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The effect of SI0,/MgO and FeO and Al,O4 In

Slag on the liquidus temperature of the Slag
Phase Diagram / Equilib
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Phase diagram of SiO,-MgO-Al,O,-FeO-Fe

Actually, SiO,/MgO of Laterite is almost same as that of the produced Slag
The main system of Slag is virtually SiO,-MgO- AI203 FeO

f? Phase Diagram - Components X
File Edit Units Data Search Data Evaluation Help
0O |ﬁ."'| il TIC] Platm] Enerayl)] Quantity(g] Yolllitre) l" I Bl _q.l
1-5
Components
Note: - on the phase |SiD2
diagram the units of mass
will be g, but the chemical IFel]
formulae of the components
remain molar values. |Mgl:l
[ar203

|Fe

Fe-saturation condition

¥ classical phase diagram (default)

I aqueous diagram with molalities, and iso-Eh & iso-pH lines
I reciprocal diagram with 2 cations and 2 anions

™ Scheil-Gulliver constituent diagram
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Phase diagram of SiO,-MgO-Al,O,-FeO-Fe
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Phase diagram of SiO,-MgO-Al,O,;-FeO-Fe
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Phase diagram of SiO,-MgO-Al,O;-FeO-Fe

G’ Variables: S5i02-Fe0-MgO-AlI203-Fe composition #1. vs composition #1.
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Phase diagram of SiO,-MgO-Al,O,;-FeO-Fe

SiO, - FeO - MgO - ALO, - Fe
Al,O,/Z (g/g) =0, Fel/Z (g/g) =0.00001,
Z=(SiO,+FeO+MgO),

Using sio, Impossible for ‘O’
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function, o ASiagig +Si0,6) system always has
. . . 7 ag- 210,(S .
liguidus lines of N ’O%O Fe(s) or Fe(l) with slag
the ternary N ’O%O ¢ = always more than 2
system can be ’Oe/%o e \ phases
drawn. K
So, 4
/Wgo\ / \
\.Zé"’
ASlagdigl+ AOlivind + 15s
Jcpooo
& c
ASlag-lig #/AMonoxide + AOlivine Q)
< ASlag-lig + AMonoxide + Fe(
NAVAN VAN VAVEVEVAY, Vi VAVENENVEVIVENEVAY, N N
Mg O 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 Feo

mass fractions /(SiO,+FeO+MgO)
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Phase diagram of SiO,-MgO-Al,O;-FeO-Fe

A
WAV
XY steps[11
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1 si02 b FeO 4

G Variables: S102-FeO-MgQO-AI203-Fe T(C) vs composition #1.
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-
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[

With change 0 to 8 wt% of

Al, O at constant
SiO,/MgO=1
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T and P

-Al203-Fe T(C) vs composition #1.
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1) -ais v
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1
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0
-
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Phase diagram of SiO,-MgO-Al,O,;-FeO-Fe

SiO, - MgO - AlLO, - FeO - Fe
SiO,-1MgO/Z (g/g) =0, 100Al,0./Z (9/g) =0, 100Fe/Z (g/g) =1,
Z=(Si0,*MgO+Al,O +FeO+Fe), 1 atm
2000 y T v T v T v T v T v T v T
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100FeO/(SiO,+MgO+Al,0,+FeO+Fe) (g/g)
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Dissolution of Inclusions into Molten Slags

Phase diagram between slag and inclusion to understand the
inclusion dissolution mechanism

M1 M21 M22 M23 M24 M3

Park, Jung and Lee: ISIJ Inter. No. 11, 2006
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Dissolution of Inclusions into Molten Slags
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Park, Jung and Lee: ISIJ Inter. No. 11, 2006
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Dissolution of Inclusions into Molten Slags

(Cao)058(S| C)2)0.42
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Park, Jung and Lee: ISIJ Inter. No. 11, 2006
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Applications to Oxide metallurgy (Inclusion control)

- Evolution of non-metallic inclusions: Formation of acicular ferrite -

 Non-metallic inclusions: nucleation sites for acicular ferrite
* Acicular ferrite: enhances the strength of steel
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N Evolution of Non-metallic Inclusions

1 ) {Fe-0.1C-0.00355-1.45Mn-0.1Si
Ay $-0.015Ti-0.00250-0.03N+Mg

SMg Ti-(Al)-O :
@) (k) (m) (n)
Concentration of additional alloying element

Morphologies of typical inclusions found in Fe-C-Mn-Si-O-S-Ti-Mg-Al-N

>
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Evolution of Non-metallic Inclusions
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Inclusion evolution with temperature: Mn/Si/Ti steel

G Equilib - Menu: Ferrous Applications Il 17 - X
File Units Parameters Help
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Resctats (1 If inclusion evolution in both liquid steel and solid steel is
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e 2= (if you want to use FTmisc-Felq special caution is neede
[ gas & (o) 0 I FSstelLiqu LQuID :I 0 ideal solutions
¥ aqueous 0 J FSstel-FCC FCC_A1 Pseudonyms -
[~ pure liquids 0 | FSstelBCC BCC_A2 ooy ) EEE|
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Application to Tire-Cord Steel (Mn/Si deoxidation)

Tire-Cord Steel

Inclusion (ex., alumina)

0.15~0.38mm diameter

Crack Initiation

Fe-36%NI Invar Steel

*,150um thickness

Crack Initiation
Surface Quality

: / .
Inclusion (ex., alumina)

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

—

Mn/Si Deoxidation

thtSageT" Ferrous Processing 18
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MnO-Al,O,-SIO, Phase Diagram

Cristobalite: SiO, SIOZ
Tridymite: SiO, (1723)
Rhodonite: MnSiO,
Spessartite: Mn;Al,Si; O,
Tephroite: Mn,SiO,
Manganosite: MnO
Galaxite: MnALO,
Corundum: AlLO;
Mullite: AlSi,O,;4

1595 Low liquidus
\ temperature region
\ \ (1100°C ~ 1200°C)
)
8 “ MnAlSisOs  Target Inclusion

S /‘ Composition
MnO/SiO, = 1.0 " S ”
< MNSIO, | ’,//%?{ggg ) A\ Mn3ALSizOr,
L]

MnO/SiO, = 0.5
<€

1)00 2
9\ Mangaposite 208 I
MnO -~ 1527 1769 MnAlLO, A|203
(1842) Weight % (2054)

Jung et al., Metall. Mater. Trans. B, 2004, vol. 35B, pp. 259-268
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Inclusion composition with steel composition

Sio,

T =1550°C Mn + Si = 1wt%
A Wt9%Mn / wt%Si =9
® Wt%Mn / wt%Si =1

@ wt%Mn / wt%Si = 0.1

MnO/SiO, = 1.0

L + MnAl,O,

\VA

MnO 90 80 70 60 50 40 30 20 10 A|203
Weight %

Jung et al., Metall. Mater. Trans. B, 2004, vol. 35B, pp. 259-268
Kang and Lee, ISIJ Inter., 2004.
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Inclusion calculation in Mn/Si deoxidation

Q Phase Diagram - Menu: last system

File Units Parameters Variables

=21~

Components (3)

Products
Compound species

Help
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- X
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Solution phases
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- A C Viine) L
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\ T(C) [ sioz | az0¥ B A C " logV
| teon | n1 [ 01 XY steps |11

[A=5102, B = MnD. C = A41203]

