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Simple calculation examples of
Equilib module
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Fe-Si binary phase diagram - Fe-5wt.% Si at 1030 °C
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Reactants Window - Fe-Si at Fe-5wt.% Si

Reactants Window

& Equilib - Reactants - P8

File Edit Table Units | Data Search | Data Evaluation Help
D= +] TIC) Platm) Energyl)) Quantity(g) Vollitre) W EFIES

1-2|

Quantity(g) Species Phase TIC) Pltotal)* Stream#t Data

95 IFe [ = | | 1
+ 5 [si | = l 1

G Data Search

Data Search

Databases - 1/23 compound databases. 1/23 solution databases

Giact SGTE ﬁmms w | Private Databases
[ FactP5 [JFScopp [ BINS solutions only [ ExAM [156TEa [ SGTED
[ FToxid -— O sGPs no database
[ FTsalt [ sGTE

[ FTmisc [ SGsold Clear All
[ FTOxCN

[ FThall
[ FTintz Other Add/Remove Data
[IFThela [JELEM [ SGnobl

[ FTpulp [ FTdemo [ SPMCBN  RefieshDatabases

[1 TDmeph
[ FTlite [ FTnucl ] TDnucl

Next >>

FactSage 8.0 Compound: | 1/23 databases Solutior: | 1/23 databases

Options - search for product species

Include compounds ——— Limits

[ gaseous ions [plasmas] Organic species CxHy..., X[max] = |2_
- 0] aqueous species Minimum solution components: O 1 @ 2 epts

] limited data compounds (25C) 2 : P
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Menu Window - Fe-5wt.% Si at 1030 °C

G Equilib - Menu: last system

File Units Parameters Help
=30 = T(C) Platm) Energyl)) Quantity(a) Vol(itre) m |B| :g;|
Reactants [2)
[ faram)95 Fe + 5 Gi |
~ Products
- Compound species  Solution phases ~ Custom Sohﬁmsf
* | + | Base-Phase Full Name 0 fived activities _J='als I 1
B o ool 0 -+ BasePhase | FulMor Ullaed acketes EEE Selection of solid phases
[T aqueous 0 J FSstel-FCC FCC_A1 Pseudonyms | ]
ure liquids 0 I FSstetBCC BCC_A2 apply — __Edt..
14 | | FSstelBCC2 BCC_B2IBCC_A2 Volume datad y &G selection - Equilib - no resuits - o X
n " 0 assume molar volur . .
+ FSstel-DIAM Diamond_A4 O solics and fiquids = File Edit Show Sort
species. 14 m“%’:g';’;gpﬂ Seeced 14714]  [SOLD
- o results -
~ Target| Pure SOIIdS — _ r paraequilibrium & Gn + | Code | Sp | Data | Phase [T|¥| Achvity | Minimum M
—inmiscible 3 v Show @ all (" selected Total Soech S0 * .3 _______ i g::lz] gs‘!: :i‘!m:"zd_“ :
. e ot ecies [max * stel cC_
E stimate T(C): I1I:||I| iz;&n::t;u? 1 species: 24 e ; . 5 5i3) Fastel  feo A1 v
Quantity(g): ||J solutions: 10 w ol Ph 1500 |* [ Si(s4) FSstel  chee_ 12 v
9 Bees IMa + |7 5i(s5) FSstel  cub A13 y
~ Final Conditions E quilibrium o e s B
<A> <B> 76 Platm)  ~||ProductHl) ~| | | ® nomal  © romelel | qg Fefg Fsstel  BCC_A2 0
1030 1 | | | € tansiions only colls 1M Fels2) FSstel  FCC_A1 o
— = o + 12 FeSis FSstel FeSi_11_18262 o
Q0NN steps [T Table -notime imit-  Caleu| |+ 13 Fesizls) FSstel  FeSi2_cFeS2L o
+ 14 Fe2Sis) FSstel  Fe2Si o
+ 15 Fe3Sifls) FSstel  Fe3Si7 o
FactSage 8.0 + i FSstel  FeSSi3 0

I~ permit selection of %' species |_Help | _ Suppress Duplicates | | Edit priority list: |
Show Selected Select Al | Select/Clear. . | Clear oK
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Results Window - Fe-5wt.% Si at 1030 °C

&7 Equilib - Results 1030 C — 0 X
QOutput Edit Show Pages Final Conditions
D || B @ T(C) Platm) Energyl)] Quantity(g) Vollitre) me ™
| FactSage 8.0 A
(gram) 95 Fe + 5§ Si =
100.00 gram BCC_Rh2gl
(100.00 gram, 1.8792 mol)
+ 0 gram BCC R232
(1030 C, 1 atm, a=1.0000)
{ $5.000 wt.% Fe
+ 5.0000 wt.% 5i)
System component Amount/mol Amount/gram Mole fraction Mass fractio
Fe 1.7011 85.000 0.59052¢€ 0.95000
Si 0.17803 §.0000 9_4738E-02 5.0000E-02
+ 0 gram BCC B2¢l
+ 0 gram BCC_B2g2
(1030 C, 1 atm a=1.0000)
{ 8€.000 wt.% FelFelVac
+ €.7€32 wt. % FelSilVae
+ E.T7€32 wt.% SilFelVae
+ 0.473&% wt.% 5ilSilVae)
Site fraction of sublattice constituents:
Fe 0.5052¢ Stoichiometry =
~ Final Conditions -
<A> <B> ‘ Platm) | ProductHl) | [T calculation] %
1030 Calculate >> |
L4 >
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Fe-5wt.% Si transition calculations: “Transition”

GV Equilib - Menu:

Eile Units Parameters Help
Dz E TIC) Platm) Energyl)) Quantity(a) Yolllitre)
Reactants [2)
[ (wam)%5Fe +56i]
Products
Compound species Solution phases
= | + | BasePhase | Full Name
I gas & ideal € rea 0 | FSstel-Liqu LIQUID
[T aqueous 0 d) FSstel-FCC FCC_A1
[~ pure liquids 0 | FSstel-BCC BCC_&2
[+ pure solids 14 | FSstel-BCC2 BCC_B2IBCC_A2
+ FSstel-DIAM Diamond_&4
species: 14

 Transitions - temperature Legend

A 5 _gqisqib|?bl31 V¥ Show @™ all " selected

P - F-immiscible -

T B i Joes 2 s

Final Conditions
<A <B> T(C) | Pratm) v ||Product HY) ~|
2001800200 |1 |

BB steps [ Table

Custom Solutions

0 fixed activities
0 ideal solutions

Details |

Pseudonyms 1
apply ™ Edi ... |
Yalume data 1

e assume molar volumes of

solids and liquids =0
include molar volume data

and physical properties data
I paraequilibrium & Gmin _edit |

Total Species [max 5000 36
Tat ti 10
Total Phases [max 1500 24
E quilibrium >
" nomal

" tansitions onfng, OPEr e
L |

= no time: firnit - Calculate >> |

* nommal + transitions ’

Auilib - Results 200 C (page 1/12)

bt Edit Show Pages Final Conditions

= BE [

T[C) Platm) EneraylJ) Guantity(a) Vollitre)

i B

|400¢| s9035¢| 600c| sooc | 1000C | 1200¢ | 1400¢ | 143925¢C| 1463.79¢| 1600 ¢ | 1800¢C |

FactSage 8.0

Fe-5wt.% Si from 200 °C

ram) 95 Fe + 5 Si =
100.00 gram BCC B2gl
(100.00 gram, 0.93958 mol)
(200 C, 1 atm, a=1.0000)
( 85.153 wt.% FelFelVaé
+ 14482 we.% FelSilVaé
+ 0.31€7€ wt.% SilFelVaé

+ 4.7977E-02 wt.% SilSilVa€)

Site fraction of sublattice constituents:

FactSage 8.0

Fe 0.99507 Stoichiometry = 1
Si 4.9258E-03
to 1800 OC every 200 OC Te 0.81545 Stoichiometry = 1
Si 0.18455
System component Amount/mol Amount/gram Mole fraction Mass fraction
fe 1.7011 95.000 0.9052¢ 0.585000
Si 0.17803 5.0000 9.4738E-02 5.0000E-02
+ 0 gram BCC_B2§2
(200 Final Conditions
! 275; & <B> T Plaml | ProductHd] | [5+ calculations) X!
+ €.0( 2001800200 1 I Calculate »>
+ 0.3¢
>
:
™ .
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Phase transformation calculations

* “Transition”
— select “Transition” for calculation mode.
— most simple way to calculate all transition of T or X at given range set by user.
for X (composition), set <A> to component in Reactant window.
— FactSage will show all specific conditions when transitions occur.
* “Precipitation” target:
— Set “P” option for target phase.

— FactSage will decrease temperature and find at which temperature another
phase starts to form from the target phase. For example, if Liquid is target
phase, “P” target will give liquidus temperature.

* “Formation” target:
— Set “F” option for target phase.

— FactSage will increase temperature and find at which temperature the target
phase begin to form. For example, if Liquid is target phase, “F” target will give
solidus temperature.
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Fe-5wt.%Si target for liquid phase: “Formation target”

fi'.' Equilib - Menu:
File Units

0=

Parameters

Help

TIC] Platm] Energull] Quantity(g] Yolllite]

>
o

-

— Reactants [Z]

Py
Q Equilib - Re&ts 143925 C ‘

Qutput Edit Show Fresas B3 Conditions

Dl @& @

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

- O X

Mm@

[ [gram]95 Fe  + 6 S|
| FactSage 8.0 A
— Products (gram) 95 Fe + 5 5i =
— Compound species ~ Sl fPides — Custam 5 I S
= : - gram _
_ " |+ | B&'Ph_ase | Full Hame g .fl';e'jla (100.00 gram, 1.8752 mol)
[ gas 5 ideal ¢ resl O 1\ IF Fogetel-Liqu LiguIiD =l & +0 gram BCC_A2¢2
|_ aqueous 0 ~ .J' stel-FCC FCC_Al Pzeudony (1435.25 C, 1 atm, a=1.0000)
[ pure liquids 0 I FSstelBCC BCC_A2 ( apply [ SE.900 we.§ ¥o
) + 5.0000 wt.% Si)
[+ pure solids 14 | FSstel BCCZ2 BCC_B2IBCC_ A2 —Yolurne da
+ FSstel-DIAK Diarnond_Ad e JEELME System component Amount/mol Amount/gram Mole fraction Mass fractio
i .3'3“"1985 Fe 1.7011 $5.000 0.9052¢€ 0.95000
species: 14 INCILI0E si 0.17803 5.0000 9.4738E-02 5.0000E-02
and phy
. I— araequ + 0 gram LIQUID§l
— Farmation Target ~Legend U'tpl e +0 gram LIQUID#2
FSstel-Liqu | - immiscible 3 V¥ Show al  selected T”tu‘Ia;pec'l (1439.25 C, 1 actm, a=1.0000)
) Aa otal Specis { 93.471 wt. % F
Estimate TIC) |1EIDEI J-3-|mm|_su:|b|e 1 species; 24 2 + €.528€ wE. % s::
Quantivig) ID— F - formation target solutions 10 _oelect | Total Solutig
ey +- selected 1 Total Phase System component Amount/mol Amount/gram Mole fraction Mass fractio
Fe o 0 0.87808 0.93471
— Final Conditions E quilibrium | Si o a 0.1218% €.5286E-02
<A B3 TIC) trn «||Product HY) | | | & namal ]
-, ) J b —I . + 0 gram BCC_BZgl
1 l  transitions o +0 gram BCC_B2¢2
Femm ~ - o (1439.25 C, 1 atm, a=1.0000)
10 steps [T Table — o 1 calculation - no time: limit - {ae.000 e % FelFelVac
+ €.7€32 wt.% FelSilVaé
+ €.7€32 wt_% SilFelVaé
FactSage 8.0 | + 0.47369%  wt.% SilSilVaé)
Site fraction of sublattice constituents:
Fe 0.5052¢ Stoichiometry = 1
Si 9.4738E-02
Fe 0.9052€ Stoichiometry = 1
F — formation target phase
System component Amount/mol Amount/gram Mole fraction Mass fractio
i Final Conditions
<A B> T Plam) | Produethll |  [1 calcuation] X
+0 ! I Calculate >> v
+0
< >
™ .
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Fe-5wt.%Si target for liquid phase: “Precipitation target”

G Equilib - Menu:

E Equilib - Results 1463.79 C

- O X

" .
File U:'ts Parameters  Help ‘ Output Edit Show Pages Final Conditions
D - TIC) Platm] EnergylJ] Quantity(g) Yolitre) 0 ﬂ T(C) Platm) Energyld] Quantiylg) Vollire) m B 7
Reactants (2]
| [aram) 95 Fe  + 5 Si | | FactSage 2.0 A
(gram) 95 Fe + § §i =
Products 100,00  gram LIQUIDEL
Compound species | [ Soffn pREtes Custom S (100.00 gram, 1.8792 mol)
[ =1+ BashPhase | Full Name 0 fixed 4 0 gram IQUIDOZ
B gas & ideal € rea 0 \ P FSgel-Liqu LIQUID 0 ideal s I (14€3.7% C, ML atm, a=1.0000)
|7 aqueous 0 J F¥stel-FCC FCC_a1 Pseudony \ ( 96.000 I‘"‘-" ¥e
[~ pure liquids 0| | | =1 = FsaeibC BCC_A2 apply g S
F [0 solids 14 I FSstelBCC2 BEP—BZ!BCE—AZ vd;:xn?; System component Amount/mol Amount/gram Mole fraction Mass fractioc
+ FSstel-DIAM Diamond_A4 o« <olids Fe 1.7011 95.000 0.9052€ 0.95000
o 14 ~ include] Si 0.17803 5.0000 9.4738E-02 5.0000E-02
and ph
r o gram BCC A2§l
— Precipitate Target Legend : . P_T?BF_U 0 gram BCC_R282
FSstel-Liqu I - immiscible 3 ¥ Show @ all " selected AN (14€3.75 C, 1 acm, a=1.0000)
_ immiscible Total Speci ( 96.242 wt_& Fe
Estimate T(C): |1ODU ‘|j:'_3"m“_“§t°':’l"l1 . species: 24 Select | Tot p + 3.7585 wt.% Si)
Quantity(a) |IJ h::;f;g e1 aige solutions: 10 Total Ph
n - System component Amount/mol Amount/gram Mole fraction Mass fractioc
~ Final Conditions Equilibrium | i ¢ o 252788 9.5ezaz
i 0 0 7.205€E-02 3.7585E-02
7 <B> T(0) Platm) v ||PoductHY) ~| | | nomal  {
1 € transitions o i gram BCC_B2§l
A0 steps [ Tabe 1 calcuation] | - o time linit | ° gram ocsae
- o no ime fimi (14€3.79 C, 1 atm, a=1.0000)
( 895.307 wt_% FelFelVaé
+ 5.2112 wt.% FelSilVaé
FactSage 8.0 + 5.2112 wt.% SilFelVa€
+ 0.27082 Wt.% SilSilVa€)
Site fraction of sublattice constituents:
Fe 0.52754 Stoichiometry = 1
Si 7.205€E-02
Fe 0.52754 Stoichiometry = 1
2\ F Si 7.205€E-02
P — precipitate target phase
System component Amount/mol Amount/gram Mole fraction Mass fractio
~ Final Conditions wh
A B> T(C) Plam] | ProductHW) | [T calculation
Figure -
0 1 I Calculate >>
o —_
E 399
™ .
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Stream

* What is stream and why we need this?

In industrial process, solutions (or mixtures) can be added as reactants. This
is called as “stream” (or “mixture”) in FactSage. In order to easily create and
add such solutions as input, “stream” can be created from Equilib and it can
be added as reactant for next Equilib calculation. Heat and mass of solution(s)

are conserved in stream.
* “mixture” can be generated in “Mixture” module in FactSage

Additional
component

Equilib #1 Phase #1-1 |

Equilib #2 Phase #2-1 (60%)

Phase #2-2
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Creating new stream : Fe-0.1C-1Mn-1Si at 1600°C

‘3 Equilib - Reactants - X
File Edit Table Units DataSearch Data Evaluation Help
D|D"'| il T(C) Platm] Energy()] Quantity(mol) Vollitre] m| !| ¥
1-4]
Quantity(mol) Species Phase TIC) Pltotal)* Stream# Data
|aza |Fe | =] [ fh
*+ oo Ic I =l [ h
* [hin | =l I h
*h Isi [ = | I
‘3 Equilib - Menu: last system - *
Eile Units Parameters Help
DS - T(C) Platm] Enerayl)) Quantity(a) Vollitre] m =11 323
[ Initial Condition| | E@ctants (4]
| [oram)973Fe + D1 LC + Mn + Si]
FactSage 8.0 Compound: | 1/26 databases Solution: | 1/26 databases ~ Products
- Compound species | | Solution phases - Custom Solutions
* | + | Base-Phase | Full Hame 0 fived activities etais |
B gas & ideal € real 0 +  FTmisc-FelQ Fe-liq 0 ideal solutions
|_ aqueous ] FTmisc-BCCS bec Pseudonyms 1
[} pure fiquids 0 FTmisc-FCCS foc appy - Edte |
IV pure solids 0 Yolume data 1
& @ssume molar volumes of
solids and liquids = 0
species: 0 include molar volume data
and physical properties data
[ paraequilibrium & Gmin  edit
- Target Legend I o e Virtual species: 0
- none - +-selected 1 Show [+ all selected .
. Total Species [max 5000] 4
Estimate T(CL W species: 4 ] 1
Quantity(g) IIJ T 1 M Total Solutions [max 200]
) T otal Phases [max 1500 1
— Final Conditions Equilibiium ——
<> <B> T(0) Platm) ~||ProductHY) ]| | | # nomal  © rorma  tanstions
I 1600 1 ] | | € tansitions only  open
B steps I Table 1 caleulstion| | - notimelimt-  Calculate »>
FactSage 8.0 Y
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Creating new stream : Fe-0.1C-1Mn-1Si at 1600°C

{7 Equilib - Results 1600 C - O *®
Output | Edit Show Pages  Final Conditions

Save or Print As ... TIC] Platm]) Energyll] Quantityig] Yolllitre) “T | | BI 2y

Repeat Save

Plot »

Equilib Results file > L Mo + S1o= rasie -0 2 Save the ||C]U|d FeLQ
Stream File > Recycle all streams ... | phase aS a Stream

Format > Save stream file > Save gas phase ...
Streamn file properties ... Save pure liquids ...
Fact-XML > prop pureliq
Save aqueous ...
. >
Fact-Optimal : Summary of streams e e e
Directory (C:\Workshop80y) ... ¥E pUIE SOUCS -
) S . - .
Fact-Function-Builder 3 Tmount/mel oot oras Save solutions M ALL solutions
S 1.7521 57.500 0. 5E577 ooETE0 Flmisc-Fel O Fe-lig
=t e 1.8202E-02 1.0000 1.0028E-02 1_ooooL -
SWEP IDDPE 3.5808E-02 1.0000 1.3615E-02 E Save mixture/stream (*.mixt) - enter the file number (1 - 9999) or name X
8_3255E-03 0.10000 4 _58E8E-03
4 > ThisPC > Local Disk (C:) > Workshop80 v & | SearchWorkshop80 o
Cut—off limit for phase activities = 1_00E-75
Organize + New folder B e
E o R R R O A
u c v g cp L) Name Date modified Type Size L)
. * Qu
LI LI (litre) LJ/E) (I/E) ChemSage 12/20/2019 2:05 PM File folder
E o R R R O .[
Examples File folder
1.3371%E+05 -2.1455€E+05 0.00000E+00 l.28el44E+02 2.264595E+01 ‘ r
F90I10 File folder
H e 5 & FACTDATA File folder
{J) (J) (J/E) { EF FactHelp File folder
Fe-lig 1.3371%E+05 —-2.14595¢6E+05 1.2€l144E+02 2.2¢ [ FactSage-Teach File folder
[ Figures File folder
Total mass/gram = 100.00 FSReactor File folder
Databases: FTmisc 8.0 r Functions File folder
Data Search options: exclude gas ions; organic CxHy.. X(max) = 2; min soln cpts L MACROS File folder
Final conditions: T(C) = 1600, Pi{atm) = 1 v Myresult File folder v
File name: | Felig.mixt v
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Save as type: Mixture/stream (*.mixt) v
B Final Conditions o O Cancel
T = 1€ <y <B> T(C) Platm) | ProductHE) | [1g
=1 . . B
_ 1600 1 | Save File C\Workshop80\Felig.mixt
wv=2a
Calculate »>>» | v

Enter one line of comments

*
< > Saving file Feliq mixt
Cancel |

I )
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Import stream : Fe-0.1C-1Mn-1Si at 1600°C

t;' Equilib - Reactants

File Edit Table Units DataSearch Data Evaluation
y Add a new Reactant Ctrl+R
Insert new reactant before [Feliq] ...

Delete reactant [Feliq] ...

Delete all blank reactants

Mixtures and Streams

1

Re-order the reactants
Export list of reactants
Import list of reactants

Clear

Example

Help

] Quantity(g) Yolllitre) '" IEb .l ql

> Import a mixture > la

Import a stream (or single-line mixture) > Feliq FTmisc-FelLQ Fe-liq stream
> Edit a mixture or stream >
> Directory (C:\Workshop80\) ...

‘3 Equilib - Reactants

FactSage 8.0 Compound: | 1/26 databases Solution:

Eile Edit Jable Units DataSearch Data Evaluation Help

O |E,*=-| il TIC) Platm) Energyl)) Quantity(g) Yolllire)

il E2LIE S

| 1/26 databases
always have the same T and P.

|
For heat balance, “Initial condition”
should be selected.

I thtSage‘”

| FactSage 8.0 2/26 databases Solution: | 1/26 databases

Ferrous Processing 16

Compound:

FactPS

1-2]
- = == ~y,
Quantity(g) Species Phase ” T(C) P(total)™ Streamﬂ\ata
|100% |[Feiiq] =| [[5ueam] leoo 1 ]
* |5 |l [solidFactPs ‘é [100 [1 [2
S

This is the temperature and pressure of stream when
they were created. Stream with the same stream #

e

( ¥ Initial Conditions

X

www.factsage.com



Heat balance: Fe-0.1C-1Mn-1Si(1600°C) + Al (25°C)

G Equilib - Menu: last system

Adiabatic calculation :

File Units Parameters Help
D= T(C) Platm) Energyll) Quantitylg) Vollitre) m =™ = D elt a(H) =0
Reactants [2)
(gram] 100% [Felig]  + 5 Al ‘
[1600C.H1) [100C s-FactP5.H2)
Products Delta(H) > 0: heat loss
 Compound species  Solution phases i Custom Solutions——————; .
= | + | Base-Phase ] Full Mame 0 fived activities _DEtals ( ) J
[[gas @ ideal C real O +  FTmiscFel Fediq 0 ideal solutions Delta H < O heat galn
& aqueous i FTmisc-BCCS bco Pseudonyms ——————————
[~ pure liquids 0 FTmisc-FCCS fec ( apply ™ Ll
[ pure solids 0 Yolume dalad " i
& assume molar volum——
soids and iauids = { &7 Equilib - Results 1605.5 C - o X
species: 0 Leos Mo o) el A
and physical propert Qutput Edit Show Pages  Final Conditions
Taget Lagend ™ paraequilibriurn & Gm Dl = @ TIC) Pfatm) Energpl)) Quantity(g) Vol(liie) “” BI:Q:
- hone - et ¥ Show @ all " selected )
. Total Species [max 5000
Estimate T(C} [1000 species: 5 Serect | Total Solutions [max 200] ] FactS 8.0
I olutions: 1 actSage 8. A
Husnttyla): | sadians Total Phases [max 150 (gram) 100% [Feligl + 5 Al =
= = P . S (1€00,1,stream, 1) (100,1,s-FactPs,$2)
~ Final Conditions E quilibrium
<> <B> T(C) Platm) ~||DetabHl)  ~| |\ romal ol s 108.00 gram Fe-lig
| 1 i — | | € wansitions only C o (L0s.00 'ifz’a‘é géagoslmt; L 5000)
0 - . a . a=l.
|1U steps [~ Table \ - no time limit - Caleuls { 93.238 wt.% Fe
-_—" — + 4.7€19 wt.% Al
+ 9_5238E-02 wt % C
FactSage 8.0 + 0.95238 wt.% Mn
+ 0.95238 wt.% 5i)
System component Amount/mol Amount/gram Mole fraction Mass fractio
Fe 1.7531 57 .500 0.87631 0.53238
Mn 1.8202E-02 1.0000 5.05988E-03 9.5238E-03
Si 3.560€E-02 1.0000 1.7798E-02 $.5238E-03
Al 0.18531 5.0000 9.2€32E-02 4_7€19E-02
c 8 _325%E-03 0.10000 4_1€15E-03 9 _523BE-04
Calculated adlabatlc Cut-off limit for phase activities = 1_00E-75
t t — 1605 5 OC e
em pera u re - . DELTA H DELTA G DELTA V DELTIA S DELTA Cp
‘,,,_fi; e — ra iy P -
0.0000 <A <B> T(C) Plam] | DetaHi) |  [7 calcuistion] X
ke k] 1 ID Calculate >> | v
< >
™ H
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Open calculation

* What is open and why we need this?

