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Application |
SECONDARY STEELMAKING

| e —
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Secondary steelmaking

Oxygen lance
(water cooled)

o SN
Slag
&
‘Q Steel @/"
Tapping

BOF

1. Tapping and
alloy/flux addition

o 4. Wire feeding
2. Stirring 3. degassing powder injection

(De-S)

;
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Procedure

Draw flowsheet

Prepare Excel file with input data

Prepare Equilib files for initialisation and save the
streams. Write the associated macro commands

4. Prepare Equilib files for reactions and save the
streams. Write the associated macro commands

5. Organise the Excel file to print the outputs. Write the
associated macro commands

s
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1. Secondary steelmaking — flow sheet

Al, ferroalloys Ca

Flux (CaO, Si0,, MgO) \\ Al, ferroalloys Elux
O2

Tapping Stirring RH-OB De-S

Initialisation Reactor 1 Reactor 2 Reactor 3

Simplifications:

- No kinetic factors
- Isothermal conditions
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2. Input data in inoutput.xls - sheet 1

A NSSheetl sheetReactorl
Ready =3

.'/I;'Ez-: = N s inoutput [Compatibility Made] - Microsoft Excel - = X
. - Home Insert Page Layout Formulas Data Review View Developer Acrobat ':@ - T X
_l__j ::E:;y Calibri 11 - |AE = §||@/:| S Wrap Text General ijf‘ ﬁ _’_;‘é EE‘- §‘ ’E é‘::ltfsum ” % L?a
Paste | - v H e LA A Hl= = =lls= ==l /.. -~ . I e - Framditinnal Frrmat ~all Trncark Malata Farmat Sart & Find &

' . . . . er~ Select -
— Initial BOF steel and slag composition, amount and temperature !
A B i D E F G H | ] L M N Qo P Q R ]
1) BOF steel Ferroalloy calculation element atom number
2]|| comp. (wt%) Fe o C Si Mn S Total %non-ferro  total mass (ton) Fe 26
3 59.74 0.08 0.05 0.02 0.1 0.01 100 FeMn 80 0.5 Mn 25
4 mass (ton) 299.22 0.24 0.15 0.06 0.3 0.03 Fesi 70 0.5 Ca 20
5§ Total amount 300 ton FeTi 65 0.2 5 16
6| temperature 1600 °C Si 14
7 Fe Si Ti Al 13
8] BOFslag 0.32 0.25 0.13 Mg 12
3| comp. (wt%) Ca0 5i02 FeO MgO MnO Total o] 3

10 45 15 30 5 5 100 C 6

13| mass (ton) 0.9 0.3 0.6 0.1 0.1 Ti 22

12 Total amount 2 ton

al

14

19 calculation Stirring station (ton) RH {atm, ton) De-5 station (ton)

14 Al Fe Mn Si CalO 5i02 MgQO | Pressure Al Mn Si Ti 02 Ca Ca0 5i02

17 1 0.45 0.01 0.06

13 2 0.5 0.001

19 3 0.001 0.45 0.06

20)

2

Save as inoutput.xls in the folder C:\ Workshop_Secondary_Steelmaking\

I thtSage‘”

;
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3. Streams initialization

Change Directory to C:\Workshop_Secondary_Steelmaking)\

47 Menu - Equilib: to calculate the Lp with given equilibrium conditions E] =

File Units Parameters Help

Mew Chrb W | Bl 1?|

Qpen ... Chrl+O
l Directaries ... I Crl+D
04 + 27866 Cal  + 31863 Si02
Save Ny
W My Files  (C:ilp data
Save N - "
Change My Files Directary ...
Chem
v Always Direck IO ko My Files directory
FSRea
- - = N =
1: File List Phas*.dat files G’ MY Files D]rectury
Z2: File

Slide Show I - Regular Feal
3: ::: Slide Show II - Advanced A Dissz I e (051 ;I

’ Fact Optimal Examples .
5: File R P Directary Equi®.dat filex —

B Fle| 4 coilp datay o
| 2CEauib_cal Eﬂ@mw
&t File Arquilb_ ;
3 CiExample’,
Exit 4 CiHW4-5_2013,
5 Ci\ProjectkiinInitial Gas
& C:YProjectkiln,
Final | 7 C:\AFFECTED_EGQUIMIX

8 C\Documents and Settir LSag
| Cancel
L ommnee =
FactSage 6.3 | CALp_datatE 4

Cancel | ar. |

| —_— .
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3. Streams initialization — BOF steel

Initialization of the BOF steel — EquiSteel_init.dat

E"Reactants - Equilib

mE <]

File Edit Table Unit

Datka Searchl Help

TIC) Platm) Energyld] Mazs(a) Volllire)

<— Change the units to °C (T) and g (mass)

gt |y |

I

Enter all the reactant species, in the
same order as in the Excel sheet

ﬁ? [Data Search

FactSage 6.3

Compound:

1/38 databases

Solution: | 1439 databases

Information -

Options

Default

‘ thtSage‘”

Ferrous Applic

Cancel

=
J | Databases - 1/38 compound databases. 1/39 zolution databases
=l Lot SGTE
O Factrs O [ BINS
OFToxid O [ s&Ps
O O sGTE
V] FTmisc | [ [J SGnobl
O O SGsold
O FToxcH O O sGnucl
O FTntz
[ FThelg
O FTpulp [ ELEM ther
O FTlite O FTdeme [ TDnucl

W‘ Miscellaneous
solutions only O car3 [ coni [ conp
no database O ExaM O FELQ O FEZN
Oeoop [ NpcO  [J OTHE
_Gesm | Oeewn Oeer O PR
O REE_ 1 sGsL [ sGTE#
_seesd | Oserer Otewe O voxo

Add/Remaove Data
FefreshD atabases

Inciude

[0 gaseous ions (plasmas)

O aguecus species

[ limited data compounds (25C)

Lirmik
Organic: species CxHy ., ¥max) = |2_

WMinimurn solution components: O 1 & 2 cpts




3. Streams initialization — BOF steel
Initialization of the BOF steel — EquiSteel_init.dat

47 Menu - Equilib: last system

BE] <

File Urits Parameters Help
O &

Reactants [B]

Products
Compound species
o {= i
N
N

[ pure solids
-

SPECIes:

Select only

TIC) Platm] Energyl]] Masslg] Wolllire]

| [gram] Fe

+ 04 C+ Si+ Mns 5|

Solution species

FTmisc-Fel 0

Fei

FTmisctaTT F atte
FTmizc-Fe5_ FeS-lig
FTmizc-MAT2C CLigiMatte/Metal]
FTmizc-PYRRC CPyrrhotite
FTmisc-BCCS bce

FelLQ solution

m @ G’;I

Custom Solutions

e

Pzeudonyms

apply | List ...

olar volumes

’_

Final Conditions

species:
solutions:

18 Select

TIC]

| Pratm)

T

FactSage 6.3

[1

1 calculation

Drefault

E quilibrium

j | Product HI j o nomal O
| o

Calculate >

nu - Equilib: initialisation of the Fe liquid M=

File Units Parameters Help

I
Qpen ..
Directories ...

Save

ChemSage File

{ =l

Save the Equilib file

Chrl+5

L_

—| Save File in C:\Workshop_Secondary_Steelmaking. .. Clusign Sellizre
FSReactor File
1: File Metal_jnit || Enter the file number
2! File LMn_calc [1-3333)
CEi ' c |
3 File LMn_cale (| o eter the file name, for example ﬂ I
4: File Lp_calc & FEETE
5t File P205_wit My very favarite calculation apply [ List ...
6: File P205 - cg . . " .
FFile 1 examplf - 8v0id the special characters @ Sl e = [_include malar swolume
8 Fie Estimate | N5icel i Save File C:\Workshop_Secondary_Steelmaking\Eq...
Exit Saving file Steel_init
Enter ohe line of comments Caree]
Final Conditions - bor add additional notes, terminate the line of cormments
I T[C] || with the character +
| | 1000 {[intizisation of the BOF steel |
[0 I~
FactSage 6.3 C:\workshop BOFAEquitdetal init. DAT

thtSage‘”

R

Ferrous Applications — Use of Macros 10



3. Streams initialization — BOF steel

Initialization of the BOF steel — EquiSteel_init.dat

47 Menu - Equilib: last system

ok

Eile Units Parameters Help
=

Reactants [6]

Products
Compound species
= {+ i
r
r

[ pure solids
=

= oo oo

species:

Target
,_
,_

Final Conditions

TIC) Platm] Energyl)] Mass(a) Yolllitre) ’ﬁ B
[ fgamjFe + O+ C+ Sis Mn+ 5| Save FeLQ dsS a Stream

- E -

EResults - Equilib TO00T g@

. p 5 Qutpuk  Edit
Solution species Custom Saolutions
= | + | Base-Phase | Full Name Save or Print v T(C) Platm) Enerayl)) Mass(g) Vollitre) m Bl 7
+ FTmizc-Feld ¢ ] Plat 3
FTmisc-MATT Equilib Results file r
FTmisc-FeS_ FeS-lig 4 l Skrearn File Pl Recyole all streams ... | FactSage 6.3 |

FTmisc-tMATZ2C CLiglh atte/Metal] Format v/ N Save stream file 3

Pseudonyms
FTmiscPYRRC CPurhotite — o ——
FTmisc-BCCS bos e M| L Fact-xML
FTmizc-FCCS fec . ] Summaty of streams 4
Fact-Optimal 3
FTrmizc-t5-c teS_cubic M et vl ot Directory {C:\Workshop_BOFY) ... = -
- Total Species [max 1500] 8 ) ) l Save solutions H AL solutions |
Legend . Fact-Function-Builder  » we. % C — Friiee s AE ol L
+-selected 1 ¥ Showi® al " zelected Total Solutions [max 40 1 m;-% - % =
Refresh ... W% Si)

species: a
zolutions: 1 %

Crefault

Save File in C:\Workshop_Secondary_Steelmaking. ..

Equilibrium 1

——

FactSage 6.3

I TIC] ”P[atm] ﬂIF‘roductH[J] ﬂ i nomal FTrmizc-Fel O Fe-lig

[1000 [1
~ | '
ré e eutoss I[E‘In-tnaérg‘;;;ream file: number Cemmsl

Data on 1 or enter a stream file name [up to 26 characters), for
suggestead example

he

el . i
Calculate the equilibrium =|........

H

***”iil” - avoid the special characters M@ R+ (N

3099762+ |IBOF_steel ]

Total mass Sr=r ==

Py very favorite stream

thtSage‘”

B __——
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3. Streams initialization — BOF slag
Initialization of the BOF slag — EquiSlag_init.dat

47 Reactants - Equilib m@@T

Sw T [mrem e maa |€<— Change the units to °C (T) and g (mass)
!

Enter all the reactant species, in the
same order as in the Excel sheet

g by | I ™ T
J | ‘? Data Search
J | Databases - 1/38 compound databases. 1/39 solution databases

‘,“,’hct SGTE compounds orily Miscellaneous
O sins solutions anly O car3 O cowni [ conp
Select the data ba'ses ’ Pceces Qoms | | Qo Ooow Qoo

O seTE Ocoop [Owbco [JOTHE

O FTmise ] SGnobl Clear Al Orenr [ PBLR [ PIER

O FThall 0 sGsold Oree. [OsesL [ SGTER
O] FTOaCN O SGnuc m O seTes [ TEMP  [J vOxD
O FTinz

O Frhelg 0 ool |

O FTpulp ther

OFte DI Fidemo [ Tonuct _RelishOotabases |

Information -

1439 databazes Click. on a box to include [or exclude] a database in the data search. Mormally databases are 'coupled” - that iz both the
compound and solution database (when available) will be selected. To 'uncouple' a databaszes click-mouse-night-button
[naote, this is NOT recommended).

Solution:

FactSage 6.3 Compound: | 1/38 databazes

|f database is stored on your PC but not listed here then you must 'add the database to the list' - click on ‘Add/Remove ..