FactSage 8.0

Compositions Quantity(g)

gy []502+ 0 Javo3+ [0 Jun0

si02 + A1203 Mno L (m34)
M Js0z- [_Jaeose [ =

502+ 1 |A203+ [0 |mMng [ CComer]
L s02+ [1__Japo3+ [ |MnD

Si02 + ID_|A|203+ 1 MO B-Comer
L si02 + [1__Japo3+ [ |MaD

Cancel

MnO - AlLO, - SiO,
1600°C

Sio,

A%fag-liq + AMonoxide

\ Slag-liq + MnAIsz\
\/ \/ \

Liactsye

Mno 0.9 08 07 03 02 01

mass fraction

AlLLO,

ractsag:
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Inclusion calculation in Mn/Si deoxidation

Calculation of the inclusion trajectory using Equilib

t;? Equilib - Menu: last system - x

File Units Parameters Help

DS T(C) Platm) Energy)) Guantitylg) Volliire) mo ™ e

Reactants [5)

[ [gram)98.995 Fe + D5 Mn + 055 + <> Al + 0007 O |

Products
Compound species Solution phazes Custom Solutions
= I + | Base-Phase | Full Name - EI _[:-:v:J activities |
|_ gas (v ' 0 - FTmisc-FelD Fe-liq 0 ideal solutions
[T aqueous 0 + FTmisc-BCCS bece Pseudonyms -
[~ pure liquids 0 +  FTmisc-FCCS foc apply Edit...
[+ pure solids 33 | | FToxd-SLAGA | A-Slagiq all omides + S Wolume data
| FToxid-SPINB B-Spinel o EiT e e ivou s of
. : solids and liquids =0
species: 13 + | FToxidMe0_A A-Monaxide ¢~ Include molar volume data
+ FTosid-cPyré, A-Clinopyrosene and physical properties data
Target d+ FTcead-Oliva A-Divine [ paraequilibrium & Gmin _edit |
L o~ J—
none [ _e-lﬂ.mscihb 4 W Show C all & ielected .
) Total Species [max 5000] 198
Estimate T(K}: (1000 +- selected 10 species: 165 :
P ,EI_ . olulions: 13 Select Total Solutions [mawx 200 18
Huantitylg) ' Total Phases (max 1500] 51
Final Conditions E quilibrium
| <A> <B> I TIC) IF'[alrn] j[Pdecl H) LI * normal " nomal + transitions
| 00,005 0.0001 1000 [1 | " tansions only ¢ open
fo steps I 51 calculstions -notime imit - Calculate >> |
FactSage 8.0

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.
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Inclusion calculation in Mn/Si deoxidation

G Equilib - Results A=0.001 (page 11/51) = | X
Output Edit Show Pages Final Conditions
0 D”l @l |I] TIC) Platm) Energy{J) Quantity(g) Vol(iitre] m 8 394
A=O| A=1.00E-04 | A=0.0002 | A=0.0003 | A=0.0004 | A=0.0005| A=0.0006 A=O.0007| A=o.ooos]
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|
{
_ _ FactSage 8.0 A Mn + Si + Al + O = (Mn,Si,Al) oxide inclusion
(gram) 98.555 Fe + 0.5 Mn + 0.5 Si + <A> Al + _ = = =
(gram) 0.007 0 = . . .
After deoxidation, Mn ~ 0.5 and Si ~ 0.5
$9.998 gram Fe-lig /
(99.998 gram, 1.7998 mol)
(1600 C, 1 atm, a=1.0000) e . F— H-
R aR (Target steel composition: Mn/Si = 1 and Mn+Si = 1)
+ 2.21912-04 wt.% Al
+ 0.49838 wt.% Mn
+ 4.54885-03 we.8 O -> Extraction of slag composition
+ 0. % Si
+ €. .8 AlO
+- 1 _% Si0
+ 3. .% MnO -
+a. & 2120) QSpreadsheet-Equlllb Page 1/51: T(C) = 1600, P(atm) = 1 O X
—————————————————————————————————————————————————————————————— , | Eile Edit Show Select Stable
Amount/gram Mole fraction Mass fractionl i |
98.995 0.98492 0.58957 : Selected: 6/185 Spreadsheet Species h_;l '1_ ’IF ¥ [page]
0.4988¢ 5.0452E-03 4.9888E-03 | Page 1/51: T[C) = 1600, Pstm) =1 |
0.49890 $.B€9€E-03 4. | + |Code| Species | Data | Phase [T[¥| Activity |  Mini M N
2.€204E-04 5. 2 I 4  FeValBCCS) FTmisc  FTmisc-BCCS 0.9546 09546 [1] 0.9547 [27]
4.7073E-03 y N 4 ' 47 MnVa[BCCS) FTmisc  FTmiscBCCS 42376E03 | 4.2273E-03[27] | 4.2334E-03[51)
: + 5.4382E-03 gram Slag-ligfl : 48 Fe:\alFCCS) FTmisc  FTmisc-FCCS 0.9469 09469 (1) 09470 [27]
g (5.4382E-03 gram, 7.€€52E-05 mol) ! 43 MnValFCCS) FTmisc  FTmisc-FCCS 4.0246E-03 | 40148E-03[27] | 4.0263E-03[51) |
1 + 0 ram Slag-liqg$2
| ( lego c: 3 azm % a=1.0000) | + B0 AI2D3(5LAGA) FToxid  FToxid-SLAGAH [ )] 02308 [51]
: £5% eio R o + 8 SI02(SLAGA) FToxid  FToxid-SLAGAR 0.9628 02550 [51) 09628 [1]
f g ; s + 82 FeD[SLAGA FToxid  FToxid-SLAGAR 26267E-02 | 1.3509E-02 (51 26267E-02[1
+ 43.413 wt.% Si02 ! [ ! 1] 0
1 ot - I + |53 Fe203(SLAGA) | FToxid  FToxid-SLAGAR 3.3986E-08 | 4.6227E-09[51] 3.3986E-08 [1]
" ] 5 ek ' » ||+ B4 MnO[SLAGA) FToxid  FToxid-SLAGA 3.8735E-02 | 1.9928E-02[51] 3.8735E-02[1]
i 21493000 we - & T6203 i + 55 Mn203(SLAGA]  FTowid  FTowid SLAGA# 1.0321E08 | 1.4048E-09(51] | 1.0321E-08[1]
1 + 2€.9€¢€ wt.% MnO 1 = L - = ' ' :
: + 4.19€5E-03 wt.% Mn203) | 56 Fe304(SPINE] Floxid  FToxid-SPINEH 20314E-09 | 1.4210E110(51) | 2.0314E-091)
b e e e e e - ' 57  Fe304[1-]5PINB]  FToxid FToxid-SPINE# 3132310 | 31323E0[1] 1.1148E-07 [8]
Site fraction of sublattice constituents: 58 Fe304[1+])5PINB) FToxid  FTosid-SPINBH" B.B46EE-09  45E41E-13[51] E.84B6E-09[1]
Al 0.3027s 59 Fe304[2](SPINB]  FToxid  FToxid-SPINE#™ 3.3630E-11 3.3630E-11[1] 1.2051E-05 [11)
Si 0.43459 60 FelO4[5)SPINE)  FToxid  FToxid-SPINBH# 30706E-23 | 3.0708E-23[1) 1.5756E-08 [12)
Fe2+ 3.33212-02 61 Fel04[6]SPINB]  FToxid  FToxid-SPINBH 32971624 | 32971E-24[1) 1.9180E-06 [12]
Fe3+ 8.€284E-0¢ 62 FelAlZ04(SPINE)  FToxid  FToxid-SPINB# o] 1.5976E-02 [28]
Mn2+ 0.2288¢ 63 ARBD41+]SPINE)  FTosid  FToxid-SPINE# [ )] 03866 (511 ||
Mn3+ 3.2008E-08 "+' denotes all the Species Properties as defined in the Spreadsheet Setup.
P v anan
< Select Al Clear 0Ok
.
™ .
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Inclusion calculation in Mn/Si deoxidation

