Application 4: Killing of steel in the ladle

Deoxidation of steel
Inclusion formation / composition in molten steels
. Mn/Si/Ti steel
Inclusion stability diagram (phase diagram): Al/Ti steel
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Ex3-1. Deoxidation of steel (Ferromanganese)
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Ex3-1.

Deoxidation of steel (Ferromanganese)
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Ex3-1. Deoxidation of steel (Ferromanganese)
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Ex3-1. Deoxidation of steel (Ferromanganese)
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Ex3-1. Deoxidation of steel (Ferromanganese)

<100-A> [liquidFe-C-O_1600C] + <A> [Ferromanganese]
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Ex3-1. Deoxidation of steel (Ferromanganese)
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Ex3-2. Deoxidation of steel (Ferrosilicon)
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Ex3-2. Deoxidation of steel (Ferrosilicon)
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Ex3-3. Deoxidation of steel (Mn-Si)

F Menu - Equilib: Deozidation of steel (Ferrosilicon)

50%Mn-50%Si
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| <> TIC) | Platm) _~||ProdustHUL | | | nomal + 5.0000E-02 wt.% O FTmise)
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Ex3-3. Deoxidation of steel (Mn-Si)

<100-A> [liquidFe-C-O_1600C] + <0.5A> Mn + <0.5A> Si
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Ex3-4. Deoxidation of steel (Mn-Si-Al)

B (] 1
File Units
D= E

Reactants [4]

Parameters Help

33.333%Mn-33.333%Si-33.333%Al

TIC] Platm] Energull] Maszsg) Yolllitre]

=ik

| [gram] <100-4> [iquidFe-C-0_1600C] *

<0.333334> Mn  +

<0.333334> S5+

<0.33333% A |

Products
Compound species
|| (v r il
|| a
[ pure liquids 1]
[+ pure solids 35
W _zpoly|
spECies: 35
Target

—
—

Final Conditions

Solution zpecies

Custamn Salutions

* | + | BasePhase | Full Name -
+ FTmisc-FelQ Fe-lig
+ FTrmisc-BCCS bec
+ FTmizcFCCS foo
| FTowid-SLAGA ASlagig all oxides + 5 Pseud
FToxid-5LAGGE 551ag-iq with CAMHACH
FTowid-5LAG? ¥5lag-iq apply
| FToxid-5PIMA, ASpinel B
FTaxid-SPIME BSpinel j
Legend Lotal 3
- iﬁ'nmiscible 4 v Show @™ al  selected Total 5|
+-gelected 12 species. 113

20

zolutions:

E quilibriun

<A | 0@ JPem ~||PedetHi) +| & nomal
010005 [ | 1600 [1 | g branisitior
r e
FactSage 6.3
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Edit Show Pages
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A:D.ESI A:D.‘?] A:D.?S] A=D.8] A:U.SS] A:U.S‘] A:DESI 4=l ] A:l.DS] A:l.l] A:l.lS] A:l.?]

=0 | 4=005 | 4=0.1] 4=0.15] 4=02] 4=025] 4=03] 4035 | a=04] 4=045] 4=0.5] 4=055] A=05 |

Qutput

| FactSage &.3 b

{gram) <100-A> [lieuidFe-C-0_lE00C] + «0.333334= Mn + «0_333334> 24 + =0.3__.

loo.0o0 gram Fe-lig

(100.00 gram, 1.5583 mol)
(1e00 C,
{95,350 wt.% Fe
+ 1.0000 wt % C
+ 5.0000E-0Z2 we.% 0

1 atm, a=1.0000}
Flmisc
FTmi=sc

FTmisc)

Sevrstem component Mole fraction Mass fraction
Fe 0_3E5351 0. 35380

o l.6218E-032 E.0DOOD0E-0D4
[ 4_4805E-0Z 1.0000E-0z2

beo
1l atm, a=0_.91a77)
wt_% Fe:Wa

oEam

(le00 C,

i 10d.00 FTmisc)

foco

1 atm, a=0._390933)
wt_ % Fe:Wa

oram
{1600 o,
{ 1o0.o0 FTnisc)

gram AMonoxide
(1e00 C,
{ 95.355

+ 4.6453

1 atm, a=0.15453)
wt.% Fel
wt_% FezO3

FToxid
FToxid)

gram ASlag-lig#l
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Ex3-4. Deoxidation of steel (Mn-Si-Al)

<100-A> [liquidFe-C-O_1600C] + <0.33333A> Mn + <0.33333A> Si + <0.33333A> Al

[ T T T T T T T T T T T T T T T T T
-1.4
-18
-1.8

-2.0 r
-2.2 r
-2.4 r
-2.6 C
’g -28
X
T 32t
g a4l 1
36 . . . ] <100-A> [liquidFe-C-O_1600C] + <0.33333A> Mn + <0.33333A> Si + <0.33333A> Al
el Oxygen level in liquid Fe _
Aor 1 0.20
-4.2 r
aaf 018 b
-4.6 r
'48 - 016 -
5.0 - i .
0 i 2 3 4 5 6 7 8 5 oo Inclusion:
Alpha |
vl Corundum(Al203)
] i
Z 010
Bn
0.08
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0.04
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0.00
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Ex3-5. Inclusion evolution with temperature: Mn/Si/Ti steel

File  Units

0=

Parameters  Help

TIC) Platm] Energyld] Mass{g] Yolllitre]

< FToxid : oxide inclusions

Reactants (7]

= m e

[ [aml982769 Fe  + O1C + 15Mn + 015 + 000G Ti + 0010 + 00075 |
Products
Compound species Solution species Custarn Solutions
[” gas ¥ - 0 = | + | Base-Phase | Full Hame j
0 + FToxid-Ti02 FRutle
[ pure liquids 1] | FToxid-ALMEA Allmenite
[+ pure solids 105 + FToxid-PSEL Fzeudobrookite —I
v suppress duplicates apply + FToxid-TiSp Titaria_Spinel Bazugims
*_ cystom selection + FTouid-T5pi Tetragonal-Spinel - -
species: 105 + FTowid-Bisb Mn203(Bixbyite) apply L
g fullcrid ol M i I include molar volumes
+ FTowid-Fhod Rhodonite <7 B
Tremsiarns - (emperie Legend Tatal & eCiss max 1500] 253
et ¥V Show ™ al  selected Total Solutions [mas 40) 20
| - immiscible 2
Mumber of '+ selocked 15
transitions: |4l hd seeete B Select
solutions: 20
Drefault
Final Conditions Equilibrium
| TIC) ||F'[atm]  nomal  * nomal + transitions

~||ProductHp ~|
| | |

[1E00100010 1

" hransitions only

r _Calculate >>_|
FactSage 6.3 C:AFactSage EquiEx3-5 DAT
pecies Selectio Q B R g X
Eile  Show Select
+ | ] | Species | Mole [min] | Mole [max) | Fraction [min] | Fraction [max] | Activity [min] | Activity [max] | «
SOLUTIONS
254 GAS 1] 1] 1] 1} 1} 1}
+ | 285 FCC1 0 1.7905 0 0 0.956022 1
+ | 256 BCC 0 1.6729 0 0 0.963275 1.
+ | 257 Fell 1] 1.79396 1] 1} 0.704351 1
259 MS-c 0 0 0 0 5.0514E-03 0.960094
+ | 289 SLAGAH 0 5.0781E-04 0 0 0.74078 1.
+ | 260 SLAGARZ 1] 1] 1] 1} 0.445617 1
261 SPINB 0 0 0 0 3.2208E-10 31210607
262 Med_aA 0 0 0 0 0.24052 0.296171
263 cPyrd, 1] 1] 1] 1} A LT 3.0688E-05 J
+ | 264 Qliy 0 6.8763E-05 0 0 T34E-02 1
265 CORU 0 0 0 0 24921E-03 1.2307€-02
266 TiD2 1] 1] 1] 1} 0.353232 0.438293
+ | 267 ILMEAH#1 0 1.1790E-04 0 0 0.645451 1
+ | 268 ILMEAHZ 0 0 0 0 0.645451 1.
+ | 269 PSEU 1] 85420608 1] 1} 0.334329 1
270 Tisp 0 0 0 0 0351719 0.955418 j
Mass Order ' =
W e | o mole @ integer # Select Top ,ﬁﬁ
[ [page] " gram " mass [max] —
" fraction [max]
B  activly [me) Select..._| ok |

