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Aim of investigations 2 Bt

* non-metallic inclusions (e.g. alumina, MgO-alumina-spinel) harmful in steels

« complete removal during not possible
» effect of ladle slag on inclusions?

» modification to less harmful
inclusions possible?

» low-melting inclusions?

 reoxidation through ladle slag
(e.g. FeO, MnO, SIO,)

e formation of new inclusions

* loss of alloy elements (e.g. Al, Ti)

» slag with low reoxidation potential?

> optimized ladle treatment strategies for steelmaking industry
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» approximate industrial practice and analyze potentials
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Basic modeling data Tk

« ladle treatment during secondary steelmaking:

N

Electrodes

deoxidation, alloying, stirring

Additions
chute

« equilibrium between steel melt, slag phase, PHfeake
non-metallic inclusions in steel :

Roof
(water-cooled)

- complex equilibria

 modeling with FactSage using data:

Ladle
transfer
car

» steel and slag compositions, alloy additions,
temperature

« FACT-databases

» preselection of solution (steel, slag, complex inclusions) and
compound (pure inclusions) phases

 time-dependent behaviour through kinetic approximation
« usage of macro language and Microsoft Excel
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Model development
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e no overall thermodynamic
equilibrium possible
—> reactions only at interfaces

e splitting into two reaction zones

e consecutive equilibrium
calculation

e mass transfer according to
concentration gradient (diffusion)
and stirring (mixing)

Bulk equilibrium:

Interface equilibrium:

‘ Input
ST\, =ST%/SL} =SL? /NMI,

|

B pe"

Alloy addition
ST® + Deox + NMI, = ST®; + NM],

»

A 4

Interface reaction: steel / slag
ST’y + SL'y = STt + SLiws

!

Bulk reaction: steel / NM
ST®, + NMI, = ST?,; + NMI,1,

'

Mass transfer between interface and bulk
STyt - Amgr=ST'iz / ST pt + Amgr = ST w2
SL'ner - Amg = SLinss / SLPpet + Amg, = ST we

ST'— composition of steel
at steel/slag interface
ST°— composition of steel
in bulk of steel melt

SL'— composition of ladle
slag at steel/slag interface
SL"— composition of ladle
slag in bulk of slag

NMI — different types of
non-metallic inclusion in
bulk of steel melt

Deox — alloy additions for
deoxidation at beginning of
ladle treatment

steel melt /
non-metallic inclusions

steel interface /
slag interface

Institut flr Eisen- und Stahltechnologie




}\KAO

»::O X 6‘(/

Example - alloyed tool steel Tk

L 0
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: : : . O
 modeling Al-killed tool steel in secondary steelmaking S
e start steel composition [wt%]: %
-
C Mn Si Cr Ni Mo V Al heat =
size '
04 | 04 | 10 | 53 | 01 | 1.3 | 09 | 01 | 65t =
©
*[O] assumed to be 0.06 wt% after tapping N
** Al added immediately after tapping E_’
 variation of slag composition [wt%]: _-I"
-
CaO Sio, AlLO, MgO FeO MnO slag e
amount LE
54(=8) | 11 (£5) | 26 (=6) 9(x4) | 0(+2,+4) | 0(+2, +4) 1t =
E
1%
=
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Steel and slag chemistry variation T
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20 lumina h letel f di 1 G)
- . pure alumina has comp ete y transforme | 1 A
* time-dependent change of: S ' ¥ —
» L T - O
> Steel CompOSItlon §7-40 "’*-,__‘___ """"""""""""" o i T7 "§ B
. R Y NN A I - c
» slag composition B 1.0 e L s T c
% R R R I T4 § O
» type and amount of non- O S S S B Q
metallic inclusions N — U e 6 c
O s e ca~T 1 (40
. . - +=J
e formation of alumina at start 00 - - . - - o )]
. . treatment time [min] U
e introduction of Ca, Mg from slag c
>
L 60 1.0

e loss of silicon L cao | L

50--[ ------------------------------------------------------------------------------------------