Equilibxls - =24 BE - CWWorkshop80WFerrous ApplicationsWEquilib.... jel

i)
1=
Bl
X

oe & &% HoA ook 4 HoH BE E7 EI%

W15 - "7

A B c D E F G H 1 J K L M N TP T

1 | Alpha | Wid%-AIl203(SLAGA®T) Wid%-SIO2(SLAGA®T) Wi%-FeOISLAGA®1) Wise-Fe203(SLAGA®T) Wi%-MnO(SLAGA#1) Wis-Mn203(SLAGA®1) Wi%-AIl203(SLAGA#2) Wi%-SIO2(SLAGA®2) Wis-FeDSLAGA#2) Wist-Fe203(SLAGA®2) Wi%-MnO(SLAGA#2) Wis-Mn203(SLAGA=3) A corner B comer C corner ||
2| o 0 90.500634 01260274 9.38178E-05 0.28145042 0000224936 0 62.570747 6.6540508 0.005014931 30.767000 000317861 | 0.99591 0.00409 0 |
3 | 0.0001 87702688 50680018 53548053 0.001087166 2617281 000292115 0.00530635 07.510604 04731067 4.64102E-05 11012222 0000623975 | 050689 031532 008779 |!
4 | 0.0002 11.776833 56.5178 5.0792122 0.000952035 26.621992 0.003211165 11.776833 56.5178 5.0792122 0.000952035 26.621992 0003211165 | 056518 031705 011777 '
5 | 0.0003 14.104421 5413043 48763629 0.000924089 26884200 0.003433587 14104421 5413043 48765629 0000924089 26.884209 0.003453587 || 05412 031765 0.14104 ||
6 | 0.0004 16.115769 5212507 47001915 0.000030543 27.0444286 0.003653455 16115769 5212597 47091915 0000930548 27.044426 0.003653455 : 052126 031758 0.16116 :
7 | 0.0005 17.038484 50358053 45625986 0.000053004 27136004 0003816174 17.038484 50.358053 45625086 0000953004 27.136004 0003816174 | 050358 031703 017938 |1
8 | 0.0006 10.633667 48756118 44206605 0.0009843 27175616 0003945834 19.633667 48756118 44206605 00009843 27175616 0.003945834 048756 03161 019634 ||
9 | 0.0007 21.234874 47.280873 4306477 0.001020872 27.172709 0.004045789 21.234874 47.280873 4.306477 0.001020872 27.172709 0002045789/ | 047281 031484 021235 |
10 | 0.0008 22.762045 45.008307 41907137 0.001060611 27123755 0.004119056 22762045 45.902307 41907137 0.001060611 27.133755 | 045008 03133 022762 |!
11 | 0.0009 24227658 44622638 40809764 0.001102103 27063457 0004168505 24227658 44 622638 40809764 0001102103 27.063458 : 044523 03115 024228 :
12| 0.001 25630853 43412797 30763034 0.001144321 26065412 GLRELELEY 55 saans2 42 41707 2 678300 AARA1AAT o8 DASATS | 043413 | 030047 02564 [
13 | 0.0011 27.004183 42.270514 3.8764115 0.001186484 26.843 oy 000420705 ' 042271 | 030725 027004 ||
14| 0.0012 28.324636 4112024 37806664 0.001227993 26.70C CompOS|t|0n from Slag #1 0004201450 | 0AT182 030436 028325 |1
15| 0.0013 20604261 40163517 3 6889036 000126839 26537 . 0004182606 ! 040164 030232 029604 ||
16 | 0.0014 30.845546 39.188614 36009286 0.001307333 26.35¢ A Corner = V\,‘t%S|02/1OO 0.0041527 : 039189 | 0.29966 030846 ||
17 | 0.0015 32.050641 38.260325 3.516577 0.00134458 26.16¢ 0.004113759 : 03826 | 0.29689 032051 :
18| 0.0016 33.221495 37.374844 34356082 0.001379968 25.062 B - VV-[O/ M O M 203 F O F 203)/100 0.004067552 037375 020404 033221 |,
19| 0.0017 34350018 36,5287 33581458 0.001413399 25747 corner ( oMInO+IVIn +HeO+ke 0004015618 1 038529 029111 03436 !

5 467 5718717 - 55 s0a7 1 57 s

28l o0urs | sosasaas e smes smens e C COrner = wt%AI203/100 oomesns | oseasa | aza5rz | azesa ||
22| 0.002 37.59734 34105842 31430854 0.001501703 25.0574va vawsesive Sr.omioe S 1eee s issvaoe v v us comruza 000383762 | 034196 0.28207 0.37597 :
23 | 0.0021 38622386 33477858 30782765 0001527226 24816178 0.003774015 38622386 33477858 3.0782765 0001527226 24316178 0.003774015 : 033478 0279 038622 |
24| 0.0022 30622789 32785816 30151654 0.001550888 24570069 0.003709449 39622789 32785816 3.0151654 0001550888 24 570969 0003700440 1| 032786 027501 039623 [/
25 | 0.0023 40.599875 321177 2.954512 0.001572768 24322696 0.00364444 40.599875 32.1177 2954512 0.001572768 24.322696 000364444 | 032118 027282 0406 '
26 | 0.0024 41.554804 31471674 2.8061304 0.001592947 24072079 0.003579405 41554804 31.471674 22061804 0001592947 24072079 0.003579405 1| 031472 026073 041555 ||
27 | 0.0025 qumr 30.846074 2 8400399 0001611515 23819743 0003514678 Qeamr 30.846074 28400399 0001611515 23819743 0.003514678 030846 026665 042439 ||
28 | 0.0026 43 403342 30230387 27850654 0.001628557 23566227 0.0034505 43403342 30.239387 27850654 0001628557 23566227 0.0034 || 030230 | 0.26357 043403 ||
29 | 0.0027 43.641561 30.081907 27718137 001632672 23.499652 0.003433744 43.641561 30.061907 27718137 1632672 23.499652 0003433744 ! 030082 | 0.26277 | 043642 |
30 | 0.0028 43.641639 30.081465 27715307 0.001632482 23.500299 0.003433782 43641639 30.081465 27715307 0.001632482 23.500299 0003433782 | 030081 026277 043642 |
21 | 0.0029 43.641716 30.081023 27743472 nAN1A2304 23.500047 0.003433821 43641716 20021002 5 7712478 0 001637291 22 500047 n0na433R>1 1| 030081  0.26277 043642 |1
32| 0.003 43641703 30080581 23501505 0003433859 | 030081 026273 043642 .
33 | 0.0031 43.641871 30.080139 S I ag #1 23.502242 0.003433897 S I a #2 1| 03008 | 0.26278 043642 |1
34 | 0.0032 43.641948 30.079697 23.50289 0.003433935 g : 03008 026278 043642 :
35| 0.0033 43.642025 30.079255 23.503537 0.003433073 | 030079 0.26279 043642 |1
36 | 0.0034 43642102 30078813 23504185 0.003434011 t t b I #1 | p30070 026279 043642 |!
37 | 0.0035 4364218 30.078372 (Stab I e S I ag) 23504832 0.003434049 (m e a.S a e O r Sam e as | 030078 026279 043642 i
38 | 0.0036 43.642257 3007793 2./69268Y LOUTB30961 23.50548 0.003434087 H H HFHH 1030078 | 0.2628 043642 ||
29 | 0.0037 43.642334 30077488 27689364 0.00163077 23.506127 0.003434125 eXCG pt I n Case Of Stab I e m ISCI bl I Ity g ap) : 030077 0.2628 0.43642 :
40| 0.0038 43642411 30077046 27687039 0.001630581 23.50677 0003434163 [ e R e e ceweciiee 1 D30077 026281 043642 |1