[ Click on the "+ column to add or iemaove species. |

< FTmisc: FelLq, MnS solid (MS_c)
< FSStel: solid steel phases (fcc, bece)

500

500

400

98.2769 Fe+ 0.1C+ 1.5Mn + 0.1Si+
cAWorkshop\Equi0.res 3May11

200 £

100

0

5L #1

ILMEA#1

A1

1000

|
1100

1200 1300 1400
T(C)

< Select all phases (pure solids and
solutions) with amount > 0
Or simply select all stable phases

1600

thtSage‘”
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Application to Tire-Cord Steel (Mn/Si deoxidation)

0.15~0.38mm diameter

Tire-Cord Steel

Inclusion (ex., alumina)

Crack Initiation

Fe-36%Ni Invar Steel

*.150um thickness

Crack Initiation
Surface Quality

. / .
Inclusion (ex., alumina)

« Undeformable Inclusion should be removed
e Liquid phase is desirable at process
temperature (~1200°C)

—

Mn/Si Deoxidation

thtSageT" Ferrous Processing 15

T McGill CRCT "%



MnQO

-Al,O5-S10, Phase Diagram

Cristobalite: Si0,
Tridymite: Si0O,
Rhodonite: MnSiO,
Spessartite: Mn; ALSLO,,
Tephroite: Mn,Si0O,
Manganeosite: MnQ
Galaxite: MnAL O,
Cormundum: ALQO,
Mullite: ALSLO, ;5

M(nO/SiO2 =0.5

Sio,
(1723)

Low liquidus
temperature region
(1100°C ~1200°C)

MnO/SiO,=1.0

MmALSEO  Target Inclusion
Composition

%

/- MN3ALSI;0;

(1850}

MnO
(1842)

L
79 MnALO, ALO,
Weight % (2054)

Jung et al, Metall. Mater. Trans. B, 2004, vol. 358, pp. 259-268

‘ Liactsage

Ferrous Processing 16 ¥ McGill CRCT "o



Inclusion composition with steel composition

T =1550"C Mn + Si = 1wt%
A wt%Mn/ wt%Si=9
® wt%Mmn/ wt%Si=1

I wt%Mn/ wt%Si=0.1

MnQO/SiO, =1.0

D

Lo

, b

MnO 90 80 70 60 50 40 30 20 10 A1203
Weight %

Jung et al, Metall. Mater. Trans. B, 2004, vol. 358, pp. 259-268
Kang and Lee, ISIJ Inter, 2004.

thtSage‘” Ferrous Processing 17 T McGill CRCT More!



Ex3-6. Inclusion calculation in Mn/Si deoxidation

Calculation of the inclusion trajectory using

F Menu - Equilib: comments
File  Units
D = =

Reactantz [A]

Parameters Help
TIC] Platm] Energyl)] Mass(g) Yolllitre]

[ [gam]98.995 Fe  + 05 Mn + 055 + <he &l + 0007 0 |

Products
Compound species Salution species Cuztarn Solutions
[ gas & ~ 0 = | + | BasePhase | Full Hame ﬂ
[ 0 | FT awid-tull Muillite
[ pure liquids 1] FT omid-b ulF M ullite
* [+ pure solids B9 | FTaxid-CORL b4 203( Comndum)
¥ suppress duplicates apply + FTDHi_d-TSpi Tetlagona_I-Sp_inel Pseudanyms
* - custam selection + FToxid-Bixb 20 3B rbyite) - )
species: B9 +  FTosdBrau Mn75i012 spb [ List.. |
+ FT oxid-Rhod Rhodonite .
- : [ include molar volumes
+ FToxid-A15p Al-zpinel hd .
Total Species [ma= 1500] 183
Target Legend i
|- ioriscible 4 W Show ™ al  zelected Total Salutions [max 40 19
+-gelected 11 o
speqes: 114 Select
zolutions: 19
Default
Final Conditions E quilibrium
| < I | TIC] ||F'[atm] ﬂlF’rnductH[.J] j * nomal ™ normal + transitions
[00.0050.0001 | 11600 i [ (‘f s Lams @
M 51 calculations e Calculate >>
FactSage 6.3 C:A\FactSageEquiEw3-6.DAT

=k

Equilib

The compositions of Mn and Si are set based on the target Mn/Si ratio and Mn+Si content
Oxygen content should be controlled reasonably. If O is too high, Mn and Si will be largely changed

from original target composition after rxn with oxygen.

‘ thtSage‘”

Ferrous Processing 18

¥ McGill CRCT "
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Ex3-6. Inclusion calculation in

F Results - Equilib A=0.001 (page 11/51)

Mn/Si deoxidation

Qutput Edit Show Pages
O | = ﬁ] T(C) Platm) Energyl)) Mass(g] Yolllitre]
A=0 | A=1.00E-04 | 4=0.0002 | 4=0.0003 | 4=0.0004 | 4=0.0005 | A=0.0006 .a.=0.000?] A.=0.0003|
A=0.0018 | A=0.0019 | A=0.002 | A=0.0021 | A=0.0022 | A=0.0023 | A=0.0024
A=0.0009 - A=0.001- | A=0.0011 | A=0.0012| A=0.0013 | A=0.0014| A=0.0015 | A=0.0016] A=0.0017 |
|
{ ) 98.9%5 Fe + 0.5 Mm + 0.5 51 + 2> Rl + L M M M M M
gran) ® e : BERE : n+ Si + Al + O &> (Mn,Si,Al) oxide inclusion
({gram) 0.007 © =
95.938  gram Fe-lig After deoxidation, Mn ~ 0.5 and Si ~ 0.5
{99.3998 gram, 1.733%8 mol)
(1€00.00 ©, 1 =tm, a=1.0000) Pl
{ 98.5337 wt.% Fe FImisc q 41 . M -
L T Fmise (Target steel composition: Mn/Si = 1 and Mn+Si = 1)
+ 0.438&l wt.% Mn FImisc
+ 4. 5863E-03 wt.% O FTmisc . ..
+ 0.4%882  we.s 81 Frmiac - Extraction of slag composition
+ &_B340E-05 wt.% 210 FTmisc
+ 1.377%E-04 wt.% 5i0 FTmisc - ] =
+ 3.7851E-04 we.% MnO FTmisc F Spreadsheet - Equilib T(C) = 1600, P{atm) = 1, Alpha = 0... |_ Oj*
+ 5_f478E-08 wt.% R12Z0 FTmis Eile Edit Show
e e - i
! System component Mole fraction Mass fraction Selected: 5/75 [Spreadsheet Species|  [Page |51 j o
, Fe 0.38452 0.5893537
| Mn 4_9890E-032 + | Code | Species | Data | Phase |T |V| Achivity
: 5i 4.9891E-03 : 44 AlO[FelL) FTrisc | FTmise-Feld 1.9783E-06
: .51 Z.7344E-08 1 45 Si0[Feld) FTmizc | FTmizcFell 1.2065E-06
Lo 4 ! 46 MnO(Feld) FTmisc | FTmisc-Fel0 2.0599E-06
ST T T TTTTITIIIIIIIIIII T I . | 47 AIZOfFeLO) FTmisc | FTmisc-Fell 32461609
+] 5.3906E-03 gram ASlag-ligfl i
| (5.3306E-02 gram, 7.6111Z-05 mol) ! + B3 |AIZD3[SLAGA) FTowid | FTorid-SLAGA 01,2308
' {1800.00 €, 1 atm, ==1.0000) ! + B4 Si02(5LAGA) FTorid | FTowid-SLAGA 01,2550
: { 25.257 wE.% B1203 FToxid i + |65 | Fel[SLAGA) FTowid | FTowid-SLAGA 1.3509E-02
| + 43_74¢6 wt.% 5i02 FToxid ! +  |BE | Fe2035LAGA) FToxid | FToxid-SLAGA 46227609
! + 4.414¢6 Wt.% Fel FToxid ! + BT MnO[SLAGA) FToxid | FToxid-SLAGA 1.9928E-02
! * 1.2224E-03 wo.b Fel03 Floxid —pf [+ E8 Mn203(5LAGA) FToxid | FToxid-SLAGA 1.4048E-09
: + Z&.57% wt.% HMnO FToxid 1 :
= = - . 1
! + 5.1664E-03 wc.% Mn203 FToxid) I 123 FeO(MeO_a) FTosid | FTaxidMe0_A 1.0181E-02
I ' 124 | Fe203Me0_a) FToxid | FToxidMe0_a 2.3568E-10
Sive frsction of Wubldreics sonstifusnts: 125 AIZDIMeO_A)  Flowd  FTosidMeD_A B.9432E-03
2L 0.23880 126 MnO(Me0_4) FTowid | FToxidMe0_a 2.9716E-02
51 0.438e3
:' 145 FelFelSil04(0lva) | FTosd | FTosid-Olivé, 5487005 ||
- TP AT T YT WP EL = SO ST o e
3. ['+' denotes all the Species Properties as defined in the Spreadsheet Setup. |
Selectall | Cear | ok |