Options

Inchuda Lirnit
[ gaseous ionz [plazmas) Organic species CxHy.., ¥(max) = |2—

Default O aquecus species

[ limited data compounds [25C)

thtSage‘” Ferrous Applic
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3. Streams initialization — BOF slag

Initialization of the BOF slag — EquiSlag

47 Menu - Equilib: last system

=

File Urits Parameters Help
O &

Reactants [5]

Products
Compound species
o {= i

m
[ pure liquids
[ pure solids

-

SDBCIBS

Target

TIC) Platm] Energyl]] Masslg] Wolllire]

[ igram] CaD  + Si02 + FeD + Mg + MnO |

Solution species

FToxid-SLAGA

FToxid-SFINE BSpinel

FToxid-SPIN? ?Spinel
FToxid-hel_2& A onoxide
FToxid-tel B Bl onoxide

Select only SLAGA solutlon

moeE

47 Menu - Equilib: initialisation of the Fe liquid

init.dat

:

)

Custom Solutions

e

Pzeudonyms

species: 14
solutions: 2 %
Drefault
Final Conditions E quilibrium
| TIC] || Patrn] j|F‘roduct HLIY j o nomal O
| i

| I
T

FactSage 6.3

[1000 [1

1 calculation

Calculate >

File Units Parameters Help i
e Save the Equilib file | M2e=
TR B

Chem3age File . . )
Save File in C:\Workshop_BOF\Equi®. dat Custom Salutions

FSReactar File
1 Fil Metal_ini En_ter the file number
21 File LM I [1-355)

P At ' Cancel 4
3t File LMr_calz || or enter the file name, for example
4: File Lp_calc t _ ; Pseudanyms
S: File pzos_wit] My very favorite calculation apply [ List.
?: S:e TZOS i clc - avoid the special characters-tEile et 52, . oo 0 = =

1 Flle exampl - ~ -
3 File Estimate | ||Slagirit Save File C:\Workshop_Secondary_Steelmaking\Eq... .
Exit Saving file Slag_init

Enter one line of comments Caree]
Final Conditions - o add additional notes, terminate the line of comments
I 70 with the character +
| [ [1000 Illnitialisation of the BOF slad |
r [
—_—
FactSage B.3 C:\Workehop BOFAE quibdetal_init. DAT

thtSage‘”

o
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3. Streams initialization — BOF slag

Initialization of the BOF

slag — MixtBOF_slag.dat

47 Menu - Equilib: last system

BE] <

File Urits Parameters Help
O &

Reactants [5]

Products
Compound species

TIC) Platm] Energyl]] Masslg] Wolllire]

[ igram] CaD  + Si02 + FeD + Mg + MnO |

m (@ %

Save SLAGA#] as a stream

.

{7 Results - Equilif™T600T

M=

Solution species Custom Saolutions

[T o ' 0 = | + | BasePhase | Full Name -
= 1] | FTowid-5LAGA ¢
[ pure liquids I} FToxid-5PIMNA pi
[ pure solids I} FToxid-SPIME ESpinel J
~ FToxid-SPIN? PSpinel Pseud
FT ok 201_A Aonoside e °|"_yms _
species: O FT arid-M=0_B EMonaside spply [ List.. |
FTDKIC,l_MeD—? ?.Monomde I include molar volumes
FT owid-cPyrd AClinopyroxene j .
Tanas Leaend Total Species [max 1500] 14
I-iﬁwmiscible 1 W Show © al  zelected T otal Solutions [max 40 2
species: 14
solutions: 2 % Drefailt
efau
Final Conditions E quilibrium
| | TIC] || Patrn] j | Product HEJ] j o nomal O
| [ 1000 |1 |

[0 r

FactSage 6.3

~
= i
1 calculation Calculate >>

Calculate the equilibrium

T

Qutput  Edit
Save or Print 4 TIC) Platm) Energull) Massig) Yolllite] "1 BI 7
Flok 3

Equilib Resulks file »

Stream File Recycle all streams ... | FactSage 6.3
Format » l Save stream Fil_e bl

Stream file properties ...

Fack-xmML
Surmmary of streams 3

Fact-Cptimal Direckory (C:\Wwarkshop_BOFY ..

l Save solutions l

ALL solutions

Fact-Function-Builder  »

wt. % Cal |L_FToxid-SLAGA#1 ASlag-lig |
Refrash ... wt-% Fel) FToxid-SLAGA#Z ASlag-lig
S8ite fraction of sublattice constituents:
gi
Ca Save File in C:\Workshop_Secondary_Steelmaking...
Fei+
; FToxid-SLAGAHT ASlagdig
Enter & stream file number C
ancel
Syeeel (1. 9939) 4
Fe
C )
Sz or enter a stream file name [up to 26 characters], for
a example
+ 0 gr| My weny favorite steam
{1600 . . R
¢ z3.| -avoidthe special characters 2@/ 71~ e {1
+ 23,
+ a3 |BDF_sIad I
Site fraction of sublattice constituents:

.

thtSage‘”
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3. Streams initialization — macro

W o -1 M A R L

10
11
12
13
14
15
1a
17
18
19
20
21
&
23
24
&5
Z6
27
28
&E)
30
31
32

HIDE

ff Declaration of wariasbhles:

VARTABLE %MyDir. %tewperature %Metal input{6}) %3lag input{i}

$Mylir. = C:\Workshop Secondary Steelmaking)
OLE1l &MyDir.inoutput.xls sheetl
%Metal input OLE1 READ EB4:G4

%3lay_input OLE1 READ B11:F11
Htewperature COLE1 READ E6

it

i
it
i

i
i

Hide the equilib window

path definicion

creation of CLE link

reading and storing initizal steel
reading and storing initial slag
reading and storihg temperature

JF wkkkdkkddokkkk ki kkkkkkdkhhdhhhk Inicialisacion wkkkkkkkdhdddddddhdihdikkdhih

OPEN ®MyDir.EguiSteel init.dat
I_T—:|%1=1TOE
SET REACTANT %1 MASS =Metal input(%l)
%1 LOOP
F3ET FINAL T Stemperature
CALC
SAVE %MyDir.MixtBOF_steel.dat FTmisc-FelLQ

OPEN ®MyDir.Equiflag init.dat
|%|%1=1T05
SET REACTANT %1 MASS %3lag input{®l)
%1 LOOP
3ET FINALL T Stemperature
CALC
SLVE %MyDir.MixtEBOF_slag.dat FToxid-SLAGLHL

END

i
i
i
i
it
it
i

i
i
it
it
it
i
i

i

open the equilib file

loop on the equilib reactants
owerwrite the reactant smounts

end of loop

overwrite the temperature in Egquilil
caleulate the equilibrium

save FelQ as a stream

open the equilib file

loop on the edquilik reactants
OWerwrite the reactant smounts

end of loop

overwrite the temperature in Equilib
caloulate the equilibriwmn

save SLAGALHEL as a stream

end of macrd

I thtSage‘”

e — |
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4. Equilib file for Reactor 1 - stirring

Reaction between BOF steel, slag, Al, ferroalloys, flux — EquiR1.dat

GReactants - Equilib

mE <]

File Edit Table uniti Datka Searchlﬂelp

TIC) Platm] Enengyl]] Mass(a] Volllire]

<— Change the units to °C (T) and g (mass)

J/_ Enter the reactant

1

streams for R1,

FactSage 6.3

Compound: | 2/38 databazes

Mass[g) Specie:
100% [BOF_steel] =1 o o
| — Same order as in Excel file
| =1 | 1E T
| J | | E ﬁ' Data Search
| J | | |3 Databases - 2/38 compound databases. 2/39 zolution databases
| J | | |3 SG TE compounds only Misc&”aﬂea"s
L Eacies. O O BiNs salutions anly Ocars  Ocont [ cowne
| = ! 2 O 0O sePs no database Oexam [OFELQ [J FEZN
| [ |2 [ L1 FTsalt [ O sGTE OGoor [CONpco [ OTHE
: j | | e (A FTmisc | O O SGnobl Clear Al Oredr [Ptk [ PIER
O O sGsold OrRes. [seSL [ SGTE#
O Froxce O 0 sGnucl Select Al 0O seTEx [ TEMP [ voxp
O FTintz
Select th e data bases { I Initial Candtions H gzz:g [ ELem Other Add/Renove Dala |

Mext >>

2439 databases

Solution:

O FTiite O Frdemo [ TDnucl

RefreshDatabaszes
Information -

Click. on a box to include [or exchude] & databasze it the data search. Mormally databazes are 'coupled’ - that iz bath the
compound and solution database (when available) will be zelected. To 'uncouple' a databazes click-mouse-right-buttan

[mote, thiz iz HOT recommended).

It database iz stored on your PC but not listed here then you must 'add the database to the list' - click on ‘Add/Remove

Lirnits
Organic species CxHy. ., ®[mas] = |2_

Include
[ gaseous ionz (plasmas)
O agueous species

Options
[ imited data compounds [26C) Minirmum solution components: O 1 @ 2 cpts

Ferrous Applications — U

Default




4. Equilib file for Reactor 1 - stirring

Reaction between BOF steel, slag, Al, ferroalloys, flux — EquiR1.dat

47 Menu - Equilib: last system g O
File Units Parameters Help ~ _| .
0= - TIC] Platm] Energpl)] Mass(g] Wolllire] ’ﬁ = A Menu - Equilib: reaction between metal, slag and gas E] O

Reactants [9) Eile Units Parameters Help

[ (mam) 100% [BOF steel] _+__ 100% [BOF ]+ O &l + OFe ¢+ OHn + 05+ 0 Cal + 0502 + 0 MaD Eew Save he E u|||b flle L iR=al 3
A A pen .. t q
Direckories ...
Products Save i ;l;g [L;ZS]
Compound gpecies Solution species Custom Solutions =8N
[ gas & ' i = | + | BasePhase | Full Name |
I ] + FTmizc-Fell Felig ChemSage File  p- - )
[_pure figuid g || FTowidSLAGA | ASlagdiq al orides + 5 | Save File in C:\Workshop_Secondary_Steelmaking. .. Crestom el
I,r [+ pure salids 77 FSReactor File
v Pseudanyms 1: File R1 reactig| Enter the file number oK
* - custom selection apply I T 21 File Slag_init i [1-59999) -
. 3 3: File Gas it 1 or enter the file name, for example w
&5 4: File Lp_calc & ’ R Pseudonyms
H H ) 12 5 File LMn_cale My very favorite calculation apply [ List .
T |
== Select pure solids from FToxid, 7| ifwn o [ Lo |
71 File LMn_calc || - @void the special characte
Fe LQ a n d S LAGA & File P2OS_wi HF” I Save File C:\Workshop_Secondary_Steelmaking\Eq...
Exit Saving file R1 oK
Final Conammons _— . o]
I TIC) ||p[atm] v ||ProductHy) «| || nomal | Enter one line of comments Capil
~
! ! 1600 I | _ 'l Final Conditions - to add additional notes, terminate the line of comments
r Calculate >> | | T[C] || with the character +
| | | ﬂHeactinn between BOF steel, slag. &, ferroalloys, fuses I
FactSage B.2 r
FactSage B.3 C:\Workshop BOFAEqQuiR1.DAT
e —— '

thtSageT" Ferrous Applications — Use of Macros 17



4. Equilib file for Reactor 1 - stirring

Reaction between BOF steel, slag, Al, ferroalloys, flux — EquiR1.dat

47 Menu - Equilib: last system

==Y gave Solids, FeLQ and SLAGA#1 as

0l g TIC) Platm] Emergyl)) tass(g) Yolllie) ]ﬁ mdE73
Reactants [9) ’G St rea m S

[ loram]100% [BOF steel] +  100% [BOF slag]  + DAl + DFe + OMn + 05i+ 0 Cal + 0502 + 0O Mgd | Nl R
Save ar Print » TIC) Platm] Energy)] Massig) Volite) il B| W
Products Plot 4
Compound gpecies Solution species Cugtom S olutions Equilib Results File +
o ) i 1} B | + | Bage-Phase | Full Hame Stream File b | Recyde all streams ... I FactSage 6.3 |#A
I~ 0 + FTrizc-Feld Fe-lig Format 3 I Save streamn File v L
[ pure liquids a0 | | FTomidSLAGA | ASlagdigal oxides + 5 Stream File propertiss ... 3
* [} pure solids 77 Fact-AML '
i Surmmary of streams ] =
M . Pseudanyms Fact-Optimal ' Directary (C\workshop_Secondary_Steelmakingt) ... 2ave pure S0l .,
* - custom selection w List - ) = = Save solutions ) ALl solutions .
species; Fri apply L Fact-Function-Buider » | gy e sl
[ include molar volumes Save File in C:\Workshop_Secondary_Steelmaking. .. | Toid SLACA# L Adlag i
Target L d Total Species [max 1500] 124 Flmisc FToxid-SLAGA#Z ASlag-lic
e ¥ Show( all & selected Tolal Solutions [max 40] 3 FTmise-Feld Felig Fuisc
mlsC

+- zelected 1 e : ;
species: 47 Enter a strean file number Fluise
solutions: 3 % T [1-9939) Cancel FTmise

FTmisc
Final Conditions Equilibrium ar enter a stream file ng Save File in C:\Workshop_Secondary_Steelmaking. ..
[ [0 Jremi <l[Podwethy) <] ¢ nomal  © example
- " r
| | [1600 i | My wery favorite streg Floxid SLAGAHT ASlagdia

o - o
- . . Enter a stream file number C |
- avoid the special cha i1 - 5993) ancel

.| Save File in C:\Workshop_Secondary_Steelmaking. ..
FactSage £.3 ofe . I_—_ ar enlelr a stream file
Calculate the equilibrium - | e <o

:
Enter & stream file number

gi ty very Favarite streg
My Cancel
= - avoid the special cha [1-3333)

Slag_reacted or enter a ghream file name [up to 26 characters), for
example

My wer favorite stream

- avoid the special characters 2E/71 e+ <

thtSage‘” Ferrous Applications — Use of Macr_oﬂ




4. Equilib file for Reactor 2 - RH

Reaction between steel, Al, ferroalloys at low P — EquiR2.dat

GReactants - Equilib

File Edit Table uniti Datka Searchlﬂelp

TIC) Platm] Enengyl]] Mass(a] Volllire]

mE <]

<— Change the units to °C (T) and g (mass)

1

f— Enter the reactant streams for R2,

FactSage 6.3 Compound: | 2/38 databazes

Select the databases

Mext >>

2439 databases

Solution:

\‘ [ Initial Conditions

5
[Steel_reacted] | l_ . .
— Same order as in Excel file
| =1 | | T
| J | | | -‘? Data Search
| J | | | Databases - 3/38 compound databases, 2/39 solution databases
| = [ [ LFact SGTE [ corpourds oy Miscellaneous
O O BInS sollitianslanl Ocar3 [Ocont  [JCoONP
! = ! ! O O sGPs no database Oexad  [OFEL@ [ FEZN
[TT Frsalt . 1 O sGTE Oeoop [npco [ OTHE
A FTmisc | O O SGnobl Clear Al Orenr [ reLR [ PIER
O O SGsold Oree. [OsGsL [ SGTER
0O Froxce O 0 SGnucl Select Al OseTer [ TEMP [ voxD

O FTitz

O FThelg Add/Remove Data
O FTpulp  [J ELEM Other

[ FTiite O FTdemo [0 TDnucl g
Information -

Click on a box to include (or exchude) a database in the data search. Mormally databases are 'coupled' - that iz bath the
compound and solution database [when available) will be selected. To 'uncouple’ a databases click-mouze-right-buttan

[hate, thiz iz NOT recommended).