411 00039 43 A42479 30 076604 2 764215 0001630392 23507421 0 003434201 43 f424R0 30 N7ARA04 2 7RA4215 0 001630392 23507421 0 (03434201 ! p30077 | 026281 04342 o
Sheet1 4 [ ———— | Fyil
[@oxsejo| 85 ] - 1 +68%

P !
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Inclusion calculation in Mn/Si deoxidation

T =1600°C

Fe Liquid

[%6Mn] + [%Si]
OOhta and Suito[34]
®Kang and Lee [35]

MnO - ALO, - SiO,
1600°C

Sio,

1200°C
liquidus

MnO(+FeQ) % 8 70 60 5 40 30 20 10
weight percent

%

A%ag-liq + AMonoxide ASlag-liq + MnAl,O,(s)

AV

ASlag-liq + M,O,(corundum)

Liactsoge

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

According to calculations,
mullite and AI203 are
forming subsequently
after slag

Mn O 0.9 0.8 0.7 0.6 0.5 0.4 0.3

mass fraction

‘ ractsag:
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Inclusion calculation in Mn/Si deoxidation

weight % vs weight %

-anis

masimum

rninimLm

100
tick ewvery
Cancel

¥-variable X-variable Swap Axes

—-anis

R
rninimLm

tick every

Refrezh

100.00

90.00

80.00

“EToxid SLAG .

16~ < AIZOISLAGAE O

17 Si0ZsLaGaf: O

18 FeO[SLAGAHZ2 O

13 FeZ035LaGs: 0

20 MrO[SLAGAR: 0

| Mr2035LAGs 0

FToxid MeO

22 FeO[te0_a) ]

23 Fe203Mel_a 0

24 AZ0AMe0_4) O

¥- weight 2 ®, Geight 2>~

seleEt ﬁpecies - eﬁter One species
uge "+ colurmn | ,ﬁ :

\ [
Clear S ALFelD s

o e Y o B e e Y

1]
1]
0

Maszs
+ male
" gram

[ source

[Click on the "+ column to add & fefmove species)

0397325

4.1046E-03
1.7552E-07
8.9265E-03
2.5234E-06

7EIT0E-02
7.3324E-05
0

Order
+ integer #

" mass [max)

0324535
0.8mwar
5.9076E-02
2.003E-05
0276648
2.3847E-05

0215191
4.7022E-04
0.34303

(" fraction [max]

™ activity [m

ax)

]
0.255041
1.3503E-02
4 6227E-09
1.9928E-02
1.4048E-09

1.0181E-02

2.3568E-10
0

70.00
File  Show
+| X Species‘\[ Mole [min) | Mole [max) |Flact. [min]| Fract. [max) | Act. [min) | 060'00
AlZ0[Feld) \»U\ 5.6450E-09 1] 3.2475E-09 0 >

20.00

10.00

0

oK

Soluble Al vs. Inclusion composition

98.995 Fe + 0.5 Mn + 0.5Si + <A> Al +
c:\Workshop\EquiO.res 3May11

SiO,(SLAGA#1)
- ALO.(SLAGA#1) -
———— FeO(SLAGA#L)-
e OASEAGA#R—! - ' - '
0 0.6062 0.0004 0.0006 0.0008

Select Top ﬁj‘ [ species selected |

weight % Al_FelLQ

0.001

ractsag:
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Re-oxidation and inclusion modification in
the tundish — Ca-treated steel
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Reoxidation and inclusion modification in the tundish

MgO - Ca0 - AlLLO,
1550°C, 1 atm £actig

~The target of
/" Ca treatment

ASlag-ligf AMonoxide + Mooy

[Tl
.........

. : -
Can oo o0& o7 05 %, O3 Do -:-.3\\\ oz .1

. - AlLO.
mass fraction  Allaglig + Caal Disy e

www.factsage.com



Reoxidation and inclusion modification in the tundish

At 1550°C
Al killed steel

MéO based refractory

d
s’
td
s’
td
’
s
td
7
'
’
s’
td
s
td
td
Cd
td
s
’
s’
’/
4

> Reoxidation: assuming mainly
due to SiO2 based slag
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Reoxidation and inclusion modification in the tundish

Al I|<iIIed steel

I
v

Fe+100ppm O

A

MgO based refractory

Databases: FACTPS + FTOxid + FTMisc

G Equilib - Menu: last system
File Units Parameters Help
D& -

—~Reactants (3)

~ Products
— Compound species

[+ gas (+ ideal " real

8
[T aqueous 1]
[ pure liquids 0

[+ pure solids 7

* - custom selection
species: 15

Target
- none -

Estimate T(K): JHO00
Quantity(ag): |U

T(C) Platm]) Energyl)) Quantity(g) Volllitre)

| [gram)99.09 Fe

+ 0010 + Mgl |

— Solution phases

—Legend
| - immiscible 1
+-selected 3

* | + | Base-Phase | Full Name
+ FTmisc-FelL Fe-lig
| FToxid-SLAGA  A-Slagliq all oxides + S
+  FToxid-SPINA A-Spinel
+  FToxid-MeD_aA A-Monoxide

vV Show ™ all  selected

species; 25
solutions: 5 ﬂl

|1U steps 1

' FactSage 8.0

1 calculation

— Custom Solutions ———————;
0 fied activities _- =2 |

0 ideal solutions

~Pseudonyms —————
apply I Edit ... |
~Yolume data—————
assume molar volumes of
solids and liquids =0
¢~ Include molar volume data
and physical properties data |

I parzequilibrium & Gmin _edit |

(s

Virtual species: B
Total Species [max 5000] 40
Total Solutions [max 200 5

Total Phases [max 1500 13

~ Final Conditions — Equilibrium
[ @ <B> T JPaml  ~|[PoductHl) v| @& nomal  © non
| 1550 [1 | € tansitior

. O e
- no time limit - Calculate >> |

I thtSage‘”
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Reoxidation and inclusion modification in the tundish

&7 Equilib - Results 1550 C

Output Edit Show Pages Final Conditions

D= 2iE 5

TIC) Platm) EnergylJ) Quantity(g) Yolllitre)

| FactSage 8.0 A
(gram) 99.0% Fe + 0.01 O + Mg0 =
0 mol gas_ideal
(1550 C, 1 atm, a=2.7885E-05)
( 4.4878E-05 Mg
+ 4.299€E-05 Fe
+ 1.0485E-08 Fel
+ 4_.4275E-10 MgO
+ 2.0110E-10 o
+ 1.7956E-12 02
+ 3.B285E-13 Mg2
4 s.zzTETTE 0 03) 0 TTTTeeeeol 7
_"—‘ Te-al _—"
- =~ -
-+ ss.078 gram Fe-lig RIS -
L7 (99.078 gram, 1.7744 mol) AN ="
, (1550 C, 1 actm, a=1.0000) N
] { 99.994 WE.% Fe '
N + 5.0250E-03 wt.% O )
N + 1.0221E-0€ wt.% Mg L’
‘\\\ + 5.3287E-04 wt.% MgO) ’,,’
\s"‘~-§_Sys:em component Amount/mol Amounts/gfam Mole fraction Mass fractio
Fe _Tim~—rssIIII I T4k 55 072 0.99981 0.599994
_a-=m Mg 1.3141E-05 3.13392-04 7 .4055E-0€ 3.223€E-0€
-7 o 3.2428E-04 5.18832-03 ~~_ _1.827€E-04 5.23€€E-05
//' + 1.0220 gram Monoxide \\\
] {1.0220 gram, 2.5111E-02 mol) \
\ (1550 C, 1 atm, a=1.0000) }
AN { 2.1972 wt.% FeO S
NN + €.8918E-03 wt.% Fel03 s
IS S + 97.796 wt.% MgO) € e pridanll b L L DL B L D PR T EEEE R
"~~~ _ - Final Conditions S
S~ I | STE ] Piam) | PiodudtA@) | [ cauaton] XF
1530 L I Calculate >> | v
< >