In many industrial process, gas are continuously injected and it come out after
the reaction with the materials in reactors.

This process can be simulated by “Open” calculation mode.

For activating this <A> for gas species should be assigned in Reactant
window.

Equilibrium
<A> Gas reactant(s) reaction Gas product(s)

Liquid steel

Repeat this calculation for “Step” times and find the evolution of chemical

composition of gas or materials in reactor
No heat balance calculation can be done. Temperature of reactor should be
specified by user. Reaction in reactor reaches full equilibrium at each step.

* Open calculation is NOT working with “Stream”

thtSage‘" Ferrous Processing 18 www.factsage.com



Open Calculation - off-gas removal

RH — Vacuum degassing process

Oxygen injection: 10 times of 0.1 gram/each

Final Conditions

|1 1] steps 11

FactSage 8.0

: B TC |Plaml < |ProductHl) <]
(01 | 1600 [0.01]

10 calculations

G Equilib - Menu: - X
File Units Parameters Help
D T(C) Platm) Energyld) Quantity(g) Vollitre) m S| ™ 7]
Reactants [5) |
(ram)97.9Fe  + D1 C + Mn+ Si+ <& 02 |
Products -
Compound species Solution phases | Custom Solutions -
= I + I Base-Phase | Full Name - 0 fized activities 4'
[+ gas &+ ideal " real 24 + FTmisc-FelO Fe-lig 0 ideal solutions
[T aqueous 0 FTmisc-BCCS boe ~ Pseudonyms ,
[ pure liquids 0 FTmisc-FCCS fec apply Edit...
* [+ pure solids 43 | FToxidSLAGA  A-Slagiiq all oxides + 5 ~Volume data
FToxid-SLAG? ?SlagHiq (e 3ssume malar volumes of
L ' . . solids and liquids =
ustom Selec;l::cies: 73 FToad- SPING B-Spinel ¢~ include molar volume data
+  FToxid-MeO_B B-Monoxide and physical properties data
+ FToxid-cPyrd &-Clinopyroxene hd I . -
[ paraequilibrium & Gmin _edit |
Target Legend
- none - | - immiscible 1 WV Show ™ al  selected _
) I_ Total Species [max 5000] 148
E.g:Hrn.atE-. T”(] 1DDD + - SE|ected 10 species: ?5 i
15 _Select | Total Solutions [max 200) 12
Total Phases [max 1500 62

E quilibrium
" nomal O

i
- no time limit - Calculate >> |

Fe-0.1C-1Mn-1Si + O2 at 1600°C and 0.01 atm

I thtSage‘”
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Open Calculation

results

+ 98.83% gram Fe-ligqg
(98.839 gram, 1.77€5 mol)

(1€00 C, 1.0000E-02 atm, a=1.0000)
( 98.992 wt.% Fe
+ 2.2278E-03 wt.% C
+ 0.€5443 wt.% Mn
+ 7.57€8E-03 wt.% O
+ 0.34245 wt.% Si
+ 1.50€8E-04 wt.% SiO
+ 8.3395E-04 wt.% MnO)
System component Amount/mol Aqgunt/gram
Fe 1.7520 .843
Mn 1.178€E-02 q.€4747
Si 1.2085E-02 q.3385¢
o) 4_.8307E-04 4-7288E-03
c 1.8333E-04 4.2020E-03
+ 1.0279 gram Slag-lig#l
(1.0279 gram, 1.5840E-02 mol)
(1€00 C, 1.0000E-02 atm, a=1.0000)
( 52.051 wt.% Si02
+ €.€205 wt.% Fel
+ 4.2485E-03 wt.% Fe203
+ 41.320 wt.% MnO
+ 4.11€9E-03 wt.% Mn203)
Site fraction of sublattice constituents:
Si 0.5€215
Fel+ 5.9798E-02
Fe3+ 3.452%E-05
Mn2+ 0.377%98
Mn3+ 3.3B844E-05

Mole fraction

0.
.€33%E-03
.7855E-03
.7T191E-04
.0320E-04

= oMM

G Equilib - Results Step 10 (page 10/10) O X
Output Edit Show Pages Final Conditions
) |b"'l @“ﬁ]l ﬂ T(C) P(atm) EnergylJ) Quantity(a) Vol(litre) mlIBI 393
Step1| Step2| Step3| Step4| Step5| Step6| Step7| Step8| Step9 -Step10- |
7 + 4.5718E-23 03 A
+ 1.8€41E-31 C4
+ 4.1137E-33 Fe(CO)S
+ 2.4932E-35 Cs)

98e2l

Carbon content decreases due
to the reactions:
C+0,=
C+0.50,=

New slag formed due to Si and
Mn oxidation:
Mn + 0.50, =
Si+0,=

co,

SiO,

CO

MnO

I thtSage‘”
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Open Calculation - plot of log(wt% liquid steel)

F Results - Equilib Step 1 (page 1/10)
(ol VMl Edit Show Pages

—
Save or Print L) TIC] Platm] Enﬁ]] Mazs[g] m
Plot + : 1
Equilb Results file  »|  RepeatPlot - log10{weight ) vs - page - ... L
Stream File » Fsc-Felf_Fe-1idl T <2~ © igges <E> = 0.10000 ~
Format 3
gas_idezl \ - .
Fact-xML 4 €.5820E-03 mol, 101.17 litre, 1.3313E-0€ g/ml)
C, 1.00002-02 =ztm, 2=1.0000)
Refresh ...
S
+ 8.7
+ 8.
+ 4. :
+ 2. = 100% [FTrmisc-Fell_F . .
+ 4 - Axes: Iog10(\elght % soln. species) vs - page - X
+ 4. 5311E-
+ 3. - — | Y-variable X-vpriable Swap Axes
+ g _ activity
: i : activity ~ -
L - m mole Y-anis - X-axis
: :- - mole fract, log1 Ofweight % soln. species] | - page -|
+ 2 Y gram
+ 5. ) : - —_—
s 1 v weight % mazimum 47 Plot log10(weight % soln. species) vs - page - *
+ 1.4830E- .. .
+ 5.8408E- .
4+ T QLT ET—
1 tick every t Variables Minimum
Cp(1) activity 0 1
Gl mole 0 1.8087
v mole fract. soln. species 0 1
gram 0 99.905
HITY Cancel | Y-axis weight % soln. species 0 100
e Alpha 0 0
vilitre) T(C) 1600 1800
5 (J‘. Platm) 1.0000E-02 1.0000E-02
Axes Spec ’ : Cpl/K) 53.645 89.199
Ii - page - s Dizplay GU) 2.3687E+05 2.1630E+05
0 selected W calor [ f Vollitie) 0192237 10117
| Y 9 o4 o reactants HiY) 1.1237E+05 1.3309E +05
~ v log10{) . . Vilitral 0192237 101.17
—_— R hemical v file name ¢ F 185.45 187.4
\ In{¥) teger # 1 10
bres | exp(Y) one Axes Graph
— 1 [weight 2 soln. <p: ~ Labels Display
vs ( Select size:[3 nofa v colc:r [ full screen
FactSage 5.0 c:hFacts 220 ap09 - 4|ee° @+ chemical - cofrst'" " Viewer
-_— " integer # F ;Tac ants " Figure
Axes | Repeat | C rone )
offset [V

FactSage 8.0

F:AThermFact-Quatation’s. .. \E xamples\E quil.res

05Jan20 10 sets

I thtSage‘”
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Open Calculation - log(wt%) vs page

logio(weight % soln. species)

G Plot Species Selection - Equilib Results: log10(weight % soln. species) vs - page - O X
File Show Select
+| # I Species Mole [min) | Mole fmax) | Fraction minl | Fraction maxl | Activity (min] | Activity (ma; = |
23 FeD 21368E-11 )
24 Fe(CO)5 4.3734E-38 D N OT I t th
Fel0 Fe-ia (0 selecC IS.
% Fe 1.752
% C 1.8333E-04 0 g g g 0
2 ez | TNIS IS species (modeling) in FeLQ
28 0 36801E-05
29 Si 1.2051E-02 ) i )
2l A00EY (for example, SiO and MnO are associate model species)
Nl - LET T TIO%7TC 07 UOZIT O T-TOU0C 07 o

SLAGA #1 A-Slaq-lig all oxid .
32 si02 0 B8.3046E-03 | 056217 0936231 1.3409E02 | 0952847 979Fe + 01C + Mn + S| +
3 Fel 0 94721E-04 | T7.4877E-04 5,9800€ 02 2.4521E-03 3.2426E-02
34 Fe203 0 2747E-07 | 297107 17265 05 28137E11 | 6.3830E-08 F\ThemFact-Quotation|FactSage workshop 2020\FactSage 8.0 sides\Alloydesign &
35 Mn0 0 5.9973E-03 | 3.0168E-03 0393552 6.9465E 03 6.5998E-02 Fe Fel Q Fe Fel O Fe Fel( Fe FelQ
% Mn203 0 2.6805E-07 | 3.5643E-08 1.6922E 05 31535611 33932608 i il = =
SLAGA #2 A-Slag-lig all oxid ~

KT i

Disutayaupkats g‘d‘.:ggem elect Top [15 -+
o
F s:ulce =l mass (max) [~ ignore species and
pnate) ¢ giam | | £ haction (max] phases with zero mass
Clear [T name " activity (max) OK
Select ...
| Click on the *+' column to add or remove species. | ™ [pagel | 10 pages | Q M n_Fe LQ
Si_FelLQ

G Plot Species Selection - Equilib Results: log10(weight % soln. species) vs - page - O X
File Show Select
* [ # ] Species | Mole [min) I Mole (max) | Fraction (min) ] Fraction (max) | Activity (min) ] Activity [ma|T|
161 Rhod 0 o 0 1.0156€E-03 0.478955
ELEMENTS
162 Fe_GAS 1.0183E-07 5.2895E-05  4.1347E-03 4.1745E-03 0 1]
163 Mn_GAS 5.3507E-07 3.2056E-04 | 1.7417E-02 2.5653E-02 0 1]
164 Si_GAS 6 4.7613€-07 1.1396E-04 | 4.0931E-03 2.7626E-02 0 1]
165 0_GAS 1.1894E-05 6.2112E-03 | 0.485516 0.430629 0 1]
6 Q_GAQ 1.1355E-05 6.1560E-03  0.456384 0.481198 0 1]
167 Fe_FelO 1.752 1.753 0.969235 0.986205 0 1]
+ 168 Mn_FelO \ 1.1786E-02 1.7882E-02 | 6.6339E-03 9.9006E-03 0 1]
‘ + 169 Si_FelO 1.2055€-02 3.5553E-02 | 6.7855E-03 1.9657E-02 0 1]
170 0_Fel 3.9003E-05 4.8307E-04 = 2.1565E-05 27191E-04 0 1]
171 C_Feld 1.8333E-04 21693E-03  1.0320E-04 1.1997E-03 0 0 _I
172 Fe_SLAGAH 0 9.4776E-04 ] 2.3352E-02 0 1}
hn_SL o1 0 59879E-03 0 0.153587 0 0 L : ! L ! !
174 o) AGAH 0 8.9046E-03 0 0.219503 0 0 3 5 6 7 8 9 10
178 0_SLAGAHT 0 2.4745E-02 o 0609753 0 1] Y _ page _
[Click on the '+ column to add or remove species. | TP20°] ‘ ISk | ‘
:
™ .
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Fixing activity of gas or other phase

When we need to fix activity or partial pressure ?

Only a couple of cases when you need to fix activity or partial pressures are listed
below. There could be numerous cases other than these.

In steelmaking process or other pyrometallurgical process, “Slags” play important
roles. Slags can contain oxide components having more than 2 oxidation states (for
example, iron oxide, FeO and Fe203). In some case, FactSage cannot determine
how much Fe2+ and Fe3+ exist in molten slags. The best way to resolve this
problem is to fix the oxygen partial pressure of oxygen.

Any case when you have oxides (solid or liquid state) with more than 2 oxidation
states, it is better to fix oxygen partial pressure.

When you study the solubility of gas species in slag, for example sulfur, it is better
to fix the partial pressure of S2 or SO2 gas like in experiments.

If you equilibrate liquid steel (containing O or S) and slag, this can automatically
fixing the oxygen or sulfur partial pressure. So, you don’t have to fix the partial
pressure of gas species.

If you want to saturate the slag with Fe, you can fix the activity of Fe = 1 or enter
small amount of Fe in the calculations.

If you want to calculate iso-activity of SiIO2 (or any other component) composition of
slag, you can set activity of SiO2.

thtSage‘" Ferrous Processing 23 www.factsage.com



Fixed activity of gas and solid species

ﬁ' Selection - Equilib - no results - O *
File Edit Show Sort
[Selected: 94 IEREIEEEE [sclected | (X denotes species excluded by default
[ 2 - no results - |
% | Lodlspecies | Data | Phase |[T[V¥| Activity | Minimum \ Maximum .
l + 1%  0fg FactPS gas
+a 02(a) FactPS gas - -
U 3 03g) FacPS |ges Fixed Partial Pressure *
Momod  Cog) FacPS |gas 3
+ |5 Ci0fg) FactPS gas Enter the value of log10[p]
+ B Ci02(g) FactPS gas [or for a range of values enter Tirst last step'] for
+ |7 Ci03(g) FaclPS  gas 2 02(q) el |
+ 8 Fela) FactPS gas -
+  [E re0(0) FactPS  gas Pregs [Cancel] if the partial pressure is no longer fiked.
%[O 02g) Fostel  gas - l"\
X FeOlg) FSstel 4

Fixed pO, in Fe-Cr-0O,

[25-151 )

{7 Equilib - Menu: last system - x
File Units Parameters Help
1 /i o TIE) Platm) Energyl) fityla) Yollik E] w
Specify the activity of the selected Sl SIS U M Zlel1]
. e e . —Reactants [3]
species or set a range of activities —
(linear or log scale 1 o S
§ ) . N Cfpoun ECies — Solution phaze ustom Solutiong——————
I~ permit selection of % species  Helo | ppie plicates_| prigrity [ % [ + | Base-Phase | Full Name 1 fived activ_itie’ Deta||s...|
Show Salectad | Seloct Al | S | o | ax *|+_ gas (% gleal (™ real 9 | FSstel-Liqu LIGUID 0 ideal solutions
oW Selects elect elect/Llear.. ear aque 0 J | FSstelFCC FCC_A1 seigdonym :
pelicuics 0 | FSstelBCC BCC_A2 ’V apply [ LI
= |+_ pure solids 17 * FSztel-SIGM SIGMA Yolurme data —————————————
. o | | FToddSLAGA | A-Slagiiq all oides + & v Fume melar volues of
" EEEnEE ecgggcies 26 i FTonid-SPIMA A-Spinel include molar volume data
) + | FTosidMeD_A A-Monoxide and physical properties data
 Target —Legend+ FloddbrRl MERE B i) I paraequiibrium & Gmin _edit |
- nore - | - immiszible 3 ¥ Show & &l 7 selected ]
E stimate T(C): IW 1 - Firormecible 1 . - Total S EC.IES max 5000 7a
L +-selected 4 Iljt- . qp Select | Total Solutions [max 200] 13
Quertiyiel B soutions Total Phases (max 1500] 31
— Final Conditions E quilibrium
<Ay <B>» TIC] Pfatm) ;I Product HiJ) ;I & nomal " nomal + bansitions
nz 1000 1  transitions only " open
10 steps [T Table -notimelimit-  Caleulate >> |
FactSage 8.0 [ A
™ .
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Fixed partial pressure of a gas : O,

@ Equilib - Results a=1.00E-20 (page 6/11)

Final Conditions
T(C) Platm] Enerayl)) Quantity(a] Vol[itre)

Output Edit Show Pages

Dle| @& E

2=1.00E-16 | 2=1.00E-15 |

S| %

2=1.00E-25 | 2=100E-24 | 2=1.00E-23 | =100E-22 | 2=1.00E-21 -2=100E-20- | 2=1.00E-19 | 2=100E-18 | 2=1.00E-17 |

(gram) <l-A> Fe + <R»Cr + 0 02

+ 8.5523E-02 02

Small amount of Cr,0O,
can form on top of the
Fe-20%Cr alloy

Results at log(pO,) = -2

+ 0.81471 gram FCC_Algl
(0.81471 gram, 1.4€08E-02 mol)

a mol gas_ideal
(1000 C, 1 atm, a=€.4283E-10)
( 5.8827E-10 Fe
+ 5.4513E-11 Cr
+ 5.0€€2E-14 Cro
O + 1.17%2E-15 Fel
+ 1.8640E- Cro2
P ﬂ_oﬁz-ﬁ- _—y
< + 1.0000E-20 02 )
_09€2E-22 rOges
ﬁ.sﬁs-? 03)

FactSage 8.0 A

+ 0 gram FCC_R1§2
+0 gram FCC Alg3
(1000 C, 1 atm, a=1.0000)
( 1.8054 wt.% Cr
+ 98.195 wt.% Fe
+ 1.€814E-10 wt.% O)
System component Amount/mol Amount/gram Mole fraction Mass fractio
Fe 1.4325E-02 0.80000 0.580e4 0.581%55
Cr 2.8288E-04 1.4705E-02 1.53€4E-02 1.8054E-02
- 8.5621E-14 1.3€95%E-12 5.8€12E-12 1.€814E-12
- - b R
’+ 0.27082 gram M203 (Corundum) \
’ (0.27082 gram, 1.7818E-03 mol)
N (1000 C, 1 atm, a=1.0000)
N { 99.959 wt.% Cr203
~ ~ | 9-02€8E-04 wr.3 Fezgd)
_— s o =
r Final Conditions
A <B> TIC) Platm) I Product HJ) | 11 calculations XE
02 1000 I Calculate >> | o

thtSage‘”
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Fixed partial pressure of a gas : O,

{7 Selection - Equilib - no results - O X
Fle e show on Fixed pO, in MgO-Fe,O-SIO, slag
[IENRIESERY | sclected | [} denotes species excluded by default 2 t 2
[ - na results - ‘
+ | Code | Speci | Data | Phase |[T|¥| Activity |  Minimum Maxi
+ 1 O(g) FactPS gas
va [ 020 FactPS  gas
+ 3 03(a) FactPS gas
+ |4 Malg) FactPS gas | Fixed Partial Pressure >
+ 5 Ma2(g) FactPS gas
* 3 Ma0(g) FactPS gas
o 7 Silg) FactPS gas Enter the value of bg1 qp] )
+ 8 5i2(q) FactPS  gas [or for a range of values enter 'first last step’] for
+ |9 5i3(q) FactPS gas 2 02(a). |
+ 10 5i0(g) FactPS  gas Cance
+ 11 Si02g) FactPS  gas Press [Cancel] if the partial pressure is no longer fixed. — X
+ 12 Felg) FactPS gas
+ NN Fe0(g) FactPS  gas i elp
X 02 FSstel -1501 .
X -Fe,gﬁ'g] Fose 0% I T(C) Platm] Energyld) Quantitig) Voliive) mo®
nts (4)
| [oram)30 MaD + 20 FeD + 50 502 + 0 02 |
| | ;
[~ pemmit selection of ' species __ Help Suppress Duplicates Edit priority list [ und species | [ Solution phases ~ Custom Solutions
' * | + | BasePhase | Full Name <] | | 1 fived activities _Details .. |
SEiEC el Selctal | Seect/Cea.. | Clear K | 6 dedred 13 I FSstelliqu LIQuID 0 ideal sokutions
I adueous 0 J FSstel-FCC FCC_A1 o Pseudonyms ]
[ pure liquids 0 I FSstelBCC BCC_AZ [ apply [ Ll
[~ pure solids 0 | FSstel HCP HCP_&3 Yolume data |
st st | FSstelBCC2 BCC_B2BCC_A2 g Gl el
custom s ecs:;cies; 13 +  FSstelDIAM Diamond_Ad ~ include molar volume data
| FTowidSLAGA | A-Slaglig all oxides + 5 and physical properties data
T — FloSPNA asprel =l bt Grin_edi |
-nione - I-E?r::'scible 5 ¥ Show @ &l selected .
i TSR Total Species [max 5000] 122
E stimate T[C]: |1E|III J - J-immiscible 1 species: 109 .
Quentivia) [T +-selected 7 sotions. 2p _Setect | | Total Solions (max 200) 20
uantingr : Total Phases [max1500] 21
~ Final Conditions Equilibrium ——
<A <B> TiC) Platm) v ||[ProductHy) ~| | | nomal " nomel « ransitions
1600 1 ] — | | | € wansitions only € open
[l steps [ Tabk (1 calculation] | -notimefimt-  Calculate >>
FactSage 8.0 y
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Fixed partial pressure of a gas : O,

Results at log(pO,) = -15

‘? Equilib - Results a=1.00E-15 (page 1/16)
Output  Edit  Show Pages

D|=| 2lE 5

Final Conditions

a=1.00E-06 | a=1.00E-05 | 2=1.00E-04 | 2=0.001 | 3=0.01 | 2=0.1 | Abort |
2=1.00E-15 | 2=1.00E-14 | 2=1.00E-13 | 3=1.00E-12 | 2=1.00E-11 | 2=1.00E-10| 2=1.00E-09 | 2=1.00E-08 | a=100E:

TIC) Platm) Energyl)) Quantity(g) Volllire]

i

Results at log(pO,) = -10

I
(gram) 30 MgO + 20 FeO + 50 5i02 + 002 =
- 11.350 02
0 mol gas_ideal

(1600 C, 1 atm, a=1.8478E-02)
( 1.717SE-02 5i0
+ 1.2512E-03 Mg
+ 1.0€34E-05 Fe
+ 5.3€11E-07 Si
+ 1.€€24E-08 5102
+ 7.€234E-10 5i2
+ 2.8885E-10 Mg2
+ 2.€41€E-10 Mg0
+ 4.5557E-11 Fel
+ 1.8312E-11 §i3
+ 7.435€E-12 ]
+ 1.0000E-15 02
+ 5.0470E-31 03)

+ 52.€47 gram Slag-lig#l

(52.647 gram, 1.0538 mol)
(1€00 C, 1 atm, a=1.0000})
( 5B.€8€ wt.% Sio2
+ €.018€E-03 wt.% Fel
+ 4.719%E-07 wt.% Fe203
+ 41.308 wt.% MgO)
Site fraction of sublattice constituents:
Si 0.48755
Fe2+ 4.1850E-05
Fe3+ 2.9532E-05
Mg 0.51201
o 1.0000
System component Amount/mol Amount/gram
Fe 4.4107E-0S 2.4€31E-03
Si 0.51422 14.442
Mg 0.53958 13.114
Final Conditions
‘o > <B> | T(C) | Plam) |
| |1600 1 [
<

