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M JJJ Deoxidation Process Parameters
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Ladle Furnace Process Parameters
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Assumptions to static models
development

1 Based on thermodynamic model (FactSage calculations)

] The state close to the metal-slag equilibrium is being achieved
at the refining final phase

1 The process time has no role



M]JJ Assumptions to the dynamic
acH Model development

Division of the ladle volume into “
tanks in the process of bottom ranicl, M, o
injection of argon into steel ' \ml
2
Jtank I (M;) -25.0% M, tank I, M, |
T tank IL(M,) - 52.9% M, | m,
O tank 11 (M;) - 22.1% M, My }
My .
tank III, M, Mhs




MMJJ Arrangement of equations describing mass flow
AGH

The mathematical notation of the system of equations describing bath stirring.
(Metal-slag interface reactions have not been taken into account in this model yet).

e M) m,(t) . m(t) . mi(t) .
dmi(t) = - At M, At — M At At
(®) M, * ¥ M, M, ¥ M,

dm,(t) = LAt m, At M AL + ———=m,, At

i) = "2 = e TR iy g O

M M.
m, — mass of reactant in ith reactor, [Mg] m (t + At) = mi (t) + dmi (t)
1~ fom et o el oot avcom bemeen | MU+ A) = mL(D) + A (1)
f £+ At) = my(t) + dmi 1)




“]JJ Structure of hybrid model

My, \ I
AGH e
Mixing model | ... |

i P — ]
dnll (t) —_ rr!I.( ) n.!LZAt + m2 (t) m21At _ nl(t) At + rn?;( ) rn31 I+ Aml (t) | tank 111, M, z

1 2 1 3 - 1_ [
Input FactSage Thermodynamic model
%
AMm = —a-m m,, — equilibrium mass of reactant in metal-slag
1(t) e meq (t) a 1 (t) ! region, [Mg]

%

Output FactSage

a = At|\[/|% x100%

1

The thicknesses of metal and slag layers
which reach the state of mutual equilibrium
depends on both the intensity of bath stirring
and the calculation time interval value.




Program to simulation processes - main
window

STEEL i o

Model rafinacji
‘ ' | Zamkni

’ Model odtleniania

Deoxidation Refining



AGH Deoxidation

model - input data

(& stav. 13

—
-

Plik Baza danych
T v T (%]

y A

Dane @:—.W]Wy_nﬂl /

Wybierz numer wytopu: //wtopPD2

2 Zapisz symulacie

Wybierz gatunek stali:

-

Skiad chemiczny kapielifnetalowej przed spustem:
 Kapiel metalowa przed spustern ——— [ Skkad chemiczny 2uzla-
4 kg 4 kg

Fe 99854 | (146735 Ca0 43850 | [121.550

C 0oz0 2940 bg0 3660 |10.900

Mn 0030 (44700 Al203 1880 (5840

i omo 14700 502 13320 [29.980

5 0010|1400 b0 293 870

Olppm] 7ELG ;'1'1 1.955 5 0080|080

Masa kapiel, Mo 14700 Fel 20000 50000
Fe203 9.770 §é9.31 1
Maza 2uzla, Mg 0.30

Temperatura kapieli metalowej przed spustem: 1653  [C]

~Zadany skkad chemiczny kapieli po odtenieniu—
ot

Fe 100,000

Oc 0.000

[T Mn 0o e
Esi 0o

Os 0oon

Flcu 0.000

[Tl noom

[7] Olppm] 0o

Masa surowki: [Mg]

[ Ulkeryj maze surduiki i zhomu J
Maza kapiel metalowe] \
40.385 ‘

Masa ztomu: 121154 1Mg]

Chemical composition
of metal bath

Chemical composition
of converter slag

Set chemical composition
of metal bath

Metal bath
temperature

Tool for calculation of
metal bath weight base
on hot metal and scrap
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AGH Deoxidation model - additions
',qp’smw.l.; J— - p—— _',.& y [P

Plik Baza danych

s R0 OH = %

[ans | Docets [via] // Base of additions

Dodatki
‘wipbierz dodatek. I‘-;-1f'|5i * | Dods
Maza dodatku [ka]: mgggg M a S S Of a d d e d

wiprowadzone dodatki: a d d i ti O n

Tl Fe-Mn-5i 242 kg
i Fe-MnwC: 1122 kg
Granulki &L 302 kg

Sw2 100 kg Added addItIOnS

- Button for starting

Uruchom symulacie_] [ Uruchom optymalizacie ]