Ferrous Processing 19
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Ex3-6. Inclusion calculation in Mn/Si deoxidation

L.

Output | Edit Show Pages

a) Select this yer=

| 420Ut | auL | sowu | amavy | mzocl

-1710¢- | 1720 €| 1730 € | 1740¢C |

Save or Print 3 Save or Print As ...
Plot 3 Repeat Save
Equilib Results file
Stream File b B R1ZR11VaS
& L125i105
4
Eounak & R1Z25i1Val
Fact-XML 3
X &=&.5803E-28)
Fact-Optimal b % MnsoLlz
& Mn75i01Z
Fact-Function-Builder 3
d delta
Refresh ... E-05 mol)
¥ 7 =54, a=1.0000)
+ 0 gram Mn sclid gamma
(1710 €, 1 atm, 53, ==0.35117)
+0 gram Mn solid beta
(1710 €, 1 atm, 52, ==0.30008)
+ 0 gram Mn sclid alpha
(1710 €, 1 atm, 51, ==0.77581)
+ 0 gram CaZS5i04_alpha
(1710 €, 1 atm, 53, a=0.40151)
+ 0 gram CaZS5i04_szlpha-prime
(1710 ©, 1 atm, 52, ==0.385&0)
+ 0 gram Mn0 scolid

FToxid
FToxid
FToxid)

FToxid
FToxid)

r ™
T ract| 3 Results - Equilib 1710 C 2273 [ o

Output

T Fact

T Fact]

Edit

Show Pages

0| & [
1500 | 1510¢ | 1520¢| 1530¢ | 1540¢C | 1550¢ | 1560 | 1570 ¢ | 1580¢ | 1590 ¢ | 1600C | 1610¢C | 16200'
1630C | 1640c| 1650¢ | 1660C | 1670C | 1680C | 1690c | 1700c -1710¢- L 1m0c] 17a0e] 17anc ]

T[C) Platm] Eneray(l] Masz(g] Walllitre]

T Fact

FTox

FTox

FTox

+ 1_&035E-03

{1.8035E-03
{17

+ 0
{17

+ 0
{17

+ 0

+ 0.62300
+ &4.017
+ 1.1745

gram Mn75i01z2

wt_.% R1ZA11VaS
wt.% R1Z5il05
wt.% R1Z5i1Vas

1177 Output
:_ ; Page Range

& Al31 pages

" Curent page 22

117 Cancel |

— Type of Ou

W B Frinter setup .

 Textfile [*tt]
" Equilib Results File [Equit.res)
i file [ml)

&
" Open Test Spreadsheet
" Save Te

Spreadsheet setup .. |

oK |

==

b) After select “"Excel.”
Click “Spreadsheet ..."
Then go to next page

{1710 C, 1 atm, 53,

2=0.40151)

gram Ca25i04 alpha-prime

{1710 €, 1 atm, 52,

gram Mn0_ solid

a=0_38560)

FTloxid

FToxid

3

~ s C) Click ‘Spreadsheet setup’

GactSage‘”

Ferrous Processing 20
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Ex3-6. Inclusion calculation in Mn/Si deoxidation

&3 Results - Equilib 1710 C (page 22/31)

QOutput  Edit Show Pages

D|=| BE 6

nﬁhg

TIC] Platm) EnergylJ] Mazz{g] Yolllitre]

s d B8

1500¢ | 1510¢| 1520¢ | 1530¢€ | 1540¢ | 1550 ¢ | 1560¢ | 1570 ¢ | 1580 € | 1590 ¢ | 1600C | 1610C | Jszocl
1630¢ | 1640¢ | 1650 | 1660C | 1670C | 1680C | 1630C | 1700¢ -1710C- | 1720C | 1730C | 1740¢C |

+ 0.82300 wt.% A
+ &4.017 wWt.% A
+ 1.1745 wt.% A

1) Click this area to change the data to be extracted

6) Click ‘'ok’ for menu in the previous pages ygwcs  rod fewwos  ax

(1710 C, 1 atm,

52,

+ 0 gram Mn0_ solid

a=0_38580)

+ 0  Spreadsheet Setup / /I 51 H
—System Properties I
M 1 n O/ f h M

eof | m— 2) Then, click the “select” to choose wt% of what species

tl Y ariable: ‘ I
. H

/ / I
|| o Columng per species |1_::I (‘/order species % order props. / File Edit Show
|__ Columr: | -1- "V st I Cancel | Selected: £/223] Spreadshest Species |
e Variable: Wit ! Default | : ] |
‘o Sp=e] = ne | T T~  Species | Data | Phase |T|V|Mol Weight]  Mini [ Maxi N
0 1 I Mn304(s2) FactPS | solid-b 22848
5) Click ‘ok’ wse

+ 0 gram CaZ5i04_ alpha-prime FTo:

i 3) Select the species |

181 Mn105i17(5) T

FToxid
+ 186 | AIZDASLAGA) FToxid | FToxid-5LAGA 102.0
+ 187 SiD2(3LAGA) FToxid | FToxid-SLAGA G0.08
+ 188 CaO(SLAGA) FToxid | FToxid-5LAGA 5E.03
+ 183 | MgO[SLAGA) " FTowid SLAGA 4030
+ 190 MnO(SLAGA) oxid | FToxid-SLAGA 70.94
) + 191 Mn203SLAGA]  FTowd | FToxid-SLAGA 157.9 [l