Only save liquid Fe
as stream file for next step
Stream name: “Ex4-1(a)”

MgO based
refractory

I thtSage‘”
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Reoxidation and inclusion modification in the

tundish

Al killed steel

+ 600ppm Al

+? inclusion

G Equilib - Menu:
File Units Parameters Help
D= E

— Reactants (2)

T(C) P(atm) Energyl)) Quantity(g) Volllitre)

[ (gram) 100% [Ex4-1(a]] + 0.06 Al |
~ Products
— Compound species ~ Solution phases ~ Custom Solutions ————————
* | + | Base-Phase | Full Name 0 fixed activities =" |
[+ gas & ideal ¢ real 15 + FTmisc-FelO Fediq 0 ideal solutions
[7 aqueous 0 | FToxid-SLAGA  A-Slagdig all oxides + S - Pseudonyms -
[~ pure liquids 0 | FToxid-SPINA A-Spinel apply [~ _Edt. |
= [+ pure solids 14 +  FToxid-MeO_A A-Monoxide ~Yolumedata——
_ | | FToxid-CORU M203(Corundum) (s @ssume molar volumes of
* - custom selection solids and liquids = 0
species: 29 ¢~ include molar volume data
and physical properties data |
Target y— [ paraequilibrium & Gmin _edit |
- none - | -ei?nemr:scible 3 IV Show (* all " selected Virtual s oS 12
Estimate T(): 700D Pl s ) Totasl Species [max 5000] 92
. sso::icole: Eg Select | Total Solutions [max 200 8

Quantity(g); IU_

~ Final Conditions

<Ay <B> T(C)

| Platm)

v ||Product HY) |

1550 1

I
|1U steps il

FactSage 8.0

1 calculation

Total Phases [max 1500 23

— Equilibrium
& nomal O e

€ Wransitions or 1 " oper
Calculate >> |

- no time limit -
V7

thtSage‘”
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Reoxidation and inclusion modification in the tundish

(99.127 gram, 1.77€l1 mol)

(1550 C, 1 atm, a=1.0000)
{ 99.945 wt.% Fe
+ 5.486€9E-02 wt.% Al
+ 9.5372E-05 wt.% O
+ 2.€380E-0€ wt.% Mg
+ 2.5€92E-05 wt.% MgO
+ 3.7713E-04 wt.% AlO
+ 7.7107E-05 wt.% A120)
System component Amount/mol
Fe 1.7741
Al 2.02€7E-03
S e - 7.3947E-07
_--"7 o T~ €331E-05
-+ 7.8073E-03 gram M203(Corundum)$l AN
| (7.8073E-03 gram, 7.€571E-0S5 mol) AN
, +0 gram M203 (Corundum) £2 5
! (1550 C, 1 atm, a=1.0000) fi-
k (100.000 wt.% Al203 K
i + 7.7599E-0€ wt.% Fe203) !
\\ //
AN System component Amorint /mol
S~.__ Fe __--7.5877E-12
TRl 77T 1.5314E-04
_.--=""o TTt~~2.2971-04
A" + 2.7380E-03 gram Spinelgl N
J/ (2.7380E-03 gram, 1.9559E-0S5 mol) ‘\
! + 0 gram Spinelg$2 \I<
. (1550 C, 1 atm, a=1.0000) h
\ { 9.1657E-09 wt.% Fe304 )
N + 1.1370E-09 wt.% Fe304[1-] o
"~< + 1.1017E-12 wt.% Fe
RIS + 9.4593E-0€ wt.% Fe

T T#-3-2863E-07 wt-%-F&

&G tquilib - Results 1550 C — O 5%
Outpu‘t Edit Show Pages Final Conditions
I @l.l _J T(C) P(atm) EnergylJ] Quantity(a) Vol(litre) 'n IBI 393
+ 99_.127% gram Fe-lig A

Amount/gram Mole fraction Mass fractio

$9.072 0.9%5885 0.59545
5.4€84E-02 1.1411E-03 S-SlesE-04

1

-

-.7973E-05
.€129E-04

4.1€34E-07
S.1945E-0¢€

1.8131E-07

Alumina inclusion w

nozzle clogging

Amount/gram Mole fraction Mass fractio

4.2374E-10 1.9819E-08 5.4274E-08
4.1320E-03 0.40000 0.52%28
3.€753E-03 0.€0000 0.4707s

Formation of
bad for steel ©

2-€355=6c—71

Only 55 ppm soluble Al
Only 2.6 ppm soluble O

nich can cause later

spinel inclusion which is

uality

Stream name: “Ex4-1(b)”

Save all phases as stream file for next step
(assumption: all inclusions stay without any floatation removal)

I thtSage‘”
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Reoxidation and inclusion modification in the tundish

Ca treatment: liquid slag

! Equilib - Menu: last system - et
+ < 1 Ooppm Ca e Units Parameters Help
31" T(C) Platm) EneraylJ) Quantity(g) Vol(itre) "™ =
+ ? InC|US|On leactants [2)
+ ? Slag [ [gam) 100% [Exd(6]] + <A> Ca |
*roducts
Compound species Solution phases 1 Custom Solutions
= I + I Base-Phase | Full Mame - 0 fized activities 4'
[+ gas (+ ideal ¢ real 18 + FTmisc-FelO Fe-lig 0 ideal solutions
[T aqueous 0 | FToxid-SLAGA  ASlagliq all oxides +5 Pseudonyms =
[ pure liquids 0 | | FToxid-SPINA ASpinel sppy [ Edit-. |
* [+ pure solids 3 | FToxid-MeO_A A-Monaoside ~Wolume data '
e otom st + | FToxdCAFS Calfl Fe12013 & asume maarolumes of
e pecies. 49 +  FToxidCAF3 CalAlFe)s010 include molar volume data
+ FToxid-CAF2 CalalFe)d07 and physical properties data
- l e il ] Rehts ﬂ I paraequilibrium & Gmin  edit |
Transitions - alpha <A> Legend el s = N
| - immiscible 5 [V Show * all " selected vIRUal SPECIES. =
Nurnber of +-selected 6 ) Total Species [max 5000] 136
bansiions:  [A1 ] species: 87 Gelect | | TotalSolutions (mex 200) 16
solutions: 16
Total Phases [max 1500 48
Final Conditions E quilibrium
by <B> TIC) IP["“ml L“P"’d"d HW) LI " nomal  * nomal + transitions
|0 0.01 0.0001 1550 [1 | (" hansiionsonly " open
[0 steps T 101+ calculations| | -notimelimt-  Calculate >> |
FactSage 6.0
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Reoxidation and inclusion modification in the tundish

G Equilib - Results A=0.0034 (page 50/117) - ad X
Output Edit ShowPages Final Conditions

Q@] ﬂ T(C) Platm) Energyl) Quantila) Vollie) L EL B
A=0.0021 | A=0.0022 | A=0.0023 | A=0.0024 | A=0.0025 | A=0.0025 | A=0.0026| A=0.0027 | A=0.0027
A=0.0014 | A=0.0015 | A=0.0015| A=0.0016 | A=0.0016 | A=0.0017| A=0.0018| A=0.0019 .~\=0.002|

A=0.0028 | A=0.0029 | A=0.003 | A=0.0031| A=0.0032| A<0.0033 -A=0.0034-

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

(99.129 gram, 1.77€l mol)
(1550 C, 1 atm, a=1.0000) F:\ThermFact-Quotation\FactSage workshop\2020\FactSage 8.0 slides\Ferrous Appli

