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Conditicns Options

Kinetics

®) Equilibrium

Conditions

Database:
Thermal control:
Temperature:
Pressure:

00
Material:

Amount:

Input type:

Major component:

Process simulation

TCOX9 v
Isothermal
Celsius w1 1650.0 @
Pascal ~ | 100000.0
Steel ' Steel_BOF R
Tonne w1000 4 Hide composition
Mass percent A4 Element d Major compenent
@@ |Fe ~| 486
@@ |c V| a5
Q@ s ~ | as @
2@ |s w008
@@ P ~ | 006
Total: 100.0

Save material

BIED T 74 )L Ex-4b-BOF_TCOX.tcu

SAHER (S:0.08wt%, P:0.06wt%) @
ASOFRMIRU / RSO HFEMBD (3t, Ca0:75%, Al203:25%) 3
@QZ?DA %E(Lsdb ng\/d\\}m@ﬁ,m

BEEHES

e

Material: Slag 4 Slag_BOF N
Amount: Tonne ~ || 3.0

Input type: Mass percent ~ || Component e

Major component: @ @ cao

<

@ @ | A0z v | |20

Total: 100.0
ee
Material: Gas ~ | | Oxygen ~
Amount: Normal cubic meter 1.0
Input type: Mass percent ~ | | (Gas component
Major component: (] oz v
Total: 100.0
Calculation Type
Single ®) One axis Grid Uncertainty
Grid Definitions
Quantity @ Min
Amount of Oxygen (GAS) [Nm?] v || 00

= Hide composition

Major component

€)

4 Hide composition

Major component

7000.0

A Save material

d Save material

Number of steps

0
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- 1650°C, Wizt @

- EAFEDEIMDFERSEMAF (100t) @

- RI07TER : Mn(0-600kg) & Si(0-200kg) or Al(0-80kg) & Ca(0-30kg) @
- BT REICH U, BMPOBEFHRREZITE @

sTERMOFTEERE (MnESixnile e

Conditions ~ Option

Conditi
Database: TCOXe ~ 0
Thermal control: | Adiabatic @ Material: | Steel ~ | | Mn ~ | with temperature: | 25.0
Temperature: Celsius - Amount: | Kilegram ~ | | 1.0 * Show composition
Pressure: Pascal ~ | 1000000 @
Qe

e @ Material: | Steel | Si ~ | with temperature: | 25.0
Material: Steel EAF_steel ~ | with temperature: | 1650.0 Amount: | Kilogram 1.0 # Show composition
Amount: Tonne 100.0 = Hide composition Calculation Type
Input type: Mass percent Elemen t v Major component v Save material
iy t @@ - Single One axis ®) Grid Uncertainty

[+ =] ! Grid Definitions

o0z

Quantity MNumber of steps

0.05 @ Amount of Mn (STEEL) v | oo £00.0 10 |3

004 Amount of Si (STEEL) v | oo 200.0 0|2
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=}
€
w
=
=

@
©
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Total: 100.0
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AX=727# (100t, CaO, Al203, Si02) B

RS DSIO2EAROIEZERE L., BHPDSSHEE(CHX D8E% i @

T E SR OEEIE

Conditions  Options

Kinetics
® Equilibrium Process simulation
Conditions
Database: TCOX9 e )
Thermal control: | Isothermal Material: Siag - Slag_LF -
Temperature: Celsius v | [1620.0 Amount: Kilogram ~ 1000.0 2 Hide compaosition
Pressure: Pascal ~ 100000.0 Input type: Mass percent ~ | Component ~ || Major component w Save material
Majer component () @ | Ca0 v | | 60.0
o9
Material: Steel ~ || Steel LF v © @ a0z v[| 200 @
Amount: Tonne ~ || 100.0 = Hide composition © @ | sio:2 ~ 200
Input type: Mass percent ~ || Element ~ | | Majer component v Save material Total: 100.0
Major compenent: (3 @  Fe ~ | | 98,83 Calculation Type
@@ c a2t @ Single One axis @) Grid Uncertainty
@@ s v |02
) Grid Definitions
@@ s |l
i Quantity Min Max Number of steps
@@ r ~ || 002 » -
Compaosition AI203 in Slag_LF (SLAG) [Mass percent] | 00 50.0 2 (8
@@ o ~ | | oo
Compeosition Si02 in Slag_LF (SLAG) [Mass percent] w00 50.0 20 |