If database iz stored on your PC but not listed here then pou must 'add the database to the list' - click on ‘Add/Remawve ..

Options

Diefault O aqueous species

Ihclude Lirnits
[ gaseous ions (plasmas) Organic species CxHy. ., ¥[max] = |2_
Minimum solution components: O 1 & 2 cpls

‘ thtSage‘”
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4. Equilib file for Reactor 2 - RH

Reaction between steel, Al, ferroalloys at low P — EquiR2.dat

{7 Menu - Equilib: last system g O |
File Units Parameters Help ~ It .
W= TIC] Platm] Energpl)] Mass(g] Wolllre] ’ﬁ = 47 Menu - Equilib: reaction between metal, slag and gas E] O

Reactants [7] Eile Units Parameters Help

[ {gram] 100% [Stee,eacted] + O Al + 0 Fe + OMn + 05+ 0T+ 002 Eew Save he E u|||b flle L I S
4 pen ... t q
Direckories ...
Products Save i ;l;g [L;ZS]
| Solution species Cusztom Salutions 22
[+ gas & ideal O real B?I = [ + | Base-Phase | Full Hame 1
| U + FTmizc-Fell Felig ChemSage File - )
—Dureiouid g || FTowidSLAGA | ASlaglig al orides + 5 | Save File in C:\Workshop_Secondary_Steelmaking. .. Crestom el
I* [+ pure solids 114I FSReactor File
[~ suppress duplicates Agpply Pseudonyms 1: File i1 reactif| Enter the file number
* - custom selection - 21 File Slag init if| 1 -9933)
- apply [ List ... 9!
FEE 1 i 3: File Gas it 1 or enter the file name, for example w
53 4: File Lp_calc & : A Pzeudonyms
. . . . .
0] 23| 5 Fils LMn_calc Iy wery favarite calculation apply [ List ...
=« Select gas, pure solids from e b [t |
71 File Lin_cale || - avoid the special charachepsnusssie_tae s 1 include malar wolume:
FTOXid Fe LQ a n d SLAGA 8: Fils P2CI5_wit HHZ‘I I Save File C:\Workshop_Secondary_Steelmaking\Eq...
’ Exit o
Saving file B2 -
Final Conomions e ]
I TiC) ||P[atm] jlpmductH[‘J] j % namal O | Enter one line of comments Eereal
[ [ [1000 [ [ 9 i - y . .
. ~ Final Conditions - to add additional notes, terminate the line of comments
r Calculate >> | | TIC] || wwith the character +
| | | IJHeac:ti-:-n it AH between steel, Al femaallays at low P I
FactSage 6.3 =
FactSage B.3 C:\Workshop BOFAEqQuiR1.DAT
e ——
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4. Equilib file for Reactor 2 - RH

Reaction between steel, Al, ferroalloys at low P — EquiR2.dat

47 Menu - Equilib: last system

Eile Units Parameters
D= &

Reactantz [7]

Help
TI[C) Platm] Energyl)] Mazs(g) Volllitre)

=B save Solids, FeLQ and SLAGA#1 as

mee

[ fgram] 100 [Steel_reacted)

+DAI+DFE+DMn+DSitDTi+DDZ|

Products
Compound species Solution species
[+ gas v ideal € real  E7 = | + | Base-Phase | Full Name
= 0 + FTrisc-FelQ Feig
[ pure liquids ] | FTomid5LAGA | ASlaglig all oxides + 5

= [+ pure salids 114

I suppress duplicates apply
* - custom selection

species: 181

Target

Legend
| - immiscible 1
+ - zelected 1

¥ Show O all

zd

Select

species: L]
solutions: 3

’_
’_
Final Conditions

=

| @ JPam
|1000 1

FactSage 6.3

Custom 5 olutions

|

Pzeudonpms
apply Ligt ...

[ include malar wolumes

Total Species (max 1500 239

Total Solutions [rax 40 3

Default

Equilibrium
= ||ProductH) ~| | [ nomal €
| .

~
1 calculation Calculate >»

Calculate the equilibrium

« Streams

[ oupET B = T

Save or Print

Plot

Equilib Results file
Stream File

i vl v -

Farmat
Fact-¥ML 4

Fact-Optimal 3

Recyile all streams ...
I Save stream file

TIC) Platrm] Energyl)] Masslg] Volllitre]

il 73

i FactSage &.32

>

Stream File properties ...

Surmmary of streams

Directory (Ciworkshop_Secondary_Steelmaking) ...

Save pure solids L.
Save solutions ¥

ALL solutions

Fact-Function-Builder » | po 144

FTmisc-Fel) Fe-li

Save File in C:\Workshop_Secondary_Steelmaking...

FToxid-SLAGA#1 ASlag-li
e ———————
FToxid-SLAGAH#Z ASlag-li

FTrmizc-Fell Fe-lig

Enter a stream file number

[1-9339)

or enter a stream file ne
example

My very favorte streg

- avoid the special cha

Steel _AH

FTmisc
FTmisc
FTmisc
Cancel Fmisc
FTmisc

Save File in C:\Workshop_Secondary_Steelmaking...

FToxid-SLAGART ASlagdig

Erter a gtream file number

[1-9339)

aor enter & stream fils ng

Canhcel |

Save File in C:\Workshop_Secondary_Steelmaking. ..

example

ty very Favarite streg

- avoid the special cha

Slag_RH

I thtSage‘”
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Solids_RH

SOLID

Enter & stream file number

[1-9339)

Cancel
or enter a stream file name [up to 26 characters], for
example
My wer favorite stream

- avoid the special characters 2E/71 e+ <

L



4. Equilib file for Reactor 3 — De-S

Reaction between steel, slag and flux — EquiR3.dat
{7 Reactants - Equilib m@@?
e ) o [ e e e |€— Change the units to °C (T) and g (mass)

1

J/_ Enter the reactant streams for R3,

Specie:
[Steel_RH] ~l . .
|||[50M] 1~ Same order as in Excel file
|[5lag_RH] ~1] | [ 1] [
|[Slag_reacted] ~1| [ | [4 G Data Search
|[Solids_reacted] = [ [ [5 Databases - 2/38 compound databases, 2/39 solution databases
It | = | |5 SGTE compounds only Miscellaneous
L Eacies. O O BiNs salutions anly Ocars  Ocont [ cowne
Ca0 ! =1 ! B O O sePs no database Oexad  OFetq O FE2N
Sinz | | | | 3 [ TT Fisan O O SGTE OGoop [Owpco [JOTHE
|T_ r O O 5Gnobl e AL Oredr  [OPeLR [ PIER
1 .
O O sGsold Oree. [OsasL [J SGTE#
[ai [ To have Al and Ti Orroxch O O SGnucl Sretseti Al OseTe= O TesP [0 voxp

O FTintz

O3 FThelg otner R

O FTpulp [ ELEM
OFmite [ FTdemo [ TDnucl _FReheshDatabases

Information -
Click. on a box to include [or exchude] & databasze it the data search. Mormally databazes are 'coupled’ - that iz bath the
compound and solution database (when available) will be zelected. To 'uncouple' a databazes click-mouse-right-buttan
[mote, thiz iz HOT recommended).

\/compounds showing

- Select the databases

FactSage 6.3

It database iz stored on your PC but not listed here then you must 'add the database to the list' - click on ‘Add/Remove

N~ >

Options

Include Lirnits

[ gaseous ions (plasmas) Organic: species CeHy..., X[max] = |2_
Default O agueous species

[ limited data compounds [25C) Minirmum solution components: O 1 @ 2 cpts

thtSageT" Ferrous Applications — U



4. Equilib file for Reactor 3 — De-S

Reaction between steel, slag and flux — EquiR3.dat

47 Menu - Equilib: De-S reaction between RH steel, RH slag, RH solids, reacted slag and reacted ..

File Units Parameters Help
0| = &

Reactantz [10]

TIC) Platm] Energyl)] Mazs(g] Wolllitre)

[0 < |
.

ok

’ﬁ = A7 Menu - Equilib: reaction between metal, slag and gas

[agram] 100% [Steel RH]  +
4

100% [Solid: RH] +

100% [Slag RH]  +

100% [Slaq reacted] +

100% [Solids 1

o,

Products
Compound gpecies Solution species Cugtom S olutions
[ gas & ol 0 = [ + | Base-Phase | Full Name
==_ = —
I~ 0 + | FTmisc-FelO Fe-lig
[ o liguid 0 | FTosidSLAGA | ASlagdig all cxides + 5
I* [+ pure solids 114'
o ; e Pseudonyms
* - custom selection .
species: J4 apply [ List...

== Select pure solids from FToxid,

FeLQ and SLAGA

[T |

0] 17

Eile Units Paramet
Mew
Open ...

Directories ...

Save

ers Help

Save the Equilib file

I ]

QS bec g3

|

Chem3Zage File

Save File in C:\Workshop_Secondary_Steelmaking. ..

O e Ui D,

1,

Cancel

[ m o[

Custom Solutions

[

Pzeudonyms

apply [ List ...

F

[ include mnlar wolume:

Save File C:\Workshop_Secondary_Steelmaking\Eq...

FSReactor File
1:File Bl reactid] Enter the file number
21 File Slag_jnit | [1-3939)
3 File Gas_init T .
) or enter the file name, for example
4: File Lp_calc b
5 File LMn_calc My very favorite calculation
i File Metal_init
71 File LMn_calc || - @void the special charac
& File P205_witl | H:" I
Exit

Saving file B3

Enter ore line of comments

oK

il

Cancel

- to add additional notes, terminate the line of comments

with the character +

Final Conomong g
[ [ 70 Jrem  vl[Pedeti) ~| & romal O |
| | 1000 I | = Final Conditions
r Calculate >> | TIC
| | |
FactSage B.2 C:\wWorkshop Secondary_SteelmakinghEquiR3.DAT =

FactSage B.3

IJI, FH zlag. RH zolids, reacted slag and reacted solids and De-5 agents

C:\Workshop BOFAEqQuiR1.DAT

I thtSage‘”

;
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4. Main reactions — macro

thtSage‘”

I&
33
LT
35
36
37
35
39
40
41
42
43
44
45
46
47
45
49
50
51
52
53
54
55
=14
57
55
52
&0
61
62
63
64
65
66
67
65
[3=]
70
71
TE
T3
74
75
Ta
77
-
T
=]
g1
=153

JI ARERRARARA R AR AR ARRAR AR AR AR hdh START OF PROCESS RARARddddddhAmdbdhdhd A hARdn

ff Declaration of variahles:
VARIAELE %R1_flux({7) %R2_flux(6) %R3_flux(3) %RH pressure %pos %num calc %check %react

