imulation for secondary

orocesses in the
»rkoﬂRFCS
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Control of inclusions in RH degassing

processes

« 2D schematic representation:

N

Y27/

%/w mmmmm ber
4%2

\
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position of lift gas
inection nozzels

NN

777777

The following assumptions are
made:
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The following proccesses have been
taken into account:

* Interaction between gas and melt
 Vacuum

 Movment of free surface

» Time-dependent flow

The gas phase consist of:
« CO
 Ar

Liquid melt contains:

- C

« O

* Non-reacting liquid metal




Control of inclusions in RH degassing
processes

Velocity Vector Field [m/s] Volume Fraction

volume fraction
of malt in %

volacity ' 100
in mis
. '

I .

“ o

j*v,m‘ fpte

i '

o _.

|
fow velocity 0 mis
o
oo
0s Gs 12s
0s Bs 128
Carbon content
in medt in ppm
R
I 150 ﬂ ﬂ
os 12

CO Content in gaseous phases Carbon content in the melt [ppm]
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Control of inclusions in RH degassing
processes

« Carbon content in the melt with respect to time:
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Control of inclusions in RH degassing
processes

« Trajectory of inclusion:

200 pm particle diameter




Control of inclusions in RH degassing
processes

« Domain of calculation for the 3D simulation:

uinmis
>0.50

0.45
0.40
0.35

0.30

D
@)
Q,
—
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0.25 <
” [ < B 1111 D
YL x 0.20 O [ | _ 9_
| S O
0.15 : -
. —h
up-leg down-leg 0.10 | g
o
y |
l 0.05 f
Z X
0.00 EESS===—"_
a) symmetric plug b) asymmetric plug c) two plugs
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Control of inclusions in RH degassing
processes

« Velocity vector field with respect to plugs

S —— T e
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e e e
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o e
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Control of inclusions in RH degassing
processes

« Trajectory of inclusions in a 3D vessel:

melt in RH vacuum vessel

tins . . 500
350.0 ; starting point " : M —‘
. region "d" —___ \ of inclusions E r‘ |
== : |
315.0 Er e S 400 |
: | |
et == = ' |
280.0 up-leg snorkel % o = % - | -
= | B oE? i 1 |
. | down-leg snorkel - I
245.0 , ! { 2
lift gas nozzle | |9, 2 200
210.0 o s , | region "c" 2
__ 1750 o 1004
ladle 2 E )
140.0 i 0! [I:I_
2um 20 pm 200 pm 2000 pm
105.0 diameter of non-metallic inclusions
region “a" -
70.0 . .
o plug, standard circulation rate
35.0 [ no plug, increased circulation rate
T){ mm symmetric plug position, standard circulation rate
0.0 e

[Z"1 asymmetric plug position, standard circulation rate

= two plugs, standard circulation rate
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Control of inclusions in RH degassing
processes

800
t= 0 s: start of RH vessel evacuation
] ] ] . l t= 180 s: maximum vacuum level reached
Temperature distribution and heat loss: 2 )
3
3 600 1 |
>
z !
-
TinK % 500 1 ]
1900 b |
£ 400 -
B 1750 |
1600 300 | T T T v
0 200 400 600 800 1000 1200
1450 timeins
1300 1875
1870
¥
£
2 1865
g
g 1860
]
£
- t=1200s 1855 A
t=0s t=1s
1850 - T T T T
0 200 400 600 800 1000 1200
time in s
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Control of inclusion, slag foaming and
temperature in vacuum degassing

« A 2D domain has been used:

PART OF RLSE

Two flow rates have been used:
« 80 I/min
* 160 I/min

Model assumptions:

* One-way inclusion coupling

* Inclusions generation ignored
* Inclusions chemistry: Al203

* Inclusions are spherical

» Slag layer is ignored

» Flat free surface




Control of inclusion, slag foaming and
temperature in vacuum degassing

* Inclusions particle density:
* Group A: 2.8-5.6 um, 2.3e10 I/m3 ,_ | 8
+ Group B: 5.6-11.2 um, 3.169 I/m3 e e
. Group C: 11.2-23.4 um, 2.3e8 I/m3 "

Mechanisms related to inclusion growth and
removal:

* Inclusion growth due to the stokes collision

* Inclusion growth due to the turbulent collision
* Inclusion growth due to the Brown collision
 Inclusion removal due to the bubble

Center line

attachment
* Inclusion removal due to the slag absorption
 Inclusion removal due to its sticking on the '© GrospC 113204 e

wall
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Weight Procent of the Inclusions (%)