@8 M~ os
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40- 45-
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g 30- — e v g 35 — vy O
o 3 AT HRAEMND. o AT H BN D,
o 25- S SESHEE%Z0.01wt% e 30 S&EE%0.01wt%
g N )i UFITERIDRSY 82 BUF (SRR D5%AF
= E AR SNEL S 0. (BihieT Beta)
3 15 DR ,
£ |k ~§=\\ Q. c 15-
N "\ < N
5 N 4 5-
0- 0
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Liquid steel
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(EEMRBET (Z/R L \VWIHBIREE
Slag 2. BENBEL. RIGEHHZRK
3.1 B88BD—Ef & XSO RMBD
— B SO BT EI I,
(EERZ) WEE
3.2 EERZN/ VUL D{bLZE Bk =5t &
3.3 EERZNDOFEEE D HRZ5TE

EERZ

concentrations
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Liquid steel
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EERZEFILICDUWLT :

Slag

EERZ

concentrations

Element

Liquid steel

1. RSB EBHBNFE
(SEEMARE T (7L WHBIRRE
2. ‘BENEEIL. }iﬁtﬂxb\ﬂ/ﬁk
3.1 B88BD—Ef & XSO RMBD
— Bz EOB N FER IS
(EERZ) WEE
3.2 EERZN/ VUL D{bLZE Bk =5t &
3.3 EERZNDOFEEE D HRZ5TE
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&MW@%EH@%D@
ﬂ_M:E C‘:./J:bI:I

CTC

31



4. EERZ (B &RISE) €5 )L 5/5 -y | -

EERZEFILICDUWLT :

1. A5 EBTBHEEE
(CEEMARE T IRV \FIHAIRRE
2. BENBEL. RISEH AR
3.1 BHEDO—ERE R ST RAED
—EfZSOBEINEE RIS
(EERZ) W'ERE
3.2 EERZA VL D{LZE R ZE TR
3.3 EERZNDOFEEE D HRZ5TE
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PMET_06_Ladle_Furnace_Kinetics.tcu

=Jur==>

1. Process Modeli&%iE :
TJOTCXOIEFEDREERARCIGC T, £, BT XSO HEOMEEEETE.
kit GRE) . BUmZEDOERRED/ S A—FZKTE

2. Materialz%7E :
JOCRXRERETINDBMO ST, WwhlcikRid EOMBHERZERE

=Jur=—,

3. Process SchedulesxiE :
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BIREDT77AIL:
1. Process Models%7E - PMET_06_Ladle_Furnace_Kinetics.tcu

TOTCAOBEPOREAARCIG U T, EHON, B> X ST HOMEIBERTE
@ . Kie (BE) O, BMRE@QDERRED/I\SA—HZHETE

T E SR OEEEIE

A Edit Process Model X
Pressures | Constant ~ | | Pascal ~ | | 100000.0 @
Zones:
&) & Mame  Steel density: | 7800.0 kg/m® |+ Allow degassing @
&) & Mame:  Slag density: | 4500.0 kg/m® |+ Allow degassing
Reactions:

Zone 1: | Steel ~ | mass transfer coefficient: | Constant ~ || 9.0E-4 m/s
) & | Reaction zone ~ | area | 19.6 m® || Allow degassing

fone 2 | Slag ~ | mass transfer coefficient: | Constant ~ | 47E-5 my/'s
) & | Transfer of phase group All oxides w30 %/min from zone: | Steel ~ | tozone: | Slag N @
Heat:
&) @ | Heat transfer ~ | between zones: | Steel ~ | and | Slag ~ | with heat transfer coefficient | 5000.0 W/ (m? K)
) & | Constantcooling ~ name  Cooling of steel Zone ~ || Steel |32 MW @
@ @ | Heat ~ | name:  Electric arc heating Reaction Zone | | Steel/Slag | MW efficiency: | 100.0 %