‘? Equilib - Results a=1.00E-10 (page 6/16)
OQutput Edit Show Pages

D= 28 5

Final Conditions

TIC) Platm) Energyl)) Quantity(g] Volflire]

a=1.00E-06 | a=1.00E-05 | 2=1.00E-04 | 2=0.001 | 3=0.01 | 2=0.1 | Abort |

a=1.00E-15 | 3=1.00E-14 | =1.00E-13 | a=100E-12| 3=1.00E-11 -2=100E-10- | ==1.00E-09 | 2=1.00E-08 | ==1.00E-07 |

- O x

nS @

FactSage 8

Results at log(pO,) = -2

Output

(gram) 30 MgO + 20 FeO + 50 5i02 + 002 =
- 0.88232 02
0 mol gas_ideal
(1600 C, 1 atm, a=1.3265E-04)
( 8.2381E-05 Fe
+ 4.5733E-05 sio
+ 3.807€E-0¢€ Mg
+ 1.1242E-07 Fel
+ 1.3358E-08 5i0z
+ 2.3513E-05 o
+ 2.4€33E-10 MgC
+ 1.0000E-10 [+
+ 4.5142E-12 Si
+ 2.572€E-15 Mg2
+ 5.4050E-20 §i2
+ 2.8€09E-23 03
+ 1.0833E-2€ §i3)
+ %€.022 gram Slag-ligfl
(96.022 gram, 1.7952 mol)
+ 0 gram Slag-lig#2
(1600 C, 1 atm, a=1.0000)
( 52.071 wt.% 5i0Z
+ lE.€4€ wt.% FeO
+ 3.997€E-02 wt.% Fe203
+ 3l.243 Wt. & Mg0)
Site fraction of sublattice constituents:
8i 0.46245
Fe2+ 0.12364
Fe3+ 2.€717E-04
Mg 0.413€5
o 1.0000
System component Amount/mol Amount/gram Mole frad
Fe 0.2225¢ 12.451 5.0315§
Si 0.83215 23.371 0.18779
Final Conditions
<Ay I <B> I T(C) I Platm) I Product HJ)
+ 3.095 | | 1800 1 [
(3.09
<

‘ The amounts of FeO and Fe,O, change with pO,

I G’actSage‘”
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‘3 Equilib - Results a=0.01 (page 14/16)
Edit Show Pages

Dl 28 @)

FEinal Conditions
T(C) Platm) Energyl)) Quantity(a) Yol(lire)

- O x

g 73

3=100E-15 | 3=1.00E-14 | ==1.00E-13 | +=1.00E-12| &=1.00E-11 | F]‘DOE—IDl a=1.00E-09 a=1.oox-ox| a=l.00E-DT|

2=1.00E-06 | 2=1.00E-05 | 2=100E-04 | 2=0.001 -2=0.01- ]1=0.1| Abort |

(gram) 30 Mg0 + 20 FeO + 50 Sioz2 + 002 =

+ 0.4355¢€ 02

0 mol gas_ideal
(l€00 C, 1 atm, a=1.0024E-02)
{ 1.0000E-02 02
+ 2.3513E-05 L]
+ 1.0032E-07 FeO
+ 1.3708E-08 5i0z
+ 7.4045E-05 Fe
+ 4_478€E-09 5i0
+ 3.7€8€E-10 Mg
+ 2.4380E-10 MgO
+ 2_B€0SE-11 o3
+ 4_4207E-20 S5i
+ 2.5201E-23 Mg2
+ 5.1835E-3¢ 8i2
+ 1.02€7E-50 §i3)

+ 100.49 gram Slag-lig#l
{100.45 gram, 1.8245 mol)

FactSage 8.0 A

+0 gram Slag-lig$2

{l€00 C, 1 atm, a=1.0000)

{ 49.758 wt.% 5102

+ 15.5¢€4 wt.% FeO

+ 4.822% wt.% Fe203

+ 29.855 wt.% Mg0)

Site fraction of sublattice constituentcs:

si 0.448€4

Fe2+ 0.1173€

Fe3+ 3.2723E-02

Mg 0.40128

o 1.0000

System component Amount/mol Amount/gram Mole fraction Mass fractio

Fe 0.27838 15.546 €.08B4E-02 0.15471

Si 0.8321¢ 23.372 0.18200 0.23259

Final Conditions
<A B[ TO [ PEm | ProdwtHE) | [T calcustion] X

+o | J1600 i I Calculate >> |

w

>
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Fixed activity of Fe: Fe saturation

. . . g . o) - O had
3
Slag (CaO-MgO-SiO,) and liquid Fe equilibration at 1600°C
[ T T IC] Platm] Energyl)) Quantity(g] Yalllire) “T &I o
ﬁ’ Equilib - Menu: last system — X
| FactSage 5.0 A
Eile Units Parameters Help (gram) S0 Ca®0 + 10 Mg0 + 40 Si02 + 100 Fe =
(=31 TIC) Platm] Energyl)] Quantity(g) Volllitre) I“T Blm o mol  gas_ideal
(L€00 C, 1 atm, a=1.8023E-04)
Reactants (4] { 8.2527E-05 Fe
+ €.€945E-05 Mg
[ ({gam)50 Cad + 10 Mgd + 40 5i02 + 100 Fe | riseseeos o
+ 1.1832E-0D8 Fel
+ 5.7€77E-10 5ioz
Products + 4.5E13E-10 Mgo
2 2 2 + 2.47€4E-10 [+]
Compound species Solution phases Custom Solutions t 2 sasem11 o
= [ + | Base-Phase | Full Name - 0 fixed activities + €.3811E-12 ca0
[+ gas (& ideal " redl 16 +  FTmiscFelO Fe-lig 0 ideal solutions + 1.10532-12 oz
[ aqueous ] | FTowidSLAGA  ASlagdin all oxides + 5 Pseudonyms Eat e e
[ pure liquids 0 + | FToxid-SPINA A-Spinel apply [~ Yoo + 1.g415E-18 caz
* [+ pure solids 1 | | FToxid-tMeO_a A-Monoxide Yolume data + 2.72172-24 siz
| FT oxid-cPyrdy A-Clinopyroxene ¢ assume molar volumes of * 3.3423E-28 o8
L i . solids and quids = 0
custom sclcc:;gdes: 77 +  FToxid-oPyré, A-Oithopyroxene e + 55.763 gram Fe-lig
+  FTosid-pPyd A-Protopyroxene and physical properties data (85782 s é -TTBL‘:"‘“” 1 o001
: .1 atm, a=1_
s Flauidd oFy LowCinopstokans ;I [~ paraequilibrium & Grmin _edi | ( 53.511 wt.% Fe
Target Legend + 1.1790E-0% wt.% Ca
nare e v Show ™ all " selected + 3.1588E-03 wt.% O
| - immiscible 4 :
) ) Total Species [max 5000] 224 + 8.4949E-02 wt.% Si
Estirnate T(C) |1UDU +-selected 10 species: 147 Ee = ES——— 18 4 1 85835-0¢ we & Mg
Quantity(g) B solutions: 18 = bl *4.le2€2-04 wi % MgO
: Total Phases [max 1500 80 + €.00332-05 wt.% Ca0
+ 1.4963E-05 wt.% 5i0)
Final Conditions Equilibrium ver . Amouns fmol Amount ole fracti y fracrs
ystem componen: unt fmo unt/gram  Mole fraction Mass fractio
<A> <B> ] TIC] IP(ﬂh'ﬂ] ﬂlpﬂﬂﬂhd HU) j @« nomal Fe 1.7848 99.675 0.99813 0.99911
I thU h ‘el ' Ca 1.0€8lE-0€ 4.280BE-05 S5.973€E-07 4.2510E-07
S5i 3.0143E-03 8.4€57E-02 1.6858E-03 8.4855E-04
|1EI steps r 1 calculation - no time lirnit - Calculate >> | Mg 1.0381E-05 2.5232E-04 5.2058E-06 2.5292E-0¢
o] 2_08e8E-04 3.3387E-03 1.1e70E-04 3.34€€E-05
+ 85.380 gram Slag-liggl
FactSage 8.0 (85.980 gram, 1.5562 mol)
+0 gram Slag-lig#2
(1600 C, 1 atm, a=1_0000)
{ 40.441 wt.% 5i02
+ 48.135 wt.% Cal0
+ 0.448351 wt.% Fel
. - - . + 1.31594E-032 wt.% Fel03
One way to fix Fe saturation in steelmaking e s
Site fractiom of sublattice constituents:
A A Si 0.37186
calculations Is to a a small amount ot Fe as N
Fel+ 3.43€8E-03
- Fel+ 9.129€E-0¢
an input component Hs
o] 1.0000
System component Amount/mol Amount/gram Mole fraction Mass fractio
Fe 5.3€27E-03 0.25548 1.4528E-03 3.4831E-03
Ca 0.73803 29.5739 0.159954 0.34402
31 n S7R71 1# 2832 n 1878 n 18404 @
< >
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Fixed partial pressure of a gas : Fe saturation and fixed SO,

Gas / Slag (CaO-MgO-FeO-SiO,) / Liquid Fe equilibration

ﬁ' Equilib - Menu:

X

File Units Parameters Help
0= T(C) Platm) Energyl] Quantity(g) Yolllire) lﬁ |B| nl
Reactants ([7) G Selection - Equilib - no results - O X
[ (gram)40 CaD + 10 Mg + 20FeD + 30502 + 002 + 052 + 100 Fe | File Edit Show  Sort
% denotes species excluded by default|
Products [ - no results -
Compound species Solution phases Custom Solutions + | Code | Species | Data | Phase [T[V|_ Activity |  Minimum | Maximum
* | + | Base-Phase | Full Name 1 fived activities 29|+ 1 Ofg) PEF AL
[+ gas & jdeal " real 33 + | FTmiscFelO Fediq_ PU idedl solutions : § g%} E:E g:
N -aqua?u-i | FToxid-SLAGA  A-Slaglig all oxides + 5 seudonyms edlr @ Malg) FactPS gas
[ pure liquids appp ™ 291, s Ma2(g) FactPS gas
[~ pure solids Volume data + B MgOig) FactPS gas
e assume molar volur{ |, 7 Silg) FactPS gas
gokds and baurde =1 [, 18 i) FactPS gas
species: 33 include maar volum) | =g Sidlg) FactPS gas
and physical propet . 10 50(g) FaclPS  gas
Torgel i [™ paraequilibrium & Gm| |+ 11 Si02(g) FactPS gas
B Legen + 12 Slal FactPS gas
e |- Immiecitle 1 W Show ol sekected | | o Species masond [ 13 52 FactPS  gas
Estimate T[C): |1Dm +- selected 1 species: 29 e o . + 14 53(g) FactPS gas
bt - ec + 15 Sd(a) FactPS gas
Quantity(a) |D soiutions B Total Phases (max 1500] |+ 16 S5(g) FactPS  gas
————— 1|+ 17 sEg FactPS  gas
Final Conditions E quilibrium + 18 57(g) FactPS gas
B> <B> T(C) |P[dm] l"Pmd.ld HU) L] @ pomal O romalof |+ 19 S8[g) FactPS  nas
| 1600 [1 | € tensitonsonly € d [ g ggg]gl Fixed Partial Pressure X
i@ steps [T Tabl -notimelimt-  Caleul| [+ 22 S03g)
T Enter the partial pressure
Fact5age 80 + 25 S [or for a range of values enter first last step'] for
' + 2 sisyg) 21 502
o () Cancel
+ 28 Calg) ) . . .
. 2 Cadlg) Press [Cancel] if the partial pressuie is no longer fixed.
+ 30 CaS(g)
+ il Fela)
+ 2 Fedlg) 0.00001|
+ 3 FeSlg)
[~ permit selection of %' species _ Helo | Suppress Dugloates | Editprioity st - [
Show Selected | Select All | Select/Clear. . | Clear | akK
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Fixed partial pressure of a gas : Fe saturation and SO,

Output  Edit

Show Pages

D= @& [

&7 Equilib - Results 1600 C

Final Conditions

TIC] Platm] EnergylJ] Quantity(g) “olllitre)

+ 1l4.&8
{114_€8
+ 0

+ 30.2811
{(50.811

-2297E-11
.2Z4€E-12
-9550E-14

T T T ST o o o
R I I I TR S SR T R I

.0354E-35

503
5isz T

gram Slag-lig#l
gram, 1.%183 mol)
gram Slag-ligg§2

(1E00 ©, 1 atm, a=1.0000)
{ 25.655 wt.% 5i02
+ 34.25% wt.% Cal
+ 27.381 wt.% Fel
+ 1.730& wt.% Fe203
+ 2.5€44 wt.% MgD

+ 0.71215 wt.% SiS2
+ 0.73552 wt.% CaS

+ 0.€0503 wt.% FeS

+ 4 _0€85E-02 wt_ % FelS53
+ 0.21&31 wt.% MgS)

Site fractiom of sublattice constituents:

5i
Ca
FeZ+

0.253857

System component

Fe
Ca

gram
gram, 1.6
{1s00 C,
a2 _318
€.1358E
0.12224

Fe-lig
51€ mol)
1l atm,
wEt.%
-1l wt.%
wE.%
wEt.%

0.9822¢
1.7732E-02

EAE S S T SR,

1
1
a.
£
1
=]

-70€0E-02

wEt.%
wEt.%
wE. %
wEt.%
wEt.%

System component

Fe
A

Emount/mol Amount/gram Mole fraction
0.47028 28.263 0.10752
0.71=220 22 .588 O.le=z08
4 _3333E-02 1l.2855 S_59072E-03
0.455930 l4.023 0.1141%5
0.24510 €.0300 5.€722E-02
2 _399& 38.352 0_5483€2
a=1l.0000)

Fe

Ca

o

s

5i

Mg

Mgl

Cad

S5i0)
Amount /mol Amount fgram Mole fraction
l.5588 85.283 0.59&g802
1 SNTARAR-NF& 7 RAFRZE-NA/ 1 18R1R-NF&

Mass fractio

0.22300
0.24527
1.211€E-0Z
0.12227
5.2573E-02
0_.3347¢

Mass fractio

0.38318

a aznom-n7 ¥
>

Gas (SO,, S,, O,, etc.)

Slag (CaO, MgO, FeO, ...

CaS, MgS, FeS, etc.)

Fe-Lg (O, S, etc.)

Equilibration reactions include:
CaO + SO, = CaS + 20
SO,=20+S
CaO + FeS =CaS + FeO

Gh;:tSage‘”
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Composition target: target S content in liquid steel

Composition Target: slag / liquid steel equilibrium

“How to calculate optimum amount of CaSi to reduce S
in liquid steel to a targeted composition”

|
G Data Search

Q Equilib - Reactants

Dotabases 3726 comp Satabares 2720 soltion datah
File Edit Table Units DataSearch DataEvaluation Help Lt e Private Databases
. ] Scopp solutions only
D +| = TIC) Platm) Energyl)) Quanti(g) Vollive) it B FactPs O rocor e o oM [156TEa Dl sGTEG
O Frsalt  [J FSstel

FTmisc [J FSupsi [ SGsold Clear Al
1-10 | [ Frha _Geatt |

[ FTOxCN

[ FTitz Other :diRemoveDaa

[ FThelg [ ELEM [ SGnobl

Quantity(g) Species Phase O FTpulp [ FTdemo [ SPMCBN  RefieshDatabases

38437 |Fe [ ~| O Frite [ FTnucl B Ig::::lh
* [Mn | | Information -
* Jos ISi | ~]
* |o.0s 1Al [ ~]
) |D.UU3 IU | J Dptions - search for product species
* loon 5 | =] [ | [ Owcmmmcon e
+ 3 [Ca0 [ J B::;‘:;’Z::‘Z‘;:;Dun e (250) Minimum salution components O 1 @ 2 cpts
* |4 41203 | ~|
* 2 [si02 [ =]
* et [Casi [ <]

[ Initial Conditions

FactSage 8.0 Compound: | 2/26 databases Solution: | 2/26 databases
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Composition target: target S content in liquid steel

Selecting target element (species)

G Composition Target

| Salution MIS3-FelLO |

VYanable

" species composition

" log10 (species composition)

element composition

log10 [element composition)

species activity

log10[species activity]

- none [removes targets) -

ypecies

Code numbers [253-270)

Fe, &l Ca, ...
259 Fe -
Element 2

oy
Elemen®0 415iS CaMnFe N

F

lf
E Ier@ﬂ.
~y

L.

X G Equilib - Menu:
Units

File
> d

Parameters Help
Ol

Reactants [10)

TIC) P(atm) Energy(J] Quantity(g) Vol(litre)

X

' S| ®

| [Tlam]93,437 Fe + Mn+ 055 + 0054 « 00030 + 001 S + 4Ca0 + 441203 + 2502 +
4

<> Cat
»

VYalues

3

Enter a sinyk v - mtwawaf values 'first last step’

E'B'mfﬂs [0-00002
mass rac&n:

Cancel |

(0.002%)

'\
7/

——

Help |

Products 1
Compound species Solution phases Custom Solutions
cC [ + [ Base-Phase | Full Name - 0 fized activities
[~ gas (¥ ‘e 0 E FTmisc-Fel Feliq 0 ideal solutions
|_ aquenus 0 FTmisc-MATT Matte ~ Pseudonyms -
[ pure liquids 0 FTmise-FeS_ FeS-liq apply [ Edi ..
‘ * [+ pure solids 113 FTmisc-MAT2C | ;
FTmisc-FYRRC : e e
\ Do e = Solution FTmisc-FelQ
species: 113 FTmisc 8CCS ne data
_ 7 FTmisc-FCCS - clear ties data
- FTmiscMS-c 1o - all end-members min _ edit
Composition target Legend 140
Element S - FTmiscFelO | - immiscible 7 v * - custom select end-members .... 0 35%
Estimate ALPHA: |0.5 C - composition target m - merge dilute solution from 210
Quaiity(g): [T - element: S ) _ 0)
uantity(a) + - selected 15 - solution properties .... 0 143
Fin; 4 tions ¥ + -single phase
,_ <B> T(C) | Platr) | - possible 2-phase immiscibility
| 1600 [1 J - possible 3-phase immiscibility open
|1 0 steps 1 late >>
v - standard stable phase LI
! - d~eegnt (metastable) phase
FactSage 8.0

F 1 stion target phase
P Pitate foMet plgge
( . C - composition target ... )

Add CaSi (<A>) to reduce [%S] in Fe-LIQUID to 0.002%.

S — . At

Help ...

I thtSage‘”
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Composition target: target S content in liquid steel

_——-

- o . _
— Amount of CaSi = 0.9674 gram to obtain [%S] =
&G cquilib - fesults 1600 C, A=0.9674
Output Edit Sho™Pacmes himal Geendit 0-002%
0O |ﬁ' @lm m’ TIC) Platm) Energyl)) Quantity(g] Yolllitre) mllﬂln
| FactSage 2.0 A
(gram) 58.437 Fe + Mn + 0.5 Si + 0.05 Al +
(gram) 0.003 O 4+ 0.01 § 4+ 4 Ca0O + 4 R1203 +
(gram) 2 Si02 <+ <A> CaSi =
100.5¢ gram Fe-lig
(100.5€ gram, 1.8213 mol)
(1€00 C, 1 atm, a=1.0000)
{ 97.88¢ wt.% Fe
+ 2.3701E-02 wt.% Rl
+ 1.€798E-07 wt.% Ca
+ 0.97€l18 wt.% Mn
+ 1.5200E-04 wt.% O
+ 2.0000E-03 wt.% S
+ 1.1113 wt.% 5i
+ 3.1527E-04 wt.% Cal
+ 2.4€10E-04 wt.% R10
+ 1.1€11E-05 wt.% Si0O
4+ 2.3505E-05 wt.% MnO
+ 2.2014E-05 wt.% R120)
System component Amount/mol Amount/gram Mole fraction Mass fractio
Fe 1.76€2¢€ 58.435 0.9€g780 0.5788¢
Mn 1.7B€9E-D2 0.981le€8 9.8111E-03 9.7€21E-03
r—Ca-—— — — — — Sl T i) G— .a.aeas.raa.. — LS i __a,as&ss-as
€.2723E-05 .0112E-03 3.443%E-05 .0000E-05 I
L-Si ———— — O Ry ] m— !‘Eﬂ?&" — ] TR -T FTSE =2
Al 8.8973E-04 2.400€E-0D2 4 _B8B52E-04 2.3873E-04
Le) 2.1B79E-05 3.5005E-0D4 1.2013E-05 3.4810E-0¢
+ 10.407 gram Slag-lig#l
{10.407 gram, 0.15109 mol)
+ 0 gram Slag-lig#2
{1€00 C, 1 atm, a=1.0000)
( 38.870 wt.%® R1203
+ 14.703 wt.% Si02 v
< >
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Table calculations: multi-calculation using EXCEL sheet

For example, calculations for liquidus temperatures for many slag compositions
- One by one in Equilib using Precipitation target for liquid slag
—> Or using Table calculation

ﬁ Data Search

Databases - 1/26 compo

Lact

] FactPs

.
] FTsalt
] FTmisc
1 FThall
[] FTOxCH
[ FTinz

1 =

Perform one calculation to make
sure that your calculation is working

Q Equilib - Menu: last system

I

File Units Parameters Help
e . . e i i i
Ol ﬂ TIC] Platm] Energyl)] Quantity(a) Volllitre] & Equilib - Results 15187 C _ = G
Reactants (4) Qutput Edit Show Pages Final Conditions
Dz - T(C) P(atm) Energyl)) Quantity(a) Vol(litre) I 3
| [gram] 45 CaD  + 10 MgO + 15 AI203 + 30 Si02 —]—J ﬂ MSI®) =
[ FactSage 8.0 A
Products (gram) 45 Ca0 + 10 Mg0 + 15 A1203 + 30 Si02 =
Compound species Solution phases {6656 Sinailiaii
00.0¢ gram ag-lig
= | = | Base-Phase | Full Name -~ (100.00 gram, 1.€970 mol)
I gas & o 0 IP FTowidSLAGA | A-Slagliq all oxides + S +0 gram Slag-lig#2 -
[T squeous 0 +  FToxidSPINA A-Spinel e Tgy e L
[~ pure liquids 0 | FToxid-Me0_A A-Monoxide + 30.000 wt.% Sio2
[+ pure solids 50 | FT owid-cPyrd, A-Clinopyroxene + 45.000 wt.% Ca0
5 + 10.000 wt.% MgO)
+ FT owxid-oPynd, A-Orthopyroxene
. + FT oxid-pPyd, A-Protopyrosene Site fraction of sublattice constituents:
species: 50 - B a1l 0.15955
+ FToxid-LcPy LowClinopyroxene 5 059098
+ | FToxidwOLLA Awollastonite, LI ca 0.43515
Precipitate Target Legend Hg S
FTonid-SLAGA I-iﬁmmiscible 5 ¥ Show @ all " selected
CiL ° 1.0000
Estimate T(C): |1000 P - precipitate target species: 82
. +-selected 9 oluti 19 Select System component Amount/mol Amount/gram Mole fraction Mass fractio
Quantity(g]: jO solutions: Ca 0.8024¢€ 32.161 0.18513 0.32161
si 0.49930 14.023 0.11519 0.14023
) . a1 0.29423 7.9388 €.7879E-02 7.9388E-02
Final Conditions Eq Mg 0.24811 €.0304 5.7240E-02 €.0304E-02
l <> <B> I T(C) | Platm) v ||ProductHY) ~| || & o 2.4305 39.847 0.57456 0.39847
| | 1 | C +0 gram a-(Ca,Sr)25i04
- (1s18.70 C, 1 ) =1.0000)
|1l] steps r 1 calculation -1 ( :Asvsé w:m:\ Hg:Si;«i oeem
+ 95.025 wt.% Ca25i04)
System component Amount/mol Amount/gram Mole fraction Mass fractio
FactSage 8.0 ca 0 0 0.2€850 0.44222
si 0 0 0.14286 0.1€488 v
< - i ST ST S
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Table calculations: multi-calculation using EXCEL sheet

t;? Equilib - Reactants

Usigs Data Search Data Evaluation Help

- X

D dEd

Stream#t Data

[m

FactSage 8.0

Compound:

1/26 databases

Solutior: | 1/26 databa

= TIC) Platm] Energyl)] Quantity(g) “olllitre)
1-4 . .
| Activation of Table
Quantity(g) Species Phase T(C) Pltotal)*
|45 [ca0 [ 11 |
t;' Equilib - Reactants
* 1o Mg |
+| |A|2E|3 I File Edit TJable Units
: =] +|
b +
* |30 [si02 [

1-4|

Data Search Data Evaluation Help

TIC) Platm] Energyl)] Quantity(a) Yolllitre)

Reaction Table - 1 rows, 4 reactants m

Row TIC]

Platm)] Ca0(aram)

MaD(aram]

- X

il E2_1E 4

Al203(aram) |

1 | 7000
1

I thtSage‘”

{ FactSage 8.0 Compound:

1 45 10

Check the order of inputs

This order is very important !!