. 708

e recovery of aluminum - | [, § e
E O 7 t_? " —
« steady transformation of alumina £ |, g -
. . . TR Ai0; |7 ¢ =
Into spinel-type and calcium- - R L 2
aluminate inclusions S N 5
e M| +
 decrease of oxygen content I i, e
0 10 20 30 40 50 60 C

treatment time [min]
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Effect of ladle slag on inclusion types
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0.14% 8 0.14% 8 0.14% 8 D
- 0.12% T E — 0.12% | 7 — 0.12% | 7 ppe—
X 2 X 2 X 2 C)
z F6 = H 6 = £ 6 = (@)
g 0.10% S 3 0.10% = 5 010% 5
2 - 2 - 2 - @)
= 0.08% | 2 = 0.08% | 2 S 0.08% - g c
< 4 8 < -4 8 = 4 8
£ 0.06% O g £ 0.06% g £ 006% g -
o 3% ° 3% e 3z &)
g o g o g o
e 0.04% | 2 e 0.04% | 2 c  0.04% - s )
B 23 3 23 2 23 +
3 E E 3 3 3 o
2 0.02% | g £ 0.02% | 1 £ 0.02% - 1 c
0.00% - 0 0.00% - 0 0.00% - Lo +—
46% 54% 62% 5% 9% 13% 0% 2% 4% (/)
CaO content in ladle slag MgO content in ladle slag FeOcontentin ladle slag
0.14% 8 0.14% CT12Ca0-2Mg0-14A1203 (CMA2) S
< 012% T E < 012% E BN C30-2Mg0-8A1203 (CMA) é
< o
5 L 2 H =
3 0.10% 65 5 0.10% 5 B Ca0-6A1203 D
= - =
E s % 5 g = MgO-AI203 (spinell &
S 0.08% | g = 0.08% - g MgO- (spinell)
g - 3 g LLI
; 2 < T [iqui ina ri
£ 006% g £ 0.06% g liquid, alumina rich o
: N T 8 'S
E S 5 — i -
] v alumina
£ 0.08% L, 3 § 004% 5 =
— =1 ‘D —_
3 3 3 o 3 =@=50|uble Al in steel ([Al]) [wt%)] -
g 0.02% - £ 0.02% =
. O~ total O in steel (Otot) [wt%)] =
0.00% 0 0.00% =
0, 0 0, .
6% 11% 16% 20% 26% 32% =fx=soluble O in steel ([0]) [ppm] 7))}
Si02 content in ladle slag Al203 contentin ladle slag C

 results after 60 min of ladle treatment / only variation of ladle slag
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Main conclusions B ot
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e pure alumina only stable at low CaO content of slag

liquid inclusions only at very high slag basicities (CaO/SIO,)

pure MgO-alumina spinels only at high MgO contents

total oxygen content (amount of inclusions) hardly changeable

aluminum losses increase strongly with SiO, content

low aluminum losses with liquid inclusions (low activities of components)

small effect of FeO content at low level
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Other effects
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* modeling of inclusion settling

» continuous addition to slag
interface

» remaining inclusions
transform faster

e variation of start steel
composition

» modeling of variation of
furnace operation

e variation of alloy addition

» modeling of variation of alloy
composition and tramp
elements

inclusion amount [wt%]

0.14%

0.12%

0.10%

0.08%

0.06%

0.04%

0.02%

0.00%
0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

time [min]

B liquid phase Malumina B MgO-Al203 M Ca0-2Mg0-8AI203 [2Ca0-2Mg0-14A1203

inclusion amount [wt%]
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time [min]

Oliquid phase Malumina B MgO-Al203 HECa0-2Mg0-8AI203 [E2Ca0-2Mg0-14A1203
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Future work
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« comparison of model results with laboratory and practice experiments
» Inclusion types at certain times, steel composition

« including ladle refractory interaction

» new reaction zone: steel melt / ladle refractory

« coupling of thermodynamic calculations with fluid flow modeling
» calculation of equilibria in several parts of the ladle
» introduction of mixing through fluid flow (steel and slag)

Institut flr Eisen- und Stahltechnologie




/_zﬁm.O
< &

-
sxiix: 91HO|OUYIBIYLIS pUN -UaSIT JN} INMISU|

5. E5 &
Q.W&.A

r!

-
S O
u._l..
o &
> B
x ©
Mhaw

@
— >

—i
—i