Save OK Cancel
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4. LFCEERZEFT I ZEATIRDNEE 3/4 CTC

2. Material3%7E

JOCRRFERTNDBHONP ST,

STESRMDR

Materials | Process schedule

oe
Material: Steel v Steel
Added to: Zone ~ || Steel
Input type: Mass percent v Element
Major component: () @  Fe w 76
@ @ |Mn w0z
9@ |s ~ || 0.008
9 e A ~ || 0,001
9@ T ~ | | 0.001
Q8 |s 006
@ |o ~ || 001
@@ |c v | oo
Total: 100.0
e
Material: Slag ~ | | Slag
Addedto: | Zone ~ | | Slag ~
Input type: | Mass percent ~ | | Component
@@ wo ~| | 500
© @ |a=o3 MIER
@ @ |Mgo ~| 8o
= Sinn e cn

TE 1E|[H

~ | with temperature: | 1600.0
= Hide composition

v Major component v Save material

®

~ | with temperature: | 1600.0
= Hide composition

e Normalize to total of 100% Save material

. @

BIREDT7AIL:
PMET_06_Ladle_Furnace_Kinetics.tcu

WINTTR QTR E DR Z TE R

ee
Material: Gas ~ || Argon ~ | with temperature: | 20.0
Added to: Zone || Steel d 4 Hide composition
Input type: Mass percent ~ | | Gascomponent v Major component Save material
Major component: &) Ar v || 1000 % 0)4-@7] Z —Y‘_’)
Total: 100.0 —_— S

_ BINR ST OFER
ee
Material: Additions Metal ~ ~ | | Al ~ | with temperature: | 20.0
Addedto: | Zone ~ || Steel ~ = Hide composition
Input type: | Mass percent ~ | | Element ~ | | Normalize to total of 100% Save material

@ Al ~ | 1000 00.0 @

Total: 100.0 00.0
e
Material: Additions Slag ~ | | Lime ~ | with temperature: | 20,0
Addedto: | Zone ~ || Slag ~ = Hide composition
Input type: | Mass percent ~ | | Component ~ | | Normalize to total of 100% Save material

%) a0 ~ | | 1000

Total: 100.0 o000
oo
Material: Additions Metal ~ | | FeMn ~ | with temperature: | 20,0
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4. LFCEERZEFT I ZEATIRDNEE 4/4 CTC

BIEDOIT7AIL:
3. Process Schedules%iE PMET_06_Ladle_Furnace_Kinetics.tcu

EFRD “ﬁthXT\E@Mﬂ%\£@94ED7T\£@<5ME[
/IJ\\)J[I 3_ 5 b\ji

T B SR ON EEIE

Materials | Process schedule

Plot | Time [Minutes] | 0.a 1.0 g0 18.0 200 26.0 270 340 36.0 39.0
Steel (STEEL) Tanne w1650
Slag (SLAG) Tanne w495
frgon (GAS) Marmal me per minute w0167 05 0.167 05 0.167
A1 (ADDITIONS METAL) | Kilogram ~ 1050 1400
Lime (ADDITIONS SLAG) | Kiloeram ~ 1000
Fehn (ADDITIO NS MET... | Kilogram w 500
FeTi (ADDITIONS MET.. | Kilogram ~ 46.0
Electric arc heating Megawatt w~ (00 1.7 on
Additions
= - 0.5
125 150
10 |
04 Z
o
oo 5 Electric arc heating
% E 75 g 5 10— == Argon (GAS)
E‘J 7E® C g FeMn (ADDITIOMS METAL)
o _ = 2 Lime (ADDITIONS SLAG)
X = 5| - S Al (ADDITIONS METAL)
50 5 FeTi (ADDITIONS METAL)
% o0 Slag (SLAG)
o 25 i 0.1 Steel (STEEL)
o o o o
o g 10 15 20 25 a0 35 40 45