Waeight Procent of the Inclusions (%)

Control of inclusion, slag foaming and

temperature in vacuum degassing

 Effects of mechanisms on inclusion removal:

g
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J
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Control of inclusion, slag foaming and
temperature in vacuum degassing
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Control of inclusion, slag foaming and
temperature in vacuum degassing

« Open eye size vs. Slag viscosity and flow rate:

Case Flow rate | Slag Slag
[I/min] Thickness viscosity
[cm] [Pa.s]
1 80 10

4.3e-4
2 80 25 4.3e-4
4 120 . f82Qe-3
krN _ 00)1 5 fSZR? i ;g o

PART OF RL.SE




Production of EAF steels with low content
of N2 and S through vacuum treatment

» Two cases were considered:

« Casea
small cell or big bubble d >Z

« Caseb
small bubble d <Z

« Zis the vertical extension of ac

—

f7

gas
@ do } 5
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Production of EAF steels with low content
of N2 and S through vacuum treatment

« Nitrogen Transport

m:nN A-0 N Jfo 2. o N2
N\ dt 100-14 K, {[A’N]' [A’ ]e}
n 0.015- 2y

" T 1+161-a,+63.4-a,




Production of EAF steels with low content
of N2 and S through vacuum treatment

« Profil ARBED modified sulphur content in slag
Initial compositions

Slag
%Al,0,=11.77, %Ca0=58.21, %Fe0=0.73
%Mg0O=7.39, %Mn0O=0.16, %Si0,=17.89

%S=0.5

Steel

%Al=0.0277, %C=0.0806, %Mn=1.16

%Si=0.184, %S=0.009 %N=7.8-10-3
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Production of EAF steels with low content
of N2 and S through vacuum treatment

« Average [Al], [S], [Si] and [O] * Average [N] contents in the

contents in the steel melt steel melt
[S], [Al] charge 3915
= end[S], end [Al] o . 0.0080 - [N] case 2a. IN1case 2b. ® endINI
0,030 Oppm [Sil 00078 Big bubble approximation
1021, 0.0076
0.025 - I B
1021 0.0074 |
. 0.0204 r
) 0.0072
= - 0.20 z -
< 0.015- ’ = 00070 |
R i 1 -6 E
E 0.010 4 -1 0.19 jmﬁB -—
| 1 | . . [ ]
0.005 1 1018 | Small bubble approximation
| - I S r
0.000 T T T T T T T T T 017 - 4 0.0062 1 s 1 s 1 s
0 200 400 600 800 1000 0 200 400 600 800 1000
Time (seconds) Time (seconds)
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Production of EAF steels with low content
of N2 and S through vacuum treatment

» Concentration profile of nitrogen

< pa IN] Wt%

5.2E-3
5.4E-3
5.6E-3
5.8E-3
6.0E-3
6.2E-3
6.4E-3
6.6E-3
6.8E-3
7.0E-3

7.2E-3
7.4E-3
7.6E-3
7.8E-3

T=3.8 min T=6.3 min T=12.9 min




Improvment of inclusion floatation during RH
treatment

Geometry and its schematic:

460

- =
= i&k

|
670




Improvment of inclusion floatation during RH
treatment

* Profile of the flow inside the vessel:

UOI}BJ}US2UO0D 3[oIued

Velocity vector profile

Aiojyoslen; spoiued
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Development of advanced methods for the
control of ladle stirring process

« Open eye for center plug

00C

b 200 I/min ¢ 300 I/min

d 400 1/min e 500 I/min f 600 1/min

a2 100 I/min
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Development of advanced methods for the
control of ladle stirring process

« Open eye for ecentric plug

©

i ¢ 300 I/min
a2 100 I/min b 200 I/min

d 400 I/min e 500 I/min f 600 1/min
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Development of advanced methods for the
control of ladle stirring process

« Effects of viscosity on the size of the open eye:

ﬁ

Q=200 I/min, v (slag) =4.6e-5 m2s-1 Q=200 I/min, v (slag) =4.6e-2 m2s-1

Q=200 I/min, v (slag) =4.6e-4 m2s-1 Q=200 I/min, v (slag) =4.6e-1 m2s-1

Q=200 I/min, v (slag) =4.6e-3 m2s-1 Q=50 I/min, v (slag) =4.6e-1 m2s-1
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BEHOT1: 2750 3150 2 3550 23950 4350 24750 25150 2 S550 2 5950 2 B350 2 B750
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Development of advanced methods for the
control of ladle stirring process