#pos = 17 ff position of row to read in excel file
H#num_cale = 1 TO 65536 ff loop over the max amount of rows in excel
#check OLE1 READ RiposCl ff read the calculation number
IF #%check = 0 GOTO END ff if cell i= empty, stop the macro
%Rl_flux OLE1 READ RiposCZ:RiposCo ff reading and storing flux R1
%RH_pressure OLE1 READ R%¥posCo ff reading and storing RH pressure
%R2_flux OLE1 READ R3posCl0:R3posCls ff reading and storing flux RZ
%R3_flux OLE1l RELD R3posClé:R3posCls ff reading and storing flux B3
OFEN %MyDir.EquiRl.dat ff open the equilib file - reactor 1
Sreact = 3 ff position of first reactant to oOvVerwrite mwass
= %1 =1 TO 7 ff loop over the size of %R1_flux
SET REACTANT %react MASS %R1_flux{%l) ff overuwrite the reactant mass
r #react STEP ff move to the next reactant
%1 LOCP ff end of loop
SET FIMNAL T %temperature ff overwrite the temperature in Egquilib
CALC ff calculate the equilibrium
SAVE &MyDir.MixtSteel reacted.dat FTmisc-Felo ff s=ove FelQ as a stream
SAVE %MyDir.MixtSlag reacted.dat FToxid-3LAGALHL ff save SLAGAHL as a stream
FAVE %MyDir.MixtS3olids reacted.dat 3OLIDS Ff save solids as as stream
OPEN %MyDir.EquiRZ.dat ff open the equilib file - reactor 2
Freact = 2 ff position of first reactant to overwrite mass
= %1 =1 TO 6 ff loop over the size of %R2_flux
SET REACTANT %react MASS %R2_flux{%l) ff overwrite the reactant mass
r sreact ITEFP ff move to the next reactant
%1 LOOF ff end of loop
SET FIMNAL T %temperature ff overwrite the temperature in Equilib
CALC Ff caloculate the equilibrium
SAVE %MyDir.MixtSteel RH.dat FTmisc-FelQ ff s=sve FelQ as a stream
SAVE 3MyDir.MixtSlag RH.dat FToxid-SLAGLH#L ff s=ve SLAGA#L as a stream
SAVE %MyDir.MixtSolids RH.dat SOLIDS ff save solids as as stream
OFPEN %MyDir.EquiR3.dat ff open the equilib file - reactor i
Sreact = 6 ff position of first reactant to overwrite mwass
= %1 =1 To 3 ff loop over the size of %R3_flux
SET REACTANT %react MAZS SR3_flux{%l) ff overuwrite the reactant mass
r #react STEP ff move to the next reactant
%1 LOCP ff end of loop
3ET FINAL T %temperature ff overwrite the temperature in Equilib
CALC ff calculate the equilibrium
:
= %pos 3TEP ff move to the next row in Excel {(new process)
nuw_calc LOOP ff end of loop
END ff end of macro



5. Organise the outputs in Excel

* 3 Excel sheets to print out all the calculation results for
each reactor

* For each reactor, print out the mass of each phase, the
mass of each element in steel, mass of each slag
species and mass of each solid species

| e —
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5. Macro

for printing in Excel

VARIAELE %atom num{10} %Inc %row %results

CLEZ
CLE3S
CLE4
CLEZ

HMyDhir.inoutput.xls sheetBeactorl

HMyDhir.inoutput.xls sheetReactori
HMyDhir.inoutput.xls sheetReactord
CELLS ALL CLEAR

COLE3 CELLS ALL CLEALR

COLE4 CELLS ALL CLEALR

#artom nuw OLE1 REALD PZ:P11

Brow = 2

ff creation of OLE link

ff creation of OLE link

ff creation of OLE link

ff clear the worksheet

ff clear the worksheet

ff clear the worksheet

ff read and store the atomic number

ff position of row to write in excel file

ff PRINTING:

IF %num cale = 1 THEN ff if first loop, print the names in first roy
sInc = 1 ff start from first column
#results = caloculation ff column title
#results COLEZ WRITE R1C%Inc ff write in first row
#Inc ITEP ff move to next column
%1 = 2 TO 4 ff loop on the mixture number
#sresults = $E_mN%1§ ff store the name of mixture
sresults COLEZ WRITE R1C:Inc ff write in first row
%Inc STEP ff wove to next column
%1 LOOF ff end of loop
%1 =1 To 9 ff loop on element atomic number
#results = $E_ebatom num{%1l) _N§_steel ff name of element
#results OLEZ WEITE R1C%Inc ff write in first row
sInc ITEP ff move to next column
%1 LOOP ff end of loop
%1 = 16 TO 31 ff loop on the species code number (SLAGAH1)
#results = $E_sN%1§ ff store the name of the species
sresults COLEZ WRITE R1C:Inc ff write in first row
%Inc STEP ff wove to next column
%1 LOOF ff end of loop
1 = 48 TO 124 ff loop on the speciesz code number (solids)
#results = $E_sN31% ff store the name of the species
#results OLEZ WEITE R1C%Inc ff write in first row
sInc ITEP ff move to next column
%1 LOOP ff end of loop
EMDIF /i end of IF

Macro commands for printing the
Equilib results of Reactor 1

thtSage‘”

#Inc = 1 7
snum cale OLEZ WRITE RirowCs Inc 7
%Inc STEP i
%1 = 2 TO 4 i
sresults = $E mgild ff
#results OLEZ WRITE RirowCi:Inc fF
%Inc STEP i
1 LOOE i
%1 =1 TO 9 i
sresults = $E eiatom nuwe{%1l)_mg2 §
#results OLEZ WRITE RirowCi:Inc fF
%Inc STEP i
%1 LOOP 1
%1 = 16 TO 31 i
sresults = $E_sgilf ff
sresults OLEZ WRITE RirowCiInc fF
%Inc STEP i
1 LOOE i
%1 = 48 TO 124 i
sresults = $E_sgilf ff
#results OLEZ WRITE RirowCi:Inc fF
%Inc STEP i
1 LOOE i

/7 end of PRINTING

start from first column
write calculation number
move to next columnn
loop on the mixture nuwber
store the wass of mixture
write in excel
wove to next column
end of loop
loop on element atomic nunber
ff mass of element in mixture 2 {(steel)
write in excel
wove to next column
end of loop
loop on the species code number (SLAGLHEL)
store the mass of species
write in excel
wove to next column
end of loop
loop on the species code number {(solids)
store the mass of species
write in excel
wove to next column
end of loop
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Application |
SIMPLIFIED BOF PROCESS

| —_——
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Process simulation of the BOF process

T
Metal 100 ton 95% Fe 1300 °C
4% C
0.5% Mn
0.5% Si
0, Slag  2ton 55% CaO 1300 °C
slag slag 25% FeO
20% SiO,
RV7I Gas  0.4ton/min  100% O, 25 °C
Flux 0.25 ton/min 100% CaO 25 °C
Liquid iron: 1to 5 min
Fe-4% C-0.5% Mn-0.5% Si
Process duration : 15 min

All reactions under adiabatic conditions

| —
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Kinetics vs. equilibrium

* Real process is dictated by kinetics

e Kinetics can be simulated with FactSage by allowing
only a portion of the feeds to react

* Finding the suitable proportion of material reacting
and non-reacting

| —_—
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Procedure

Draw flowsheet

Prepare Excel file with input data

Prepare Equilib files for initialisation and save the
streams. Write the associated macro commands

4. Prepare Equilib files for reactions and save the
streams. Write the associated macro commands

5. Organise the Excel file to print the outputs. Write the
associated macro commands

s
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1. Flow sheet of the process

B%

100 % o
O, - 3
A% -~ - | Reacted || Reacted - Reacted
—>» Metal [+)] Slag (+) 0O, — Metal () Slag ) Gas R1
100% | |
Metal v
100-A%
T 5> Metal [+) Re:‘l\’/tled —» Metal R2
100% || < *t ;
Slag 190C%, Slag (+)] Flux [+) "éel‘acge (+] Solids —» Slag (+) Solids | R3
T |
100 % 100% .
Flux
A 10% 30%
B 50% 80%
C 50% 80%
—

I GactSage‘”
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2. Process inputs in Excel file

thtSage‘”

o "9~ - = BOF_inoutput [Compatibility Mode] - Microsoft Excel - =

.J Home Insert Page Layout Formulas Data Review View Developer Acrobat ':@ - =

== K | calibri Ll PRI = General - Se=lnsert ~ Ev% [ﬁ

= B (B £ U-|A |2 [$ ~ % o &% Delete - || 8]~ _

g E oA (=] (W | Fomat~ | @+ Riters toeds

Clipboard M= Font F} Alignment (Fi Number = Cells Editing

19 - Je |
A B c D E F G H I J K

1 Metal Fe C Mn Si total tons Temp. (C})

2 comp. (wt% 95 4 0.5 0.5 100 1300

3 mass (ton) 95 4 0.5 0.5

4 [slag cao FeO sio2 |

5 comp. (wt% 55 25 20 2 1300

6 mass (ton) 1.1 0.5 0.4 o

s oz Save the Excel file as
3 comp. (wt% 100

9 mass (ton) 0.4 /min . .
- =~ BOF_inoutput.xls in the
12

13 Liquid Fe Kinetic factor |Gas kinetic factor  |Slag kinetic factor fOIder C:\WO rkShOp BO F\
14 | time (min)| Ccao (1) A 100-A B 100-B c 100-C -_
15 1 0.25 10% 30% s0% | 50% 50% | S50% | | T

16 2 0.25 | 10% | 90% | 50% | 50% | S0% @ S0%

17 3 0.25 | 10% | 90% | 50% | 50% | S0% @ S0%

18 a 0.25 | 10% | 90% | 50% | 50% | S0% @ S0%

19 5 0.25 | 10% | 90% | 50% | 50% | S0% @ S0%

20 6 o [ 3s0% " 70% [ s0% | 20% | 80% | 20%

21 7 o [ 3s0% " 70% [ s0% | 20% | 80% | 20%

22 8 o [ 3s0% " 70% [ so% | 20% | 80% | 20%

23 3 o [ 3s0% " 0% [ so% | 20% | 80% | 20%

24 10 o [ 3s0% " 0% [ so% | 20% | 80% | 20%

25 11 o [ 3s0% " 0% [ so% | 20% | 80% | 20%

26 12 o [ 3s0% " 0% [ so% | 20% | 80% | 20%

27 13 o [ 3s0% " 0% [ so% | 20% | 80% | 20%

28 14 o [ 3% 7 0% [ so% | 20% | s0% | 20%

29 15 o [ 30%  70% [ so% | 20% | s0% |

30

21

4 4 » ] Sheetl Ysheet2 ~ Sheet3 ¥ [EN|

Ready =3

rmrolrrvuagys \Pr}lluutl\lll\)




3. Streams initialization

Change Directory to C:\Workshop BOF\

47 Menu - Equilib: to calculate the Lp with given equilibrium conditions E] =

File Units Parameters Help

Mew Chrb W | Bl 1?|

Qpen ... Chrl+O
l Directaries ... I Crl+D
04 + 27866 Cal  + 31863 Si02
Save Ny
W My Files  (C:ilp data

Save 4

Change My Files Directary ...
Chem

v Always Direck IO ko My Files directory

FSRea

- - = x vl
1: File List Phas*.dat files ﬁ MY Files D]rectnry
Z2: File "

Slide Show I - Regular Fe
3' S:e Slide Show II - Advanced Jilee I & (03] LI

1 Flle
; Fact Optimal Examples .

S: File A P Directary Equir.dat files (I—
& Ff:e 1 CiLp_datal
;: :I: 2 CiEquilib_calch EquiGias_init DAT

3 CHExample’ Egﬁ:g‘?-tg!a?ﬂ.DﬂT

Exit 4 CiiHwe-5_2013, EquiR2.DAT

\_ 5 C:\ProjectkilnInitial Ga EquiR 2.DAT

6 C:\Prajectin, EquiSlag_init. AT
Final | 7 C\AFFECTED_EQUIME

& Ch\Documents and Sett ctSag
| Cancel
Lommnnne =0
FactSage 6.3 | CALp_datasE 4

Cancel | ]9 |

| ———— .
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3. Streams initialization — Metal

Initialization of the hot metal — EquiMetal_init.dat

{7 Reactants - Equilib m@@?

e L [ e e J€— Change the units to °C (T) and g (mass)

n
Enter all the reactant species, in the

same order as in the Excel sheet

gt |y |

ﬁ? [Data Search (24
2

Databases - 1/38 compound databases. 1/39 zolution databases

fact SGTE —‘mmpmds p=p Miscellaneous
O FactPs O BiNS solutions only [ carz Ocont [ cowe
O FToxid

a

(m] O sGPs no database OexeM [ FELa O FEZN

O O sGTE Ocoop [COwnpco [ OTHE
(1A FTmisc | O O SGnobl Clear Al OreHr [ PeLR [ PIER

O O sGsL [ SGTEH
Ortoxcy O

0O sGsold O Ree_
0 SGnucl Select Al 0O seTE- [ TEMP [ voxp
O FTntz

O FThela otner

O FTpulp [ ELEM
OFTite [0 FTdemo [J TDnuct _FRsheshDatabases

Information -

Select the database\s

Mext >>

1439 databases

FactSage 6.3 Compound: | 1/38 databazes Solution:

Options

Inciude Limnit:
[ oaseous ions [plasmas) Organiz species CxHy.., X[max] = |2_
Default O aguecus species L .
[ imited data compounds [26C) WMinimurn solution components: O 1 & 2 cpts

T
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3. Streams initialization — Metal

Initialization of the hot metal — EquiMetal_init.dat

47 Menu - Equilib: initialisation of the Fe liquid

BEL¥|

File Urits Parameters Help
~

=

Reactants [4]

TIC) Platm] Energyld] Mazs(g) Wolllire]

| [gram) Fe

+ T+ Mn + 5]

E=iledr ™

Custom Solutions

e

Pzeudonymsz

apply | List ...

olar volumes

Drefault

E quilibrium

ﬂ | Product HEJ) ﬂ * rnommal O
| o

Products
Compound species Solution species
B {= i 1] N
] FTmizc-Fel )
] ] FTrmizc-BCCS
|| ] FTmizc-FCCS
=
SPECIes: 0
Select only FelLQ solution
[ il | " . |
species:
solutions: 1 %
Final Conditions
[ 1@ JFam
[ [ [1000 [1
r
FactSage 6.3 C:\wiork shop BOFYE quikd etal_init DAT

Calculate »:

Menu - Equilib: initialisation of the Fe liquid

S]]

File Units Parameters Help

I
Qpen ..
Directories ...