Time [Minutes] 36



4. LFCEERZEFT I EZEA UIZEtEEH

SERE : LFOtEXICHWVWT., BMboEmZt (TOy MMEERS)
- BiEFETTER (Mn, S, Si, Al, Ti) 20Z&{b%=BIR

0.200
— Ti-Stesl
== 5i. 5Steel
M
0175+ S_ ~ S - Steel
O Si — P - Steel
b4 Al — O - Stesl
- i - Steel
0.1504
_ W TI ~= Mg - Steel
E == (Ca- Steel
Q@
o - Steel
3_0.125' —  Ar- Steel
] —  Al-Stesl
%)
1]
EEHDU
2
:§
0.0754
o
g X
(&) - X
0.0504 2}5
O

1<

X \ &
0.025 1 =
- & , .
0.000 y y T

0 5 10 15 20 25 30 35 40 45
A Time [min]
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5.VOD (EZEfFEMK) J0tA
- VOD (BEZEfesRpimR) JOtR
- VODJ/OtRETESTE
- VODETE /)
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5. VOD (BEZEfFEMK) 270X CTC

B3z R ik (VOD)iaiz :
- BERETEHIRTOBHZERL. REROEFH. IFERNEMZIRE
(BHD—DEUT. CroFEBERDZIBRDIRAN &)
- VODTOCRICHBIFTBDERIDDAT— (BERMEZ A, BSHX. ET)

I ERUNSUN HZEFDIRA R =TT

Material additions
Oxygen lance @

Vacuum

ﬁ Argon

t=0to 45 min t =45 to 55 min t=551t0 90 min
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5. VODZ O AEEHENE 1/3

VoD OtERF—4(CE DK : R. Ding, et al., "Modeling of the vacuum oxygen BIRBEDT7AIL -
decarburization refining process", Met. Mater. Trans 31B (2000) 197-206. PMET 07 Vacuum Oxygen

1. Process MOdEE’!"T‘E . Decarburization_Kinetics_tcu

TOTAOBREPEEBEAARCIE U T, DO R ST HDMEIBESTE

(ETHBHRZRENTH) @ Rit (RE) @, BMREODERZED
INSA—=H&EETE
sTE SR OEEEIE

Ay Edit Process Model >
Pressure: | Table input @
Zones:
&) @ MName | Steel density: | 78000 kg/m? Allow degassing @
&) & MName:  Slag density: | 4500.0 kg/m® Allow degassing
Reactions:

Zone 1: | Steel ~ | mass transfer coefficient: | Table input
&) & | Reaction zone ~ | area: | 10.0 m® [+| Allow degassing

fone 2 | Slag ~ | mass transfer coefficient | Table input @
&) & | Transfer of phase group All oxides ~ | | 50 Ye/min fromzone: | Steel ~ | tozone: | Slag 4
Heat:
&) &@ | Heat transfer ~  between zones  Steel ~ | and | Slag ~ | with heat transfer coefficient | 5000.0 W Im? K) @
&) &  Constantcooling ~  name: | Cooling of steel Zone w | | Steel V| 3T MW

Save Ok Cancel
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5. VODI O REHEE 2/3

VoD OtERF—4(CE DK : R. Ding, et al., "Modeling of the vacuum oxygen BIREDT7A )L -
decarburization refining process", Met. Mater. Trans 31B (2000) 197-206. PMET 07 Vacuum Oxygen