( 99.943 wt.% Fe

+ 5.6396E-02 wt.$ Al o018 —mmAm—mm—m™m™m—m—m/————m——™——o—
+ 1.0837E-07 wt.§% Ca
+ 4.8319E-05 wt.% O

+ 2.229€E-05 wt.% Mg SLAGA#1
+ 1.0997E-04 wt.% Mg0
+ 1.4€51E-04 wt.% Ca0
+ 1.9€40E-04 wt.% AlLO
+ 4.127€E-05 wt.% Al20)

Cr2Mg2AI28046

System component Amount/mol Amount/gram M

Fe 1.7741 99.072 0010 R
Ca 2.5926E-0€ 1.0391E-04 .
al 2.0777E-03 5.6059E-02 C F2
Mg 3.6140E-06 8.7839E-05
0 1.34032-05 2.14445-04 &
o]
4 1.2443E-02 gram Slag-ligsl ’5.’ COFH
(1.2443E-02 gram, 1.€481E-04 mol) 0)
+0 gram Slag-lig#2 6y 27
(1550 C, 1 atm, a=1.0000) Meo A#1
( 59.844 wt.% Al203 0 005

Range for liquid inclusio

+ 37.0€4 wt.¥ Ca0

Save all phases at <A>
= 0.004 as stream file

f A#1
for next step SPINAR!
( Fedt 2.57812-07 0.000 i . . . . | . . .
,, T 0.000 0.001 0.002 0003 0004 0005 0006 0007 0.008 0009 0.010
Stream name: "Ex4-1(c) Alpha
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Reoxidation and inclusion

modification in the

tundish

Reoxidation: assuming mainly

due to SiO2 based slag

N
+ <100ppm SiO2

+ ? Inclusion
+ ? Slag

G Equilib - Menu:
File Units
D =& &

Reactants (2]

Parameters Help

Products
Compound species

[+ gas & ideal © real 23

7 aqueous 0
[~ pure liquids 0
* [+ pure solids 88
* - custom selection
species: 111
Target
- hone -
E stimate T[K): 1000

Quantity(g): |U

Final Conditions

T(C) Platm]) Energyl)] Quantity(g] Volllitre)

| [gram) 100% [Exd-1[c)] + <A> SiD2 |
Solution phases
= I + [ Base-Phase | Full Name -
+ FTmisc-FelO Fe-lig
| FTouidSLAGA = A-Slagliq all oxides +5 ~
| FToxid-SPINA &-Spinel
| FToxid-MeD_A A-Monoxide
| FToxid-cPyré A-Clinopyroxene
+ FToxid-oPyré &-Orthopyroxene
+ FT oxid-pPyrd, A-Protopyroxene
+ FToxid-LcPy LowClinopyroxene ¥
Legend
I - immiscible 8 ¥ Show @ all " selected
+-selected 16 -
species: 306
solutions: 32 %

B> <B>

TIC | Platm)

v ||Product HY)  ~ |

00.01 0.0001

|1 0 steps r

FactSage 8.0

1550 [1

101 calculations

m ™ %

Custom Solutions
0 fized activities |

0 ideal solutions
Pseudonyms :
Volume data

+ assume molar volumes of

solids and liquids = 0
include molar volume data
and physical properties data

[~ paraequilibrium & Gmin _edit |
Virtual species: 30

Total Species [max 5000] 417

Total Solutions [max 200) 32

" transitions only

-no time limit - Calculate »>> |

Total Phases [max 1500] 121
E quilibrium
& nomal " normal + transitions

" open

thtSage‘”
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Reoxidation and inclusion modification in the tundish
100% [Ex4-1(c)] + <A> SiO2

F:\ThermFact-Quotation\F actSage workshop\2020\FactSage 8.0 shides\Ferrous Appli

0.020 . . . . . . . |
SLAGA#1

0.015 | -

2

010

(®)]

0.005 |
| et SPINA#1 |

0.000 . . o | | | il
0.000 0.002 0.004 0.006 0.008 0.010

Alpha

In this condition,
SiO2 is reduced by Al during the reoxidation
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Reoxidation and inclusion modification in the tundish

MQD - CaD - AIED3 F Figure Zoom
155{}-.':; 1 atm Close

[v Bull's eve

Slag composition after Ca
treatment (30 ppm Ca)

+ 1.2284E-02 gram ASlag-ligfl
(1.2284E-07 gram, 1.5945E-04 mol)
(1550 C, 1 atm, a=1.0000)

[ 83,328 w_% A1Z03
+ 33,368 v % Cal
+ &.3444E-032 wt_ % Fel
+ 2.9494E-0L wt_% FezZO03
+ 3.E2368 wt_% Mgl

. i
CHD oa oz 2] o0& 0= AN l:l.3>\ oz o1

~ v i M D
masa fraction ~--Aalag-lig + Caal O sy s
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Inclusion diagram: Fe-Al-O, Al deoxidation

|

f

|

{

!

f

!

t;' Phase Diagram - Menu: Ferrous Applications Il p39
File Units Parameters Variables Help
D& u TIC] Platm) Enerayl)] Quantity(a] Yolllitre]
Components [3)
[ fgram Fe + &I+ O]
— Products
— Compound species — Solution phases  Custom Solutions ———
= [+ | Base-Phase | Full Name 0 fived activies _D='31S |
P oges % ideal € el 0 +  FTmisc-FeLQ Feliq 0 ideal solutions
I} aqueous 0 | | FTosd5LAGA  ASlagli all oxides + § Pseudonyms Ea | (1): draw rectangular d|agram
[ pure liquids 0 | FToxid-SPINA A-Spinel annls [~
[~ pure solids 0 +  FlokidMeD 4 A-Monoride -y Figure | User Facisage viorsnop
e File Add | Edit View Help
| FToxid-CORU M 20 3(Corundum) o Ql El B Copy s E gI EI o <]+l setected |
species: i) (“’7 $ Cut Ctrl+X —
B3 Paste Ctrl+V Fe-Al-0
r* X Delete Del o G
Target . " 1600°C, 1 atm ctiape”
- none - Il.-ei?l';.:i(:cible 3 v Show ™ all " selected E - ¥ Undo : _ : . : : : g
Estimate T(K): [1000 +- selocted 2 species: 42 o | | Tg A Al dh | [ | ! f '
solutions: & E g Frame and Scale.. ! /‘ ,r !
1 ~- AT y . i ] }r
“Variables Phas{ — [ Reciprocal Frame... fl ’\ ]f |
T(C) AlFe+Al+0) | O/[Fe+Al0) | Yl 5 ma ! ! ; ( !
N - | [ i ! !
1600 00.01 00.001 . fafie et ] j j f
Change Scale... ' |
[0/Fe+Al+0] vs AlFe+tl0]] ol @ T 7 ! r ' |
. S 00006 - J" ! ! ! ‘ | ) 1
FactSage 8.0 C:h . AFemous_Applications_|l_p39 phas a8 | ‘[' {
ﬁ Fe-lig ff Mzos(qlorundum) i
£ ) J ] f i |
& / { | J ‘
S 00004 / | ] i / ] j [
/ i | f ] }. | ) |
| / ] ‘
1 !
ﬂ /. I ‘\ I/ l\' { J‘ |
0.0002 | / ! " |
|r ] | |
| | j / / i [
| ] | |
0 L / [, S - L T ! I JFFI]II_!-'
0 0.002 0004 0006 0.008 001
Al(FetAHO) (g/g)
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Inclusion diagram: Fe-Al-O, Al deoxidation