192 ARD4T+]SPINA] - FTosid | FTowid-SPINA 1449
193 AND4S]SPINA] FTosid | FTowid-SPINA 90.92
194 MolAROASPINA)  FTosid | FTowid-SPINA 1423
195 AMMo204[1-ISPIMNE FToxid | FToxid-3PINA 1336
136 Mo304[2-JSPINA)]  FToxid | FToxid-SPINA 136.9
197 Mol0D4[6-I5PINA]  FToxid | FToxid-SPINA 88.20

212 CaD[MeD_a) FToxid | FTowid-MeD_aA 5E.02

I 215 MrO[MeO_4) Flowid | FToxidMeO_4 7094

4) Click ‘ok’
"+ denates all the Species Properties as defined in the Spreadsheet Setup. | ) I C O
Select Al | Clear | Ok |

GactSage‘”
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Ex3-6. Inclusion calculation in Mn/Si deoxidation

G et i 110C e 27 L,

Qutput  Edit Show Pages
| 0 ||j"| || ﬂ TIC) Platrn] Enerap)] Mass(a) Volllire) "”lalm
I| 10oc| 1510¢] 1520 1530¢ | 1540¢ | 1550¢ | 1560¢ | 1570¢| 1580¢ | 1500¢ | 1600¢C | 1610C | lszocl
1630C | 1640¢ | 1650C | 1660¢ | 1670¢ | 1680¢ | 1680¢ | 1700c -1710¢- | 1720€ | 1730 € | 1740¢C |

+ 0.8Z300 wt.% RI1ZR11VaS FToxid e
+ €4.017 wt.% RIZSilOs FToxid
+ 1.1745 wt.% R1Z5ilVas FToxid)
+ 0 gram Mn75i012
1177 Dutput X|
:_ ; Page Range ~ Type of Output
* Al 31 pages " Printer Frinter setup .. I |:|
+ 1.8035E-03
(1.£035E-03 (" Current page 22  Testfile [*tat)
117 " Equilib Results File [Equit.res)
el il [7xml)
+ 0
(17 IS :
‘o  Open Text Spreadshest Spreadsheet setup ... |
(17 7 Save Text Spreadshest
[ Swap rows & columns
+ 0 -
oo o] et pessreet N
+ 0 —
(1710 C, 1 atm, 53, a=0.40191) 6) Cl' k 1 k’ .
) ) IC O Excel file name: |E:'\FactSageES‘aEqulllb.:-:Is
+ 0 gram CaZS5iC4_slpha-prime
{1710 €, 1 atm, 82, ==0.385&0) B
TQWEE .. |
+0 gram MnO_ solid FToxid v
Sheet: |Shestl [~ [default Shest)
Top left cell: |,.-:-.,‘| [T [default cell &1

[row = 1, column= 1]

Cancel | Open

7) Click ‘open’ then you can see excel file containing all information.

GactSage‘” Ferrous Processing 22 T McGill CRCT Mo



Ex3-6. Inclusion calculation in Mn/Si deoxidation

B c:\Workshop\Equilib.xls - Equilib.xls

Eﬂ File Edit WView Insert Format Tools Data Window Help Adobe PDF

BRI Y S v|gz-wi¢|@.wo% =@ i s s zu=E=Es % @
FEEPEEE R B |
EERE £ 254422
A B | C | ] | E | F | G H | | | J | K L | M F~- N -T-Oo-1-F A

EEl Algha. Ve AZOX(SLAGAR: SI02(SLAGAR Wk FoO(SLAGAR W1%-7e203(SLAGAR 1% MNO(SLAGAR e-MnZ03(SLAGA: AZ03(SLAGA SI02(SLAGAT - FoO(SLAGAH1e Fo203(SLAGARWINO(SLAGARZ e NIn203(SLAGA] A corner B corner C comer|
2 99 690634 01269274 9.36176E-05 028745343 | 0000884335 0 62570747 | 66540505 | 0.005014931 30767008 000317861 ;0995906 0004094 0 |
Zu_uum s rress 59 790882 56597671 0001167373 25873633 | 0003391942 068364011 | 97.560289 | 048783513 | 463662505 1.0475307 0000652025 10597909 031438 | 0.087712!
4 {00002 11759224 56 697471 5.3249481 0001032808 26.31312 000380378 11759224 | 56.697671 | 53249431 0001032508 2631312 000380378 | 0565979 0.316429 0117592,
5 (00003 14056974 51208548 5151638 0001005925 26667742 | 0004133219 14066974 | 54208548 | 5151698 0001005925 26 567742 0004133213 10542085 0317245 014067 !
6 (00004  16.049565 52214521 5.0095657 0001013321 26720934 | 0004400963 16.049565 | 52214521 | 50095857 | 0.001013321 26720934 0.004400963 | 0.622145 0.317359 0.160496,
700005  17.835339 50467437 48866687 0001036335 26804901 | 0004513552 17.835339 | G0A4G7437 | 48866687 | 0.00103633 26804901 0004618552 | 0.604674 0.316972 0.1783531
8 (00005 19486052 48895636 47767601 0.001067679 26835691 | 0004793466 19486052 | 48.895636 | 47767601 0.001067679 26835691 0.004793465 10488956 0316163 0.194361!
9 00007 21036027 47 453368 46763608 0.001103733 2682271 0004931303 21036027 | 47458868 | 46763508 | 0.001103733 26 82271 0004931303 ! 0474589 0315051 021036 |
(10[ 00008 22506131 45132115 4583358 0001142381 26772216 | 0005036713 22505131 | 46132115 | 4568335 0001142381 26 772216 0005035712 M 0.461321 0313615 | 02250671
11] 00009 23909924 44898539 44954022 0001182243 26685838 | 0005113618 23909924 | 44898539 | 44964022 | 0.001182243 26683538 0005113817 10448985 0.311815  0.239099!
12] 0001 2526674 43745988 44145919 0001222358 26576201 | 0005166331 | 2526674 | 43745988 | 4416919 0.001222368 26676291 000516531 | 043746 0309973 0252567,
73] 00011 26653373 42665141 43372955 0001262035 26477 s - ~ 0051 £ 0.426651 0.307815 02655341
14]00012  27.805041 41648467 42640469 0001300776 26 . 10416485 0.305465 027805
15(00013 23016965 40 689634 41944816 0001338226 26. COmpOS|t|On from Slag #1 10.406895 0302944 0.29016 1
16[0.0014 30139703 39 733161 41282982 00013741465 2%+ o/ 0397832 0300271 0.301897!
g s owwen e gewse zc A corner = wt%Si02/100 costiss Josmuatz ozuvst |03
T3] 00017 33517264 37.332014 39475524 0001471545 25 1 — o) / QUsogesss 1 037332 0291507 0335173
20{ 00015 34570329 36.691383 38926152 0001600449 2t B corner = (WtéM nO+Mn203+FeO+Fe203) 10 05054952 | 0.365914 0288383 0.345703,
21[0.0019 355639022 35.883302 38397581 0001627614 2t 005006259 | 0368834 0285176 036699 1
[22] 0002 36605295 35206174 37801028 0001563101 »: C corner = Wt%A|203/1OO 004954476 10.352052 0261895 0.366053)
23[00021 37690952 34664135 37403815 000176986 A S S 004900434 | 0345541 0278549 037591
(24[ 00022 33557655 33927927 36934358 0.001599353 23814537 | 0004344309 35657655 | 33027927 | 36934358 | 0001599353 23 814537 0004844303 | 0339279 0275144 0 3885771
[25( 00023 33958213 33671179 36739139 0.0016082 23690264 | 0004821379 35958213 | 33671179 | 36739139 0.0016082 23 690264 0004821375 10336712 0273706 0 389582,
[26[ 00024 38959257 3366924 31673336 0.001608031 23691737 | 0004821757  38.959257 3366924 31673336 0.001608031 23691737 0004821757 | 0336692 0273715 0389593
(27[ 00025 39603 33 667201 36727582 0.001607862 23693211 | 0004622135 38,9603 33667301 | 36727582 | 0001607862 23693211 0.004822135 1 0.336673 0.273724 0.389503!
28] 0.0026 y 35.951344 33666362 36721805 0001607693 23604683 | 0004822514y o 38.961344 | 33666362 | 36721805 | 0.001607693 23694683 0004822514 ) 0336654 0273733 0389613,
23] 0.0027 @357 33663423 36716022 0.001607524 3eetse | oonszoagd \gaoezsmr | a3eeams | 36716029 0001607824 23696156 u.oo4azﬂzﬂ@2j 0336634 0.273742 03896241
30 0_0028 3 » FE-E] “4»1 4 o240 4 o m’\ o T N 424 L4404 £740204 0_001;"] Cr 22 COFCa0 0004 |0_336615 0_273751 0_389534
[31]0.0029 35954474 33 660645 35704%7187 23699102 | 0004823643 38.964474 | 33669545 | 36704479 War 23699102 0004823648 | 0336595 0.27376 | 0.389645,
(32] 0003 33958513 33 657606 36698706 0.001607015 23700574 | 0004526027 | 3396551 | 33657606 | 36698706 01607013 23700574 0004824027 | 0336576 0273769 0 3396551
(33[ 00031 38956562 3365566 - R 23702046 | 0004824405 " oonen | hnmmnn L oeneenes ~nsmann s i ~nmnmeit (" 336557 0273778 | 0 389666
[34[ 00032  38.957606 33653721 23703519 | 0.004524783 ' 336537 0273787 | 0389576,
(35[ 00033 39.008877 3362625, Slag #1 23692193 | 0.004622743 Slag #2 | 336263 0273649 039009
[36] 00034 39.790634 3313269, 23441089 | 0.004775571 I 331327 0270767 0397906
(37[ 00035 39.791347 3313292 23440269 | 0.004775134 ! 331329 0270757 03972131
(38| 00036 39.79206 33.13315; (Stable Slag) 23439459 0.004774697 (metastable Oor same as #1 1331332 0270748 0.397921!
(29[ 00037 39.792773 3313338, 23438668 | 0.004774261 | 331334 0270738 0.397928,
40(00038 39793486 33 133617 46206417 U U620 23437858 | 0004773824 331336 0270729 03979351
[41] 00039 39794199 33133841 36285055 0.001623531 23437088 | 0004773388 except in case Of Stable m|SC|b|||ty gap) 331338 027072 0397942
42[ 0004 39794911 3313407 3628362 0001623376 23436258 | 0.004772952 . - 33341 027071 0397949,
23] 00041 39795624 331243 36282223 0001623221 23435459 | 0004772515 39795624 | 331343 36202223 | 0001623221 23435459 0004772515 | 0331343 0270701 03979561
[24[ 00042 39796336 33 134628 36260808 0.001623066 23431669 | 0004772079 39796336 | 33134620 | 36280808 | 0.001623066 23434659 0.004772073 10331345 0270691 0397963
45[ 00043 39.797049 33134758 36279382 000162291 23433869 | 0004771643 30797049 | 33134758 | 36279392 000162291 23433859 0004771643 | 0331348 0270682 039797 1
46 00044 39797761 33134988 36277977 0.001622755 2343306 0004771207 | 39797761 | 33134388 | 36277977 | 0001622755 2343306 0.004771207 1 033135 0270673 0397978
47[ 00045 40292688 32.826408 3604639 0001633061 2326993 0004740786 40292688 | 32826409 | 3604599 0001633061 2326993 0.004740785 | 0.326264 0.268809 0.402927,
(48[ 00045 40834298 32491949 35794444 0.001644042 23087958 | 0004707142 40834208 | 32491949 | 36794444 | 0001644042 23087958 0004707142 | 0324919 0266738 04083431
<+ w\Sheet1 / < o __l___ o=l
Dravas|num5hapes'\\DO_-]JQ\QJLQ&‘& "/'A'=_:*__:'1Lj!