\ simulation

Button for
optimization




!

for optimization

Dodatki

=]

F -t -/ C) -

Skkad procentowy dodatku,

Deoxidation model — base of additions, option

Chemical composition

No. of tank

Description

Fe 15.200 Cal 0.000
Mn 78,300 5i02 0.000
5 0.009 Fel 0.000
i 0.070 Fez0z  0.000
C £.550 AlZ03 0.000
Al 0.000 Tinz 0.000
Ca 0.000 Cel2 0.000
F 0,190 Mg 0.000

CaF2 0.000

Wprowadzony ot Fleaktar 3 -

Opis Zelazo-mangan

Koszt1 kg 4.000

Zmiefi Usuf

Cipcje

W aga miedzy lozztami dodatkaw a dozkkadnogcia
uzyskanego skkadu kapieli metalows] po adtlenianiu

1.000

K.oszt stali ':_-‘ | D r

Cost of 1 kg

Gatunek stal —

Set a balance between
cost of addition and
accuracy of chemical
composition of steel -
optimisation process




AGH Deoxidation model - results
(& stav. 13 - — ——— ] (= E et

Plik Baza danych
T v T (%]

u] dtlenian;|

[Bans [ Dedai] v | List of used additions

—

—wprowadzone dodatki—— — Inne fazy poza Felligh zyskany skkad chemiczry kapieli pa odtlenieniu— —Zadany skkad chemiczny kapieli po adtenieniu— LI St of n O n — m eta I I I C
Fe-MnSi 242kg % % kg %
FoMnwC: 1132k i 2 P 2 L h
Granulki 4} 302kg ° (100000 ) iy San e i el pnases
52 100kg Fel 0024 c |oor || 1068400 Mic 0.071
Kozzt: BEBE = = i} =
Hn nosn | e 0729 | 108576 [ bn 0,700
si0z [nosr | Si nos4 | [7o.986 Ml si oo
Eal [1a372 | 5 (o000 |[ooer Os 1000
[41203):2.000 51840 | Cu [mooo | fooon [Fltu 1000
Mgs nooe | &l 0o7s | {117.808 [l noom
Ca5 [no7a | Ofppm] 3z [0.482 [¥] Ofppm] 30
Catld07(s) 25559 Maza stal, Mg 14896
i = Chemical composition

\ of metal bath from
optimisation

Chemical composition
of metal bath after
deoxidation
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AGH Deoxidation model

Model odtleniania

Model odtleriania

-

FPblnputStreamSim1 b etal

[ = | be

I ) FPblatE alanceSiml | PEStreamSim FbOutputU nitSim

FPblnputStreamSim1addins
I E PblnzpectorT

FblnputStrearnSiml Slag




AGH Refining model - input data

& stalv. 13 —— [E=E
Plik Baza danych

rG&ooEiE &8

E:n: :l:::;a:;;micznego | Dodatki | Wyniki | Model kinetycany| C h e m I Ca | CO m p O S I tl O n
of metal bath

Wybierz numer wytop/testTKZi i Zapisz symulacie
— Skbad chemiczny metalu—————————  Skkad chemiczny 2uzla
% kg % kg . . .
Fe sa911  [137485 ] Ca0 sas00 [seron| | © C h emicCa I com p OSI t| on
cC 0150 [208.500 kgl 7500 112500 L.
Mn 0630|553 100 Al203 11250 | [168 750 Of reﬂ nin g Sl a g
Si 0180 250200 sinz 23440 |351.600
5 00B4 |5E360 Mn £300 [54500
Almet] ooz |z7e0 S 0473 (7185
Aleatk]  nooz (2780 Fel B0 |75000
Ofppm] M0 478 Fe23 0720 10800
taza metalu, Mg 139.00 Maza 2uzla, Mg 1.50 M eta | b a t h
temperature

Temperatura poczatkowa: [ (v R (Sta rt, en d )

Temperatura koricowa procesu: 1593 [c]

Czas procesu: 37.000 [min]

Time of refining in the
N furnace ladle




AGH Deoxidation model - additions
= i

Plik Baza danych

rG&ooEiE &8

Hafinacia w piecokadzi Y,
| Ustawienia skhadu chemicznego| yki | winniki I Maodel kinet_l,lc:zny| B a S e Of a d d i ti O n S