ﬁ Figure User : FactSage Workshop
File Add Edit View Help

D3| @8 Copy ar-C | @ x|[ex <] Selected |
s & Cut Ctrl+X
B Paste Ctrl+V Fe-Al-0
P : 3":“ Del 1600°C, 1 atm G‘actSage'"
E i T ] T T T T T T T T T T
All ) ) i
s (2): change X- and Y-axis lower limit. _ _
& , , ! ; ! | |Change Scale (3): change linear scale to log scale. X
- Selected |  ! . " ! I' Axis operations are performed first (% then Y] in the order set by the user
r Fig file... e ‘ ! : ‘ ¥-Axis Operations Y-Axis Operations
Tl congesae. (3): change linear scale to log scale. 0r= Apply | TCtTK =l | o pophy ||TCloTK Kl
» 5 “ ‘ ; i ‘ [ | | ] [1 j scale type [Iag[X] ﬂ : I1 j scale type :[Iogl"l’] j:
0.0006 - | ' ‘ X | . | eseeemmm——————| | | =———|| = e
g ' | I' “ ! ; : : 2 - I multiplication factor [1 I2 j multiplication factor |1
x L : : ‘ .  r——— _ P 3
. . - i 3 - 1 2 | 3 - 1 1
T _ ! (2): Change X- and Y-axis lower limit. .| j tanslation (d<]  Js________ I J translation (d) .__L?l __________ |
Frame & Axis AIY operations are | .
Theme Template %/¥ Operations After changing the axes to log
IF. - ! = & none " fip(i7v) scale, move all curves to +2 in
igure [itles nio H “
’ [~ date g O fiip(14€) ~ mtate an linear scale

Frame

lle [ [Fe-Al-0
i 1600}0{C, 1 at Gibbs Triangle Dperations
sublitle |7[ 0 atm 7 ket v top ig 9 P

logo [ |User Bitmap ~| font ¥ botom | = &-fgis multiplicator  [1 )

X-Axis Y-Auds e B-Awis multiplicator [

bile [Bl/FevAivD) (g/a) font | | | e [07Fe+AR0] (g/a) ~ = .

— [0 [ I:lne Propellhes Ra—— [om L_lr:e propettles ~ C-Axis multiphcator {1

mininum | 1-0E-08 fule |50l :I' minimum; | 1-0E-08 st |Sold

increment |-001 length 217 mm increment  |-0007 length 150 ‘ / DK I x Cancel

labels at  |-002 fort | | width |4 mm labels at 000z font | | width 4 mm
farmat 041880 'I color - format 044440 "I color -

Grid Gnd

I~ onfoff [V both | style | Dot | r P [ style |Dot ~|

gidat |1 width |.1 mm gidat |1 width |.1 mm
Save as Template ‘ Read Template | « OK ‘ X Cancel ‘
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Inclusion diagram: Fe-Al-O, Al deoxidation

Fe-Al-O

(4) Editing of title of x- and y-axis _____ e G'a'c'tslage

-1.5 | -

Fe-lig + M203(Corundum)

log [wt% O]

-35 F . .
! Fe-liq ]

-4 I NP B S S S S R B
-4 -3.5 -3 -2.5 2 -1.5 -1 -5 0

log [wt% Al]
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Inclusion diagram: Fe-Al-O, Al deoxidation

New way to set the axis in log scale
- log — log diagram or log — linear scale diagram can be calculated now

G’ Variables: Fe-Al-O composition #2. vs composition #1. X

Vanables TandP

- > Pressure or Volume
compositions Temperature

B (% Platm) |constant vl

o~ constant -~
* T(C) ‘ £ logP
- ||log10fa) | " Viitre)

1600 " logV :\

[ total pressure isobars

XY steps

Compositions Quantity(g)

T e + [

. 1 JFe + [t Jai

Log scale 2 v #1 log10(composition)

" 0 JFe + [0 Jai
R+ 1A

Log scale = | & #2lagt0compostion)
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Inclusion diagram: Fe-Al-Ti-O, Al/Ti deoxidation
e GactSage“

\ Fe-lig + M203(Corundum)

log [wt% O]

35 i Fedliq -03 F E

-4 L 1 1 1 1 0.6 ?— =
-4 -3.5 -3 -2.5 -2 . - -5 F O Fe qu

log [wt% Al : )

g (wtoe Al 09 E E

-1.2 - —~ -

Eost i ;

§ . M,O,(corundum) + Fe-lig

o 1.8 — E

i) b E

2.1 F 3

24 3

27F 3

-3é ......... [ [ [ [P [T Love iy ) AT A, A Livissiies é

-5 -4.5 -4 -3.5 -3 - B -1.5 -1 -0.5 0

log wt% Al
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Inclusion diagram: Fe-Al-Ti-O, Al/Ti deoxidation

=
o

o
o

o
o
T

o
o

log [wt% Ti]
5

=
o
T

-4.0 -3.5 -3.0

25 20
log [wt% Al]

-0.5

Fe-Al-0-Tj--==~_
v
1600°C, mass O/(Fe+Al+®}Ti) = 5E-6

0.3 E

0.6

log wt% Ti

24
Y G’actSagem

03 F

-0.6 F

-09 F

Iso oxygen 5ppm line

log wt% Ti

21 F

24 F

2.7 F

Fe-liq

M,0,(corundum) + Fe-liq

N

log wt% Al

‘ ractsag:

-0.9
-1.2
-1.5
-1.8

21

27 F

Fe-Al-O-Ti-~7 "~~~
1600°C, mass 0/(Fe+A|+o+ﬁ) 10e6 ! thtSage
T T T T T e _|’ T T
Fe-lig_— TN
\
d
Pseudobrookite + Fe-Tiq / \

Blimenite + Fe- I|q

\
|
\
Pseudobrookite + Feﬁ/ / \
Fe-liq
203(corundum) + Fe-liq
1 1 1 1 1 1 1 1
-4.5 -3.5 -3 -2.5 -2 -1.5 -1 -0.5
log wt% Al

1) Change oxygen content and calculate similar diagram
2) Superimpose all the diagram together

3) Calculate the phase boundaries from Equilib (or simply
connect boundaries in the calculated diagram)
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Inclusion after Mn/Si deoxidation

oo

15

-20

S50

4.5 -4.0 .35 -30 25
log(wt% Al)

(a)

g
ot -
= _— .
Liquid Oxide
50
-15
MnALO,
80 0 w15 10
20 L L i
50 -4.5 -40 -35 -30 2.5
log(wt% Al)

(c)

log wt% Si)

log (wt% Si)

Figure 11: Calculated inclusion stability diagrams in the Fe-Mn-Si-Al-O system at 1550°C for (a) mass% Mn
(b) mass% Mn = 0.5, (c¢) mass% Mn = 1.0 and (d) mass% Mn = 1.5. Numbers adjacent to each line represent equilibrium

oxygen contents (in ppm) in liquid steel [23].

