. 1. After melting of the fro-
zen steel shell and then the protective shell, part of the liquid aluminium will float to the surface of the
slag, and part with convective flows of metal will get into the molten metal volume.

............. /aluminum

e N /;/«//// &

cast iron weighting plate
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N

protective shell cast iron

Fig. 1. Scheme of melting of aluminous deoxidiser at the slag-metal interface
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The specified deoxidiser is presented in the form of a cylinder with a diameter of 60—120 mm
and length up to 700 mm, located at the slag-metal interface (Fig. 1). We assume that the temperatures
of liquid metal tm and liquid slag tsh are constant, and the thermophysical parameters of the ingot and
protective coating do not depend on temperature. The heat flux along the ingot length is not signifi-
cant, so the three-dimensional problem of ingot heating and melting is reduced to a two-dimensional
problem (at radius r and angle ¢ ). The heat conduction equation for the three phases of the ingot (sol-

id, two-phase, liquid):

Cef p

aT(r,go,r):PazT}gﬂ 1{/15%] )

T W ror F 6(02
0>r<Ry,0<¢p < m,

where Cef — effective heat capacity and density are defined in the form.
Then the temperature distribution in the weighted casing and the protective shell is as follows:

T.(r, o, T, T, T,
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0>r>Ry, 0<¢@ < 1 — weighted,

Ro>r> R, 0<¢ < m —in cast iron containment.

Boundary conditions. On the symmetry axis of the cylinder cross-section the heat flux is O:
at(r,0,r
M =0. (3)

o089
On the upper side surface of the cylinder (0<¢@ <@ o) convective heat exchange with liquid

slag with a given heat transfer coefficient takes place as. On the lower side surface of the cylinder
(@ <@ <m) convective heat exchange with liquid metal with a given heat transfer coefficient takes

place am. There is an ideal thermal contact between the intruded shells of metal, slag, protective shell
and the cylinder surface, and boundary conditions of IV kind are set. The temperature distribution in
the solidified metal shell is as follows:

oT (r,0,7) T | 1oT. 1|. 07T
C m—= _m +— m + — m , 4
mPm or {ﬂm or? ror r? & 8(;)2 @

r>Re, (o< @ < ).
The point Pm belongs to the melting (intrusion) boundary of the solidified metal shell. In this
case, we write the condition of motion of the melting (intensification) boundary in the form:

ot (P
am (tm(r’w’r)_tmneh) _l% :_memW(Pm) ; t(P): tVa (5)

where tv — is the zero liquidus temperature of the metal.
The temperature distribution in the solidified slag shell is as follows:
Ts(r ? arT, ’
ars(r.7) = ls—a T25 +1 - +i is—a TZS :
or op

C.pS
s ot

r>Rs,(0< @ < @o).

The point Ph belongs to the melting (intrusion) boundary of the solidified slag shell. In this
case, we write the condition of motion of the melting (intensification) boundary in the form:

P
iy (4, (r,.7) 1) -2 722 =0 QW(R) i HR) =t )

The initial condition is a uniform temperature distribution in the ingot, weighting device and
protective shell. The calculation area is represented as half of the cylinder cross-section, Fig. 2. To
solve the problem, we form a square coordinate grid and divide the considered half of the cross-

(6)

ror r?
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section by vertical and horizontal lines as shown in Fig. 2. We obtain control volumes with coordi-
nates i,j. The temperature values will be determined in the centre of the control volumes. We set
MO — initial number of nodes on the radius. In the proposed calculation the explicit difference circuit
is used [4—6].
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Fig. 2. Calculation area of the problem of melting of ingot with protective shell and weighting
device, slag-metal boundary

According to technological instructions deoxidiser is entered from a height of 7 m into the
metal melt when 1/3 of the ladle is filled, feeding of ingots continues until 2/3 of the ladle is filled.
The average duration of ladle filling is 7 minutes, so the time of deoxidiser melting should not exceed
140 sec. Melting calculations of aluminium deoxidisers weighing less than 17.6 kg as a function of
aluminium percentage with different weighting and containment sizes are presented in Tabl. 1.

Table 1. Results of calculations of melting of aluminium-containing deoxidisers in a steel ladle
(length of deoxidiser 700 mm)

. Du, Weighting | H, Thickness Deoxidizer .
Cylinder . L Cylinder
Ne [ AL % | . plate of the protective | melting time, sec. .
diameter, mm | . weight, kg
diameter, mm shell, mm

1| 40 66 38 5 287 17,5

2 | 50 74 33 4 187 17,5

3| 60 82 28 3 168 17,5

4 | 70 88 26 2 135 17,4

5| 80 94 24 1 91 17,6

6 | 90 100 24 0 95 17,4

7 | 100 106 0 0 127 17,6
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Below is a diagram of the melting time of deoxidiser in the steel ladle (Fig. 3).

d

[

Fig. 3. Dependence of the deoxidiser melting time on the amount of aluminium and geometric
dimensions of the weighting plate and protective shell: a— percentage aluminum content, b — diame-
ter of the weight casing, mm, ¢ — thickness of the protective shell, mm, d — melting time of deoxi-
diser, sec

Conclusions

The results of the computational experiment allow us to establish rational modes of input of
aluminium-containing deoxidisers, providing the most favourable conditions for their melting in the
steel casting ladle. It should be noted that at low (40 %) percentage of aluminium, the deoxidant ingot
floats to the surface of the melt quickly enough, and the melting process takes place on the slag-metal
surface. At the time of surfacing, the deoxidiser has a density of 5377 (kg/m3) and the slag level is
0.59 — indicating that the deoxidiser is immersed in the metal by its larger half. At the end of the
melting process (after 9.6 seconds), the deoxidiser will have a density of 4053 (kg/m3) and a mass of
11.9 kg.

Similarly, at (50 %), the deoxidiser floats to the surface of the melt in 1 sec. and at the time of
floating to the surface it acquires a density of 5014 (kg/m3), with a slag level of 0.5. At the end of the
melting process (after 8 seconds), the ingot will have a density of 3668 (kg/m3) and a mass of 13.2 kg. It
is only when the aluminium percentage exceeds 50 % that the deoxidiser fails to melt within 140 sec.
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