—Dodatki

‘wiybierz dodatek .GranulkiA/ =

Masa dodatku kal 50,000

= — Mass and setup time
Poczatek dozowania [min]: 29 g2q Czas dozowania [s] 4| O -
‘wiprowadzone dodatki: Of put In an addltlon

e FeSi 80 kg, 21min, przez 40z
= Fe-tn-5i: 30 kg, 2Dm|n przez 20z
Karburyt T kg, 21.68min, przez 205
Wwhapno: 200 kg, 21.77min, przez B0z

Granulki Ak 50 kg, 21.82min, przez 13 | Added additions

/ Button for starting

simulation

’ Uruchom symulacie w czasie rzeczywistym I

Button for simulation
in real time




Plik  Baza danych
i & @

edE d

Deoxidation model

Ustawienia sktadu chemicznego | Dodatki | Wriki | Model kinel:

Skiad chemiczny Metalu | Skiad chemiczny 2uzla | Dodatki|

Sktad chemiczny kapieli metalowej

€,5,Mn, Al 5i, % wag

Fe0, Fe203, MgO, 5i02, §, % wag

9 10 11 12 13 14 15 16 17 18 19 20 2
czas, mi

[[Fe203

[v]al203

[¥lcao [¥si02

Ca0, Al203, Mn0 % wag

u&&

| Fiafinacia w piecokads

| Ustawienia skkadu chemicznego | Dodatki| Weniki | Model Kinetyczny|

uja| Dodatki ‘

masa calkowita dodaktow, [kg]

8 9 10 11 12 13 14 15 16 17 18

FeSi-
80000
21.000
40.000
Fe-bn-5i-

30,000

20.000

Esi [ Mn Flc Fls @ Al o [T] Al203_corundum ‘
¥ Metal | Zuzel| ¥ Metal| & 2uzel |
lew Jwn [sw 5% A% oom | Amosw || Zwamie L Imwow [aeosw | soa% | eow [wow | 5% [ rom [ rmmew]| oo

Symulaga 0.15 0.73 0.16 0.058 0.0012 24.35 0.0007 _ Symulga  6.96 10.91 27.33 51.89 0.53 1.05 0.11 0 i

Analiza 2 0.1969 0.737188 0.20158 0.0338 0.0208 341 0.000498 Analiza 2 6.225 13.1097 25.845 47.9977 0.19911 3.01193 0.06605 0.000195

Analiza 1 Analiza 1
#Y Stalv. 13 - )y stalv. 13 ] i:-.
Biik  Baza danych Plic Baza danych

i @

| Rafinacia w piecokadzl |

| Ustawienia sktadu chemicznego | Dadatki | Wwyniki| Model kinetyczny

Czas procesu: 37 [min]
Liczba krokdw : {22

Krok czasowy [s] 10

Zaawanzowane opcie kinetyki

Procentowy udzial objetosci Reaktora 1, %: 25 L r St
\E
Strumien wymiany masy pomiedzy R1 iRz : 1720511 [Kg/min] s
Strumien wymiany masy pomiedzy RLiR3 : 17305 [Kaémin]
Strumiefi wymiany masy pomiedzy RZiR3 :  gggong [Kg/min] Poczgtkowa masa wytopu: 139000 [kg]
Masy reaklordw
IntensywnosSE wymiany masy pomiedzy R1iR2, %: 25 T 9 Reaktor 1: 25 % - 34750 [kg]
Intensywnosé wymiany masy pomiedzy R2 1R3, %: 100 |« [ r Reaktor 2: 52.94 % - 73586.6 [kg]
100 T 7 Reaktor 3: 22.06 % - 30663.4 [kg]

Procent wartosci wspotczynnika alpha, % :




AGH Refining model

FlowSheat b ——— e

@‘ ...’_;. =
@ » |§ @ 16438578

1457.835

Zuzel

B 99431 : ’ J E0.8E5753:
44245 FOTEA1108 EQJ'M“ ':> e
e SR oY [
f [> 2 »d - D 9
g 1|: ¥ = :> |—":|> ’ I’ I’ @
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M]JJ Conclusion

AGH

For refining in the ladle it is purposeful to create a static model in
order to determine precisely the weight of the alloy additions.

Proposed model allows to determine the equilibrium state in very
complicated metal-slag configurations.

Complementing the static model with the dynamic one enables it
to monitor the dynamics in change of metal and slag chemical
compositions, and consequently to prepare better the metal bath for
a continuous caster.

The model calculation time is shorter than the process time and
therefore it is possible to use it for on-line control.
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