Ready MUM

Montreal
2013

McGill CRC
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Ex3-6. Inclusion calculation in Mn/Si deoxidation

T=1600"C

Fe Liquid
[%Mn] +[%Si] =~1.0
<Ohta and Suito[34]
#Kang and Lee [353]

MnO - AL,O, - SiO,

1600°C G‘actSage’”

SiO,

1200°C

Slag composition is slightly off
from phase diagram because
the actual slag is containing
Fe,O and Mn203 as well.

LN

According to

7 calculations, mullite and
prean i AI203 are forming
subsequently after slag

%

P qe
§°

ASlagliq + MO (conid

Pl

(S
o

ASlagHiq + AMonox ide ASlagliq + MnAlzoq(s)
A
(L] [ %] o7 b6 b5 b4 03 0.2 o1
MnO _ AlLO,
mass fraction

GthSageT" Ferrous Processing 24 " McGill CRCT "o



Ex3-6. Inclusion calculation in Mn/Si deoxidation

F Axes: weight % wvs weight %

Y-variable X-varisble Swap Axes
Y-ais - Kas Soluble Al vs. Inclusion composition
masimum maximum 0,001 98.995 Fe + 0.5Mn + 0.5Si+ <A> Al +
—— I:I —— I:I c:\Workshop\Equil.res 3May11
_ _ 100.00 . , . . . , : : :
tick every tick every [0 001 | |
90.00 -
Cancel | Refresh | k. 80.00 - 7]
hecies Selecti Q B Ro cight % aht % 70.00 - _
File Show Select I 1
+ | # | Species | Mole [min) | Mole [max] | Fraction [min) | Fraction [may \QBO.OO B 7]
15 Si0[Feld) 21732E-06 4,2194E-06 1.2075E-06 23442806 :’_. L E
16.. - - MPEFeLO] 3.7091E-05 7.2101E-06 2 0R0SE-05 4.0057E 05 %0 00
L7 AI20(FeLA S ] 5.8450E-09 ] 3247583 VM 7]
FToxid SLAG \\ g 3 SiOL(SLAGAdH) 1
e 18 AIZ0FSLAGAHT) Y, 0 28152605 ] 0.324535 | ol A i
+ 19 Si02[SLAGAKT) “ 1] 4,2063E-05 0397325 0.996549 40.00 AI?OE("‘"‘HGA#1)
+ 20 FeO(SLAGAHT] | 10 38271E-06 1.0622E-03 5 0802E 02 3 .
+ 2 Fe203[SLAGAHT] ,l 1] 7ASEDE-10 35323E-07 2.1061E-06 i
+ | 22 MnO[SLAGAHT] ,’ i] 2.4992E-05 2. 3855E-03 0.265522
EREEE Mri2D3(SLAGA#TY O 2.2845E-09 33701E-05 2.3847E 05 E
*_ FToxid: SLAG L’ i
______ 194 AROISLAEAHZ) | 0 0 ] 0.324535
______ 125 T T Si0SLAGAR2) 1] 0 0397325 0981727 E
26 FeD[SLAGAH#Z) i] 0 4 1046E-03 5 9076E-02 i
7 Fe2035LAGAHZ | O 0 1.7552E-07 2.0031E-05
28 MnO[SLAGAHZ) | O 0 BOVEGE-D3 | 0.27EG4E /\FeefSI:AGA# ) 1
| Mr2035LAGAHZ] 0 0 2 5234E-05 2.3847E 05 0 Fe,O-(SLAGAR L . 1 X 1 .
Floxid: SPIN 0 0.6062 0.0004 0.0006 0.0008 0.001
PRl S = 1)
¥: weight % /X:’weighl z\\ ™ source Mass Order _ Welght A) AI—FeLQ
select species - enter one species\‘# * mole ? integer # Select Top 15 j LB SPECIEs SRIRCtEd |
uze "+ colurn | [ [page) " aram mass M) -
Y 10 5 " fraction [rmax)
Clear s AlFeLl) 0 ™ activity [max) Select .. OK
[Click on the *+' column to add or remove species. |
" F P ng 25 " McGill CRCT Vo
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Application 5: Re-oxidation and inclusion
modification in the tundish — Ca treatment

Junghwan Kim
Email: jJunghwan.kim@mail.mcgill.ca
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Ex4-1.