Save

ib file | Mo

Save the Equil

Chrl+5

D Ie |

ChemSage File

| Save File in C:\Workshop_BOF\Equi*.dat BTl YD
FSReactor File
1: File Metal_init | Enter the file number
21 File LMn_calc [1-3339)
3t File LMn_calc ' Cancel
- or enter the file name, for example Q
4: File Lp_calc b b Pseudonyms
5t File P205_wit My ver favarite calculation apply [ List ...
&: File P205S - cg .
71 File 1 exampll] - avoid the special characher - e full inclnde maolar wolume Y
. File Esti — Save File C:\Workshop_BOF\EquiMetal_init.DAT
a: File Estimate betal_init P q — .
Exit Saving file Metal_init
Enter ohe line of comments Caree]
Final Conditions - bor add additional notes, terminate the line of cormments
I T[C] || with the character +
| | 1000 (linitalisation of the Fe iuid |
[0 I~
FactSage 6.3 C:\workshop BOFAEquitdetal init. DAT

I thtSage‘”

;
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3. Streams initialization — Metal

Initialization of the hot metal — EquiMetal_init.dat

47 Menu - Equilib: initialisation of the Fe liquid

SI¥|

A= X

A= B3

FactSage 6.3 4

Eile Units Parameters Help
0| 2| g TIC] Plat] Enerapid] Massigl Yollitre) m |B| 1g|
—Reactants [4]
ot | Save FelQ as a stream
Prod 47 Results - Equilib T000C
~ Products -
— Compound species — Solution specie — Customn Solutions Output | Edit
|_ & ideal € real 0 = | + | Base-Phase | Full Hame Save of Print » TIC) Platm] EnergplJ] Mazz(g) Wolllire)
= a + | FTmisc-Fell Fe-lig Plat v
0 FTmisc-BCCS bee - Equilib Results file r
Detals... |
| 0 FTmisc-FCCS foc =l ... @e W Recydle all streams L. ]
¥ | suppress duplicates aEE'EI — Pseudanyms —— Farmat + | Save stream file ¥
species: 7 el M List | — Stream file properties ...
X i Surmary of streams 4
™ include molar volumes Fact-Optimal

Directory {C:\Workshop_BOFY) ...

-~ Calculate the equilibrium

M ALL solutions

FTmisc-Fel () Fe-lig

i Save solutions
rTaget——————— | Llegend et 5 SCies Max L) & Fact-Function-Builder  » we. % C
P ¥ Show* &l  selected Total Solutions [max 40 1 m;- . B
I species: 4 Select | Refresh ... wt.% Si)
I solutions: 1 gles
Default |
Save File in C:\Workshop_BOF\Mixt*®. dat
—Final Conditions Equlibium ————
TIE] Platm] ;I Product HEJ ;I & nomal € nomal + transitions FTmisc-FelO Fe-lig
I 1000 1 | transitions only
- v DDQ;\_*I II Enter a stream file number
I I~ Table Calculate >> The ecutofff [].3339)
l Data on 1 or enter a stream file name [up to 26 characters), for
FactSage 6.3 | C:vw/orkshop_ suggested | aeample

EEEREETERL

by very favorite stream

\_H
7
X

Cancel

he

H
***”iil” - avoid the special characters MEM EE < (A
3.09976E+

“Metal I

Total mass

I thtSage‘”
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3. Streams initialization — Slag
Initialization of the slag — EquiSlag_init.dat

{7 Reactants - Equilib m@@?

e e [ e o ves J€— Change the units to °C (T) and g (mass)
!

Enter all the reactant species, in the
same order as in the Excel sheet

i . Y ——

J | ‘? Data Search

Databases - 1/38 compound databases. 1/39 solution databases

Gth SG TE cormpounds only MiSC‘EIIEHEﬂHS
zolutions anly

(m} 0O Bins Ocar:  [cont [ conp
Select the databases | ger= 8 Bue | I | Bov Qow Qo
O O s&TE OGoop [Iwpco [J OTHE
O Fimise [ ] SGnobl Clear Al Orenr [ PBLR [ PIER
OFthal O O sGsold OreB. [IsesL L[] SGTE#
O Froxcy O I SGnucl Select Al O seTer [ITEMP  [J voxD

O FTrtz

O FThelg Add/Remave Data
Oripup [eew Other

OFTite [ FTdemo [J TDnuc _FisfreshDatabases

Information -
Click on a box to include (o exclude] a database in the data search. Mormally databases are 'coupled’ - that iz both the
compound and solution database (when available) will be selected. To 'uncouple' a databaszes click-mouse-night-button
[naote, this is NOT recommended).

Mext >>

FactSage 6.3 Compound: | 1/38 databazes Solution: | 1/39 databaszes

|f database is stored on your PC but not listed here then you must 'add the database to the list' - click on ‘Add/Remove ..

Options

Inchuda Lirnit
[ gaseous ions [plasmas] Organic species CrHy... 2(max) = |2—
Default O aquecus species . .
[ fimited data compounds (25C) Minimum solution componentz: O 1 @ 2 cpts

thtSage‘” Ferrous Applic




3. Streams initialization — Slag
Initialization of the slag — EquiSlag_init.dat

47 Menu - Equilib: initialisation of the slag g
File Urits Parameters Help
~u B e |
0O = E TIC) Platm] Enengyl] Massla) Yolllitre] B .
- \ W—uﬁ' Menu - Equilib: initiatisation of the Fe liquid (=)
tant:
eactants (4) File Units Parameters Help
[ jgram) CaD  + FeO s 502 + 0 Mnd_| Mew ope . ’W w73
Save the Equilib file e
Products Directaries ... )
Compound species Solution species Custom Saolutions Save Ctrl4s
= FTawid-SLAGA ASlag-lig all oxides + 5
[ pure liquids ] oxid- B B Spine ChemZage File . . )
[~ pure solids 1] FT osid-te0_4 A onoside — Save File in C:\Workshop_BOF\Equi®. dat Custarn Solutiong
B h eactar File
v FTDK!d-M et BMDnm!de Pseudonyrms Enter the file number
FTawid-ked_7 T onoxide — 5 1: File Metal_init 1 - 5949
SpECies: 1] FT omid-cPur AClinopyroxene apply 2 File LM calc (- I
S I I S LAGA | N 3t File LMr_calz || or enter the file name, for example @ Peoud
t t 4: File Lp_calc & SRR
Target e e C 0 n y S O u I O n S File P20S wit My vemy favarite calculation apply | List ..
[T il | — | 60 File P2OS - cg| id th il Charachers AL U ey 1 —.
pecies: 12 = . avoid the special character
colutions: 3 elect 7t File 1 exampl a . o -
T _scet | — i | === Save File C:\Workshop_BOF\EquiSlag_init.DAT
Final Conditions E quilibrium Exit Saving file Slag_init
| TIC) || Platm) j | Praduct HiJ] j * pomal O T ’_ ™Y - roaf l
i | om0 K i ((: nter ohe line of comments Caree]
r Calculate »3| - Final Conditions - to add additional notes, terminate the line of comments
— I 70 with the character +
Focfons Wakehon BOFEauGlas iDAT [ | [1000 Ilinitialisation of the slag I
actSage 6. ok shop_| quiSlag_init. ,— - |
— 1
FactSage B.3 C:\Workehop BOFAE quibdetal_init. DAT

o
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3. Streams initialization — Slag
Initialization of the slag — EquiSlag_init.dat

47 Menu - Equilib: initialisation of the slag g

File Urits Parameters Help

0= E TIC) Platm) Enerayl)] tasslg) Yolllitre] ’W BT
Reactants [4]
[ jgram) CaD  + FeO s 502 + 0 Mnd_| Save SLAGA#]. aS a Stream

. | .

{7 Results - Equilif™T600T ’ g@

Products =
Compound species Solution species Custom Saolutions OQutput | Edit
- ' " 1] = | + | BasePhase | Full Hame - Save ar Prink 2 TIC] Platm] Energul] Massial Yollite] m ™ I B
= 1] | FTawid-SLAGA ASlag-ig all oxides + 5 Flok 3
[ pure liquids 1] FToxid-SFINE BSpinel Equilib Results File »
[ pure solids I} FTawid-re0_a A onoxide 4 Recycle all streams ... | FactSage 6.3 |
F FToxid-rel_B Bt onoxide ., Format » l Save stream ﬁ|_e )l (T
. FTawid-ked_7 T onoxide o - T Strean File properties ...
species: 1] FT axid-cPyrd AClinopyroxens appl A Fact-xML 4
FTowic/OLL, Awllastonite, [ imclude malar vaolumes Fact-Cptimal 4 Summary of streams ' =
FT oxid-bC25 a'Taz5i04 j . a Direckory (C:\Wwarkshop_BOFY .. |_| -
Target I d Lalal Smecte furay [0 12 Fact-Funckion-Builder  » Zave sehtions AL solfions
| -eiﬁfr:iscible 1 W Show & all " selected T otal Solutions [rax 40 2 wt. % Cal lwl
o ; . Refrash ... wt-% Fel) FToxid-SLAGA#Z ASlag-lig
species:
salutions: 2 % Zite fraction of sublattice constituents:
Default @i
: - o ca | Save File in C:\Workshop_BOF\Wixt*. dat
Final Conditions E quilibrium Faz+

| TIC] || Platm) j | Praduct H{J) j ¢ nomal € nomal + tansttions| |00 ——oeo

I | I 0 | o FToxid-SLAGAHT ASlagdig

~
e .
r J— Entegrgaég;ream file: rumnber T
Fe
Ca

"
w
=

example

I

FactSage 6.3 et . . or enter a stream file name [up to 26 characters], for
Calculate the equilibrium

+ 0 gr| My weny favorite steam

{1600 ) : P—
¢ z3.| -avoidthe special characters 2@/ 71~ e {1

+ 33,
+ 23 I]S'ag_l

Site fraction of sublattice constituents: .V-

o
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3. Streams initialization — Gas

Initialization of the gas — EquiGas_init.dat

{7 Reactants - Equilib m@@?