50 -4.5 -4.0 -35 -30 25
log(wt% Al)
(b)
ite
Liquid Oxide
40
80 nALO, 30 M| 15 10
-20 L L
-50 45 -40 35 -3n -25
log(wt% Al)
(d)
=0,

ractsag:
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& Data Search

Databases - 3/26 compound databases, 2/26 solution databases

Al killed Ti bearing steel

&d SG TE compounds only Pﬂvate Dﬂtabases
FactPs [] [ BINS solutions only [JEXAM  []SGTEa [ SGTEb
; no databy
Ili:m:::l E E gg?g t;l Equilib - Menu: Ferrous Applications Il 46 — e
sal
FTmise [ [ sGsold Cleard Eile Units Parameters Help
E el DS - TIC) Platm) Energyld) Quantitylg) Vollitre) "o ™
Other
O FTfitz AddRemoy _ B eactants (8)
[JFThelg [ ELEM [] SGnobl
O FTpulp [ FTdemo B SpPMCBN  RefreshDat | (ram)99.9475 Fe + 07 Mn + 003 Al + 02Si + 000250 + 005N + 000SC + 01 Ti |
TDmeph —
[ FTiite [ FTnucl [ TDnucl
Products
Information - Compound species Solution phases Custom Solutions
= | + | Base-Phase | Full Name :I 0 fized activities 4'
[+ gas & ideal " real 57 FToxid-ILMEE B-llmenite 0 ideal solutions
[T aqueous 0 FToxid-ILME? lmenite Pseudonyms =
[ pure liquids 0 +  FToxd-PSEU Pseudabrookite apply - __Edt..
* [& pure solids 107 + FToud-TiSp Titania_Spinel Yolumne data
. , \ect + FToxid-TSpi Tetragonal-Spinel (e :;;;?:nrg'il::‘izglﬂr%es of
) ) " Custom s& "Cs'g'gcies: 164 +  FToxid-Bixb Mn203(Bixbyite) ¢~ include molar volume data
Options - search for P":"”f; species ) + FToxid-Brau Braurite_Mn75i012 and physical properties data
nclude compounds FT oxid-Rhod Rhadonit v . . :
[ gaseous ions [plasmas) T arast £ el el [ paraequilibrium & Gmin _edi |
Default [J aqueous species a[gei Legend ¥ Show @ al ¢ selected Virtual species 55
[ limited data compounds [25C) e | - imméscible 5 e Feecte Total Species [max 5000] 371
: P Estimate T(K]: j1000 +-selected 13 species: 207 : 2
Cuantity IU_ soll.lions: 2 Select Total Solutions [max 200
uantitylg) ' Total Phases [max 1500] 131
Final Conditions E quilibrium
l <A <B> I TIC) IP[dm] ﬂlemd Hi) LI * nomal "*
| 11600 1 l c C
10 steps r 1 calculstion - no time irnit - Calculate >> I
FactSage 8.0 C:-“WorkshopB80\Femo\Fermous_Applications_|l_46.equi

ractsag:
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Al killed Ti bearing steel

&7 Equilib - Results 1600 C
Qutput Edit Show Pages

D= BIE

Final Conditions

TIC) Platm) Energyl)] Quantitylg) Yolllitre)

+ 1_59UeE-4aU Fe (LU S
+ 2.8722E-45 N204
+ 3.€814E-55 N205)

+ 99 _5%9¢& gram Fe-lig

(95.959€ gram, 1.75€3 mol)

(1€00 C, 1 atm, a=1.0000)
{ 98.951 wt.% Fe
+ 2.7583E-02 wt.% Rl
+ 5.0002E-03 wt.% C
+ 0.70000 wt.% Mn
+ 1.5001E-02 wt.% N
+ 2.940€E-04 wt.% O
+ 0.20001 Wwt.% S5i
+ S9.9530E-02 wt.% Ti
+ 4_.9€6€8E-04 wt.% R1O
+ 5.754€E-04 wt.% TiO
+ 3.3327E-0€ wt.% Si0O
+ 3.45€2E-05 wt.% MnO
+ 4.€211E-05 wt.% A120
+ 1.9820E-05 wt.% Ti20)
System component Amount/mol
Fe L.7718
Mn 1.2742E-02
Ti 2.088€E-03
Si 7.1211E-03
Al 1.0351E-03
0 4 _0345E-05
N 1.0708E-03
C 4 1€30E-04

+ 3.550€E-03 gram M203(Corundum)fl
(3.950€E-03 gram, 3.8€37E-05 mol)
+ 0 gram M203 (Corundum) g2
{(1€00 C, 1 atm, a=1_.0000)
wt.% R1203

Amount/gram
98.947
0.70000
9.9975E-02
0.20000
2.7929E-02
£.4545E-04
1.5000E-02
5.0000E-03

- o X
~
Mole fraction Mass fraction
0.98€35 0.98951
7.0831E-03 7.0003E-03
1.1627E-03 8 .5579E-04
3.9€42E-03 2.0001E-03
5.T€Z4E-04 2.7930E-04
2.2455E-05 €.4552E-0¢
5.9€l7E-04 1.5001E-04
2.3175E-04 5.0002E-0S
v
>

thtSage‘”
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Reoxidation of Al killed Ti bearing steel

& Equilib - Results 1600 C — O X
Qutput Edit Show Pages Final Conditions
Save or Print As ... T(C) Platm) EnergylJ) Quantity(g) Vol(itre) “" BI B9
Repeat Save
Plot > [y re A
Equilib Results file > t: AL
Stream File > Recycle all streams ...
Format > Save stream file >
Fact-XML 3 Stream file properties ... &7 Equilib - Reactants - X
Fact-Optimal > Summary of streams File Edit Table Units DataSearch Data Evaluation Help
Directory (C:\Workshop80\Ferro\) ... = ] : Ead
S0, AN e ) (s O |Ev -|-| | TIC) Platm) EnergylJ) Quantitylg) Vollire) m lEb Bl :g:l
% RA120
Refresh ... % Ti20)
.. ’ 1-4]
SWaploops t Amount/mol Amount/gram
Fe 1.7718 %8.547
Mn 1.2742E-02 0.70000
Ti 2.088€E-03 9.9975E-02 Quantity[g) Species Phase TIC) Pltotal)™ Streami#t Data
si 7.1211E-03 0.20000 -
a1 1.0351E-03 2.7929E-02 [[HC_A'MUHU?"je] j | | | F:
o 4.03452-05 €.45432-04
N 1.07092-03 1.5000E-02 + o0 [Rc_Feliq) - 3
c 4.1€302-04 5 .0000E-03 I | J I I [ [
+ =
+ 3.950€E-03 gram M203(Corundum)$l h o= [[HC_M203[EorundE| I | | |4
(3.950€2-03 gram, 3.86372-05 mol) -
+0 gram M203 (Corundum) #2 *+ |100% [[Hc_SDUD] j | | | |5
(1€00 C, 1 atm, a=1.0000)
{ 99.03¢ wt.% Al203
+ 2.8914E-05 wt.% Fe203

“Recycle all streams”
« you don’t have to save the stream one by one. But the results
will be used only one time because it is not saved under
special stream name.
« Convenient option when you want to do one calculation I™ Iniial Condiions

FactSage 8.0 Compound: | 3/26 databases Solution: | 2/26 databases
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Reoxidation of Al killed Ti bearing steel

f;" Equilib - Menu: last system
Eile Units
D=

Reactants (3)

Parameters Help

TIC) P(atm] Energyl)) Quantity(g) Yol(litre)

| [oram) 100% [Rc_Fediq] ¢

]
100% [Rc_M203[Corundurn]] ' <& 0

Products e 2 2
Compound species S olaion phases Addition of oxygen to simulation
| " |+ | BasePhase | FullNa rgpxidation phenomena.
[+ gas (¢ ideal © real 57 +  FTmisc-FelO Felic
[ aqueous 0 FTmisc-BCCS e Real source of oxygen could be
[ pure liquids 0 FTmisc-FCCS feo . . .
= [+ pure solids 107 I FToxid-SLAGSE | A-Slagdig all o hlgh SIOZ Slag or refraCtorleS
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Reoxidation of Al killed Ti bearing steel

This calculation shows that mixed inclusion of Al203(s) and liquid (Al203-TiO2-Ti203)
can be formed by the reoxidation of Al-killed Ti bearing steel.

- Nozzle clogging.

100% [Rc_Fe-liq] + 100% [Rc_M203(Corundum)] + <A> 02
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