« Effect of grid on the solution:
BFC grid
cylindrical grid A g
_ ,
PART OF RLSE
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Development of advanced methods for the
control of ladle stirring process

« Water model:

Q=3.6 I/min Q=9.2 I/min Q=25.2 I/min

oil height: 2 cm, centric plug

Q=3.6 I/min Q=7.0 I/min Q=20.2 I/min

PART OF RL.SE




Development of advanced methods for the
control of ladle stirring process

* Open eye size vs. Oil height

H=20 mm H =40 mm

gas flow: 3.6 I/min, centric plug
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Development of advanced methods for the
control of ladle stirring process

« Open eye vs. Plug position and number

Centric Eccentric Double lance
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Development of advanced methods for the
control of ladle stirring process

« CFD vs. Water model

*  Water model |
m CFD model ]
Correlation

a CFD modell b Vatten modell

gas flow: 7 I/min, centric plug, oil height: 6¢cm
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Development of advanced methods for the
control of ladle stirring process

« 3D gas plume:

t=0.3s t=0.6s t=0.9s
R - -

t=1.2s t=1.5s t=3s




Improved control of inclusion chemistry and
steel cleanness in the ladle furnace

« Schematic: « Gas flow:

T T
Lo T T B T TR
EN
i @ i S
i <«
al o
juo®
1 | | | I
-1.0

3 NES 1171 [ Horizental velocity at the top
I RERE RN surface along a line through
o 5535%??532212?535555555'. .5

nozzel
Velocities for the 35 tonne ladle at Uddeholm Tooling. Gas flow rate 60 NI/min
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Improved control of inclusion chemistry and
steel cleanness in the ladle furnace




Improved control of inclusion chemistry and
steel cleanness in the ladle furnace

* Heating:

m_x -y % .
2 minutes after start heating 6 minutes after start heating 9 minutes after start heating
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Improved control of inclusion chemistry and
steel cleanness in the ladle furnace

« Slag-metal interface modelling:

Reaction Zone (Mixed Steel and Slag)

Gas flow Directed Upwards | | Steel Phase

Gas Stirred Ladle

1
Vlume fraftipn

T

1

1 1
1] 0,1! 0,2 0,3 0,4' 0,5 0,6
Distance from top of slag layer (m)

PART OF RLSE




Improved control of inclusion chemistry and
steel cleanness in the ladle furnace

« ORI Martin ladle model:

two porous plugs

one eccentric porous plug
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Improved control of inclusion chemistry and
steel cleanness in the ladle furnace

 Emulsification:;

Velocity ar the interface steel-slag (emu's)

IO

40 ia ot Chwters, siwel renearch [992,63, 280067}

35 — N R S

£l
25 ) R

20 P LR P PP PR PP P PP PR PP L PREEPEPE
Felgeify (cmy's) RPN (RPN (R (R
Fi] R e e EEEEEE e B
13
5 o I bttt et Rtk B Ry
L]
! j 54 Lmsin Vrsia

M 50 _H;g 158 200 22 min Smin T Ieflmis ESelmis
Gas flow rate per plug (Vinin STF) Gas flow rate per plug (Lmin STF)

Emulsification threshold Mass of slag emulsified
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Improved control of inclusion chemistry and
steel cleanness in the ladle furnace

» Floatation probability for particles of different diameter as a function
of gas flow rate

Probability of melusion floatation vs plug gas fTow rale
10g.0

e e i —i— 20 micron
80,0 + - ——mm e e e

=
=

GO0 + ——— g ——————m e ==

1.
40,0 -
30,0 -
20,0 4
10,0 -

Floamgon probabdiry, %

20 0 40 50 &l i
Cas flow rate in the batk, I{5TP)/min
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Improved control of inclusion chemistry and
steel cleanness in the ladle furnace

e Corus EMS model:

L ]

Streamlines Temperature profile
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Improved control of inclusion chemistry and
steel cleanness in the ladle furnace

« Evaluation of heating together with gas stirring

Plant ladle geometry data and operational parameters

Outer ladle diameter 3.550 m

mner ladle diameter (D) 2950 m

outer ladle height 4.000 m e =

melt filling height (H) 2.640 m e ——

thickness of slag layer approx. 0.1 m :’*;”

heat size approx. 126 t P

ladle TI/D ratio 0.89 ! 'e:m -

position of plug 1 (main) y =+0.380 m (+0.25 R) o

position of plug 2 (alternate) y=-0.160m (-0.11 R) Schematic drawing of the numeric ladle set-up
stirring gas flow rates uring LF operation | 170 I/min (stp) or 80 I/min (stp)
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Improved control of inclusion chemistry and
steel cleanness in the ladle furnace