EHE E;t - 2 T(0) Pletm) Enerayl) Massia) Volire) | € Change the units to °C (T) and g (maSS)

n
Enter all the reactant species, in the

same order as in the Excel sheet

8 b

Mass[g) Species
 E—r—

fi' Data Search

Databases - 1/38 compound databaszes, 0/39 solution databases

&ct

SGTE compounds arly Miscellaneous
select the database, | FF=Rg v g laswi B B BE
N7 WOr=e Qo Qoo A | D Qe Qe
O Froxcy [ I SGnucl Select Al O sGTE= [ TEMP  [J voxp

Ll Frinz Add/R 8]
FThel emave Data
L] FThelg Other

O FTpulp [ ELEM
O Frite  [] FTdemo [J] TDnucl _DefieshDatabases

Information -

Mext >>

FactSage 6.3 Compound: | 1/38 databazes Solution: | 0/39 databazes

Options

Inchuda [T
[ gaseous ionz [plasmaz) Organic species CxHy.., ¥(max) = |2—
Default [ aquecus species L .
[ limited data compounds (25C) Minimum zolution components: O 1 @ 2 cpts

thtsage"' Ferrous Applic:




3. Streams initialization — Gas

Initialization of the gas — EquiGas_init.dat

47 Menu - Equilib: Initialisation of the gas g O |

File Urits Parameters Help ||
D= TIC) Platm] Energyl) Massig) Valire] M [ Menu - Equitib: initiatisation of the Fe fiquid
-~ Reactants (1) File Units Parameters Help

Tl R

Save the Equilib file

Directaries ...
~ Products
— Compound species Solution species — Custom Solutions Save Chrl+5
4+ gas (+ ideal (" real 3 Base-Phaze Full Hame
]
m 1 Chem3age File = — )
F 0 Dol || | Save File in C:\Workshop_BOF\Equi*. dat ~Custom Solutions
FSReactar File
[T cimmraes dunliestas annh —_—
- Peeudonyms 1: File Metal_init | Enter the file number -DK
S e I ect O n I a S S e C i eS apply I List .. | 2: File LMn_calc I1-3333) Details ... |
— ! Fi ' Cancel
y g p I inchude molar volumes 2 File LMn_calc or enter the file name, for example _l ~ Peeud
T otal Spedi 1500 4: File Lp_calc t zeLdonyms
Taget—— | = 0tal I DECIES IMak ' Fi i i ; apply [ Ligt ..
g Legend [ Show @ al € selected T atal Solubions [man 40 5 F!Ie P25 _wit My very favorite calculation PRl |
&: File P20S - cg ; ; " .
I species: U oot F:File 1 exampld| - &void the special characters il .. [ include malar wolume:
I solutions: 0 _I o I 8 Fie Estimate {f |[a=ciny Save File C:\Workshop_BOF\EquiGas_init.DAT

Enter ohe line of comments

—
~ Final Conditions Equilibium ——————————| B Saving file Gas_init
| TIC) Platm) ;I Product HiJ) ;I % nomal € nomal + transiti ‘ I— ‘ ‘

o5 1 £ transitions only Cancel
= i . . . . ) B
I ™| Tiable cEet Calculate »;| [ Final Conditions - bo add additional notes, terminate the line of comments u
= TIC] | with the character +
— L 1000 IIInitiaIisation of the gas I
FactSage 6.3 |C:\Workshop_BDF\Equas_lnlt.DAT I~ Table |
1
FactSage 6.3 | C:\workshop BOFAE quibdetal init. DAT A

. e .
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3. Streams initialization — Gas

Initialization of the gas — EquiGas_init.dat

47 Menu - Equilib: Initialisatio

n of the gas

BE}|

File Urits Parameters Help
~

=

TIC) Platm] Energyld] Mazs(g) Wolllire]

—Reactants [1)

mo/m = H

47 Results - Equ

~ Products
— Compound species

[+ gas & ideal C real

3
1]
m 0
m 0
¥ :uppress duplicates aEElEI

SPECIes: K}

— Solution species

Base-Phase

Full Hame

 Custom Solutions

Details ... |

— Pzeudonyms

apply ™

List.. |

I include molar volurmes

Cutput  Edit

Save or Prink
Flat

Save gas as a stream

BEX

== E7

Equilib Resulks file 4 I
Stream File I Recycle all streams ... FactBage 6.3 |A
—_— =)
Format » Save stream file » Save gas phase ... |
Stream file properties ...
Fack-kML 4
i Surmmary of streams 3
Fact-Optimal 3

Directary (C:iwWorkshop_BOFL) ...

Fact-Function-Builder

3

E-22 [uke]

Refresh ...

E-41 oy

Calculate the equilibrium

Total Species [max 1500] 3
— Target -
g Legend ¥ Show all " selected Total 5 olutions [mas 40 ]
I species: 0
I solutions: a ﬁl
Drefault I
— Final Conditions E quilibrium
TIC) Platm) ;I Product H[J) ;I  nomnal = normal -+ transitions
I o5 1 | ransitions only
o I Table Elor Catodlate >
FactSage 6.3 [ Chvwiarks

J

L r

The cutoff concentration has been specified to 1.0000E-75

Save File in C:\Workshop_BOF\Mixt*. dat

H
()

EEEEEEEEEE TR EE
0.00000E+00 -1
Total mass/gram
Databases: Facth

Data Search opti

GAS

Erter a gtream file number
[1-9953)

Canhcel |

of enter a stream file name [up to 26 characters), for

example

ty very favarite stream

- avoid the special characters 7@~ 55+ < (M

I GactSage‘”
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3. Streams initialization — Flux

Equilib calculation cannot be done with reactant amount =0

—> Create the mixture manually
g O 47 Mixtures and Streams g@

File Edit Table unitsl Data Search Iﬂelp Mixkure aor Skream?

(| |DF"|E| il TIC) Platm] Energy(l] Mass(a) Yolllitre)
Pt una | ~—— Enter 0 g CaO at 25 °C

Mass@ ¢S pecies Phase TIC]) P[total)
M@ [ca0 Jsalid Time B 1.0 |

‘ﬁ FactSage 6.3.1

Slide Show  Programs  Tools  About

Manipulate

G Data Search

Ao

Databases - 1/38 compound databases. 0/39

SGTE [ conpondsony Miscellaneous
O Fscopp [ BINS solutions only Ocar3 [Oconi [ conp
O Fslead [0 SGPS no database O ExaM  [J FELQ O FEZN

O rsite [ SGTE Ocoop [upco [0 OTHE
O rsstel [ SGnobl Clear Al | Oreer [ PBLR  [JPIER

O Fsnobl  []'SGsold Ores_. [sGs5L [JSGTE#

OsiEs O SGnucl S elect Al | Osere= O TeEMP [ voxp
Add/Remove Data |

Oeew Other

[ FTdemo [ TDnucl HefreshDatabasesl

Information Mixture only accesses COMPOUND databases

Mixture only accessedSQMPOL™™ * °°

G =eees el i D Select FToxid database

Options

Include Lirnit
O gaseous ions [plasmas) Organic species CeHy.... X(max) = Ig_

Default | O aqueous species
limited data compounds [25C)

Mirimum solution components: O 1 @ 2 cpts




3. Streams initialization — Flux

- -
ﬁ Mixtures and Streams g@
File Edit Table Units DataSearch Help Mixture or Stream?
e Chrl+N
Qpen ... Chrl+0
Directories ... Chrl+D
. .
_— Save the mixture file |
\: File a0 | ¥ Ciarkshap_BOF) {7 Mixtures and Streams ' g@
Change Mixtures and Streams Directary ... File Edit Table Units DataSearch Help Mixture or Stream?
Mew Ctri+n
1 CiWorkshop_BOFY Open ... Chl40
2 CiLp_data) Directaries ... Ctrl+D
3 CALMN_datal,
4 CEquilib_calc) | Saveds.. Ctrl+a |
5 C\Exampleh,
6 CoAHW4-5_2013) 1: File ©50 SOLIDS strsam / 0,000000000000000E-+00 Ca0 + T[C)  Pltotal)
N Z2: File flame Flame styeam /1, 3074113327847 79E-15 C + b W 19 el 10
8 C\Documents and SettingsiMarie AlingiMy DocumentsiMcGillarticles\Pb-Md, Pb-Pr, Pb-Dy and Pb-Thb') Exit Save File in C:\Worksho p_BOF\Mi)(t*. dat

—_—

. Enter a stream file number ok
Check the Directory 155 [ o |
or enter a stream file name [up to 26 characters), for Camee

and change it if necessary

Ay very favarite stream

- avoid the special characters @M1~ 5+ N

| a0l I

FactSage B.3 Compound: | 1/38 databazes

——

FactSage B.3 Compound: | 1438 databases

. B .
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3. Streams initialization — macro

thtSage‘”

L U = 4 B S

B O B O T S T R T T X T T i T
L N 1 B B N S S [y T B L S o S e T T S (R T o 3 NS "R ST S i

42

HIDE

f/ Declaration of wvariables:
VARIABLE %MvDir. Stemperature

sMydir. = C:\Workshop BOFY
OLE1 #Mydir.BoOF_inoutput.xls Sheetl

FF dhdkkkdddkdkdkhkdhhhhkkdkhkkdhkhd Tnitialisation

OFEN %MyDir.EquiMetal init.dat
%3 = 3
%1 =1 TO 4
%2 OLE1 READ R3C:3
SET REACTANT %1 ML3Z %2
%3 3TEP
%1 LOOP
Stewmperature OLE1 READ H2
ZET FINAL T Stemperature
CALC
SAVE MyDir.MixtMetal.dat FTwmisc-FeLQ
OFEN #MyDir.EquiZlag init.dat
%3 = 3
%1 =1 TO 3
%2 OLE1 READ REC:3
SET REACTANT %1 ML3Z %2
%3 3TEP
%1 LOOP

Stewmperature OLE1 READ HS

ZET FINAL T Stemperature

CALC

SAVE %MyDir.MixtZlag.dat FToxid-SLAGAH1

OFEN #MyDir.EquiGas_init.dat
%1 OLE1l READ C9

ZET REACTANT 1 MA3ZZ %1
#Cemperature CLE1 READ HS
SET FINALL T %temperature
CALC

SAVE %MyDir.MixtGas.dat GAS

END

/7

/7

£/

Hide the equilib window

path definition

creation of OLE link

Ao e e e e v e e e e e e ek ek e ek A

open the equilib file

position of the columh to read

loop on the eguilib reactants

read and store reactant amounts
overwrite the reactant amounts

mowve to the next column

end of loop

reading and storing Metal temperature
overwrite the temperature in Eguilik
calculate the eguilibrium

save Fell as a stream

open the equilib file

loop on the eguilib reactants

read and store reactant amounts
overwrite the reactant amounts

mowve to the next column

end of loop

reading and storing slag tewmperature
overwrite the temperature in Eguilik
calculate the eguilibrium

save ZLAGLHL as a stream

open the equilib file

read and store reactant anounts

Overwrite the reactant amounts

reading and storing gas temperature

overwrite the temperature in Eguilib

calculate the eguilibrium .
sSave GLI as a stream

end of macro



4. Equilib file for R1

Reaction between hot metal, slag and gas — EquiR1.dat

{7 Reactants - Equilib m@@?

EHE E;t - 2 T(0) Pletm) Enerayl) Massia) Volire) | € Change the units to °C (T) and g (maSS)

f_ Enter the reactant streams for R1

rnase oy rrocany Jream# wam| |

100% [Metal] | |[5tream] [1000 1 [1
" [1003% | |[5trzam] EE |2

||[5Iag]

||[Gas] ~ | [[5heam] [25 i |3

ﬁ' [Data Search

Databases - 3/38 compound databases. 2/39 zolution databases

{act SGTE —‘mmmunds pp Miscellaneous
FactPS O BiNS solutions anly [ car3 Ocon1t [ cowe
FToxid O sePs no database O exad [ FELQ O FEZN

O
Select the databases\\ . 0 0 0 0 0
[T F1salt SGTE GOOD NDCO OTHE
\\ 3 (A FTmisc | O O SGnobl Clear Al Oredr [Ptk [ PIER
O O sGsold Oree. [OsesL L[] SGTE#
O Froxce O 0 sGnucl Select Al 0O seTEx [ TEMP [ voxp
O FTintz

O3 FThelg otner R

O FTpulp
OFmite [ FTdemo [ TDnucl _FReheshDatabases

Information -

[ Pltatal] is the hpdrostatic pressure above the phase.
For a gazeous stream thiz is the sum of the
partial preszures of the species in that stream.

v Initial Conditions

Mext >>

FactSage 6.3

Compound: | 3738 databazes Solution: | 2/39 databaszes

Select initial conditions for )
adiabatic calculations

Options

Include Lirnits
D gaseous ions [plasmas) Organic species CaHy..., %[max] = |_
Default O agueous species . .
[ imited data compounds [26C) Minirmum solution components: O 1 @ 2 cpts

thtSageT" Ferrous Applications — U



4. Equilib file for R1

Reaction between hot metal, slag and gas — EquiR1.dat

(=

47 Menu - Equilib: reaction between metal, slag and gas

File Units Parameters Help

O E

TIC) Platm] Energyl]] Mazz(g) Wolllire)

’W ™ A7 Menu - Equilib: reaction between metal, slag and gas

AEX]

Reactants [3]

‘ (gram) 100% [Metal]  + 100% [Slag] + 100% [Gas] ‘
[100ac.#1] [1600C #2) [2AC.9.H3)

Products

Compound species Solution species Cusgtom Salutions

[ G idear red 27 ) = [ + | Base-Phase | Full Name

S e —

] 0 + FTrisc-FelLO Fe-liq

[~ pure liquids ] | FTomid-SLAGA | ASlag-ig all oxides + S

[~ pure solids 0

I” suppress duplicates  apply Pasudanyms

" Select gas, FelQ a nd SLAGA |m
00 4{
Target 171 Legend T
- hone - |- immiscible 1 ' Show (" all o Total Solutions [rmax 40
Estirnate T(C): 1000 + - selected 1 species: 21 Sl
zolutions: 3 ﬂ
Final Conditiong E quilibrium
TIC) IF'[atm] |Delta HU || & noma

| | B
[0 r

Calculate >3

P

|D
1 calculation

= | eave temperature blank and set

Eile Units Paramet

Mew
Open ...
Directories ...

Save

ers Help

Save the Equilib file |

Chrl+5

I ]
2650043

Chem3Zage File

Cancel

m = %

Custom Solutions

[

Pzeudonyms
List ..