2. Materials%7E : Decarburization_Kinetics_tcu

JOCRPICERASNDHEONLRST Q. FITERQR EDHMEHEM Z ERER

sTE SR OEEEIE

Materials | Process schedule

e
Material: Steel ~ | | Steel ~ | with temperature: = 1549.0 oe
Material: Gas ~ || Oxygen ~ | with temperature: | 20.0
Added to: Zone ~ || Steel ~ = Hide composition
Added to: Zone ~ | Steel ~ = Hide composition
Input type: Mass percent ~ || Element N Major component N Save material
Input type: Wolume percent | | Gas component | | Major component v Save material
Major companent: () @  Fe v || 71.83
@ Major component: () 0z ~
@@ c ~ | 048
Total: 100.0
Q@ @ |s v || oz
e
Q@ @ [Mn v |05 Material: Additions Metal  *~ | | Reducing metallic material | with temperature: | 20.0
Q0O | ~ | [ 1645 Added to: Zone || Steel v 4 Hide composition
Q@@ |Ni ~ || 1049 Input type: Mass percent ~ || Element ~ Major component Save material
Total: 100.0 Major component () @ | Fe v|lao
Q@ @@ |s ~| 320 @
Material: Slag ~ | Slag ~ | with temperature: | 1549.0 @@ Mn ~ | 350
Added to: Zone ~ | | Slag \/ « Hide composition @@ A | oizo
Input type: Mass percent ~ | Component ~ Major component ~ Save material @@ | bl ST
Major component: (@ @ | Ca0 v Total: 1000
@ @ sio2 v || 120 @ oe
Material: | Additions Sla ~ | | Reducing slag material | with temperature: 200
@ @ | Mgo v || 280 9 929 =
Addedto: | Zone ~ | | Slag ~ ¥ Show composition
Total: 100.0
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5. VODZ Ot RAEHENE 3/3

VoD OtERF—4(CE DK : R. Ding, et al., "Modeling of the vacuum oxygen BIREDT7A )L -
decarburization refining process", Met. Mater. Trans 31B (2000) 197-206. PMET 07 Vacuum Oxygen

3. Process Schedule%’ib"&" . Decarburization_Kinetics_tcu

MBDIAE. 120 DEFH. VODTOTCADENREZTEE

ST RSO ERE \ -
eSS N T

Materials | Process schedule H ( )
Plot Time [Minutes] 0.0 45.0 55.0 56.0 570 580
Steel (STEEL) Tonne ~ 121.0 H
v|  Slag (SLAG) Kilogram ~ 12000 H%jj‘ Z
v Oxygen (GAS) MNormal m* per minute w3333 0.0
¥ Reducing metallic mat... = Kilogram 4 9375 9375 9375 9375
v Reducing slag material... = Kilogram v 500.0 500.0 500.0 500.0
v Pressure Bar w015 0.002
v Kinetics Steel mfs ~ | 0,002 6.0E-4
¥ Kinetics Slag m/s 0,004 0.0012
Additions
1,250 102,
. 126
0.15 |
3o
1,000 100
=
=]
=1
o | 3 Pressure
g 1]
£ =0 20 5 75 9 = Cxygen (GAS)
L]
= 9 s ® = = Kinetics Steel
i=] E m @ 3 —Kinetics Slag
= @ o
¥ s 3 Steel (STEEL)
005 | 5 Reducing slag material (ADDITIONS SLAG)
n % Reducing metallic material (ADDITIONS METAL)
250 25 Slag (SLAG)
o o o

o 10 20 30 40 &0 60 70 820 @0

Time [Minutes] 42



5. VODEt &6l CTC

SHEAER : VODTOTRFDBEME R ST DEEZEY (B8, 77: X5)
(TJOv MIXEMEEIET—4)
- BEEWREIAHCKLBBE LR (~45min) 2RASTTRFHZAICLDS
BEKT (55min~) Z=BIR

1800

AN
A Ding et al. (2000) A é&s. - Iemper:ure—:eel
A measured ™ — Temperature - Siag

17504

17007

16501

Temperature [°C]

16004

1550 &

70 80 a0 100

0 0 20 30 40 50 60
A Time [min]
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