1/26 databases Solution: | 1/26 databases

15 30
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Table calculations: multi-calculation using EXCEL sheet

Prepare data in excel spread sheet (input order is the same as the input
displayed in FactSage table mode; see previous slide)
and then save it as “ixt” file

2 d 9~ T
Haome Insert Page Layout Formulas Data Review View

i
— Cut o i e =
_11 & Calibri 11 v A A =§%] Pv =
F_‘ . 53 Copy ~ B _ _
aste . B 7 U~ | ifi~ - F EEE|EEEE -
- jFormat Painter = = Q e =F = |F = B
Clipboard ra Font I Al
H14 . £ | m-' |« Windows7_05 (C:) » FACTSagebd » - Search FACTSagetd
_
A B C D E F (] Organize = New folder g= = (7]
1 Temperature Pressure Cal MgO Al203 5102 | BOF_2013-old *  Name : Date =
.. Corel Project E
2 1000 1 37 8 15 20 DO;E s I Bikrams report 2/2/2014 12:00 PM FJ
3 1000 1 40 10 20 30 . DES B . CaFeSi 10/25/2013 10:27 PM F
a 1000 1 42 2 10 a0 e cao-sio2-p20s 2/21/2014 10:35 PM i
- || CD-FactSages4 4/12/2013 2:14 PM ;
5 1000 1 50 12 3 30 = I
|| CD-FactSages4-old 2/26/2013 11:10 PM ;
G .. FactSage i
|| ChemSage 2/26/2013 11:19 PM F
., FactSageb3
7 || CNAS 2/9/2014 3:57 PM F
|| FACTSage6d
| CNS system 2/8/2014 3:03 PM F
. FTOxide_datak _ et e e i
. Hatrh bl U | C
File name: slagdata.tc -
Save as type: |iTexd (Tab delimited) (*.bd) V]
Authors: Administrator Tags: Add atag
« | Hide Folders Tools - [ Save ] [ Cancel ] |
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Table calculations: multi-calculation using EXCEL sheet

Import table from text file

G Equilib - Reactants
File Edit  TJable Units DataSearch Data Evaluation Help
|;‘y' Reactants Table Ctrl+T
Help ...
1-4]|
Add New Row 2
- Add Many New Rows 2 ...
Fow Insert New Row 1 Ctrl+l
1 Duplicate Row 1 Ctrl+Y
g_ Many Duplicates of Row 1 ...
il_l Delete Row 1
Delete Rows 1to ...
Clear Table

Export Table
Import Table

Sort Table (first click on any column)

Select variable in column 1

Select vaniable in column 2

Save and Close Table

- X
tity(a] Volllitre) m I —’ . | ] |
ractants Ed
] taO(gram) A1203(gram)

8 15 20
10 20 30
8 10 40
12 8 30

2l

‘? Equilib - Reactants

File Edit Table Units
D= +| =l

1-4]

from tabular file that includes headers ...
from simple text file without headers ...

from clipboard without headers ...

Data Search  Data Evaluation Help

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

FactSage 8.0 Compound: | 1/26 databases

Solution: | 1/26 databases

thtSage‘”

| FactSage 8.0 Compound:

Reaction Table - 4 rows, 4 reactants E
Row T(C) P(atm) Ca0(gram) MaO[gram) Al203(aram)
1 1000 1 57 15 20
2 1000 1 40 10 20 30
3 1000 1 42 ] 10 40
4 1000 1 50 12 g
4

1/26 databases Solution: | 1/26 databases
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Table calculations: multi-calculation using EXCEL sheet

Q Equilib - Reactants — *
File Edit Table Units Data Search Data Evaluation Help
| Reactants Table Ctrl+T ity(g] Volllitre] I | |
Help ...
1-4 I ‘3 Equilib - Menu: last system - x
Add New Row 2 )
- Add Many New Rows 2 File Units Parameters Help
any New Rows 2 ... N . .
% TIC) Platm) Energyl)) Quantity(g) Yolllitre] =" o
Flow Insert New Row 1 Ctrl+l  §) D= - Iﬁilﬁm
1 Duplicate Row 1 Ctrl+Y Reactants [4)
2 )
3 Many Duplicates of Row 1 ... | <table> CaD  +  <table> Mg +  <table> ARD3  +  <table> Si02 |
4 Delete Row 1
LI_I Delete R 1t Products
it e Compound species Solution phases Custom Solutions
Clear Table = | + | Base-Phase | Full Name - 0 fixed activities |
I gas & o 0 IP | FToxidSLAGA = A-Slagliq all oxides + 5 0 ideal solutions
Export Table 4 [ aqueous 0 +  FToxidSPINA ASpinel Pseudanyms ,
Import Table > [ pure liquids 0 I | FToxdMeO_A AMonoside apply T~ Edt.. |
[+ pure solids 50 I FT oxid-cPyid A-Clinopyroxene Yolume data
Sort Table (first click on any column) > o FT osid-oPyrdy &-0thopyrosxene @ :;ﬁ;;n:nrﬂg:‘ i;gIL_maes of
e - , T 50 +  FToxid-pPyis A-Protopyroxene include molar volume data
==tk iz ol + FToxid-LcPy LowClinopyroxene and physical properties data
Select variable in column 2 > Frecitae Taoe d-i- FToxid-WOLLA AMwollastonite, v R i | |
Legen Virtual species
Save and Close Table FTowid SLAGA | somiscitle 5 I Show® al ' selected T"Dr,;.'lg'ghe;-.;'s'[max 5000) 1135
Estimate T(C]: 1000 P - precipitate target I
+-selected 9 species: B2 goiocy || Total Soltions (max 200) 19
Quantity(g] ID solutions: 19
: Total Phases [max 1500] 69
Final Conditions E quilibrium
FactSage 8.0 Compound: | 1/26 databases Solution: | 1/26 databases <Ay <B> I T(C) IPH"'] ﬂ | Product HJ) j & nomal O
| l |:rablr3: I C «
|1[I steps v Table - no time: limit - Calculate >> |
. FactSage 8.0
Close table input mode
. . . “ ”
= Now in the calculation, activate “Table
™ H
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Table calculations: multi-calculation using EXCEL sheet

A

aﬁ' Equilib - Results -1- (page 1/4)
Qutput Edit Show Pages Final Conditions

— el

1| 2| 3|«

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

=3B

d X

> 4

100.00

+ 0

£

gram Slag-lig$l

(L00.00 gram, 1.€545 mol)

gram Slag-lig$z

(1784.26 C, 1 atm,
{ 15.000 wt.% Al203
+ 20.000 wt.% 5i02
+ 57.000 wt.% Cad
+ 8.0000 wt.% MgO)

Site fraction of sublatt

Al
5i
Ca
Hg

System component

Ca
5i
Al
Hg
0

gram Monoxidegl

(1784.2¢ C, 1 atm,

{

1.2€70 wt.% Cal

P RFm FAr - B R

a=1

{(gram) 57 Ca0 + 8 Mg0 + 15 A1203 + 20 S5i02

.0000)

FactSage 8.0 A

If you do “calculation”, four calculations are done:
Each tab shows the results of each input

Amount/mol

o oo

-.15573
12071
.65181
10776

.01€5
-33287
.29423
.159845
.3220

-.0000)

Amount/gram

40.737
9.3487
7.9388
4.8243
37.151

0
e

4

0.

0e5SE-D2

55763

Mole fraction Mass fractio
.24410

-9538E-0D2
7.
.TEETE-D2

0

L= LY

- You can save the results in excel format

-40737
.3487E-02
-5388E-02
.8243E-02
-37181

>
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J option for FCC phase: Fe steel containing (Ti,Nb)(C,N) ppts

Fe-0.039C-0.01N-0.068Nb-0.018Ti: three possible FCC phases

G Equilib - Menu: last system
File  Units
D= E

Reactants [5)

Parameters Help

TIC) Platm) Energyld] Quantity(g) Volllitre)

X

m ™

| (gram)99.875 Fe + 0018 Ti + 0068 Nb + 0039C + 001 N |
Products Database: FSStel database
Compound species Solution phases Cusfom Solufions
J j Base-Phase | Full Name - 0 fixed activities 4'
[_ gas = r U ( ? #SMLI“ LIQUID U II:IE!.E]' 3I:||I,l|‘IC|r'|$
[T aqueous 0 J FSstelFCC ) FCC_a1 Pseudonyms :
[ pure liquids 0 ~ o FiglelReE BCC_A2 oo 0 | . |
[+ pure solids 18 | FSstelHCP HCP_A3 Yolume data
m FSstel-CEME CEMENTITE assume molar volumes of
solids and liquids = 0
spacies 18 I FSstel-MedM MedN include molar volume data
| FSstel-BCC2 BCC_B2IBCC_A2 and physical properties data
* FSstetMSC2 M5C2 =\ r paraequilbrium & Gmin _edit |
Target Legend
- none - | - immiscible 7 WM Show @ al ¢ selected _
) P Total Species [max 5000] 161
Estimate T(K): 1000 J - 3-immiscible 1 species: 143 - ;
Quaniitic) [T +-selected 4 soldions. 2] __oelect | Total Solutions [max 200) 2
Wuantitig) | Total Phases [max 1500) 39
Final Conditions E quilibrium
<h> <B> T(C) | Platm) v ||ProductHW) ~| | nomal ¢ nomal + transitions
600100010 |1 | " wansiionsonly
00T steps [T -notime limit - Calculate »> |
FactSage 8.0 J option assume two possible miscibility gap in a solution

I thtSage‘”
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J option for FCC phase: Fe steel containing (Ti,Nb)(C,N) ppts

Austenite, Ti and Nb carbo-nitrides are all FCC. In the

- FSStel database, all these fcc phases are modeled as a
GEthb - Results 900 C (page 34/44) . . . . .
. . " single FCC_A1 solution with three possible miscibility gaps.
Output Edit Show Pages Final Conditions —
- : S 99.865 Fe + 0.018 Ti + 0.068 Nb + 0.039C +0.01N
0O |D”'| @ll ml T(C) P(atm) Energyl)) Quantity(g) Volllitre) CFactSageTEquitss 13020
0.10 T T T T T T T
930C | 940C| 950C | 960C | 970C | 980C | 990 C | 1000C |
g30cC | s40C | 8s0C | s60¢ | s7oc| 880C | s90c | 89531C -900C- |910¢C| 920¢ | 009 F
e 008 | Nb(C,N) 1
99 %401 gram FCC Aul‘ Austenite phase Fock2
(99\96-14% _1.7882 2 me1) 0.07 ¢ Y ———
(500 C, 1 atm, a=1.0000) 006
( 99.798 wt.% Fe £
+ €.01582-03 wt.% Nb S oos f
+ 2.3431E-0€ wt.% Ti :
+ 0.18941  wt.% FeC B Ti(C.N)
+ 1.0€11E-05 wt.% NbC 003 F FCC#3
+ 4.5898E-09 wt.% TiC ol
* 4 + 7.0138E-02 grag “FCC_Al$2 o { ' } PPt
* 3 (7.0138E-02 grad, . 8433E-04 ‘mol) 001
+ ] (800 C, 1 atm, a=1.0000) 0.00 . . . . . . .
( 1.02€0E-03 wt.% Fe 600 650 700 750 800 850 900 950 1000
Sit + €.5424 wt.% Nb T(C)
Fe + 0.1€044 wt.% Ti | HE-ND .
Nb + 1.079SE-02 wt.% FeC o =<1 |
Ti + €4.000 wt.% NbC + 2.8%07E-02 gra:& FCC A133 J ( 3 )pp
— +1.7385  wc.% TiC (" 89507E-02 gram,~ 4~ 4EI2E-04 mol)
Va + #:D00SK-#d .5 Tae (300 C, 1 atm, a=1.0000)
+ 2€.804 wt.% NbN .
c + 0 73833 T & Till) ( 1.00€7E-02 wt.% Fe
N + 2.7001E-03 wt.% Nb
Site fraction of sublattice cor + 3.4144E-02 wt.% Ti
Fe 2.489% + 0.4€550 wt.% FeC
‘I“? 2:;‘;; + 0.11€04 wt.% NbC
RO - i + 1.€255 wt.% TiC
Va 7.562 + 20.570 wt.% FeN
c 0.€55] + 5.075% wt.% NbN
N 0.2€9 + 72.101 wt.% TiN)
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Precipitation of AIN and MnS in a commercial Si-steel

Fe-0.054C-3.2Si-0.1Mn-0.028Al-0.015X-0.007S-0. OO75N 0.05X-0.2X (wt%): Oriented Si-Steel

100 P T T T e
1.0 e T RARRARLE T RARERARLR 90 ‘
80 —
gk
e 7¢F
g |
0.8 | Cementite 5 e0F
= [ s |
o T oF
o AN 2
o / N\ g wp
o / = 3
E o06f | g 2F
=l / o E
QL 20 F
2 |/ ;
c 10 |
o E
= ok Cementite 3
% 04 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
= Temperature, °C
D
N
©
e
o nd . . . .
0.2 _\\ VLG 2"Y recrystallization temp (pinning) |
73
\\
I \ MnS
AIN
0.0 Lo el [T T Levesiesin Leveroeoiy P e = ST Loasdieay Lodosasy N T
500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600

Temperature, °C
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Phase diagram / Phase fraction of 430 Stainless Steel

Fe-16.2Cr-0.06C-0.3Si-0.4Mn-0.3Ni-0.015X(wt%): STS430

GactSageT"

1800 T
1700 E E
Liquid
1600 F _
100 SR | LELELEL NN LN | ISLIL I L L LI frrrrrrrorr frrrrrrrrr frrrrrrr g
: o F———————— " 1yRcc|
g 1400 [ \*_
9 F O BCC
s ° 1300 F 3
: E 1200 E ////’/// —
80 F g - — '
g 1o — BCC+FCC
© & 1000 7 [
% 70 E "k ( ——— BCC+FcC} M2acs
c wo b BCC + M3C6
.9 00 é- BCC 700 (
E : 600 v
= 50 F 500 . . . .__SIGMA % BCC + M23C6 . E
2 - 000 001 002 003 004 005 006 007 008 009 010
S a0 b wive ©
[<B} ;
n o ]
3 s 5
S 30 F _
20 £ 3
10 _S 3
/G,
0 \\.@’q ........ M2.3C ..... T [T [T [T [T [T P E
500 600 700 800 900 1000 1100 . 1200 1300 1400 1500 1600
Temperature, (C)
™ .
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Equilibrium cooling and Scheil cooling

Scheil Cooling
Solidification microstructure

Equilib.l
Cooling

t B scheil
| Cooling

Ferrous Proces www.factsage.com



Equilibrium solidification of slag

Equilibrium cooling of the CaO-SiO,-Al,0;-MgO slag

&7 Equilib - Reactants - ped

File Edit Table Units DataSearch DataEvaluation Help

D\ +| TIC) Platm) Energyl)) Quantiy(g) Vollitre) ns e

1-4|
Quantity[g) Species Phase TIC) Pftotal]** Stream# Data
[40 [caD | = ‘ —
Q Equilib - Menu: last system - X
* 110 [M0 [ =
File Units Parameters Help
+ IED |A|2E|3 I _'] I D ~ E T(C) Platm] E ) Q titw(g) Volllire) Iﬁ& D'
o atm] Eneray uantity(g) Volllitre | | ;l
* [30 [sioz | =
Reactants (4]
| (gram)40 CaD  + 10 MgD + 20 Al203 + 30 Si02 |
Products
Compound species Solution phases 1 Custom Solutions
> | + | Base-Phase ] Full Name a 0 fixed activities Jetai
[ gas @ ideal € real O | FToxd-SLAGA | A-Slaglig all oxides + 5 0 ideal solutions
I aqueous 0 +  FToxid-SPIN& &-Spinel = Pseudonyms 1
[ pure liquids 0 | FToridMe0_A AMonavide ‘ apply [~ Ll
[+ pure solids 50 | FToxid-cPyrd A-Clinopyroxene Yolume data g '
Py 7 5 assume molar volumes o
+ FToxfd oPyid, A-Orthopyroxene o solids and figuide = 0
species. 50 +  FToxidpPyid #-Protopyroxene ¢~ include molar volume data
i + FToxid-LcPy LowClinopyroxene and physical properties data
FactSage 8.0 Compound: | 1/26 databases Solution: | 1/26 databases = + | FTowdWOLLA AWalastonile, LI [ paraequilibrium & Gmin  edit |
~ Transitions - temperature Legend
| - immiscible 5 V¥ Show ™ &l  selected .
MNumber of Total Species [max 5000] 132
tions: Al v +- selected 3 species: 82 :
transitions: | A dp . 19 Select Total Solutions [max 200) 19
solutions: Total Phases (max 1500] 69
Final Conditions Equilibrium
<> <B> T(C) | Platm) ~||PreductHY) ~| | | © nomal @ ingmal + fran
1600100020 |1 [ " bhanstionsonly " oper
10 steps [T Table 31+ calculations - no time lirnit - Calculate 3> |

FactSage 8.0
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Equilibrium solidification of slag: plot amount vs. temperature

‘3 Equilib - Results 1600 C (page 1/35) - O X
Output Edit Show Pages Final Conditions 1
Save or Print As ... /T[d PTetrn] Magrcyll) Quantiy m Blg
Repeat Save \
Plot > Plot Results ... 00c | 1280¢ | 1260€
Equilib Results file > Repeat Plot - TC) | 14509¢| 1440¢|
qu o Repeat Plo gmn\l( 3 . |
Stream File > g - FactSage 2.0 A
bo2o alTEs T 30 sioz =
Format >
ba#l
Fact-XML

Fact-Optimal & Plot: gram vs T -

File Hel
Fact-Functior oep 3
. ]
fetrech 40Ca0 + 10MgD + 204203 | 47 dwees: T TR, X
Swap loops .., Variables Y-variable X-variable )\Map Axes
: activity ~ -
mole Y -awis — ¥-awis
mole fract. soln, species
Y-axis gram _ _
weight % soln. species MMM makimum 11600 5
< : All:lha iR l:l iR G Plot Species Selection - Equilib Results: gram vs T(C) | X
X-axis T(C) 1 . . File Show Select
Platm) tick every tick every | ——— - - - — =
+ # | Species | Gram (min) | Gram [max) | Wt.% (min) | Wt.% (max) | Activity (min) | Activity (max)
Cpl/K) 11 1% CalMgSiz07 0 0 0 0 STSGE02 032
G 177 L |+ 127 Camgsioos 0 2022 0 0 0222082 1
: : 128 CahlSi08 0 0 0 0 27402 4S048E02
Wolllitre) Cancel Refresh 129 Cabl25208 0 0 0 0 22507608 1.8767E-06
HW) 1.33 130 CahlZSi208 0 0 0 0 2NWED 1156IEDR
: 13 Ca2ARsi7 0 0 0 i 0329637 0768118
Wilitre) 0 0 12 CaMsann 0 0 0 0 INBEG  SEETEED
K 215.89 30057 SOLUTIONS
15 1 GAS 0 0 0 0 18875608 1.8875E-08
+ 134 SLaGAM 0 100 0 0 0532183 1
Graph 1% SLaGAH? 0 0 0 i 0532183 1
Label Disol +[13  [sPNA 0 91562 0 0 0545987 1
=i IAEAS 19 MeD_At 0 0 o 0 0315608 0535042
size:[9 nofs | | ¥ color I full screen 138 |Me_AH2 0 0 0 0 21BB0E02 0595042
. colors ... | ) 19 At 0 0 0 0 25991602 91098E-02
& chemical v " Viewer 0 cPuAH2 0 0 0 0 25981E02 | 91098602
" intager 8 mactants & Figue WP i 0 i 0 2TWER | ESWSEQ
£ none v file name 142 pPy 0 0 0 0 26509802 7.10B4E-02 v
offset v ; =
| Display |~ Mass gmi::m“ Sekct Top [i5 5]

[ sowce || © mole @~
mass (max) . )
[ phase [~ ignote species and

" faction [max)

« act h ith

Clear r B aram I activily[ x] phases with 2810 mass oK
Select ..

-
Click on the "+' column to add of remove species. lpage] [ 36 pages |

FactSage 8.0 C:\WwWorkshopB0hMyresult\E quil.res 24Dec19 35 sets

thtSage‘" Ferrous Processing 46 www.factsage.com



Equilibrium solidification of slag: plot amount vs. temperature

gram

120

100

080

060

040

020

40 CaO + 10 MgO + 20 Al203 + 30 SiO2

T T T T T
B SLAG
Mel A Mel_A Mel_A
Ca:MgSi;0z Ca:.MgSi:0g CaMg 5
SPINA SPINA SPINA
PINA
] . ] . ] . ]
1000 1100 1200 1300 1400 1500
T(C)

Equilibrium solidification is completed at ~ 1410°C

1600
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Schell cooling solidification of slag

Scheil cooling of the CaO-SiO,-Al,0,-MgO slag

ﬁ' Cooling Calculation - L-Option

L-Option

'ou may choose any solution phase with the L-option.
However, for Liquids the calculations are most
meaningful since they relate to solidification.

[Salution phase: FToxid-SLAGA |

" equilibriurn cooling
& Scheil-Gulliver cooling

" normal equilibrium calculation

With 5 cheil-Gulliver cooling you have the option to apply
back diffusion. In the Menu Window select 'apply back
diffusion’ and click "edit’ to specify the diffuisng elements.