Reoxidation and inclusion modification in the tundish

MgO - Ca0 - AlL.O,
1550°C, 1 atm Lactiag

Mg

_ The target of
./ Ca treatment

ASlag-ligh AMonoxide + AMoRo

(L]
‘‘‘‘‘

- " - ‘ )
Cao L] oS 0 05 e, 05 R -:-.3\ 0z .1

."- ws® H . N D:-
mass fFachon  ASlag-lio + Casl O sy

I thtSage‘”
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Ex4-1. Reoxidation and inclusion modification in the tundish

At 1550°C
Al killed steel

MgIO based refractory

Reoxidation: assuming mainly
due to SiO2 based slag

Ca treatment: liquid slag

Ferrous Processing 28 " McGill CRCT Mo



Ex4-1. Reoxidation and inclusion modification in the tundish

Al I|<iIIed steel
v

Fe+100ppm O

F Menu - Equilib: comments

+7Mg

File Units Parameters Help
\ Ol = E TIC] Platm] Energyl)] kMass(g) Yolllitre] T" B ]@’
,I\ Reactants [3]
1
! [ igram)99.9 Fe  + 001 0 + Mgl |
MgO based refractory
Products
Compound zpecies Solution species Cuztom Solutions
W gas & C 0 = | + | Base-Phase | Full Hame
| ] 1] + FTmisc-FelQ Fe-lig
[ pure liquids 0 | FToxid-SLAGS ASlagliq all oxides + S
[+ pure solids 4 + FT awid-SPINA ASpinel
™ + | FTosid-MeD_A AMonoside BT
species: 4 apply [ List ...
[ include molar volumes
Total Species [max 1500] 29
Target L d -
I-Eilg'lner:iscible 1 W Show ™ al  zelected Tatal Salutions [max 40 5
+-gelected 3 T
ZpECiEs; 25
solutions: 5 %
Drefault
Final Conditions E quilibrium
| 10 P = ||PoduetHY) ~| | @ nomal
[ [ 1550 1 [ ?
r Calculate >>
FactSage B.3 C:AFactSagehEquiE «4-1(a). DAT

th'tsagem Ferrous Processing 29 "2 McGill CRCT "



Ex4-1. Reoxidation and inclusion modification in the tundish

F Resulis - Equilib 1550 C N=1E3
Output  Edit
0| = Kl T(C) Platm] Energpl)] Mass(g] Vollire] m |3|_1E.f
| FactSage 5.3 L . .
(gramt 59,5 Te + 0.01 0 + M0 = Only save liquid Fe
99.gas —"ar—a}:_F-e_—Ii—q ——————————— ’,4'7 f'l f
= S~-< -
bt et as stream file for next step
| B {1550 C, 1 atm, a=1.0000} Y -7
s {99994 wt.% Fe Flmisc > -~ .
+ E.O0S0E-03 we_% 0 FTuise =7
+ 1.0263E-06 wt.% My FTmisc !
+ E.3290E-04 wt_ % Mgl FTuisc)
\\ ,/
S System component Mole fraction Mass fraction ///
"y~ Fe 0.99381 0.99994 -7
Seel_ My 7. 4064E-06 3.2238E-06 -7
Tte--l__ o ___ 1. 8z06R-04 E_Z165E-05- "~
+1.021%° 7" gram  AMonoxide Tt~
~-711.021% gram, #.5110E-0Z mol) .o
A {1650 C, 1 atm, a=1.0000) NN
.7 { z.1584 we. s Fel FToxid
¢ 6 54998-03 vo s Toz0a Proxia I\/IgO based
+ 97.808 e % Hg0< _________________________ P IT = e m m I
\ 7 f
4
N System componemnt Mole fraction Mass fraction e re ractory
N Fe 6.Z1E7E-03 1.70E3E-02 -7
d
S~ My 0.49378 0.58980 -7
T--__0 0.50000 0.39314 T
+ 0 gramw ASlag-ligfl ~~ """~ """" 7777
{1650 ©, 1 atm, a=6.5420E-02) -

th‘tsagem Ferrous Processing 30 "2 McGill CRCT "



Ex4-1. Reoxidation and inclusion modification in the tundish

Al killed steel

+ 600ppm Al

+? inclusion

F Menu - Equilib:
File Units Parameters Help
O ==

Reactantz [/]

Products
Caompound species
W o= & r 0
[ 1]
[ pure liquids 0
[+ pure salids 10
~ _apply |
TpECies: 10
Target

Final Conditions

T[C] Platm] Energy(]] Mass(g] Volllitre]

[ [gram)100% [Exd-1ja)] + 0.06 Al |

Salution species

Legend
| - immiscible 3
+ - zelected 2

= | + | Baze-Phase | Full Hame
+ FTmisc-FelQ Fe-lig
| FToxid-5LAGA ASlag-ig all oxides + 5
| FToxid-SPINA ASpinel
+ | FToxid-MeD_a Abonoxide
| FToxd-CORU t 203 Corundum]

v Show ™ all  selected

SPECIES: B3
zolutiohs: a E

[ 1@ |Fem

e

FactSage B.3

|1550 |1

j | Praduct HEJ) j &+ pomal
| T

= -
1 calculation

EEX
=@

Cusztom Solutions

e

Fzeudonyms
apply [ List ...

[ include molar volumes

Total Species [ma= 1500] 73

Total Solutions [mas 40 g

D efault

Equilibrium

Calculate »>

I thtSage‘”
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Ex4-1. Reoxidation and inclusion modification in the tundish

F Besults - Equilib 1550 C

Qutput  Edit

|| RS m

TIC] Platm] Energpl)] Maszz(g] “Yolllire]

F Besults - Equilib 1550 C

(gram) 100% [Ex4-li{a)] + 0.0& &1 =
Q99_938 gram Fe-1lig
(99,938 gram, 1.7306 mol)
(1550 C, 1 atm, a=1l.0000)
| 99_ 545 wt.% Fe
+ £.4402E-0Z wt.% &l
+ S.E217E-05 wt_ % 0
+ E.GEEZGE-06 wi.% My
+ Z.EE91E-05 wt.% MgO
+ 3.7605E-04 wt_ % 210
+ T.GE3ZE-05 wt. % AL1Z0

Bystem Component Mole fraction

Fe 0.93286

Al 1.1314E-03
My 4.1593E-07
u] 9.1330E-0&

_,+’TT§ZB4E—DS gram MNz03{Corundum)fl

» {7.8284E-03 gram, 7.577SE-05 mol)
ol {1650 O, 1 atm, a=1.0000)
! { loo.oo we.% AlZ03