F

apply [

bl 1

Save File C:\Workshop_BOF\EquiR1.DAT

| Save File in C:\Weorkshop_BOF\Equi®. dat
FSReactor File
1:File Bl reackd Enter the file number
21 File Slag_init i 19333
3 File Gas_init 1 o0 over the fls name, for sxample
4: File Lp_calc b
%! File LMn_calc by wery Favoribe caloulation
i File Metal_init _ _ "
71 File LMn calc || - @void the special character — =
&1 File P205_witl FHI
Exit: Saving file B1

Enter ohe line of commants

Final Conditions

with the character +

| T[C

- to add additional notes, terminate the line of comments

oK

Cancel

il

|
T

FactSage B.3

Delta H = 0 (adiabatic conditions)

|
-

| ﬂreaction between metal, slag and gas I

C:\Workshop BOFAEqQuiR1.DAT

‘ thtSage‘”

o
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4. Equilib file for R1

Reaction between hot metal, slag and gas — EquiR1.dat

47 Menu - Equilib: reaction between metal, slag and gas g O 1
Eile Units Parameters Help
D= g TIC) Fatm) Enerayl) Massia) Vollie) m e Save Fe LQ an d SLAGA#1 as streams
Reactants [3 " =1
eactants (3) 47 Results - Equitib 2322.62 C - ﬂI:II'E
‘ [gram] 100% [Metall  +  100% [Slag] + 100% [Gas] ‘ E—
[1000C.4#1) (1600C.#2) [25C.2.43] e =
Save or Print 4 TIC) Platm] Energull] Massig) Yollitre] "T BI W7
Products Flok 3 |
Compaund species Solution species Custam Solutions Equilib Results File 4
[+ gas ¢ ideal " real 27 = | + | Base-Phase | Full Name l Skream File Pl Recyele all streams ... | FactSage 6.3 |
= 0 + FTmizc-FelO Fe-lig Farmat: v | Save stream file Hl  Savegasphase ...
[ pure liquids ] | FTomd-SLAGA | ASlaglig all oxides + S Stream file properties ... =
[ pure solids 0 Fact-xML '
3
[ suppress duplicates _apply s Fact-Optimal » S.ummary of streams
_ ST - Directory {CilWorkshop BORY .. o] ALL solutions
species: a7 PR Fact-Function-Builder ¥ {5 C? Flmisc-relc) Fediq
[ include molar wolumes Refresh .., ;_02 ;;D FTOXG-SLAGRF | A5 ag-lig
Total Species [max 1500]) 48 FToxid-SLAGA#Z ASlag-lig
Target Legend . - o . _— [
-nane - e ¥ Show al  decied | LotalSoutions[msxdd] 3 Save File in C:\Workshop_BOF\Mixt*. dat Facere
Estirnate T(C); 1000 + - zelected 1 species: 7 S atoet F:E:ps
- Elec FTrmigc-Fell Fe-lig
solutions: 3 Defalt FactDs
Enter a stream file number Factps
Final Conditions Equilibrium [ - 9333] Cancel Factp
| @ JPam ~l|Detatil <] | | & nomal  © ac —
| | | [ 0 - o ente 2 sreamfle name up to 25 chars Save File in C:\Workshop_BOFWMixt*. dat
Lalculate >> _ FTaxid SLAGA#T ASlagiq
Fy wery favonte stream
ofe o ) . e gl ETEET 3 stream file number
FactSage 6.3 C:\Woarkshop_B Ca | C u Iate t h e e q u I I I b r-l u m - avoid the special characters @1~ [1-9993) Cancel
Metal reacted or enter a stream file name [up to 26 characters), for
+ 9. 8E9ZE-1% Ca0Z example
+ 3.41359E-12 [ofc] . "
e - ey wer favorte stream o

- avoid the special characters 2@/ 71 b

| Slag reacted I
— ___——aa '
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4. Equilib file for R2

Homogenization in metal — EquiR2.dat

{7 Reactants - Equilib m@@?

EHE E;t - 2 T(0) Pletm) Enerayl) Massia) Volire) | € Change the units to °C (T) and g (maSS)

f_ Enter the reactant streams for R2

rnase oy rrocany Jream# wam| |

100%| [Metal] | |[5tream] [1000 1 [1
" [1003% ||[Meta|_rea-:ted] | |[5trzam] |232262 |1 2

ti' [Data Search

Databases - 1/38 compound databases. 1/39 solution databases

{act SGTE —‘mmmunds pep Miscellaneous
O FactPs O BiNS solutions anly O car3 Ocont  [Jcowp
O FToxid O sGPs no database OexaM [ FELD O FEZN

O
O L_ioctctcss |
O O sGTE Osoop [Owpco [ OTHE
\\ 3 [ FTmisc | O O SGnobl Clear Al Orenr [ PetR [ PIER
O O sGsoald ORree. [sesL  [J SGTE#
0O Froxce O 0 sGnucl Select Al OseTer [ TEMP [ voxp
O FTitz

0 FThelg other EEEEEEE

O FTpulp [ ELEM
OFTite [ FTdemo [] TDnucl _FReheshDatabases

Information -

Select the database ’

v Initial Conditions

Mext >>

FactSage 6.3

Compound: | 1/38 databazes Solution: | 1/39 databaszes

Select initial conditions for )
adiabatic calculations

Options

Include Lirritts
[ gaseous ions (plasmas) |VDrganic species CaHy.... ¥[max) = |_

Default O aqueous species
[ limited data compounds (25C]

Minimum solution components: O 1 @ 2 cpts
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4. Equilib file for R2

Homogenization in metal — EquiR2.dat

47 Menu - Equilib: homogeneisation in metal g O
File Units Parameters Help _|

== TIC) Platm] Emergyl)) tass(g) Yolllie) ’ﬁ ™ 47 Menu - Equilib: homogeneisation in metal g [m|
File Units Parameters Help
m (e

Reactantz [2]

(gam) 100% [Metal]  +  100% [Metal_reacted] ‘ hlew

(1000, 1] [2322.62C.42) ORen .. Save the EqU|||b fle

Directories ...
(== B |
Froducts Save Chrl+5 -
Compound gpecies Solution species Cugtom S olutions

i

B ges 651 c=2l= 0 [=]:] BasePhase [ _ FullName
i jsc- i Chems. Fil N a
F 0 + | FTmisc-FelQ Fe-li mmoage His Save File in C:\Workshop_BOF\Equi®. dat Custom Solutions
|— 0 FSReactor File
. - Enter the file number
v SRR Pseudonyms 1: File RZ homoge [1-9939)
" anoly List 2:File R1 reaction ] C I
species: 0 Se I e Ct O n |y Fe LQ “ il 3t File Slag_init inij or enter the file name, for example ance
I include molar volumes 4: File Gas_init Ini . ) Pseudonyms
arge - n . T otal Spesies (max 1500 5: File Lp_calc tac by wery favorite calculation apply List
Een 2 i . . Bles NS
- hione - - slocted 1 ¥ Show ™ all @ selected Total Solutiors [ma 40 f: File LMn_calc to _ 5oid the special characters 7@/, 6%+ ¢4 ielcdes sl ol
Estirnate T(C]: 1000 S 5 71 File Metal_init ir| = -
. Soﬁmonsi 1 % 8: Fils LMn_calc to [F!2 | Save File C:\Workshop_BOF\EquiR2.DAT
) Diefault )
Exit Saving file R 2 0

Final Conditiong E quilibrium T
TIC) IP[atm] LI|DeIta Hi) j * nomal O Enter one line of cormments

~
| | | . - Final Conditions - bor add additional notes, terminate the line of cormments
r 1 calculation Calculate >3 | | | TIC] with the character +

I]h-:-mc-geneisatic-n if metal
= | eave temperature blank and set e

De |ta H = O (a d i ad bat| Cc con d itio N S) FactSage .3 C:\workshop_ BOFSEquiFi2 DAT

il g

Caneel

R
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4. Equilib file for R3

Homogenization in slag and flux addition — EquiR3.dat
{7 Reactants - Equilib m@&ﬂ
e el [@ren s e |€— Change the units to °C (T) and g (mass)

f_ Enter the reactant streams for R3

Specie: rnase i) Fean)TT S reams vaa |
I[Slag] | |[5tream] [teo0 |1 [1

|[Slag_reacted] = | [[Stream] |232262 |1 |2
|caD Nﬂe ~| J= 1 |2

|[Strean\ |25 1 |4

Fresh flux

-‘? Data Search

(=]

K

Databases - 1/38 compound databases. 1/39 solution databases

Lact SGTE [omrdom Miscellaneous
zolutions only

[ Factrs [ 0O BiNs Ocar:  [Jcowl [ cone

(T FToxid | OO O sGPs no database OexaM [ FELD O FEZN

] 0 s&TE OGsoop [ NDco [ OTHE

U d . | d C O | d 0O Frmise O 0 SGnobl Clear 4l Oreur O PeLR [ PIER
OFfthat [ 0O sGsold O ree. [JsesL [ SGTER

naissolve d ’ recyc € 0O Froxce O 0 SGnucl Select Al OseTer [ TEMP [ voxD

O FTitz

0 FThelg other T

O FTpulp O ELEM
OFrite [ FTdemo [] TDnucl _FReheshDatabases

Information -
Click on a box to include (or exchude) a database in the data search. Mormally databases are 'coupled' - that iz bath the
compound and solution database [when available) will be selected. To 'uncouple’ a databases click-mouze-right-buttan
[hate, thiz iz NOT recommended).

/ [v Initial Conditions

Compound: | 1/38 databazes Solution: | 1/39 databaszes

Select initial conditions for )
adiabatic calculations

Select the database

FactSage 6.3

If database iz stored on your PC but not listed here then pou must 'add the database to the list' - click on ‘Add/Remawve ..

Options

Ihclude Lirnits
[ gaseous ions (plasmas) Organic species CxHy. ., ¥[max] = |2_
Diefault O aqueous species

[ imited data compounds [25C) Minimum solution components O 1 @ 2 cpts
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4. Equilib file for R3

Homogenization in slag and flux addition — EquiR3.dat

47 Menu - Equilib: homogeneisation in slag + flux addition g O |
File Units Parameters Help . It .
Oz = TIC) Platm] Energyl)) Mass(g) Yolllie) ’ﬁ ™ .jfi'Menu - Equilib: homogeneisation in slag + flux addition E] |

Reactants [4] File Units Parameters Help

Mew = B
(gram) 100% [Slag]  + 100% [5) tedl +  Cal +  100% [Cad] I . B0 3R
| graﬂsnuc,m]ag [2322.ansg2_cn3?§]E [25:1,113] [25:,11;] ‘ Open ... Save the Eq ul | | b fl Ie L

Directaries ...
18] + roues oA
Products Save Chrl+3 25Elﬁ4 !
. . . . | 2 X
Compound species Solution species Cusztorn S olutions | P 6 e

#3
L Plosd SLAGA L Asiagiigal gudes 1S Chemsage e | Save File in C:\Workshop_BOF\Equi®. dat Custom Solutions

[ o o 0 | = | +| Base-Phase | Full Name

r . =AML e

[ pure liquids i]

r FSReactar File

Leeow ! - Enter the file number

L Pzeudaonpms 1: File RS homof| [1 - 3333
* - custom selection , 2: File R2 haomo £

' ancel
seeb [ L 3 File R1 reacti| Or enter the file name, for example 4

species: 1
4: File Slag_init i . Pzeudonyms
by very favarite calculation

Se I e Ct O n |y S LAG A a n d p u re Ca O ( S) rg 2 E::: f:—sc_:citt - avoid the special characters @71, &5+ {1

71 File LMn_calz
T 1

,'— soﬁﬁﬁ'ﬁs} '2 Select I I . 5: File Metal_init] |H3 I Save File C:\Workshop_BOF\EquiR3.DAT
4 Exit

Final Conditions Equilibrium
TIC) IP[atm] Lll Drelta HiJ) j o momal Enter one line of cormments Cancel

~
! ! | y ~ Final Conditions - bor add additional notes, terminate the line of cormments
r 1 calculation Calculate >> | | TIC] || with the character +
| |

P ’_ I]h-:-mc-geneisatic-n in zlag + flux addition I

= |eave temperature blank and set -
Delta H = 0 (adiabatic conditions) | "= C ki S0P E 104

apply | List ...