Help

‘3 Equilib - Menu: last system
File Units
D= -

Reactants (4)

Parameters Help
TIC) Platm) Energyl)) Quantity(g] Volllitre)

| fgram)40 CaD  + 10 MaO +

20 Al203 + 30 502 |

Solution FToxid-SLAGA

Solution phases
- clear = | + | Base-Phase ] Full Mame -
> 0 IL  FToxidSLAGA | A-Slaghig all oxides + 5
R + | FToxidSPINA ASpinel
* - custom select end-members .... I FToxid-tMeO_A A-Monaxide
m - merge dilute solution from ! EID"‘?:'CET: :EETF&"D”EHE
) . + owid-oPyr -Orthopyroxene
- solution properties ... + | FTosidpPyid &-Protopyroxens
+ - sinale phase - FToxid-LcPy LowClinopyroxens
giep +  FosdWOLLA Awolastonite, ¥
~ | - possible 2-phase immiscibility L=
gend
i v s -
J - possible 3-phase immiscibility ot W Show® ol sslected
el Rl species: 82
- standard stable phase +- selected 3 solutions: 19 ﬂl
! - dormant (metastable) phase -
F - formation target phase TC) IP[ﬂtml l"le:hctH[J] ll
P - precipitate target phase 1600 1000 [ I

C - composition ta

¥ L -coolingcalc Scheil cooling temperature setup:

(initial_T final_T)

(e assume molar valumes of

m = ™=

Custom Solutions
0 fixed activities ) |

0 ideal solutions

Pseudonyms :
apply Edi ... |
Yolume data

salids and hquids = 0
include molar volume data

and physical properties data

™ apply back diffusion

Wirtual species 12
Total Species [max 5000) 132
Tot ti 19

Total Phaszes [max 1500 63

E quilibrium
* nomal  © nor
€ hanstonsonly €

H‘ -no time limit - Calculate »>> |

_edit |

Help ... [

thtSage‘”
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Equilibrium solidification of slag: plot amount vs. temperature

‘3’ Equilib - Results Summary

D|e| RG] @
124596 C| 124596 C |
1425C

Summary

Qutput Edit Show Pages Final Conditions

TIC) Platm) Energyl)) Quantity(a) Vol(litre)

Transitions | 1600C | 1575¢C | 1550 C | 1525¢ | 1507.44¢| 1500C | 1

O

M &)

1420.44(:] 1400(:] 13?5(:] 1360.620' 1350c| 1325c| 1300c| 1:?sc| 1:soc| 1245.54(:'

ae )l vasnnml vasnel

X

SCHEIL-GULLIVER COOLING

COMPONENTS :
Ca0®

HgO

A1203

5i02

AMOUNT/gram =
AMOUNT/gram =
AMOUNT/gram =
AMOUNT/gram =

CONSTITUENIS AND PHASES AT 1245.%¢€ C
(temperature of final disappearance of Slag-liqg)

.0000E+01
.0000E+01
.0000E+01
-0000E+01

Scheil cooling solidification is completed at ~ 1320°C

CONS. PHASE TOTAL 2MT/g.atom TOTAL AMT/gram 100
1 1 Spinel 2.2500E-0L 4_€542E+00
TOTAL: 2.2500E-01 4_€542E+00
2 1 Spinel 4_S054E-02 9.1S€EE-01
2 2 Melilite 1.0104E+00 2.304B8E+01
TOTAL: 1.0SS5E+00 2.35€3E+01 080
32 1 Spinel 1.€012E-01 3.2542E+00
2 2 Melilite 1.72€2E400 3.934€2+401
<
060
€
o
o
040
020
0

|
40 CaO + 10 MgO + 20 AI203 + 30 SiO02

Mel A

SLAGA

Ca;MgSi;0:

SPINA

SlxeA

1250

1300

1350 1400 1450 1500 1550 1600
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Solidification of mould flux

CaF,

|
+ Cao |I Slag (L)
|

| Y+a'0a25l04
%@/\ |\ L+casio
A RN A -.
Ca0 wtss Si0, CaO Sio,

(a) (b)
Figure 6. Calculated isothermal phase diagrams for the CaO-Si0;-CaF »-10 wt. % Al;Oj system at 1 bar [54]. (a)
1400 °C and (b) 1200 °C.

70 F

60

50 F

a0 F

phase distribution (wit %)

CaFy,g

T
900 1000 1100 N 1200 1300 1400
T(C)

Figure 7. Solidification simulation of the 30Ca0-10Al,0;-40510,-20CaF ; (in wt. %) mould flux using the Scheil
cooling calculation [16].
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Equilibrium solidification of steel: TWIP steel

Equilibrium cooling of Fe-20Mn-1C-1AlI TWIP steel

G Equilib - Menu:

X

File Units Parameters Help
D d TIC) Platm) Energyl)] Quantity(g) Volflitre) W |B| g|
Reactants (4) -
[ [gam)78 Fe + 20Mn + C+ Al
Products |
— Compound species — Solution phases | Custom Solutions 1
* | + | Base-Phase | Full Name - 0 fived activities 4‘ -
[ gas (& @ 0 I FSstel-Liqu LIQUID 0 ideal solutions
7 aqueous 0 J FSstel-FCC FCC_A1 ~ Pseudonyms .
[ pure liquids 0 | | FSstelBCC BCC_A2 apply [ _ Edit-
[+ pure solids 33 I FSstelHCP HCP_&3 —Volume data
+ | FSstelCEME CEMENTITE ¢ 9ssume molar volumes of
solids and liquids = 0
species 1 + FSstel-M23C M23C6 include molar volurme data
+ FSstelM7C3 M7C3 and physical properties data
Target * FSstelLBCC CBCC_A12 =\ r paraequilibrium & Gmin _edit |
- none - | - immiscible 6 W Show ® al " selected Virtual species: 12
. . . L Total Species [max 5000] 165
Estimate ALPHA: 05 J - Simmiscible 1 species: 132 )
Quantiyi) [ +-selected 10 soldtions. o5 oelect | Total Solutions [max 200 25
Auantityla) ' Total Phases [max 1500] 58
Final Conditions E quilibrium
<> <B> T(C) | Platm) v ||ProductHi) v| | @ nomal " nomal + transitions
1400100010 |1 | " transitions only € oper
IT steps T - no time fimit - Calculate >> |
FactSage 8.0
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Equilibrium solidification of steel: TWIP steel

G Equilib - Results 1400 C (page 1/81)
Output Edit Show Pages

D= Big)l 1

Final Conditions

TIC] Platm) Energyl)] Quantity(g] “olllire)

- m} X

m== e

1270¢ | 1260¢ | 1250¢ | 1240¢ | 1230¢ | 1220¢ | 1210¢ | 1200¢ | 1190 ¢ | 1180¢ | 1170 | 1160¢C |
1400¢ | 1390c | 1380¢ | 1370¢ | 1360C | 1350¢ | 13a0¢ | 1330¢ | 1320¢ | 1310¢ | 1300C | 1290 1280

FactSage 3.0 ~A
{gram) 72 Fe + 20 Mn + C + Al =
100.00 gram LIQUID#1
(100.00 gram, 1.8811 mol)
+ 0 gram LIQUID#2
{1400 C, 1 atm, a=1.0000)
{ 1.0000 wt.% Al
+ 1.0000 wt.% C
+ 72.000 wt.% Fe
+ 20.000 wt.% Mn)
System component Rmount /mol Amount/gram Mole fraction Mass fractio
Fe 1.39€7 78.000 0.74251 0.78000
Hn 0_3€405 20.000 0.15353 a_20000
Al 2.7082E-02 1.0000 1.9703E-02 1.0000E-02
c B8.325%E-02 1.0000 4_42€lE-02 1.0000E-02
+ 0 gram FCC_ALEL
+ 0 gram FCC_Rl82
+0 gram FCC_R1§3
{1400 C, 1 atm, a=0.88774)
{ 1.0004 wt_ % Al
+ 82.322 wt.% Fe
+ 14.97¢ wt.% Mn
+ 2_0551E-02 wt_ % RAlC
+ 1.4220 wt.% Fel
+ 0.25544 wt.% MnC)
fd + 0 gram BCC_A28l
+0 gram BCC_AZ#2
{1400 C, 1 atm, a=0.587742)
{ 4.8208E-03 wt.% R1C3
+ 1.2805 wt_ % Al
+ 0.22282 wt.% Fel2
+ 24.018 wt.% Fe
+ 3_8533E-02 wt_% MnC3
+ 14.43¢ wt.% Mn)
+0 gram BCC B2gl
+ 0 gram BCC_Bzg2
{1400 C, 1 atm, a=0.54€10)
{ 2.5787E-02 wt.% R1I1A11Vac€
+ 1.€883 wt.% AllFelVaé
+ 0._28845 wt_% Rl1MnlVaé
+ 1l.&2832 wt.% FelAllVac
+ €95.977 wt.% FelFelVaé
+ 11.3350 wt.% FelMnlVae
+ 0.282845 wt.% MnlAllVac
+ 11.5%0 wt.% MnlFelVa€
+ 2.0542 wt.% HnlMnlVa€)
+ 0 gram CUB_2&13
(1400 C, 1 atm, a=0.81702)
{ 1.2558E-03 wt.% R1C
+ 0.8207%9 wt_ % RlVa
+ 9.904€E-02 wt.% Fel
+ 7€.957 wt.% FeVa
+ 2.2451E-02 wt.% MnC
Final Conditions
<A [ <B> | T(C) [ Plaml | PraductHE) | X
+ 0
I I IMUD E00 10 |1 I Calculate >> I o
< >

gram

100

90

80

70
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0

78Fe + 20Mn + C + Al

F:\ThermFact-Quotation\FactSage workshop\2020'\FactSage 8.0 siides\Alloydesign\E

1000

1050

1100

1150

1250
T(C)

1250

1300 1350 1400

ctlage”

Ferrous Processing 52

www.factsage.com



Scheill cooling solidification of steel: TWIP steel

Scheil cooling of Fe-20Mn-1C-1Al TWIP steel

Q Equilib - Menu: — X

File Units Parameters Help

D | T(C) P(atm) Energyll) Quantity(g) Yolflire) ﬁScheil-Gulliver cooling X
Reactants (4)

. In Scheil-Gulliver cooling it is not permitted to select option
| (gam)78 Fe + 20 Mn + C+ Al & ') (i.e. possible 3-phase immiscibility) for a solution phase -
for example FSstel-FCC

Prcuductsd . Solution ph Custom Sokti In the "Solution phases’ frame click on 'Select’ and then select
[ Lompound species 1 [ 20lUton phases 11 LEiom 2 olution -Chan e a“ to [ 3_ hase to 2_ hase "
* | + | Base-Phase | Full Name - 0 fixed a”l'th:] g Ut G-p P :
[ gas @ idesl € real O IL  FSstelLiqu LIQUID 0 ideal solution
7 aqueous 0 [ FSstelFCC FCC_aA1 | [ Pseudonyms—|
[~ pure liquids 0 [ FSstelBCC BCC_A2 apply I~
[+ pure solids 33 I FSstelHCP HCP_A3 ~Volume data—|
+ FSstelCEME CEMENTITE (e assume molar olmes of
solids and liquids =0
species; 33 +  FSstelM23C M23C6 include molar volume data
+ FSstel-M7C3 M7C3 and physical
+  FSstelCBCC ceccaz x| - apply back diff] Scheil-Gulliver cooling X
Scheil-Gulliver coolina ~Legend Virtual species
FSstel-Liqu Options - immisci W Show & all " selected LSl =t
Coolingstep: |5 T-auto: |7 :- lrggn*l‘icﬂl?igﬂfing i 108 Lotal 2peces Ina In Scheil-Gulliver cooling it is not permitted to select an
: T Species: ions | \ n-Gu ingiti I
Quantity(g): |D e solutions: 22 ﬂl IE::: i:lif:sml:x !.\ ordered phase - BCC_B2!BCC_A2
Final Conditions B In the ‘Solution phases’ frame remove FSstel-BCC2 from the
<A> <B> TIC) | Platm) v |[ProductH@) ~| | & nomal o phase selection.
[ 1400 1 | " trar '
|1D steps r [ Scheil-Gulliver cooling - T(start) = 1400, T(stop) = 0] - no time limit - C

FactSage 8.0
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Schell solidification of steel: TWIP steel

gram

Solidification is completed at ~ 1116°C which is
almost 150°C lower than equilibrium calculation.

78 Fe + 20Mn + C + Al

F:\ThermFact-Quotation\FactSage workshop'2020\FactSage 8.0 shdes\Alloydesign\E

100

0 |
30 |
70|
60 |
50 |
40 |
30
20|

10 |

0

1100 1150 1200 1250 1300 1350
T(C)

1400

I thtSage‘”
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Simple counter-cross inter-diffusion calculation: <A> option

<A> reactants #1 + <1-A> reactants #2

Materials #1 Materials #2

Materials #1 Materials #2

concentration

Counter-cross inter-diffusion reactions at interface can be simulated with the
<A> option in Equilib. This assumes the diffusivities of all components in both
materials are the same.
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Counter-cross reaction: refractory / slag

Refractory

Slag

95%Al,0;5-5%MgO | 60%Ca0-40%SiO,

system

Oz E

Reactants [4)

rs Help

T(C) Platr] Energpl)] Quantity(g) Yollitre)

- X

m ™

| {gram) <0.64> Cal

v <0.4A> Si02  +

<0.95-0.954> Al203 +

<0.050.05> Mgd |

Products
Compound species Solution phases i~ Custom Solutions
= | + | Base-Phase | Full Name - 0 fixed activities [Detais |
W oas @ ideal C real O | FTowidSLAGA | A-Slagiiq all orides + S 0 ideal solutions
[T aqueous 0 +  FToxid-SPINA A-Spinel i~ Pseudanyms -
[ pure liquids 0 | FTosidMe0_A AMonowide spp - Edt.. |
[+ pure solids 50 I FT owid-cPyré A-Clinopyroxene i~ Yolume data _— '
by : - assume molar volumes o
- FTox!d oPyid, A-Orthopyroxene (o solids and iquide = 0
spaciec 50 +  FToxid-pPyré A-Protopyronene o~ include molar volume data
' - FToxid-LcPy LowClinopyrosene and physical properties data
+ | FlondwULLA AWalastonte, =) | ™ paraequilibium & Gmin _edit |
~ Target Legend Vittual specie: 12
- NONE - | - immiscible 5 ¥ Show @ al © selected HIFUS! Spetes "
: . Total Species [max 5000] 132
Estimate T(K) ITUDU +-selected 3 species: g2 . 19
Quantivig) B solions: 19 _oclect Total Solutions [max 200]
vantiyigh | ' Total Phases [max 1500] 69
Final Conditions Equilibrium
B> <B> TiC) lP[d;m] L"F'l‘:ll:hd H) ﬂ @ nomal ¢ nommal + transitions

{01 0.01 11600 1 I " hansitions only " open
|1l:| steps (I 101 calculations - no time fimit - Calculate >> |
FactSage 8.0
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Counter-cross reaction: refractory / slag

<0.6A> CaO + <0.4A> SiO2 + <0.95-0.95A> AI203 + <0.05-0.05A> MgO

1.00

0.90

0.80

0.70

0.60

gram

0.50

0.40

0.30

0.20

0.10

0.00

I I ' I I
B SLAGA#1 SLAGA#1
| SLAGA#1
i Ca,M0AlO.6
S #1
B ALO, aMg2AI16027
L I
0.00 0.20 0.40 0.60 0.80
Alpha

1.00

I thtSage‘”
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Counter-cross reaction: Refragtories in VOD
o\o 60
[Refractory] iso Slag
refractories; 58Mg0O-6.5Al,0;-21 Cr,0,-43:5F€0 3 . |= // |
slag;,50Ca0- 408io2 1OAI203 (in Wt%) s[5 O '3
[Slag] 5wl 8 ﬂcr// B |
/ £ MgO
8 10k e AlLOs | |
o - CrO\I;Q"IZL\>R
00 Hoxy refractory + x slag (by weight)y
Periclase > s
Spinel 5 . —go
E 70 F
corz| periclase :
o\o 100 i S50t g D
- ) Y ®© (]
E 90 r T/16500(/ g 40 L' Z‘-
- / o [ad
[¢B] — —
% 80 | "UZ; 30 +
o
Sl g% | FO
—_ 0F | ><
:__OU 60 g\ \ S g 8 Cr O/ /A| O
5] o _ o_ . . .
E >0 '§ \\\ Y Ea oo %11 x)0 ?efractory+xsi)ag (by weighty ~°
% 40 + ,EE, p \\ 9, - S sor . I
o / — —
E 30 + // ﬁer\idase GC_, 70 _ Splne /
Sol |/ \\Sp.n\i\l S g
E . / \ \\\\\ . :8 40 -é 2
000 211 x)0 ?efractc())lfy + X si)ag (%y Welghtg woH ézo . MgO B
Jung et al., Taikabutsu, vol. 56, 2004, pp. 382-386. 8 ol N\
FeO _ —
1 OI 04 0.5 I I 1.0 11

‘ ractsag:
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Application: Activity calculations

Slag: binary, ternary and multi-component systems
FelLq : oxygen and alloying elements

Now in FactSage 70, iso-activity lines in ternary or higher order
system can be easily calculated using Phase Diagram module
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Activity calculations — Binary system

‘? Equilib - Menu: — X
File Units Parameters Help ﬁ'Axes: activity vs Alpha be
= TIC) Platm) Energyl)) Quantity(g) Yollitre) = - . )
Di=d Iﬁm Y-variable X-variable Swap Axes
Reactants [2)
[ (gam<id Ca0 + <k 502 ] -aris - o-anis
Products ) )
Compound species .~ Solution phases 1 1 Custom Solutions —— y maximurm [:l maximurm [:l
= | + | BasePhase | Full Name 0 fixed activites _2=121° - -
Wooas @ ideal © real O I | FToxdSLAGA | ASlagia all omides + & 0 ideal solutions fInImLUm [:] fInImLUm [:]
7 aqueous 0 Pseudonyms b .
o | ick ever tick ever
[~ pure liquids 0 apply [ Edi.. ¥ ¥
[+ pure solids 16 Yolume data 1
e assume molar volumes of
solids and liquids = 0
species: 18 ¢~ include molar volume data
and physical propetties data Cancel | Refresh 0K |
— Target ; ion - Equili . activi
vnclnge- Il_-eg:r-}gdble 1 V Show(® al  selected 1 & Plot Species Selection - Equilib Results: activity vs Alpha O X
Estimate T[K]: |1|Jm species: 4 1 File Show Select
Quantity(g) ID_ solutions: 2 Select | 4 |+#| # | Speci | Gram (min) | Gram [max) | Wt.% [min) | Wt.% (max) | Activity (min) | Activity [max)
§ g 3 sioz 1] 0 1] 100 0 0.962847
Final Conditions EW | pue E! 2 2 0 0 100 0 0174632
& haicd MO JPlatm) - ||PoductHi) ~| | ©n |57 502 0 0 0 0 0 0.962846
01 0.01 1600 i [ Ty |8 Ca0 0 0 0 0 0 0.174852
[l steps [ Table 101 calculations | | - ru Pure  Solids
7 Sio2 1] 0 1] 0 1} 0110411
8 Si0z2 i] 0 1] 0 0 0.908572
9 Sioz2 1] 0 1] 0 0 2.1743E-03
e 10 sio2 0 ] 0 0 0 0.999323
1 Sioz 1] 0 1] 0 0 1.0954E-02
+ 12 Si02 1] 1 1] 1] 1} 1
13 Sin2 1] 0 1] 1] 1} 0.430937
14 Sin2 1] 0 1] 1] 0 9.5779E-03
+ 15  Cad 0 1 0 0 0 1
116 CaSio3 1] 0 1] 1] 1} 0.743399
17 CaSin3 1] 0 1] 0 0 0.8877m
18 Ca2Sing i] 0 1] 0 0 0.206145
Display Mass glttle " Select Top '15 ill
I source © mole | | o~ masgse[rnax] ) o8 2nd
I phase «  Fraction [max) | | Igr?:a:ssmﬁi::a mass
Clear ™ name I activity (mas) P o OK |
elect ... |
[Click on the '+ column to add or remove species. | [ lpegel
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Activity calculations — Binary system

<1-A> CaO + <A> Si02

1.00 : ¥ i !
0.80 -
0.60 -
P
=
©
(4V]
0.40 I .
0.20 1 g . . 0
/ Activity of solid or liquid (standard state) ?
0.00 ; I . |CaO ; ,Ca0 Cal
0.00 0.20 0.40 0.60 0.80 1.00
Alpha
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Activity calculations — Ternary system

& Phase Diagram - Menu: last system — X ‘
File Units Parameters Variables Help 0 0 o, o 0 0
|| TIC) Plen) Eneigt) Quaryino) Volive Calculation of iso-activity line of SiO,(s6)
Components (3) In the CaO_MgO-SIOZ System
| Ca0 + MgD + Si02 |
Products ‘? Selection - Phase Diagram - no results - O X
Compound species Solution phases File Edit Show Sort
= ] + ] Base-Phase | Full Name -
W o r 0 | | FTokidSLAGA | A-Slagdiq all oxides + 5 [Selected 30/30]  [SOLID]
e (2) 0 | | FloxidMe0_& AMonavide || o results -
[ Pl wguss 0 | FT oxid-cPyi& A-Clinopyroxens + | Code | Species | Data | Phase [T[V] Activity | Minimum [ Maximum -
[+ pure solids 30 + FT oxid-oPyid A-Orthopyroxene + 4 Ma0(s) FToxid periclase 1 | |
+ FT oxid-pPyrd A-Protopyroxene + |5 5!0 2ls) FT ':'"id Quartz(l v
species: 10 + FToxid-LcPy LowClinopyrozene + |6 5i02(s2) FToxid  Quartz(h) v
peCEs: + | FloxidWOLLA Awollastonite, v 7 S0 Floxd  Tridymee() v
. FTosid-Bred Bredigite LI Si02(s4) FToxid  Tridymite[h) W
: (2) 5iD2(s5) FToxid  Cristobalitef]) V
Formation T?'.IQI'%F[_ = Legend - 7 Show @ al  selected L si02(6) Flosid Cristobalielh)  V
oAl 1 _ I= ‘mf?lsctlbclle ;} + 0 Si02s7) FToxid coesite v
Estimate T(K): J1000 2 OEL ) species: 36 + 12 Si02s8) FToxid  stishavite v
sontions. 15 St | 11 93 hiosioa FToxid lowcinoenstatt
+ 14 MgSi03(s2) FToxid  ortho-enstatite v
. + 15 MgSi03(s3) FToxid  proto-enstatite W
Va""";"é (1) S i PR1. 16 Mgsio3se) FTokid  highP-clincenst.
(€} | ~i02/(Ca g0/(Ca I ‘ + 17 MgSiDaes) FToxid  Mgimenite Vv
[ 1600 | 01 01 | + 18 MgSiD3(s6) FToxid  Mg-gamet Vv
+ 19 MgSi03(s7) FToxid Mag-perovskite v
[4=5i02,B =Cal, C=Mg0| + 20 Ma25i04(s) FToxid  forsterite Vv
+ 21 Mg2Si04(s2] FToxid  betaforsterite v
+ 22 Mg25i04(s3) FToxid gamma-forstente ¥
FactSage 8.1 + 23 Ccadf) Fosid  Lime v
+ 24 CaSi03(s) FToxid ‘Wollastonite v LI
r \ | |

(1) Run phase diagram and select the axis and temperature.