+ T.8267E-06 wt_% FeZO3

Bystem Component Mole fraction

Masz=s fraction
0.99945
5. 4537E-04
1.8115E-07
Z_.63E3E-0¢8

.
Mas=s fracfion

Alumina inclusion cause nozzle

clogging

Tt Fe 1.9989E-08 _ 5474ZE-08
B I < P 111512 0.5zZ9z5
] H 0.60000 0.47075
I}
\4

Qutput  Edit
D= B @ TIC] Platm] E
+ 2.?60?E7ﬂ§ gram ASpinelfl \\
{z.7607E-03 gram, 1.972Z1E-05 mol) s
// {1EE0 C, 1 atm, a=l.DDDD?\
J/ { 9.2977E-09 wt.% FelO4 |
/ + 1_1E533E-09 wt.% Fel304[1-] |
/ + 1.1207E-1Z wt.% Fel304[1+] \
! + 9.5681E-06 wt.% Fe304[z-] !
/ + 3.9727E-07 wt.% FelOd[5-] \
f + 3_2E43E-03 wt.% FelOd4[e-] |
' + 6.42Z0E-0Z wt.% Felhlzid \
i + 50.356 wo. % A1S04[14] |
! + 7.8750E-03 wt.% Al1FeZ04[1-] |
\ + z.3220 wt.% Al104[5-] H
| + 7.74l0E-06 wt.% FelhlzO4[1l+] !
\ + 7.65Z4E-06 wt.% Al1Fez04[14] A
\ + 34.E676 wt.% Mglalzod
\\ + 6_E0LO wt_o% Al1MgZ04[1-] ,/
\ + 4.4735 wt.% Mgsoa[z-] J
\ + 1.581% wt. % Mglo4[e-1 )/
AN + E.Z575E-06 wt.% MglFeZ04 )/
\_ + 1.0057E-06 wt.% FelMgz04[¥-]
“\4 B.32436E-032 wt.% FelMgzoafz-]
+°E.452Z0E-03 wt.$ MglFezl4(z-)

Formation of spinel phase

Save all phases as stream file for next step

I thtSage‘”
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Ex4-1. Reoxidation and inclusion modification in the tundish

Ca treatment: liquid slag

+ <100ppm Ca

+ ? Inclusion
+ ? Slag

F Menu - Equilib: Ca treatment

File Units Parameters Help
0@ g TIC] Platm) Energyl)] Massig) Valliive) m e
Reactants [2]
[ [oram]100% [Exd-1(b]] + <& Ca |
Products
Compound species Solution species Custom Salutions
W e 5 o 0 * | + | BasePhase | Full Name -
[~ 1] + FTmisc-FelQ Fe-lig
[ pure liquids 0 | FTomid-SLAGA, ASlag-ig all oxides + 5
[+ pure solids 21 | FTawid-SPIM2, ASpinel _‘
[ | FTowid-Med_A A onoside Paeud
s FToxidCAFE Cal&lFe12013 e C'lT’m _
species: 21 +  FToxidCAF3 CalAlFe)5010 apply Het
* FToxid-CAF2 CafAlFeD? I include molar volumes
| FTaxid-CAF1 Calsl Fel204 ﬂ )
e Legend Total Species [max 1500] 108
I-i?nmiscible 5 V¥ Show s all  selected Total Solutions [max 40 16
+-zelected B I
SPECIEs; a7
zolutions: 16 %
Final Conditions E quilibrium
| <> I | TIC] ||F'[atm] v ||Poduct Hl ~|  ® nomal  ©C nomnal + ransitions
0001 00001 | 1550 1 [ ? W7 27 G
l— [ 101 calculations P Calculate »»
FactSage B.3 C:AFactS agehEquiExd-1[c]. DAT

thtSage‘”
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Ex4-1. Reoxidation

and inclusion modification in the tundish

100% [Ex4-1(b)] + <A> Ca

I I ! I I

B IRat, SLAG A .
| CaZMo2al28046() P
- SLAG AR -
dDR# ]
i Me O At |
[ ]

1/ Me QA1 |

] 1 | 1 L 1 | 1
0.000 0.004 0.006 0.008 0.010

Alpha

Ferrous Processing 34 & McGill CRCT "
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Ex4-1. Reoxidation and inclusion modification in the tundish

Reoxidation: assuming mainly
due to SiO2 based slag

N,
+ <100ppm SiO2

F Menu - Equilib: Beoxidation

File Units Parameters Help
Ol i TIC) Platm] Enerayl] Massia) Yollitre] M S| %
+ ? Inclusion Reactants (2]
+ ? Slag [ [gram) 100% [Exd1(c]] ¢ <b» Si02 |
Products
Compound species Solution species Cusztarn Solutions
[ g o 0 = | +| BasePhase | Full Hame -
] 0 + FTmizc-Feld Fe-lig
[ pure liquids 1] | FToxid-SLAGA A5lag-iq all oxides + 5
[+ pure zolids E3 I FTaxid-SPIM, ASpinel _|
F | FTDHlFI-MeD_.ﬁ. .-'-‘«.Munumde et
| FT owid-cPyrd, ALlinopyroxens - :
IpECies: B9 + FT awid-aPyr Orthopyroxens apply List .
oz FTDHIF'-F'P'I'”A .&F‘ru:ut.u:upyn:u:-cene [ include malar volumes
+ FTosid-LcPy LowClinopyroxene ¥ .

Teged Legend Total Species [max 1500] 357
I-i?nmiscible a W Show® &l ™ elected Total Solutions [max 40] 31
+-zelected 15 :

species 288
zolutions: K| %
Final Conditions E quilibrium
<y | TIC] ||F'[atm] ﬂlF‘mductH[J] j ¢ nomal € nomal + tansitions
00,005 0.0001 | 1550 1 | { tansitions only
— : " open
51 calculations Calculate >3
FactSage 6.3 C:AFactSagesEquiE =d-1[d).DaT

‘ thtSage‘”

Ferrous Processing 35
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Ex4-1. Reoxidation and inclusion modification in the tundish

100% [Ex4-1(c)] + <A> Si02

0.020 ; T ; T ; T ; T

008 =

0.6 | .

0.014 .

0012

CaAl407

aln

=0.010

a

0.008

0.006 |

0.004

0.002

0.000 : : . .
0.000 0.002 0.004 0.006 0.0o08 0.010
Alpha
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Ex4-1. Reoxidation and inclusion modification in the tundish

MQD - CaD - AIEDE F Figure Zoom
155{}-.'.: 1 am Clasa

[v Bull's eye

Slag composition after Ca
treatment (30 ppm Ca)

+ 1.2284E-07 gram ASlag-licgfl
(1.2284E-07 gram, 1.5945E-04 mal)
(1550 C, 1 atm, a=1.0000)

[ G3.3ER wh_o% AlZ03
+ 33,3268 wt_% Cal
+ &£.3444E-03 wt.% Fel
+ 3.9494E-0F5 wt_% Fez03
+ 2.E368 we_% Mgl