« Evaluation of heating together with gas stirring

iﬂ-&EﬁSd.ﬁISﬁSSS l

o
I
L ] B
- -

Isothemal Non-1sothermal

Gas flow rate 800 I/min
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Improved control of inclusion chemistry and
steel cleanness in the ladle furnace

« Temperature profile:

Gas flow rate 170 I/min Gas flow rate 800 I/min




Improved control of inclusion chemistry and
steel cleanness in the ladle furnace

« Melt temperature w.r.t time

1&50

T85% S

1850

5

me | temper dure m -
=

shmng gas Aow rate 170 mn (stp) /" ~
— "H' /
f £ .""
— e
A Z = _J/--
] I.f_ .' - - o
\ 3 __.n"f _I(.'- - probe 1
IN e —— pfohe 2
I'. ]II-. h_j_'“ 5 = o — pivbe 3
Ll Fs probe 4
. ) r probe 5
L™

maan

n

&N MmN 180 NN

time since start of arc haating in s

280 RN ASN ANy 4S8N AMN SAN

a) stirring gas flow rate 170 I/min (stp)
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Improved control of inclusion chemistry and
steel cleanness in the ladle furnace

« Uddeholm Tooling Al-addition:

| —P0S1 UPWARD =—-=P0OS2 UPWARD = = =POS1 DOWNWARD =— =P0OS2 DOWNWARD |

44— Al-addition ———————» ¢— Homogenization —»




Improved control of inclusion chemistry and
steel cleanness in the ladle furnace

« Flow profile for different variants:

Plug 1 [I/min] | Plug 2 [I/min]

1 60 60
2 120 120
3 200 200
4

60 200




Improved control of inclusion chemistry and
steel cleanness in the ladle furnace

« Flow profile for differetn varients:

Case 1
¢ asen

v
3
o

e ? e et ) .

000 0.03 D05 0.06 042 045 D48 021 024 vzs 0.30VB 000 103 D06 008 042 045 D48 D21 024 b2r 30IVE
a) plane containing both plugs b) symmetry plane of thelade (x =0 m) a) plane containing bath plugs b) symmetry plane of thelade (x = 0m)

"

0.00 003 006 0090 012 015 018 021 024 027 >030m/s 000 003 DOG 008 042 045 D4R D21 034 027 %ﬂoﬂs
a) plane containing both plugs b) symmetry plane of the ladle (x =0 m) a) plane containing both plugs b) symmetry plane of thelade (x = 0 m)
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Improved control of inclusion chemistry and

steel cleanness in the ladle furnace

* |nclusions separation:

500
e vanant 1
—— —a— 0 % separation
"‘-,_‘__‘ O 90 % separation
400 = -~_" 85 % separation
O ) Y
——o_
300 S
0
200 P
—— B
B
100 T T
0 50 100 150 200 250
inclusion diameter in pm
Variant 1
500
vanant 3
—e— 70 % separation
o 00 % separation
400 4 —v— 05 % saparation

gl T —

.
iy
St — e
200 4 S
s @ oo
100 . = .
0 50 100 150 200 250
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300 { oo— o _ T
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T
200
[ e
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200 4
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Variant 4
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Resource-saving operation of stainless steel
refining in VOD and AOD processes

« Domain of calculation:

Dimension of computational domain [m]

" H1 H2 D1 D2

" 2.317 0.612 2327019 2982




Resource-saving operation of stainless steel
refining in VOD and AOD processes

e Distribution of carbon concentrations in % for an AOD heat at start of
inert gas blowing, after 10s and after 30s.

Mass% C
0.353380

0.339442
0.325503
0.311565
0.297626

 0.283688
HoO. 749

IIIIIIII
1111111

Start ( t= 0s) Middle (t= 10s) End (t= 30s)
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Summary

* RH degasser:
* Melt conposition
* Inclusion model

« Temperature profile and heat transfer
Ladle:

« Stirring: gas and/or industion
Arc heating
Homogenization
Melt composition
Inclusion model
AOD and VOD:
« Melt composition
« Temperature profile
* Decarburization

The newest simulation work is at least 6 years old!
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