(2) Click the solid or liquid phase you want to set its activity. For example, select
“Si02(s6)” in this example

‘ ractsag:
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Activity calculations — Ternary system

] I ‘

G Selection - Phase Diagram - no results - L X
File Edit Show Sort
Selected: 30,30 [soLD |
| 10 Si02(s6 I
+ | Code | Species | Data | e Maximum -
+ 4 MgO([s] FToxid Ly
+ 5 Si02(s) FToxid 0O B
+ B Si02[s2) FTod O & + - select
+ 7 Si02(s3) FToxid T
(2) 8 Si02(s4) Flod T - standard stable phase
9 SiD2[s5) FToxd C
+Z 10 Si02(sh) FTosid C ! - dormant (metastable) phase
* 1 Si02(s7) FToxid o R .
. 12 5i02(s8) Flosid s F - formation target phase
- 13 MaSi03(s) FToxid o P - precipitate target phase
+ 14 MgSi03[s2) FToxid o 16
- 15 MgSi03[s3) FToxid pi .. . .
+ 16 MaSi03(s4) FToxid hi Iso—actwlty |IFIES Df SIOE{SE) ><
+ 17 MgSi03(s5) FToxid M cooling calculation ...
L s i Ideal Solution Enter up to 10 iso-activities for SiD2(s6) oK
+ 20 Mg25i04(s) F (3) ¥ Z -iso-activities ... _
+ 21 Mg25iD4(s2) F.,(._ )-‘ Enter 0 or Click on [Cancel] to delete the values. Cancel
+ 22 Mg25i04(s3) FToxd g Help ... —
- 23 Ca0(s] FToxid Lime v
+ 24 CaSi3fs) Flosid  Wolastonite v (4)
- ' ' [ | [030608
Show Selected | Select All | Select/Clear... | Clear

(2) Click the solid or liquid phase you want to set its activity. For example, select
“liquid Mg” in this example
(3) Click “Z - iso-activities”

(4) Set the activity values to plot in phase diagram — up to 10 values

‘ ractsag:
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Activity calculations — Ternary system

Ca0 - MgO - SiO,
1600°C, 1 atm, SiO2(s6) iso-activities ‘}h tage’

Sio,

Si0,(s6) + Slag-fg Iso-activity lines of SiO2(s6)

e
o

&) vonoxide + Monoxide#2 +3-(Ca,Sr)2Si04 : \\

ca0 o o T mMgo

mole fraction
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Activity calculations — Quaternary or higher order system

GS&:-:':‘*F“ZE:-??;}" - no results - O Y
File Edit Show Sort
Selected: 50/50 SOLID |
‘ secte Iso-activity lines of SiO2(s6) X '::‘
+ |Code |  Species | Data | P Enterupto 10iso-activities for SiD2(s5) B
+ 5 Mg0(s) FToxid pericl Enter :D OU klso T;M Ies“ lmd . sth | |
+ (3 Al203[31 FToxid gamm nter U or Lhkck on |Lancel] o delete the values. G el 1
oz A1203(s2) Floxd  delta L‘ R
+ 8 Al203(s3) FToxid  kappg |
+ 9 Al203(s4) FToxid  corun| [— ol
+ 10 Si02(s) FToxid Quark ORI hst system - X
+ 1 Si02(s2) FToxid  Quartz(h] W |
+ 12 SiDZs3) FToxid  Tridymite(] W briabl Hel
+ 13 SiD2(s4) FTokid  Tridymite(h) v @riables elp
+ 14 SiDZH FToxid Cristobaltell Y . .
2 15 |sD Fraid |Cinbaiehy | |V ' TIC) Platm) Energyl)] Quantityimel) Yollitre) | m | - | |
+ 16 Si02s7) FTosid  coesite % |
+ 17 Si02(s8) FToxid  stishovite W :
+ 18 MgSi03(s) FToxid  low-clinoenstatit ¥
+ 19 MgSi03(s2) FToxid  ortho-enstatite v | -
+ 20 MgSioas3) FToxd potoenstatte v ‘ | CaD + MgD + SiD2 + A203 |
+ 21 MgSi03(s4) FToxid  high-P-clinoenst. ¥ |
+ 22 MgSi03(s5) FToxid  Mg-ilmenite v |
+ 23 MgSi03(sE) FToxid Mg-gamet W
+ 24 MaSi03(s7) FToxid Mg-perovskite v
+ 25 Mo2sinds) Flod forsteite v =] | Solution phases Custom Solutions :
a ! | J i * | + | Base-Phase | Full Name - Si02(sE) iso-activiliwl
Show Selected Selectal | Select/Clear... | Cear | ok || 0 | | FToxid-SLAGA | ASlagliq all oxides +S |
. | 0 + FToxid-SPINA A-Spinel Pseudonyms Ed
[ pure liquids 0 | FToxid-MeO_aA A-Monoxide apply [ Q’l
[4._ pure solids 50 | FT oxid-cPyrd A-Clinopyroens Volume and phiysical prop data
+ FToxid-oPyrd A-Orthopyroxene o) Tl LT
- solids and liouids =0
species: 50 + FT oxid-pPyrd, A-Protopyroxene " use only molar volume data
+ FToxid-LcPy LowClinopyroxene " useV & phys. property data
: + | FToxidWwOLLA A ollastonite, j I paraequibrium & Gmin _edit |
Formation Target Legend Wil e 12
Si02(sk) | - immiscible 5 WV Show (* all " selected AL s -
. Total Species [max 5000] 132
E stimate T(K) |1 Qo0 +-selected S species: 82 -
soldions. 19 __oetect | Total Solutions [max 200) 19
) Total Phases [max 1500 E9
VYarnables Phase Diagram
TIC) Si02/Ca0 Ma0/Cal Al203/Cal | sio2
1600 01 01 0.05 [min) - A\m
IA - Sle B = CaD C - Mng - no tImB I||T||t o [:all::u|ale > |
FactSage 8.1
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Activity calculations — Quaternary or higher order system

CaO - MgO - SiO, - Al,O,

Al,0/(CaQD+Mg0O+SiO,+Al,0,)(mol/mol)=0.05, r
. 16009C. 1 atm, Sin(sﬁ) Jl)so-a)ctiviu)es &‘tsage

Sio,

Now it is very easy to calculate
ISo-activity lines at any high order
system

CaO

mole fraction
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Activity of oxygen (wt% standard state) in liquid steel

0 0]
RTInVM gM(Henrlan S.S) gM(Pure Element S.S.)

=> aM (pure Element .S, ) — VM Ap (Henrians.s.)

____________________ T~

aO in FeLq

In yg = —-15280/T + 3.5 : value used in FelLq database; slightly different
depending on assessments

Reference pure element standard state of O in FeLq : Gas (0.5 O,)

100M

a, (wt% std. state) = " a, (Henrian std. state)

Fe

L0g apuin) = LOG(A0 in FeLq) - LOG((EXP(-15280/T+3.5)*55.847/100/16))

where T in Kelvin
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Activity of oxygen (wt% standard state) in liquid steel

‘? Equilib - Menu: last system

File Units
O=E
Reactants (3)

Parameters Help

TIC) Platm) Energyl)) Quantity(g) Volllitre)

gram) 99.95 Fe

« <h> Al + 0050 |

|1U steps

T

able

Products
Compound species Solution phases
= | + | Base-Phase ] Full Name
I gas @ ideal € el O +  FTmiscFelQ Fe-liq
I© aqueous 0 FToxid-SLAGA | A-Slaglig all oxides + 5
[~ pure liquids 0 FToxid-SPINA A-Spinel
[+ pure solids 8 FTosid-Mel_A A-Monoxide
FToxid-CORU M 20 3[Corundum])
species: 8
— Target L d
- NONE - :gs:lne-cled ] vV Show @ al " selected
Estimate T(K] I"lﬂﬂ species: 5 Sel
Quantity(g] |n solutions: 1 _mll
Final Conditions
7 B> TC  |Platm) ~||Product HY) ~|
006001 1600 [1 [

61 calculations

FactSage 8.0

Q Equilib - Results A=0.1 (page 11/61) — O Pt
Output Edit Show Pages Final Conditions
D= R 7 TIC) Platm) Energyll) Quantity(g) Vollire) AL E
A=0.13| A=0.14| A=0.15| A=0.16| A=0.17| A=0.18| A=0.19| A=02| A=021| A=022| A=023| A=024|
A=0| A=0.01] A=0.02| A=0.03| A=0.04| A=0.05| A=0.06| A=0.07| A=0.08| A=009 -A-01-|a=011] A=0.12]
- x FactSage 8.0 A
(gram) 99.95 Fe + <A> Al + 0.050 =
m ﬂl){} 95.935 gram Fe-lig
(95.995 gram, 1.7514 mol)
(1€00 €, 1 atm, a=1_0000)
{ 85.855 wt.% Fe
+ 4.3874E-02 wt.% Al
+ 2_2061lE-04 wt_ % O
+ §_7S83E-04 wt.% AlO
) + 8.2%%1E-05 wt.% Al20)
Custom Solutions —
0 fixed activities _| System component AmounE/ ol
0 ideal solutions Fe e 1.7898 S A
, .
Peoudonys——— x (" 1lil=.. © Total dissolved Al and O
| apply [~ Edit... o \_ 2.B371E-05 / =.uuces ux —— S —
Volume data S~ __- -
(s assume molar volumes of
solids and liquids =0
(~ include molar volume data
and physical properties data . * *
I passquibiun & Grin_edi Dissolved Al, O, AlI*O, Al2*O
Total Species [max 5000] 13 EQUIL AMOUNT MASS FRACTION ACTIVITY
Tol, " PHASE: Fe-lig gram 1mTTTTTTTT
Fe 9.9950E+01 ! S9.SSSSE-01| _ 3.9S02E-QL
Total Phases [max 1500) 8 Al 4.3971E-02 | 4.3974E-04!.7  5.2325E-05 "~
v
I o 2.2060E-08 | 2.2061E-06 7.3052E-08 a .
;““"b"‘"" r N al0 5.7580E-04 | §.7S83E-06, “~_7.4782E-06. -~ O in FeLq
* normal normal + transitions alzo 8.25872-05 | 8.2551E-07! €. €313E=07
" kanstionsonly  C open TOTAL: 9.9995E+01 , 1.0000E+00] 1.0000E+00
ime fimil System component Amount/mol ~ RAmSURT/gram Mole fractionm Mass fraction
-notime fimit - Calculate >> Fe 1.7858 $5.550 0.55507 0.55555
Al 1.€417E-03 4.4237E-02 5.1€43E-04 4.425%E-04
o 2 _8371E-05 4_5392E-04 1_5837E-05 4_5394E-06
gram ACTIVITY
A1203_corundum(alpha(s4) 1.0525E-01 1.0000E+00
R1203_delta(s2) 0.0000E+00 7.9525E-01
A1203 kappa(s3) 0.0000E+00 7.8182E-01
RA1203_gamma(s) 0.0000E+00 €.5128E-01
Al12Fe20€_solid(s) 0.0000E+00 4.3995E-12
Fe203_hematite (s) 0.0000E+00 2.0153E-12
Fe203_High-Pressure—(s3) T 0.0000E+00 1.4€55E-14
Fe203_High-Pressure—(s2) T 0.0000E+00 1.3537E-14
PP
cp H s c v
J E-1 J I E-1 J dm3
T
8.26323E+01  1.33274E+05 1.81872E+02 -2.07339E+05  0.00000E+00
cp H s G
J.E-1 J J.R-1 3
i ) . mammimaAn 4 mammrmaAr 4 mremamiAn A Armeamar
i;,,;;qc Final Conditions
1 i <A <B»> TIC) P(atm) I Product HIJ) | b1 calculations xI
Cut-off
00.60.01 1600 1 | Calculate >>
< >
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Activity of oxygen (wt% standard state) in liquid steel

:
Q Equilib - Results A=0.1 (page 11/61) — O e
Output Edit ShowPages Final Conditions | . v a.o in FeLQ Total dissolved Al and O
% ﬂ TIC) Platm) Energyld) Quantity(a) Vollitie] mee , < / R / .
A=013 | A=0.14| 4=015| A=0.16| 4=017| 4=0.18| 4=0.18| =02 | 4=021] =022 4=023| 2=024| A : B ,': C 0 D / E Y / F \
1 1 } L 1
A=0 | A=0.01| A=002| A=003 | A=0.04 | A=0.05 | A=D.06 | A=0.07| A=0.08 | A=0.09 -A=01-| A=011| A=0.12 | v . . I . ! . .
I l 1 I | l l I I l 1 I Alpha 1 Wt%-O(FelQ)!  a-O(FelQ) Wit%-Fe_FTmisc-FelQ \Wt%—AI_FTmlsc—FeL,Q Wit%-0_FTmisc-FelQ
FactSage 8.0 A t RS 7 7 \ 7
(gram) 99.95 Fe + <A> Al + 0.05 0 = 0 | 0.05 1 ML65438E-05 .7 99.95 \\\ 0 R4 N 0.05 R4
i ! i ~ P So -7
95.535 gram Fe-lig 0.01 1 0.041132225, 1.36127E-05 99.958808 437926E-05 0.04 1147937
(+ Spreadsheet Setup x| 1 H
0.02 | 0.032247443, 1.06746E-05 99.96768 5.48179E-05 0.032265182
~ System Prop . ! .
Propetty columns |1_ﬂ D I d 3722E-06 99.976535 7.54777E-05 0.023389413
oint
Variable: Alph, 1
' : unassociated O
Lo
04
- Species Properti Sp ¢
o Columns per species Iz_i, " order species (¢ order props.
“ | oo | - I - Select ... | Cancel |
Variable: i Default |
+0 Selected: 2 -t
= A B | C | D | E | F | G | H | I |
B LT — - 1 | Alpha Wit%-O(FelQ) a-O(FelQ) Wit%-Fe_FTmisc-FelQ Wt%-Al_FTmisc-FelQ Wit%-O_FTmisc-FelQ a-Fe_FTmisc-FelQ a-Al_FTmisc-FelQ a-O_FTmisc-FelQ
to |PReE : : ' : Cale ; o 0.05 1.65438E-05 99.95 0 0.05 <not-caletd-> | <-not-calctd.-> | <-not-caletd.->
7: Q Spreadsheet - Equilib Page 11/61: T(C) = 1600, P(atm) = 1, Alpha = 0.1 3 | 001 0041132225 1.36127E-05 99.958808 4.37926E-05 0.041147937 <-not-calctd.-> <-not-calctd.-> <-not-calctd.->
File Edit Show Select Stable 4 002 0032247443 1.06746E-05 99.96768 5.48179E-05 0.032265182 <-not-caletd.->  <-not-calctd-> | <-not-caletd.->
| 5 3 0.03 0.023368581 7.73722E-06 99.976535 7.54777E-05 0.023389413 <-not-calctd.-> <-not-calctd.-> <-not-calctd.->
Selected: 2415 Spreadsheet Species ITL] r 6 | 004 0014513047 4.80625E-06 99.985334 0.00012696 0.014539475 <-not-calctd.-> <-not-calctd.-> <-not-calctd.->
[ Page 11761 : T(C) = 1600, Platm]=1,Alpha =01 [min=0atp. 1:max=06atp 7 005 0005837232 1.93351E-06 99.993728 0.000393134 0.00587891 <-not-caletd.->  <-not-calctd-> | <-not-caletd.->
+ | Code ‘ Species | Data | Phase |-|- |V| Activity | Mir: 8 | 0.06 0.000963527  3.1918E-07 99.993945 0.004987647 0.001067027 <-not-calctd.-> <-not-calctd.-> <-not-calctd.->
9 | 007 0000467675 1.54909E-07 99.984894 0.014487143 0.000619046 <-not-caletd.->  <-not-calctd-> | <-not-calctd.->
A1203is) FToxid |gamma Vv DE512 0[] 10 008 0000329524 109138E-07 99.975117 0.024369484 0.000513357 <-not-calctd.->  <-not-calctd->  <-not-calctd.->
A1203(s2) FToxid  delta V. 07993 0 [ 11 009 000026181  8.67022E-08 99.965206 0.034322168 0.000472016 <-not-calctd.->  <-not-calctd-> | <-not-calctd.->
41203(s3) FToxid  kappa V. 07818 0[] 12 01 0000220614 7.30519€-08 99.955247 0.044299009 0.000453944 <-not-caletd.->  <-not-calctd-> | <-not-calctd.->
Al203(s4) FTosid | coundum{sipha vV 1.000 0 1 13 o011 00001925 = 637357E-08 99.945267 0.054286291 0.000446942 <-not-calctd.->  <-not-calctd.-> | <-not-calctd.->
Fe203(s) FToxid | hematie V. 2013312 | 1.2577E14[61] 14| 012 0000171891  5.6906E-08 99.935275 0.064278482 0.000446089 <-not-calctd.->  <-not-calctd->  <-not-calctd.->
?ggg{sg ::Iu"fj :!g:‘;ess"w‘: \\j }igg;::i gggg:;{:}: 15| 043 0000156026 5.16482E-08 99.925278 0074272916 0.000449013 <not-caletd->  <-not-calctd-> | <-not-calctd.->
e 5. OxI Ighn-Fressure-| . - ] - |
AIZFe206(s) Flosid  solid o 43995E.12 00 16_ 0.14  0.00014337 4.7454E-08 99.915277 0.084268152 0.000454433 <-not-calctd.-> <-not-calctd.-> <-not-calctd.->
17| 015 0000132999  4.401656-08 99.905275 0.094263343 0.000461593 <-not-caletd.->  <-not-calctd-> | <-not-calctd.->
FelFeL0) FTmisc  FTmisc-FelO 0.9391 09887 [B1] 18 016 0.000124317 4.11386E-08 99.895272 0.10425796 0.000470022 <-not-calctd.-> <-not-calctd.-> <-not-caletd.->
AlFeld) FTmisc  FTmiscFelQ 5 2325E-05 o [ 19| 0.17 0.000116923  3.86877E-08 99.885269 0.11425165 0.00047941 <-not-calctd.-> <-not-calctd.-> <-not-calctd.->
O(FelQ] FTmisc  FTmisc-FelQ@ 7.3052E-08 1.3534E-08 [61] 20| 0.18  0.000110536  3.65706E-08 99.875266 0.12424418 0.000489544 <-not-calctd.-> <-not-calctd.-> <-not-calctd.->
AlD[FelO) FTmizc  FTmisc-FelO 7.4782E-06 o[ 21_ 0.19 0.000104955 3.47201E-08 99.865264 0.13423538 0.000500274 <-not-calctd.-> <-not-calctd.-> <-not-calctd.->
A120(Fel) FTmisc  FTmisc-FelO B.E213E-07 0 s A nAnaAnaa 0car no o occa, 4 AanACan caa4n P P b olaa
Sheetl [©) 4
50 Solution FTmisc  FTmisc-FelO 1.000 1.000 1.000
+ =] All Elements FTmisc  FTmisc-FelQ
'+" denotes all the Species Properties as defined in the Spreadsheet Setup. | E Then’ Conve rt a‘O |n FeLq to ao Wt% S.S.
Select All Clear OK
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Thermodynamic properties: AG, AH, AS etc.

|
G Equilib - Reactants - : . .
Fle Edt Tble Units DstaSearch DataEvelustion Help For calculating the difference of thermodynamic
Dl +] TIC) Plam) Energl) Quaniig) Volie Mt properties from the initial state to the final state,
11y o ” .
1-2] Initial Conditions” should be activated.
- = = = -~
- N
. ./ N
Quantity(g) Species 0y Phase T(C) (total)** Stream#t Data
[<1-8> [CaD '\ fliquid ~| [1eoo ho [1
+ B 502 N ~] |1qu/ o i
= = =
Initial conditions for phase =~ - X
elp
and temperature should be 110) Pl Enerat) sl Vellie] W @
specified
[gram) <1-4> Cal + <A 502
[1600C g #1] [1E00C lig.#1]
* Pltotal) is the hydrostatic pressure above the phase.
For]agasa:ius s‘;e;m this is the s:n of the = -
paitial pressures of the species in that stream. -~ ~ Solution phases Custom Solutions
/ \N * | + | Base-Phase | Full Name 0 fized activities |
\ W Initial Conditions 0 | FToxidSLAGA | A-Slagdiq all oxides + 5 0 ideal solutions
/ 0 Pseudonyms -
0 apply Edit ... |
0 Yolume data
. e @ssume molar volumes of
FactSage 8.0 Compound: | 1/26 databases Solution: | 1/26 databases y solids and liquids = 0
species. 0 include molar volume data
and physical properties data
B — Legend [~ paraequilibrium & Gmin  edit |
- none - By § V¥ Show & al ¢ selected )
' " Total Species [max 5000] “
Estimate T(K): W species: 4 .
. ID_ o T » Select Total Solutions [max 200) E
Quantiy{g) ' Total Phases (max 1500 2
Final Conditions E quilibrium
<A> <B> T(C) IP[atm] L"Della Hi) l] & nomal " nomal + transitions
|01 007] 1600 1 | " tansiionsonly " open
@ steps I Tabk 101 caloulations|| | - notimefimit-  Calculate >> |
FactSage 8.0
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Thermodynamic properties: Activity, AG, AH, AS etc.

L7 rpiot DeltaGU) vs Alpha X
Eile Help
<1-8» Cal + <14> 5i02

VYariables | Minimum M aximum
achivity
mole
mole fract. soln. species
qrarm
weight % soln. species

Alpha

Axes |

T[C] ‘;'7 Axes: Delta G(J) vs Alpha W
Platm) Y-variable X-variable Swap Axes

Axes

Deka G[J)

YE
Alpha

Axes

Delta Cp[J/K)
Delta G[J)
Wolllitre)
Delta H[J)
Delta V(litre]
Delta 5[J/K)

- page -

Select

FactSage 8.0

-2.3405E -05
-6.5998E +04
0
-8.0060E+04
0
-7.8495
1

Graph

size I_ no: |T

* chemical
" integer #
{" none

offset v

C:\work shop80hMyresult\E quiD.res

Display
Iv color

colors .

¥ reactants
Iv file name

I~ full screen

" Viewer
* Figure

Py

24Dec19

107 zets

-axis [ X-amis

Delta GfJ
minimum 70000 minimum D
tick every 5000 tick every |01

Cancel

Refresh
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Thermodynamic properties: AG, AH, AS etc.

<1-A> Ca0 + <A> Si02

-10000 r

-50000 -

-60000 r

-{0000

0.0 0.2 04 06 08 1.0
Alpha
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Thermodynamic properties: Activity, AG, AH, AS etc.

<1-A> Ca0 + <A> Si02

5000

-5000
-15000 r
-25000

=
:T:S‘SOOO F
O]

5000 |
()]

<1-A> Ca0O + <A> Si02
-55000

-65000 r

75000 -

-85000

0.0

Alpha
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Simple examples of Phase diagram

Binary phase diagram
Ternary and multi-component systems
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Binary phase diagram: Ca0O-SiO2

There is a stable miscibility gap in slag; automatic selection by FactSage

/

ﬁ’ Phase Diagram - Menu: last system — bt
File Units Parameters Variables Help
Ol | T(C) P(atm) Energyl)) Quantity(g) Volliie) m
Components (2]
[ Agram) Ca0  + Si02 |
— Products
— Compound species——— ~ Solution pléses — Custom Solutions ———
= &\ BasePhase | Full Name 0 fived activities _=3" |
[T gas @ ideal € el 0| | [T JFToxidSLAGA | ASlag-iq all oxides + 5 0 ideal solutions
I agueous 0 Pseudonyms —
[ pure liquids 0 ’7 apply I Edit ...
[+ pure solids 16 ~Volume data———
¢ assume molar volumes of
_snliﬂ'sjgnd f;l.aicl':'sl =0 dat
: include molar volume data
speces 18 and physical properties data |
Target ~Legend I_t DT? EQE.I_:!.IEIFJI'I’I i edi
e | - immiscible 1 ¥ Show (™ all (" selected | el species -
3 |1UIII e
Estimate T(K) s;pjgz:j ; Select | Total Solutions [max 200 2
’ Total Phases [max 1500 18
Wariables Phase Diagram
TIC) 100Si02/(Ca0 | .
1000 2000 0100 v
[T(C] vs 1005i02/(Ca0+5i07]| “notime mi - _Calculate >> |
FactSage 8.0 ' p
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Binary phase diagram: Ca0O-SiO2

2000

1800

1600

T(C)

1400

1200

1000

Cao - SiO,

Ca,Si0,(s3) + CaO(s)

Ca;SiOg(s) + Cao(s)

ASlag-|

ASlag-liq
Slag-liq + ASlag-lig#2
g + Ca,Si0,(s3) /

}sﬂﬂ FD%Z)

GactSage‘”
' ' |

There is a stable miscibility gap in slag.