-

CHD k) (k-] [l ()= 0= ‘\\\?.-I- ':l.})'\ .l:l_ [N ] N D
masas fraction ~Aalag-lig + CaAl O (s 7272

th‘tsagem Ferrous Processing 37 "% McGill CRCT Mg



Ex4-2. Reoxidation of Al killed Ti bearing steel

FactSage 6.3

G RS =
Databases - 3737 compound databases. 2738 solution databases
$act SGTE —‘wmmunds only Miscellaneous
FactPS [J FScopp [ BINS solutions anly O esip O coN1  [J CONZ2
FToxid [] FSlead [J] SGPS no databy™ - = 7
ClFrsan O rsiee [ SGTE L e ————r
FTmisc [ FSstel  [J SGnobl Clear 4 — _ '
O FThal  [J FSnobl  []SGsold oot Eile Units Parameters Help
[ FToxcN O FSupsi | O 5Gnucl Sic - .
O] FTéitz O = E TIC] Platm) Energyll] Mass(g) Yolllire) "T B 73
] FThelg afh Add/Remoy —u—‘
O FTpulp [ ELEM er Reactants [B)
O Friite  [J FTdeme [ TDnuct _PefreshDatg
Information - | [gram] 98.9475 Fe + 07 Mn + 003A + 025 + 000250 + OOSM + 0005C + 01 Ti |
Products
Compound zpecies Solution species Custarm Solutions
[+ gaz (% ideal ¢ real G = | + | Base-Phase | Full Mame ﬂ 0 fired activities
Options [0 aqueous 0 FTosicILME? Timenite D lfeslealio
e eous o (o) [ pure liquids 0 + | FTowidPSEU Pseudobrookite S A |
Default O ﬂqueous SDBCES * [+ pure zolids 123 + FTawid-TiSp Titania_Spinel
[ limited data compounds (26C) ¥ suppress duplicates apply + FT::::-:i.u:I-T.Spi Tetragnna.I-Sp.ineI P
* - customn selechion + FTowmid-Bixb k20 3B ixbyite] :
species: 179 +  FlosidBrau Mn75i012 G
—_— + FToxid-Rhod Rhodanite .
- . [ include molar volumes
+ FTowid-4l5p Al-zpinel il )
Total Species [max 1500] 318
Target Legend i
- none - | -immiscible 5 W Show i all © selected Total Solubions [max 40] 21
Estimate T(C); (1600 +- selected 11 species: 139
solutions: 2 %
Mass(g): |0 ’ D efault
Final Conditions E quilibrium
| @ | 1@ PEm ~|[PoductHi) <] || nomal O
| | 11600 1 | 2
IR steps T Calculate >>» |

E—

thtSage‘”
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Ex4-2. Reoxidation of Al killed Ti bearing steel

Output | Edit Show Pages

Save or Print

Plot

Equilib Results file
Stream File

Format

Fact-XML
Fact-Optimal
Fact-Function-Builder

Refresh ...

TIC] Platm] Energul)] Mass(g] Volllie]

i B')g dit Show Pages
ZlE @

Fe lCOLE

Recycle all streams ...
Save stream file

Stream file properties ...

Summary of streams

Directory (C:\Slag-Steel-Inclusionsl) ...

-20001

.59530E-02
-9668E-04
-7548E-04
-3327E-06
-4562E-05
-6Z11E-05
.5820E-05

I S
[ N N T =)

Fe
Mn
Ti
5i

OZOE

(1800 C,
{ 35.036
+ Z.BI14E-05
+ 4.B020E-07
+ 0.36388

Fe
Mn
Ti

System component

WE.
wE
.% Tizoz

Wt

System component

R R

5i
Ti
210
Ti0
5i0
MnO
R1ZO
Tizo

Mole fraction Mass fraction

0.98635 0.58951

7.0531E-03 7.0003E-03
1.16Z7E-03 5.9573E-04
3.9642E-03 2.0001E-03
5.76Z4E-04 2.7930E-04
2.2453E-05 £.4552E-0%
5.9617E-04 1.5001E-04
2.3175E-04 5.0002E-05

+ 3.9506E-03 gram MZO3{Corundum)$l
(3.55062-03 gram, 3.88372-05 mol)

1 atm,

Wt

a=1.0000)
& R1ZO3
& FelO2
% MnZO3

Mole fraction Mass fraction

T7.4054E-08 2_0223E-07
1.2440E-09%9 3.3421E-0%
2 _T4Z27E-03 6.4133E-03

FactPS
FactDS
FactPS)

FImisc
Flmisc
FImisc
Flmisc
FImisc
Flmisc
FImisc
Flmisc
FImisc
Flmisc
FImisc
Flmisc
FImisc
Flmisc)

FToxid
FToxid
FToxid
FToxid)

TIC] Platm] Energy(]] Massg] Volllitre]

E + 1.5908E-40 Fe(CO!5 FactP3
+ Z.B7ZZE-45 NzC4 FactPs
+ 3.68814E-55 Hz05 FactP3)

BE gram Fe-lig
B3% gram, 1.7363 mol)

{1800 C, 1 atm, ==1_0000)
{ 38.3551 wt.% Fe FTmisc
+ Z.7583E-0Z wt.% Rl FImisc
+ 5_0002E-03 wt_% C FTmisc
+ 0.70000 wt.% Mn FTmisc
+ 1.5001E-0Z wt.% N FImisc
+ Z2_.3406E-04 wt_% O FTmisc
+ 0.20001 wt.% 5i FTmisc
+ S5.9530E-0Z wt.% Ti FImisc
+ 4_5668E-04 wt_% R1O FTmisc
+ 5_.7546E-04 wt_% Til FTmisc
+ 3.33Z7E-0& wt.% 5i0 FImisc
+ 3.456ZE-05 wt_.% MnO FTmisc
+ 4_&Z11E-05 wt_% R1Z0 FTmisc
+ 1.98Z0E-05 wt.% TiZ0 Flmisc)
System component Mole fraction Mass fraction
Fe 0.58835 0.58551
Mn 7.0331E-03 7.0003E-03
Ti 1.1827E-03 3_.9375E-04

- 5i 3.5642E-03 2.0001E-03
21 5.78Z4E-04 Z2.7330E-04
(o] Z_2453E-05 ©_.455ZE-06
i) 5_.8817E-04 1_5001E-04
c 2.3175E-04 5.000ZE-05

+ 3_8506E-03 gram MZ203 (Corundum)fl
{3.9506E-038 gram, 3.8€37E-05 mol)

{lge00 C, 1 atm, ==1.0000)
{ 93_03¢ wt.% R1Z03 FToxid
+ 2.8514E-05 wt.% Fel2(3 FToxid
+ 4_80Z0E-07 wt.% MnZ03 FToxid
+ 0.96388 wt.% TizZ03 FToxid)

System component
Fe
Mn
Ti

Meole fracticn Mass fracticn

T.4054E-08
1.2440E-0%
2.7427E-02

2.0223E-07
3_34Z1E-0%
£.4135E-02

GactSage‘”
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Ex4-2. Reoxidation of Al killed Ti bearing steel

Output | Edit Show Pages

TIC] Platm] Energyl)] Maszlg] Vollitre)

{7 Results - Equilib 1600 '

1M A= B

Fe 5

Recycle all streams ...
Save stream file

Stream file properties ...

Summary of streams

Directory (C:\Slag-Steel-Inclusionst) ...

Save or Print 2
Plot »
Equilib Results file r
Strearn File »
Format »
Fact-XML 2
Fact-Optirnal r
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Ex4-2. Reoxidation of Al killed Ti bearing steel
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Ex4-2. Reoxidation of Al killed Ti bearing steel

This calculation shows that mixed inclusion of AI2Z03(s) and liguid (AI203-TiO2-Ti2

O3) can be formed by the reoxidation of Al-killed Ti bearing steel.

- Nozzle clogging.

100% [Rc_Fe-lig] + 100% [Rc_M203(Corundum)] + <A> O2

C:\Slag-Steel-inclusions\Equi0.res 255ep12

0.20 - T - T - T

© 0.10 |

e

+ 0.12253 gram ASlag-lig#1l
(0.12253 gram, 1.1558E-03 mol)

(1600 C, 1 atm, a=1.0000)
(33379  wt.% Al203

+ 0.17724  wt.% SiO2

+ 0.83830 wt.% FeO

+ 1.1051E-03 wt.% Fe203

+ 19943  wt% MnO

+ 40135  wt% Ti203

+ 23475  wt% TiO2

+ 1.0928E-03 wt.% Mn203

0.00 0.01 0.02 0.03
Alpha

FToxid
FToxid
FToxid

FToxid
FToxid
FToxid
FToxid
FToxid)
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