F

[ inchude molar solumne

Saving file B3 oK

a0

| i)

;
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4. Main reactions — macro

thtSage‘”

10z
103
104
105
106
107
105
109
110
111
112
113
114
115
116
117
1158
115
1z0
1z1
1zz
123
1z 4
125
1Z6
127
1z8
1z9
130
131
132
133
134
135
136
137
138
139
140

J7 dkddokockkkdodokdobdoikkdkddddokkkd START OF PROCESS deddddedddddodidddddddododbdodddd

VARIABLE %tempflux %time %pos
Stempflux OLE1 REALD HI10
Hpos = 15

Flstime = 1 TO 15

OFPEN %MyDir.EcquiRl.dat
%1 OLE1l READ R%po=C3
SET REACTANT 1 MA3ZE %1
%1 OLE1l RELD Biposcy
SET REACTANT 2 MAZS %1
%1 OLE1 READ R:posCS
SET REACTANT 3 MAZS %1
CALC

OPEN &MyDir.EquiBz.dat

%1 OLE1l READ Biposcd

SET REALACTANT 1 MASS %1

CALC

SAVE SMyDir.MixtMetal.dat FTwisc-FeLD

COPEN %MyDir.EquiRs3.dat

%1 OLE1 READ R%posCH

SET REACTANT 1 MA3ZE %1

%1 OLE1l READ R%po=CE

SET REACTANT 3 MA3ZS %1

SET REACTANT 3 T %tempflux

(=] IF %time = 1 THEN

B S3ET REACTANT 4 MAZS O
ENDIF
CALC

SAVE &MyDir.MixtSlag.dat FToxid-SLAGLHL
SAVE %MyDir.MixtcCad.dat 3IOLIDS

= Hpas 3TEP

Brime LOOP

END

i
i
i

i
i
i
i
i
i
i
i
i

SAVE %MyDir.HMixtMetal reascted.DAT FTmisc-Felo
SAVE %MyDir.HMixtSlay reacted.DAT FToxid-3LAGA#HL

i
i
i
i
i

i
i
i
i
i
i
i
i
i
i
i
i
i
i

i

variakbhle declaration for main reactions
read and store flux temperature
first row to read input data

loop ower the 15 calculations
open the equilikh file

read the kinetic factor in excel
overwrite the reactant amounts
read the kinetic factor in excel
OVerwrite the reactant amounts
read the kinetic factor in exXcel
OVerwrite the reactant amounts
calculate the equilibrium

ff save FelLQ as a stream

ff save SLAGA#L as a stream

open the equilikh file

read the kinetic factor in excel
overwrite the reactant amounts
caloulate the equilibrium

save FelQ as a stream

open the equilikh file

read the kinetic factor in exXcel
overwrite the reactant amounts

read the kinetic factor in excel
overwrite the reactant amounts
overwrite the reactant tenperature {(flux)
if first calculation,

force the recycled Cald stresen to be 0
end of if

calculate the eguilibrium

zave SLAGL#]l s= a stream

save S0LID3 as a stream

move Lo Lhe next row to read inputs
end of loop

end of macro
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5. Organise the outputs in Excel

* 1 Excel sheet to print out the calculation results for the
metal, slag and gas phases after homogenization (R2
and R3)

* Print out for each min (0 to 15 min):

— Metal temperature, mass of Si, C and Mn in metal, and
total mass of metal after homogenization (R2)

— Amount of gas produced from R1

— Slag temperature, amount, and mass of each slag species
after homogenization (R3)

— Mass of undissolved CaO(s) after homogenization (R3)

| S
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Results — Temperature profile

1800 -

—+—NMetal -—8—Slag
1700

-
)]
o
o

Temperature (C)
o
o
()

1400
1300
1200 | | !
0 5 10 15
Time (min)
e ——
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Results — Phases amount

100 ——\letal ——-Slag -4
99.5 - ——Gas ——CaO(s) 3952
— B 3 g
c o
S 99 - £
o - 25 ®
E 0
0985 2 O
z 2

£ - 15

® 98 - =
= e
O
97.5 - -
i A 05 &
X 7

97 . . 0

0 5 10 15
Time (min)

| e —
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Results — Metal composition

4

w
w o

N
&)

-
o))

Metal composition (wt%)
- N

0.5 kA

0 I I 1
0 5 10 15
Time (min)
| o
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Results — Slag composition

. 5 588588
- ././.'*.-—.—H
——Si02 - Ca0
50 - —+—FeO ——Fe203
40 - =t= N0 =0—Mn203

———0—0—0—0—0—0—0—

oy
O

Slag composition (Wt%)
D
(-

0 ) 10 15
Time (min)

| —————
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Application Il

SLAG/STEEL/INCLUSION
INTERACTION

Evolution of inclusion chemistry by
indirect interaction with top slag

I thtSage‘”
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Slag/Steel/Inclusion Reactions

Slag

I Steel

In FactSage, if we put slag, steel and non-metallic inclusion
together and do calculations, it is impossible to distinguish
the slag and non-metallic inclusion phase.

Theoretically, the slag and inclusion compositions should be
identical if the entire system is in equilibrium. However, the
inclusions typically formed by the deoxidation of molten
steel require a time to be completely in equilibrium with
molten slag.

The only option to see the interaction between slag and
inclusions is to do two separate calculations, ‘Slag/Steel’
and ‘Steel/Inclusion’, with Steel shared between the
calculations. Therefore, the influence of the slag on the
inclusion chemistry can be calculated indirectly through the
change of the steel chemistry.

In these calculations, the molten steel after the first
equilibration with molten slag should be stored as a mixture
(stream) as input for the next equilibration calculation with
the inclusions.

Alternatively, the calculations can be performed using the
FactSage macro processing facility.
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Modification of inclusion in LF by interaction with top slag

_ SiO,( + 15%A1,0,)
Top-Slag Composition O
[C] = 0.7Wt%

N @MN]+[Si]) = 1wt%

Slag
I Steel

n

\ 80

80 70 60 50 40 30 20 10
CaO( + 15%Al,0,) Weight percent MnO( + 15%Al,0,)
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Slag/Steel/Inclusion Reaction: Macro processing input Excel file

T =1600C
A B C D E F ] H | ]
1 Temperature wooc System temperature Slag
2 |Duration lomin 10 times iterations for (1) and (2) rxns. (2)
3
4 |5teel amount: 100 kg
5 Steel composition (wi%) — Steel
6 Fe M 50 (] Al Ti 5 Ca Total
7 98.9849 0.6 0{4 0.01 0.0001 0 0.005 0 100
2 Clag amount: 6 ke Relative amount is important for the change o (1)
10 Slag composition (wit%) Inclusion Chemistry I
11 |CaD Mg Al203 5102 Fe( MnO Total nC
12 45 10 15 25 ) 0 100
13
14
15
16
17
18 |DO NOT ALTER
19 [Fe M 50 (] Al Ti 5 Ca Total
20 98.9849 0.6 0.4 0.01 0.0001 0 0.005 0 100
21
22
23
24 | Cad MgO Al203 5102 Fe( MnO Total
2 3> T l—— 0 10 Macro process files will
M 4 » ¥| Sheetl ~Sheet? Sheet3 ¥ .
Ready | be provided separately

I thtSage‘”
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Slag/Steel/Inclusion Reaction: Macro processing input Excel file

Steel comp. after slag and inclusion reaction

—4—0 (ppm) —<=Al (ppm) —+=Ti (ppm)

e & re e &

- 0.7

v

"~ —e—S (ppm) ——Mn (Wt%)  —m—Si (Wt%)

(o]
o
L

o))
[=]

w
o
L

o
iy
and Si content (wit%)

0O, Al and Ti content (ppm)
B
o

N
o
I

—
o
I

o

K

*
@ ¥
¥

Time (min)

Slag composition (wt%)

Liquid inclusion composition after equilibration with steel

2 4

Time (min)

6

10

——AI203(SLAGA)
—a—Si02(SLAGA)
—— Ca0 (SLAGA)
= Fa0(SLAGA)
e Fe203(SLAGA)
—s—MgO(SLAGA)
——MnO(SLAGA)
—Ti203(SLAGA)
———Ti02(SLAGA)
e Mn203(SLAGA)
—8— AI2S3(SLAGA)
s SiS2(SLAGA)
—— CaS(SLAGA)
——FeS(SLAGA)
Fe2S3(SLAGA)
—— MgS(SLAGA)
MnS(SLAGA)
Ti2S3(SLAGA)
TiS2(SLAGA)
Mn2S3(SLAGA)

I thtSage‘”

Ferrous Applications — Use of Macros 63




Reoxidation of Al-killed Ti-bearing steel: macro-processing

Reoxidation by high FeO ladle slag (for example, just after RH process)

A B C D E F G H | J
1 Temperature 1600 C
2 Duration 10 min
3
4 Steel amount: 100 kg
5 |Steel composition (wit%)
6 Fe Mn Si 0 Al Ti 5 Ca Total
7 99.8425 0.01 0.01 0.0025 0.02 0.1 0.005 (i} 100
g
9 Slag amount: 0.1 kg
10 Slag composition (wt%)
11 [ Cad Mgo Al203 5102 Fel MnoO Total :
5 20 0 s 0 5 o 1 Ladleslag with 5% FeO
13
14
15
16
17
18 DO NOT ALTER
19 (Fe Mn Si 0 Al Ti 5 Ca Total
20 99.8425 0.01 0.01 0.0025 0.03 0.1 0.005 1] 100
21
22
23
24 |Cao MgO Al203 5102 Fel MnO Total
25 0.04 0.01 0.013 0.03 0.003 0 0.1

M 4 » ¥ | Sheetl ~Sheet? . Sheet3 . ¥J
Ready |
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Reoxidation of Al-killed Ti-bearing steel: macro-processing

0.06 -

0.05 -

0.04 |

Mass change of each phase

——Steel —-Slag

Solids in slag ——Liquid inclusions

—=—3olid inclusions

weight change (kg)

Solid Al,O4 forms after deoxidation.
Then, it is converted to liquid inclusions

with reoxidation by the slag.

The liquid inclusion is composed mainly
of Al,O5-TiO,-Ti,O5-MgO in early stages

and the CaO content in the liquid
inclusion increases with time.

Time (min)

Slag composition (wt%)

80 -

Liquid inclusion composition after equilibration with steel

Time (min)

—— AI203(SLAGA)
—m—Si02(SLAGA)
i Ca0 (SLAGA)
e F2O(SLAGA)
i Fe203(SLAGA)
—o—MgO(SLAGA)
e MNO(SLAGA)
———Ti203(SLAGA)
TIO2(SLAGA)
——Mn203(SLAGA)
—m— AI2S3(SLAGA)
SiS2(SLAGA)
i CaS(SLAGA)
——FeS(SLAGA)
Fe2S3(SLAGA)
Mg S(SLAGA)
MnS(SLAGA)
Ti2S3(SLAGA)
TiS2(SLAGA)
Mn2S3(SLAGA)
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Reoxidation of Al-killed Ti-bearing steel: macro-processing

Reoxidation by high SiO2 tundish slag (in Tundish)

A B C D E F G H I 1
1 Temperature 1600 C
2 Duration 10 min
2
4 |Steel amount: 100 kg
5 |Steel composition (wt%)
6 Fe Mn Si 8/ Al Ti 5 Ca Total
7 98.8625 0.7 0.3 0.0025 0.03 0.1 0.005 0 100
a8
5 Slag amount: 0.1 kg
10 Slag composition (wi)
11 |Ca0 MgOo Al203 5102 FeO MnO Total
12 35 10 10 a0 5 0 100 Tundish slag with 40% SiO2
13
14
15
16
17
12 DO NOT ALTER
19 Fe Mn Si a Al Ti 5 Ca Total
20 08.8625 0.7 0.3 0.0025 0.03 0.1 0.005 0 100
21
22
23
24 |CalO MgO Al203 Si02 FeO MnO Total
25 0.035 0.01 0.01 0.04 0.005 1] 0.1
M 4 » »| Sheetl ~Sheet2 ~Sheetd .~ ¥J
Ready |

‘ Liactsage
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Reoxidation of Al-killed Ti-bearing steel: macro-processing

Mass change of each phase

Time (min)

0.03 -
0.02
—o—Steel —B-Slag

= 0.01 Solids in slag ——Liquid inclusions
= ——Solid inclusions
>
c
©
o
o
=
(=]
©
2 .0.01

-0.02

-0.03

Slag composition (wt%)

Solid Al,O, forms after deoxidation.

Then, it is converted to liquid inclusions
with reoxidation by the slag (more slowly

than in the previous case).

The liquid inlcusion is composed mainly
of Al,O5-TiO,-Ti,05;-MgO (less MgO than
in the previous case) in early stage and

the CaO content in the liquid inclusion is

increasing with time. Ti,O4 level is

higher than previous case
S _ _
6
s
.

30

Time (min)

—t— AI203(SLAGA)
—8— SI02(SLAGA)
s Ca0(SLAGA)
e FeO(SLAGA)
e Fe203(SLAGA)
—o— MgO(SLAGA)
——— MNO(SLAGA)
——Ti203(SLAGA)
TIO2(SLAGA)
= Mn203(SLAGA)
—#— AI2S3(SLAGA)
SiS2(SLAGA)
CaS(SLAGA)
i FES(SLAGA)
Fe2S3(SLAGA)
i MgS(SLAGA)
MnS(SLAGA)
Ti2S3(SLAGA)
TiS2(SLAGA)
Mn2S3(SLAGA)
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Note
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Note
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