ASlag-lig + SiO,(s6)

CaO(s) + Ca,Si0,(s2)

SiO,(s4) + CaSiO4(s2)

20

40 60
mass 100SiO,/(Ca0+SiO,)

80

100
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Ternary phase diagram: CaO-SiO2-Al203 isothermal section

File  Units
O = -

Components [3)

Parameters

Products
Compound species

Variables

Q Phase Diagram - Menu: last system

Help

TIC) Platm] Enerayl)] Quantity(a) Yolllitre]

[ [gram] Cal

Solution phases

+ Si02 + Al203 |

Custom Solutions

FactSage 8.0

2 | + [ Base-Phase Full Name 0 fixed activities |
P gas & C 0 | FToxidSLAGA | A-Slagliq all oxides + 5 0 ideal solutions
N aqueous 0 | FToxid-MeO_A A-Monoxide Pseudonyms -
[~ pure liquids 0 + | FloxidMelA A-Melilte apply T Edi.. |
[+ pure solids 30 | FT oxid- ul Mullite Volume data G Variables: Ca0-Si02-A1203 composition #1. vs composition #1.
. 10 Variables
SrEl : I - compostions EI
Target d s
L — — b oal10la I
none |_e-|ﬂ.||snr:iscih|e 3 W Show ™ all  selected ; _ Z ’:] d ¢ |log10ia) :I
E stimate T(K): 1000 + - selected 1 species: 20 . £ .
- Select te
solutions: 7 —J 8//\ C
XY steps |11
Vanables Phase Diagram
| TIC) Si02/(Ca0 I Al203/(Ca0 I | sio2
s C I Y | A\ s -
- time i {DJ Cal 0 apoz L AComer |
[4=5i02,B =Ca0, C = Al203] Pl L L

1 [max)

’ﬁﬁ-l,u': -

| 41203

|1 [max)

[ B-Comer |

“ 1 [max)

0 (min)

C-Comner

[0 [min) |

[0 (min) |
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Ferrous Processing 77

www.factsage.com



Ternary phase diagram: CaO-SiO2-Al203 isothermal section

CaoO - SiO2 - AI203
1550°C

FactSage
SiO,
ASlag-lig + CaO )
CaO _ ALO,
mass fraction
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Ternary system: section in ternary (isopleth)

Q Phase Diagram - Menu: last system - X
File Units Parameters Variables Help
Ol = ﬂ TIC) Platm) Energyl)] Quantity(g] Yolllitre] ’W Ely B

Components [3)

Products
Compound species

[ (gram) CaD  + si02 + Al203 |

Solution phases

Custom Solutions
0 fixed activities

Sio,

1:1

-anis - I
Max 1800

= [ + [ Base-Phase | Full Name 0
P gas & T ] | FToxid-SLAGA | A-Slagig all oxides + 5 0 ideal solutions
7 aqueous 0 | FToxidMeD_A A-Monoxide Pseudaonyms -
| pure liquids 0 +  FToxidMel_a A-Meliite apply [ Edt...
pure solids 30 | FT oxid-Mull Mullite WVolume data
F e @ssume molar volumes of Ca‘o
solids geelliovida—n
species: 30 ¢~ include Variables: Ca0-5i02-Al203 T(C) vs composition #1.
and ph
= [~ paaequl Varnables T and P
arge na
'n_?l:' IL-el?:r:iicible 3 V¥ Show @ al " selectsd '”l”I_:ls"" compositions Temperature
Estimate T(K (1000 + - selected 1 s . 20 s
| pecies: -
o Select Total Soluti = T(C)
sobdions: 7 Total Phass ooto) <] 0]
Vanables Phase Diagr
| T(C) Ca0-15i02/ | 10041203/(Ca0 | "
| 100001800 0 [min) | 0100 | v XY wosfTi
[T(C] vs 10041203/Ca0+5i02+A1203)] “oalmelnciy 7 :I

FactSage 8.0

Compositions Quantity(g)

. [ Jcad + [1 Jsioz+ 0 |az03
‘[ Jeao + I ]sioz+ I |aw03

=

[0 Jcao + [0 |sio2+ [100 |ar03

£1203

#2.
1 Ca0 + |1 Si02 + 1

[ #2 logl O[composition)

ractsag:
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Ternary system: section in ternary (isopleth)

CaO-SiO,-Al,O4 Vertical section at
(Wt%CaO/Wt%Sio, ) = 1
CaO - SiO, - Al,O,
mass (Ca0-Si0,)/(Ca0+Si0,+Al.0,) = 0 GactSage'"

1800 T T . T : T

ASlag-lig + AlLO4(s4)

1640 I ASlag-lig T

1480 fag-lig + CaAl,0;d(s ]
ASlag{ig + CaSiO4(s2) g-iq 12016(S)

I ASlag-lig+ Ca,AlL,SioHs) 1
1320 | -

1160

T(©)

1000 " 1 " 1 L 1 L 1
0 20 40 60 80 100

mass 100Al,0,/(Ca0+SiO,+Al,0,)
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Oxidation diagram: Fe-Cr-O2

ﬁ! Data Search

Combination of many databases:
FACT53: gases (if necessary)

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

Giact SGTE —‘wm = Private Databases
solstlons only ’

O siNsS — CJexam  [0SGTEa [ SGTEb . )
O Pt Hee — FToxid: oxide phases |
Hrma O OsGeold _ ceam | FSStel: fcc, bee and other metallic phases

[J] FTOxCN

O Frinz other  ssifenovevae|

[ FThelg [JELEM [] SGnobl

[ FTpulp []FTdemo [] SpMCBN

[ TDmeph
[ FTlite [JFTnuel [ TDnucl

‘? Phase Diagram - Menu: last system - X

File Units Parameters Variables Help

Information - == T(C) Platm) Energyl)) Quantity(mol) Volllitre) ’W " I

Components (3]

Fe + Ci+ 02
Products
Options - search for product species Compound species Solution phases Custom Solutions
Include compounds ———— Lirnits 5 | + | Base-Phase | Full Name El _f:-:cd activities |
Defau [ gaseous ions (plasmas) Organic species CxHy.... X[max] = [2_ [ gas r 0 | FSstel-Liqu LIQUID 0 ideal solutions
=il [ aquecus species [} aqueous 0 J FSstel-FCC FCC A1 Pseudonyms
. Minimum solution components: O 1 & 2 cp aqueaus $le- — W -
] fimited data compounds (25C) ek R ™ pure liuids 0 | FSstelBCC BCC_A2 apoly [ __Edt |
= [ pure solids 17 + FSstel-SIGM SIGMA, Yolume data
oo sl | FTosidSLAGA = ASlagiiq all oxides + 5 @ Sl et
custom s ec;::des: 17 +  FToxidSPINA A-Spinel ~ inchide molar volume data
+  FTowxidMeD_aA A-Monoxide and physical properties data
Target d+ FToxid CORU M203(Conndum) I paraequilibrium & Gmin  edit |
L - ~
none Iiﬂ-'.snr:iscihle 3 v Show @ all " selected _
) v Total Species [max 5000] 69
Estimate T[]} (1000 J - 3-immizcible 1 species: 52 -
+-selected 4 solutions: 13 Select | T otal Solutions [max 200, 13
i T otal Phases [max 1500 30
Vanables Phase Diagram
| T(C) log10(p(02)] | (Fe+Cil/Fe+Cr) | | y
| 1600 205 | 01 | v
(log10 p(02)/atm vs (Fe+Cil/(FesCi)] -notime it~ Calculate >> |
FactSage 8.0
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‘?Variables: Fe-Cr-02 log10 p(02)/atm vs composition #1.
VYariables

Y “ :pmpositians EI
X |

a b~ llag10(a) vl

{ aliia

C ‘:] d 1 EI

A

A
X steps El

T and P

| Temperature Pressure or Volume

corstant 'I ' Platm] | constant 'I
" logP
]

= W(litre)

I
& T(C
I (C)
|

~ logV

Compositions Quantity(mol)

" 0 JFe + 1 o [Xeas

o T e P (N 5

Oxidation diagram: Fe-Cr-O2

Fe-Cr-0,
1600°C

G’actSage‘"

T

ASlag-lig + ASpinel

AN
AN

ASpinel

N\

Fe-LIQUID + ASpinel

M,Og(corundum) + ASpinel

Fe-LIQUID

Fe-LIQUID + M,O(corundum) -

BCC_A2

| gastachS 3 I~ #1 log10[composition) M
8 |
£ ur
Log pO, for y-axis variable 5

g ul
a7 B

-20
0

02

0.4

mole Cr/(Fe+Cr)

0.6

0.8 1

ractsag:
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Predominance diagram: Fe-Mn-02-S2

GV Phase Diagram - Menu: last system — X
File Units Parameters Variables Help
Oz | T(C) Platm) Energyl)) Quantity(g) Volllitre) ’W = ] :
Components (4 Combination of many databases:
[ igam 02 + 52+ Fe s bin ] FACT53: gases (if necessary)
Products FToxid: oxide phases
Compound species Solution phases Eustom Solutions
"]+ | BasoPhase | FullName = e 0| FSStel: fce, bece and other metallic phases
[ gas C 0 | FSatel-Liqu LIQuID .1 al solutions
[~ aqueous 1] J FSstel-FCC FCC_A1 Pseudonyms
[ pure liquids 0 [ FSstelBCC BCC_A2 apply [~ Edt..
* [ pure solids 30 | FSstel-HCP HCP_A3 Yolume data
+ | FSstelCBCC CBCC_A12 (o 2saume molar volumes of
omn ek e ® + | FSsteCUB CUB_AT3 - includs molat volume dats
+ FSstelMOND Manowide and physical properties data
— + FSstelFYRR Pyrhotite ﬂ I parasquilbbrium Q\."arlables 02-S2-Fe-Mn log10 p(02)/atm vs log10 p(S2)/atm b
arge L d o= o~ Virtual specie
- none - |_E i?:rrn]iscible 4 ¥ Show @ all  selected TI IJIJS L Variables T and P
Estimate T(K): 1000 J - F-immiscible 1 species: 105 Toals;ac.les LI v & compositions EI Temperature Pressure or Yolume
+-gelected 10 oy ey 2 Select otal Solutions [ma

b3 & 1(0) constant - (+ Platm) |constant -
a ¢~ |llogl0 vl 2 -
Vanables Phase Diagram c ‘:I d og1 0fz] " logP

[ 7O | leglp02) | legl0E(S2) | Mn/Festn) | | y L A e Vi) 1

| 1300 | 200 | 200 | 03 | % 8 A e  logV
[log10 p02)/atm vs log10 pl52)/atm] ~no time fimit - Coll s sreps[17
FactSage 8.0 Chemical Potentials Compositions Quantity(g)

#1 log10[p/atm) -awis vl |U | P |1 |Mn [m

gas-FactPS  « | - - \_‘Fe ¥ \1_1Mn 03 1

#2 log10[p/atm)
52 -

gasFactPS - I
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Predominance diagram: Fe-Mn-02-S2

O,-S,-Fe-Mn

1300°C, mass Mn/(Fe+Mn) = 0.3 GactSage‘"
0 T T T T T T
nsm
BSpi ]
4 F BSpinel 7
— BMonoxide + BSpinel /
S
8 8y T
o BMonoxide
2
&
S -12 4
D
o
BMonoxide + FCC(c,n)
ASlag-liq
-16 F _
FCC(c,n) + MnS(s)
FCC(c,n)
ASlag-liq 4 [Fe-LIQUID
-20 I . I : I : L ,
-20 -16 -12 -8 -4 0
10g,4(P(S,)) (atm)
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Quaternary dlagram ISO- Composmon section

G Phase Diagram - Menu: last system

File Units Parameters Variables Help

DeE

Components [4)

Products
Compound species

TIC) Platm] Energyl)] Quantiteig) Vol(iitre)

[ [oram) MgD + Ca0

Solution phases

+ 502 + A203 |

Base-Phase |

"o .

Custom Solutions

0 fixed activities 4

0 ideal solutions
Pseudonyms :
apply I Edi...
Volume data

(& assume molar volumes of
solids and liquids = 0
include molar volume data
and physical properties data

—I [~ paraequilibium & Gmin  edit

Virtual specie: 12

TatalC dme (ragy BOOM 13D

Q\."anables MgO-Ca0-5i02-Al203 composition #1. vs composition #1.

compositions
log10ia) +] [0 ]

WYanables T and P

Pressure or Volume

Temperature
& 1(0) congtant - o Platm] |constant 'I
" logP
L]

B  Vlive)
" logV
nY stepsﬂ_]

Compositions Quantity(g)

DMQO +[0 Jcao + [0 Jsioz+ [0 Jaos
M I o[ Job + [ Jso2s b Jazos [(ed ]

Composition #
.

+ Full Name -~
P gas & B 0 | FToxid-SLAGA | A-Slaglig all oxides + 5
B aqueous 0 + FToxid-SPINA A-5pinel
[~ pure liquids 0 | FToxid-Mel_a A-Monoxide
[+ pure solids 50 | FT oxid-cPyi& A-Clinopyroxene
* FToxid-oPwa A-Orthopyrokens
A FT axid-pPyid, A-Protopyroxene
. 5D J
S + FToxid-LcPy LowClinopyroxene
+  FToridWOLLA A'Wollastonite,
Target L d
none | -Eigmen:'iscih\e 5 v Show @ al " selected
E stimate T(K} J1000 +-selected 3 specid
solutio
Variables
T(C) MgD/(MgD | CaD/[Mg0+Cal | Al203/(Mg0 ]
| 1800 01 | 01 0.1 min)

A =Mg0, B =5i02 C=Cal

FactSage 8.0

MgO - CaO - SiO,

1600°C, mass AL,O,/{MgO+Ca0+5i0,) = 0.1

- A|203

Lac

ractsag:
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Quaternary system. CaO-Ca2Si04-MgAl204

Q Phase Diagram - Menu: last system

File Units Parameters Variables Help

DizE

Components (3]

TIC) Platm] Energyl)) Quantity(a) Yolllitre)

Pseudonyms -
apply T Edit ..

Yolume data

/e assume molar volumes of
salids and liquids = 0

~ include molar volume data

Y oand physical properties data
I™ paraequilibrium & Gmin _ edit
Virtual species 12
Total Species [max 5000] 132

Total Solutions (max 200 13
Total Phases [max 1500 63

Q Variables: MgAl204-Ca0-Ca25i04 composition #1. vs composition #1.

Vanables T and P

v ~ compaositions El Temperature Pressure or Yolume
% & 10 constant - * Platm) |constant -
[t e o
c d
Cvieg ]

A =
S
Y slepsﬂ

Compositions Quantity(g)

L=Mgal204 M=Ca25i04

 logV

" L o ECEU . EM A-Comner
[ Ju s [ Jcad o I |m [1me)
0 [mir)

w2 0 L + [ Cad + |0 M L CComer |
" Ju + [ Jcad + I M [Llma) |
0 [min)

B-Comer |

- 0 L + [0 Ca0

[ loram) Mgal204 Cal + Ca25i04 |
Products
Compound species Solution phases
= [ + [ Base-Phase ‘ Full Name A|
W gas & ideal © 0 | FTowdSLAGA  ASlagliqallorides+5 |
[N aqueous 0 +  FToxid-SPINA A-Spinel
[ pure liquids 0 | FToxidMeO_A A-Monoxide
[+ pure solids 50 | FT osid-cPyrd, A-Clinopyroxene
+ FToxid-oPyrd, A-Orthopyroxene
T 50 + FToxid-pPyré, AAPrDltopyroxene
+ FToxid-LcPy Lowllinopyroxene
+  FToxidWwOLLA A’wallastonite, j
Target Legend
- hone - Ireiﬁ:::iscible 5 ¥ Show ™ al " selected
Estimate T(K]: 1000 +-selected 9
pecies. 82 | gelet
solutions: 19
Variables
| TE) | LAL+CaD+M) [CaDAL+Cal+M)| |
| 1600 | 01 | 01 | I

[4=L,B=M,C=Cal - L=Mghl204 M=Ca2Si04 |

FactSage 8.0

MgA|204 - Cao - C325i04

1600°C

MgAl,O,

= |1 (max)
0 (min) |

Wi

ractsag:
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Fe oxide containing system: Fe saturation

Q Selection - Phase Diagram - no results - m} X
File Edit Show Sort

[Selected: 176 Lguin] IS [sslected | (X denotes species excluded by default

- no results - - LR -
e[Sy | oa [1v] iy || g Intentional addition of Fe to make Fe saturation
% | s02liq) FactPS liguid Y
+ 13 Felig) FactPS  liquid v
™14 FeDflia) FactPS liquid Y
%15 Fe304fig) FactPS liquid v
5i02(liq) FToxid _liqui \

‘3’ Phase Diagram - Menu: last system — X

File Units Parameters Varables Help

D= - T(C) Platm) Energyl)] Quantity(g) Volllitre) Iﬁ |B| ,ql

Components (3]

| [gram) FeD + Si02 + Fe |
[~ permit selection of %' species __ Help | Suppress Duglicates | _Edit prioritp list [
Show Selected SekctAl | SelecuDlear. | Cear | o | | ~Products
— Compound species———— — Solution phases — Custom Solutions —————
* [+ | Base-Phase | Full Name 0 fived activites D=3l |
[ ges @ ideal € real 0O | FTosidSLAGA | ASlaglig all oxides + S 0 ideal solutions
¥ aqueous 0 +  FToxid-SPINA A-5pinel PseudonymsT
* [+ pure liquids 1 +  FToxid-MeD_a A-Monoxide ’7 apply I~ =
* [+ pure solids 24 +  FToxid-cPys, A-Clinopyroxene ~Volume data————————————
& assume molar volumes of
* . custom selection solids and liquids = 0
species: 25 ¢~ include molar valume data
and physical properties data |
I paraequilibrium & Gmin _edit |
Taiget ~Legend Virtual species: B
- hohe - oz © V Show®™ all  selected nisit P
- |1E|II| +-selected 3 -
Estimaie TIK} szﬁﬂzzj 12 Select | Total Solutions [max 200 5
’ Total Phases [max 150 30
~ Yariables Phase Diagram
TIC) Si02/(Fe0+5i02)| Fe/(Fe0+5i02) | ¢
500 2000 01 .01 Z
[T(C] vs Si02/{Fe0+5i02)] - no time limit - Calculate >>
[ - recommend you not select both pure liquids and malten solutions -
FactSage 8.0 ' 4
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Fe oxide containing system: Fe saturation

G Variables: FeQ-5i102-Fe T(C) vs composition #1,

Variables T and P

v & compositions Temperature Pressure or Volume

% & 1) -auis - & Platm] |constant -
4 I el T =] = Max [2000  logP
c

B Mirc " Vitre) n ]
BAE " logV

K.Y steps Il

Compositions Quantity(g)

[0 Jren « [ |sinz+ [0 |Fe [Xwis >
#. _
1 FeO + |1 Sio2 + |0 Es 1 [max)

{1 {min)

I #1 log10fcomposition) —

”
0 FeD + |0 Si92+ 1 Fe
1 |FeD + 1 |sig2+ [0 |Fe

N

constant  +

#2.

r

Intentional addition of Fe
to make Fe saturation

T(©)

Monoxide = FeO. But due to slightly
different Gibbs energies of FeO stored in
two databases, FeO from FACT53
appears in the calculation. - for better
calcs, remove FeO(s) from database
selection

FeO - SiO, - Fe
Fe/(FeO+SiO,) (g/g) =0.001

T T T

1900 i
ASlag-liq + ASlag-lig#2 + Fe(liq)
1700 ASlag-lig + Fe(lig)
ASlag-lig + Fe(lig) + SiO,(s6)
1500 - ASlag-lig + Fe(s) ASlag-lig + Fe(s) + SiO,(s6) .

ASlag-liq + Fe(s) + SiO,(s4)

ASlag-lig + Fe(s2)
1300 [~
ASlag-lig + AMonoxide™~ke(s2)

ASlag-lig + Fe(s2) + SiO,(s4)

100 I AMonoxide + Fe(s2) + Fe,Si

Dy(S)

Fe(s2) + SiO,(s4) + Fe,SiO,(s)

900 [

\ AMonoxide + Fe(s) + Fe,SiO
700

—_———_~
- |

Fe(s) + SiO,(54) F F&,510,(3)

ror Fe(s) + FeO(s) + Fe,SiO,(s)

Fe(s) + SiO,(s2) + Fe,SiO,(s)

~

s00 [—ASRingl+ Fe(s) + Ee,SiOxs) |,

, Fe(s) + SiOy(s) +Fe,Si0,(s).

0 0.2

0.4 0.6

Si0,/(FeO+Si0,) (g/g)

0.8 1

‘ ractsag:
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Fe oxide containing system: fixed PO2

Q Phase Diagram - Menu: last system

Fixing PO, to control the
oxidation state of Fe

File Units Parameters Variables Help
DS E TIC) Platm] EnergylJ) Quantity() Vollitre) m |B‘| |
Components (3]
[ [gram) FeO + 502 + 02 ]
Products
Compound species Solution phases Custom Solutions
- I * I Base-Phase | Full Name |;| fived activities 4'
[ gas & C 0 | FToxidSLAGA = A-Slagiq all oxides + S 0 ideal solutions
[_ aquenus 0 + FToxid-SPINA A-Spinel Pseudonyms -
* [+ pure liquids 1 +  FToxid-MeD_4 &-Monoxide apply [ Edi... |
* |T pure golids 24 + FToxid-cPyrd A-Clinopyroxene Yolume data
e assume molar volumes of
* . custom selection solids and liquids = 0
species; 75 ~ include molar volume data
and physical properties data
[~ paraequiibrium & Gmin  edit |
Target Legend WDy .
- NONE - | - immiscible 1 WV Show  al " selected L N
Estimate T(K): |T000 +-selected 3 ) 1 Total Species [max 5000 43
=M 1 species; . i 5
solutions 5 Select | Total Solutions [max 2
; . Yanabl
Yariables Phase Diagram anavles
| TIC) log10(p(02]) |5i|:|2![FeO+SiEIZ] | | N Y L 0
X
| 500 2000 10 [ 01 [ v

[TIC) ws SiD2/[FeD+5i02)]

FactSage 8.0

a |:| b o
-no time fimit - Calcd® — C

- recommend you not select both pure liquids and molten 4

AN
B C

wY steps

#1 log10[p/atm)

i

Chemical Potenhals

02

gas-FactPS

v
-

Total Phasas [max 150 ‘? Variables: Fe0-5102-02 T(C) vs composition #1.

compositions EI
logi0fa) «] [1]

T and P

Temperature Pressure or Yolume

& 10 Y-axis v
-~ Maw 2000
Mir:

" logP
 W(lie)
 logV

Compositions Quantity[g)

[0 JFen + [I Jsioz |Kais >
M r s [ o0z [med |
0 [miry)

constant_ I
10

[~ 11 log10[composition)

ractsag:
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Fe oxide containing system: fixed PO2

When PO2 is fixed with selection of Fe, slag and
Fe oxides can be reduced by Oxygen to Fe at FeO - SiO. - O

tain temperature and composition &0 "SI, " .
cer p(0,) =107 atm G’actSage

T T T | T T

1900

ASlag-liq + Fe(liq)

1700 F =

Fe(lig) + SiO,(s6)
1500 [ =
ASlag-liq
o 1300 |- _
[ ASlag-liq + AMonoxide ASlag-liq + SiO,(s4)
1100 |- Fe,SiO,(s) + SiO,(s4) i
900 L ASpinel + SiO,(s4) i
ASpinel + SiO,(s2)
700 - _ i
Fe,04(s) + SiO,(s2)
500 . 1 . 1 . 1 . 1
0 0.2 0.4 0.6 0.8 1

SiO,/(FeO+SiO,) (9/9)
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Fe oxide containing system: fixed CO/CO2 gas

& selection - Phase Diagram - no results - O X
File Edit Show Sort
¥ denotes species excluded by default Nz T
T T— | Fixing PO, by CO/CO2 gas mixture
+ | Code | Species | Data | Phase |T|v| Activity | Minimum | M aximum -
i1 iCia FactPS gas
2 C2(g) FactPS gas
3 C3(a) FactPS gas ; B . _
: Chig FaclPS | gas G Phase Diagram - Menu: last system X
: Efé]g] E:E:Eg g:z File Units Parameters Variables Help
+ 7 02(g) FactPS gas £ : R ]
& 03 FodPS gas D T(C) Platm] Energy(J) Quantity(mol) Yol(litre) I'“
o ] COfa) FactPS gas
10 C20(g) FaclPS  gas Components (4)
+ 1 CO2(g) FactPS gas
12 C302g) FactPS  gas [ FeD + sSiD2 + CO + CO2 |
13 Sila) FactPS gas
14 Si2(a) FactPS  gas
15 Si3(a) FactPS  gas Products
16 Si FactPS
17 5:55191 F:E{PS g:z Compound species Solution phases Custom Solutions
18 siCf) FaclPS  gas = | + | Base-Phase | Full Name 0 fixed activities |
1 g:glzg[]g] fects = *[¢ gas % ideal © real 3 | FToxidSLAGA  A-Slagig all oxides + 5 0 ideal solutions
21 Fela) FactPS gas ﬂ I_ aqueous 0 FToxid-SLAG? ?-Slag-lig Pseudonyms =
ot selcton ot 5 spoces | ‘ — * [+ pure liquids 1 + | FTosidSPINA ASpinel apy - _ Edt.. |
* [+ pure solids 3 +  FToxidMeD_a A-Monaxide Yolume data
Show Selected SelectAl | Select/Clear... | Cear | oK _ FT oxid-cPyrd, A-Clincpyroxene assume molar volumes of
* - custom selection solids and liquids =0
species %5 include molar volume data
and physical properties data
Tagel Leoend I paraequilibrium & Gmin _edit |
arge: egen o Virtual species: B
- none - (ot § [V Show @ all " selected , _ ) e
E stimate T(K) |1I]DI] +-selected 3 ;pl:!;ies:' 12 Select | Total Solutions [max 200 5
soufions: Total Phases max 1500) 38
Yariables Phase Diagram
T(C) SDZ:’[FeEIi-SiIJZ]I CO/Fe0+5i02) | CO2/(Fe0+5i02) N
| 5002000 01 | 0.9(min) 0.1 (min) >
[T(C] vs SiD2/(Fe0+5i02)] - no time limit - Calculate >> |
|- recommend yau not select both pure liquids and molten solutions - |
FactSage 8.0

Select only CO, CO2 and O2 gas to simulate real experiment of oxide/gas equilibration.
- If we select all gases, some amount of oxides can be evaporated depending on the relative amount

of gas and oxide in the calculations

I thtSage‘”
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Fe oxide containing system: fixed CO/CO2 gas

G Variables: FeO-5i02-CO-CO2 T(C) vs compaosition #1.

Variables T and P
v = |compositions Temperature Pressure or Volume

W & 10 Y-z 'I + Platm) |constant 'I
a D: e [eatial =] [0 ] -~ Max 2000  logP
c

A Min: 500 C Viire) I
EAE  logV
xY stepsEl

Compositions Quantity{mol)

EIFBD - Dsﬂg - DCD + o coo R 'I FeO - SIO -CO - CO
Dren + [ Jsio2+ 0 Joo o+ coz |1 (max) CO/(FeO+Si0,)(mol/mol)=0.9, CO,/(FeO+SiO,)(mol/mol)=0.1,
e o 1 atm ctlage”
[~ #1 log10(composition) m—_——_—e————— b
T T T
Fe0 + [0_Jso2: I Joo + [U_Jco2 _foonsten - i \\ e .
FeD + |1 Si02'+ |0 Co + |0 co2 h
- = S — - N
Fe(liq) + Slag-liq + gas_ldeal ag-lq + gas_ldea /Slag-”q + Slag-lig#2 + 933_ideal\
FeD + [0 |sio2+ [0 |co « | |coz  [constam <] i \ A A
Fe0 + [ |sio2+ [0 |co + [0 |co2 . , ya ) ) )
= — 01 / Si0,(s6) + Slag-liq + gas_ideal
i Fe + Slag-liq + gas_ideal '\\ ]
L A /
. / Si0,(s4) + Slag-liq + gas_ideal
_ L \\“\\\ Fe(s2) + Slag-liq + gas_ideal " i
.. . ©) . /
Fixi ng CO/C02 ratio = ~ Fe(s2) + SI0,(s4) + Slag-liq + gas_ideal /
1100 B
Fe(sR) + Fe,Si0, + Monoxide + gas_jideal Fe(s2) + Fe,SiO, + SiO,(s4) + gas_ideal
900 F 7 I \w 7
Fe + Fe,Si0O, + Monoxide + gas%d?,‘ !
700(: + Fe,Si0, + Monoxide + gas_ideal C + Fe,Si0, + Si0,(s2) + gas_ideal i
( + Fe,SiO, + Spinel + gas_ideal
500 1 L 1 I
0 0.2 0.4 0.6 0.8 1

Si0,/(FeO+Si0,) (mol/mol)
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Fe oxide containing system: fixed CO/CO2 gas

‘? Phase Diagram - Menu: last system
File Units
D =-

Components [3)

Parameters Variables Help

TIC) Platm) Energyl)] Quantityimol] Yolllitre]

| Fe203 + CO + cCOZ |

Products

Compound species Solution phases

= | + | Base-Phase | Full Name
*[+ gas + ideal © real 15 | FSstel-Liqu Liguip
[F aqueous 0 J FSstel-FCC FCC_A1
[ pure liquids 0 | FSstel-BCC BCC_a2
* [ pure solids 1 | FToxid-SLAGA  A-Slag-iq all oxides + S
. ) + FToxid-SPINA A-Spinel
- custom selection + | FlosidMe0_A AMonoside
species: 26

Target

= hone -

E stimate T(k} |1000

Legend

| - immiscible 3
J - 3-immiscible 1
+-selected 2

v Show® all  selected

38 Select |

1

species;
solutions:

VYariables
| TIC] C0/(C0+C02) |Fe203/(C0+C02) | |
| 02000 01 | 0.1 [min) [

TIC] ws CO/CO+COZ

FactSage 8.0

L7 selection - Phase Diagram - no results - O x
_ W Eile Edit Show Sort
Selected: 15/17 IR [sclected | [< denotes species excluded by default]
- no results - J
'" | Bl + | Code | Species | Data | Phase |T|V] Activity | Minimum | Maximum
+ 11 i Clg) FactPS gas
+ 2 C2g) FaclPS gas
+ 3 C3(g) FactlPS gas
+ 4 Cé[g) FactlPS gas
+ 5 C5(g) FaclPS  gas
+ 6 O[g) FaclPS  gas
+ [ 02 FactlPS gas
* 8 03(g) FactlPS gas
. + 9 CO(g) FactPS gas
E}Jstnm Solutions . 10 C20(g) FacPS  gas
0 fized activities + |1 C02(g) FactPS gas
0 ideal zolutions + 12 C302(g) FactPS gas
P d + 13 Fela) FactPS gas
#BUdOryms Edi + - FeO[g) FactPS gas
apply [ it ... + 15 FelCOB(g) FaclPS  gas
X 02(g) FSstel  gas
Volume data 1 I f X Fellg) FSstel
‘O ESSIUI'TIE I'ﬂl:l.a[ .VD Lmes o
solids and hiquids = 0
~ include molar volume data
and physical properties data
[ paraequilibrium & Gmin _edit | I~ perit selection of ' species \ \ —
Virtual species: 8
Total Soscies max 50001 B4 Show Selected Select &l | Seloct/Cear.. | Clear | ok |
Total Solutions [max 200 11
Tatal Phases [max 1500 23 Q Variables: Fe203-CO-CO2 T(C) vs composition #1. >

Variables
¢ S compositions

X

b -
3 [;] be log10iz) | [0 ]

iz (.
B (5
X steps

Phase Diagram
i
¥
- o time limit - Calculate >> |

Compositions Quantity[mol]

" [0 ]Fe203+ co

T and P
Temperature

& T[C)

v-axis =

Pressure or Yolume

& Platm] |constant - I

- 12000
~ Max:

Minc |0

D co2 H-axis -

[0 JFe203+[1 Jco

[T #1 log10(composition)

1 Fe203+ |0 co

[ Jcoz ~[lmad |

0 (rnin)

0 cOo2  |constant w

2.
0 Fe203 + |1 co

r

1 |co2

0.1

“ logP
]

 llitre)
 logV

ractsag:
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Fe oxide containing system: fixed CO/CO2 gas

2000

1800

1600

1400

1200

g 1000
800
600
400
200

Fe,0, - CO - CO,
Fe,0,/(CO+CO,) (mol/mol) =1

G’actSagern

gas_ideal + ASlag-liq

gas;mial + ASIW

— \

gas_ideal + ASpinel + AMonoxid\

gas_ideal + ASpinel + Fe,04(s)

gas_ideal + ASpinel

ﬁl + ASpinel + C(s)

—_—

\\ gas_ideal + AMonoxide

ggs_ideal + FeCO4(s) + Fg,0s(s) N

ASpinel + FeCO4(s) + C(s)

0.2

0.4 0.6
CO/(CO+CO,) (mol/mol)

m

0.8 1

10mole
CO-CO2 gas

1mole
Fe203

<Closed system>

10mole CO-CO2 gas

1mole
Fe203

- =
<Open system>

Fe,O, - CO - CO,
Fe,0,/(CO+CO,) (mol/mol) =0.1

Liactsye

2000 T T T
1800 B
as_ideal + LIQUID {1 ASlag-lig
1600 gas_ideal + ASlag-liq 9 / T 9
I \\ gas_ideal +/BCC_A2 +ASlag-liq
1400

i&

/

1200 NN 4
L g\d\sideal + A\S‘Q&U AMonoxide gas_ideal + AMonoxide gas_ideal %C_Al + AMonox{de
1mole =l \\\\ / ]
- Y —d
CO-COZ gas s ideaiofA;pi el +%szd'gjé?l + ASDinN\ Bﬁéjieal +BCC_A2 +M
_ = -
1mole T — ]
/

Fe203 400 = gas_ideal + ASpinel + C(s) 7]

<C|OS€d SyStem> gas_idegt + FeCOx(s) + Fe,04(s) gas_ideal + FeCO4(s) + C(s)

- ;ZOI(CO+COZ) (mol/mol). .
™ .
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CaO-FetO-Si02 system with Fe saturation

G’ Phase Diagram - Menu: last system
File Units
D -

Components [4]

Parameters Variables

Products
Compound species

Help

Solution phases

- X

mo®

TIC) Platm) Energul)] Quantity(g] Volllitre)

| (oram) Si02 + FeD + CaO + Fe |

Custom Solutions

“ T [C]

3 r logtia) +| [0
C‘;'d. og10(a) o]

[A4=5i02.8 =CaD,C =Fe0 |

FactSage 8.0

Yanables
| T(C) ISiIIIZ}[Si[]2+Fe[]|Fal]![Si[]2+Fe[]I Fe/(Si02+Fe0 | | sioz
[ 1650 | 01 [ 01 | 0001 (min) |

A
7Y steps m

Compositions Quantity(g)

| - recommend you not select both pure liqui

Pressure or Yolume

(+ P(atm) |constant -
" logP
" Vllitre)
" logV

- [ + I Base-Phase | Full Name - D fized activities 4
[ gas & "_' 0 | FTomd-SLAGA  A-Slaglig all oxides + S 0 ideal solutions
[T aqueous 0 +  FTosid-SPINA A-Spinel Pseudonyms :
* [+ pure liquids " | FlosidMeO_A AMonaxide apply - __Edt..
* [+ pure solids 44 + FT oxid-cPyrd, A-Clinopyroxens Volume data
) . +  FToxidWOLLA AMolastorite, o Ll e
- custom se'“;'ggcies: 50 +  FTowidbC25A | A-aCaSiBaj2Sind ~ include molar volume data
+ FToxid-aC254 A-a-[Ca 5r25i04 and physical properties data
Tagst 7 d+ FTokidMel A Aneilte ﬂ [~ para Q Variables: Si02-Fe0-Ca0-Fe composition #1. vs composition #1. X
egen =
none | -immizcible 3 ¥ Show ™ all " selected ol s Variables T and P
E stimate T(K): J1000 +-selected 6 sTetf:ies: ;12 Select Tota Sl ~ | compositions 3 Temperature
Z0ILI0ONE:
Total P ¥ constant v

0 ]sio2+ [0 |Fed + [0__JcadD + I |Fe

“[i Jsio2+ I |Fe0 + I |caD + [0

=

Composition #

Wﬂ max = 4

ractsag:
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CaO-FetO-Si02 system with Fe saturation

CaO - FeO - SiO, - Fe

1650°C, Fe/(CaO+Fe0+Si0,) (g/g) =0.001 GactSagem
SiO,

ASlag-liq + Fe(liq)

ASlag-lig + AMonoxide +§(I|)}\/
AV2 v AVARVERY: AVARYS v\ v ) v \V/ v AV2

Cao 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 Feo

mass fractions /(CaO+FeO+Si0O,)

Q0

‘ ractsag:
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CaO-FetO-Si02-5wt%MgO system with Fe saturation

Q Phase Diagram - Menu: last system

File Units Parameters Variables Help
Dl n TIC] Platm] Energyl)] Quantity(a] Volllitre)
Components [5)
| (gram) Si02 + FeD + Cal + MgO + Fe |
Products
Compound species Solution phases
= [ + [ Base-Phase | Full Name -
[ gas & o 0 | FTowid-SLAGA | A-Slag-ig all oxides + S
[ aqueous 0 +  FToxid-SPINA A-Spinel
* [, pure liquids 8 | FTomid-Me0_a A-Monoxide
* [, pure solids B1 + FT omid-cPyré, A-Clinopyroxene
. ) + FT osid-oPyrd, A-Orthopyronens
- custom selection ) + FT oxid-pPyrd, A-Protopyroxene
species: B9 . B
+ FToxid-LcPy LowClinopyroxens
+  FToxdWwWOLLA AvWollastonite, >
Target L d
- hone - I-ei?:r:iscible 3 v Show (™ all " selected
Estimate T(K): {1000 +-selected 10 spacies: 121
| pECies:
solutions: 16 ﬂ‘
Yanables
| T(C) I Si02/(Si02+Fe0 | Fe0/(Si02+Fe0 | MgD/(Si02+Fe0 | Fe/(Si02+Fe0 |
[ 1650 | 01 | 01 005min) |  O(min)

[A=5i02,B=Cal,C=Fed|

FactSage 8.0

Custom Solutions

0 fixed activities

0 ideal solutions

Pseudonyms -
apply Edit ...

Yolume data

o assume molar volumes of
solids and liquids = 0

- {:r‘f:llusﬁys Q Variables: Si0O2-FeO-Ca0-MgO-Fe composition #1. vs composition #1. %
[~ paraequiill Vanables T and P
Virtual speci v ~ compositions ’4_‘ Temperature Pressure or Yolume
Total Species &
Total Solution i & T(0) constant v Platm] |constant -
Total Phases 2 ‘:' ¢ |log10(e) :I' 0 " logP
= d
A 1650 Vi) 1 ]
Phase Diaara f 0 itre: ]
S B c " logV
= = %Y steps |11
- no time lirnit -

Compositions Quantity(g)

| - recommend you not select both pure liquids and

|Ca0 + |1
|caD + 1

|FeO + |:
|FeU + |1

.MgD + (0
|MgD + [1

|sioz2 + [0
|sioz2 + 1

|E|
. |1
-

o [ S

Fe
I 0.0s

h__

Composition #

Wﬂ max =5

ractsag:
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CaO-FetO-Si02-5wt%MgO system with Fe saturation

BOF slag composition

5 wt% MgO section

C2S saturation

Aslag-iq + Feia)  MigO saturation (MgO-FeO)

\\\ .
ASIag-INMon <+ Fe(lig)
5lag-liq + AMonoxide + AMonoxide#2 + Fediq)
AVA

IVELVARVERY) Vv v \/ v \/ V] V) v \V/ AVARY) Vv v

0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1

CaO ' FeO
mass fractions /(CaO+FeO+SiO,)
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CaO-SIO,-Al, O, + F slags for refining flux

CaO-Al,O;-SiO, with various CaF, content at 1650°C.

30 [ [Ty T Tt [rrrrr oot [rrrrr oot [rrrrrrrrt [rrrr oot [rrrr oot [rrrrr oot [rrrrr Tt [rrrr Tt ]
R
I © ™
[ O
. 8 .
20F 1 o) Change of Ca2SiO4 saturation
o) [ N composition with CaF2 content
- o) -
[ @) .
<\c§ Z + Liquid (L)
(@) L L0
. - ®
10 | 0, ° AR i
- g <2
@) \ o
+ / /S\\
\ . - ¥
- | \\ 2 Liquids N
0 A ' AN I PP A Lo Lo i, WA Y. Levernnss \

O 10 20 30 40 5 60 70 80 90 100
wt% SiO,

At 20% CaF,: Slag can directly equilibrated with CaO (no Ca,SiO,)
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CaO-Al202-SI02 slag — MgAI204 refractory

(Equilib or Phase Diagram’s components are in molar base)

G Phase Diagram - Menu: last system

- X

File Units Parameters Variables Help
=31 =] T(C) Platm] Energyl)) Quantity(g) Volliire] W |B | DiSSOlUtiOI’] Of Spinel
Components (2] e : . . .
[ . inclusion into slag
| (gramy (Ca0)0.5618(5i02)0.3146(5i02)0.12361 +  Mghl0s |
1 1
Products (Cao)0.5618(8i02)0.3146(Si02)0.1236 - MgA|204 N
Compound species Solution phases Custom &Ctsage
= | + | BasePhase | Full Name - 0 fixec 1800 T T T T .
[N gas @ ideal € 0 | | FTowidSLAGA | A-Slagiq all oxides + 5 0 idea /
[F aqueous 0 + | FToxid-SPINA A-Spinel Pseudo /
[ pure liquids il | FTowid-Mel_a A-Monowide appl /
|T pure solids 50 | FTowmid-cPyrd, A-Clinopyroxene Valume
+ FT oxid-oPyré, A-Orthopyroxene ' Zz:":'l"' 1700 L |
species: 50 * FTowid-pPyré, A-Protopyrozene inclu i
' + FToxid-LcPy LowClinopyroxene and| ASlag-liq
+  FTomd'wOLLA Awallastonite, = r
Target Leagend bl
el I-i?nrniscib\e 5 ¥ Show ™ all " selected ;"'”I""S":'
Estimate T(K): |1000 +-selected 9 species: B2 o r;:ﬁﬁ 1600 - ASlag-liq + ASpinel -
solutions: 19 il
Total Pha o
. — F
Variables Phase Dia
| T(C) MALM) | | |
Y 1500 .
| 13001800 01 | [ >
.. ASlag-liq { .
[TIC) vs MAL+M) - L=[Ca0)0.5618(5i02)0.3146(Si02]0.1236 M=Mgai204 - no time fin A b
FactSage 8.0 1400 Slag-lig + Melilite ASlag-liq + ASpinel + Melilite i
|
1300 I L 1 1 |
0.4 0.6 0.8 1
MgAIZOAI((CaO)OSBIB(SiOZ)O.QIAS(SiOZ)O 1236+MgAIZO4) (g/g)
™ .
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Ca0-Al202-SiI02 slag — MgAI204/Al203 refractories

fi’ Phase Diagram - Menu: |ast system

Help
TIC) Platm] Energyl)] Quantity(g] Volllitre)

File Units Parameters Variables

L—21=

Components [3)

- ped

m o™

[ram) (Ca0)0.5618(SI02)0.3146(5102)0.1236  +  MgAl204

+  AI203

Products

Compound species Solution phases

’| | Base-Phase | Full Name -

Custom Solutions
0 fixed activities

0 ideal solutions

+
F ga: & (S 0 | FToxid-SLAGA | A-Slagig all oxides + S
[T aquecus a + | FToxid-SPINA A-Spinel e
[ pure liquids 0 | | FToxid-MeO_& A-Monoxide
[+ pure solids 50 | FT omid-cPyrd, A-Clinopyroxene
+ FT oxid-oPyrd, A-Orthopyroxens
. FT oxid-pPyrd, A-Protopyroxens
.50 =
e + FToxid-LcPy LowClinopyroxene
+ | FToxidwOLLA
Target Ls d
- none - l-el?:rrn]iscib\e 5 [V Show @ all " selected
Estimate T(K}: 1000 +-selected 9 species: a2
solutions: 19 peel
Variables
| TIC) L/(L+M+A1203) | MAL+M+A1203) | | 0
| 1600 01 | 01 |

[A=L B =AZ03.C =M - L=[CaD)0.5618(5i02)0 31 46(5i02)0.1236 M=MghlZ04 |

FactSage 8.0

Pseudonyms -
apply [ Edit... I
Volume data

& a%sume molar volumes of
solids and liquids = 0
include molar volume data
and physical properties data

A'Wollastonite. LI I~ paraequiibrium & Gmin _edit |

Virtual species 12

Total Species [max 5000] 132

Total Solutions [max 200) 19
Total Phases [max 1500 B9
Phase Diagram
SE1BISIOZ)0 S 46(SI02K
A3 MGAZO:

- no time fimit - Calculate >> |

High Alumina (MgAI204-Al203)

Refractories dissolution

into slags

(CaO)O.SGIS(Si02)0.3146(Si02)0.1236 - M9A|204 B Alzos
1600°C

((:a())0.5618(Si ()2)0.3146(8i OZ) 0.1236

%
<0

%

ASlag-liq

ASlag-liq + ASpinel

40

ALO(S

ASlag-liq + ASpinel + CaMg,Al,O,}

Liactsage

0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1

mass fraction

MgALQO,

ractsag:

Ferrous Processing 101

www.factsage.com



CaO-AlI202-Si02 slag — MgAI204/MgO refractories

Variables

v ¢ | compositions Temperature Pressure or Yolume
S
215 [eotoe | o]
(= d
A

B A K " logV
HY steps E

Compositions Quantity[g)

G Variables: (Ca0)0.5618(5i02)0.3146(Si02)0.1236-MgAl204-MgO composition #1. vs composition #1. X

T and P

- - (v [—L|
= T(C) m Platm] | constant
™ logP

Cvie) 0

[L=(CaD)0.5618(5i02)0.3146(5i02)0.1236 M=Mgal204 |

[0

Lo+ I M + [0 Mg [vams v

[~ #1 log1Dfcomposition) IM

. 0 L + [0 M+ |1 lMgD K-awis ﬂ

05

(Ca0)y5616(S10,) 0 2146(S10,)0 1236 - MJAILLO, - MgO

1600°C GactSage‘”

"M L + [ M + 1 |Mon [05max) |

[~ #2 logl10[composition)

0 [min]

MgALO,/((Ca0)o.5618(Si02)0.3146(S102)0.1236*MgALO,+MgO) (9/g)

ASlag-liq
02 |-
01 p
&Slag—liq + a-Ca2Sio4
AN
N
0 ) \l

04 | ASlag-liq+ ASpinel

ASlag-liq + ASpinel + AMonoxide

ASlag-liqg + AMonoxide

ASlag-liq + AMonoxide + a-Ca2SiO4
1 . 1 . 1 .

0.1

0.2 0.3 04 05
MgO/((Ca0)q 5615(Si0,)0,3146(S10,) g 1256 MIALLO,+MgO) (g/9)

ractsag:
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Phase diagram: Refractories design

(Ca0)535(Si0,) 25(Al,05)005(Mg O),; - MgAILLO, - MgTi O, - F
1700°C, a(Fe(liq)) = 0.7943 GactSage'"

(Ca0)0 535(S10,) g 25(Al,05)0.05(MJ O) 4

Dissolution of MgAI204/MgTi204
refractories into slag

)
o

ASlag-liq + ASlag-lig#2

MgAI204 saturation line

ASlag-liq

MgTi204 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 MgAIZO4

mass fraction
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Para-equilibrium

Para-equilibrium (Partial equilibrium) vs Ortho-equilibrium (Fully equilibrium)

Diffusion of C is much faster than Mn or Si

fcc bcc
Fe Fe
C
Mn Si
. o N i Para-equilibrium
E M S (partial equilibrium only for C)
Fe Fe
C C (Ortho)Equilibrium
Mn CI> Mn
si <P si
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Para-equilibrium: Steel A3 temperature

Complound species

‘? Phase Diagram - Menu: last system — X
File Units Parameters Variables Help
D | TIC) P(atm) Energpl)) Quantity(g) Yol(litre) Iﬁ B
Components [3)
| (gram) Fe + C+ Mn |

C is suppressed in the phase selection for convenience

Solution phases

| T[C) vs C/[Fe+C+Mn)|

FactSage 8.0

Custom Solutions
= I + I Base-Phase | Full Name - | 0 fixed activities 4'
' 1] | FSstel-BCC BCC_AZ 0 ideal solutions
0 | FSstelHCP HCP_A3 Pseudonyms :
0 + | FSstelCEME CEMENTITE apply [~ __Edt-
14 + FSstel-M23C M23CE Yolume data
. FSstelM7C3 M7C3 assume molar volumes of
*. i solids and liquids = 0
custom $elec:§2d3$ 14 + FSstel-CBCC CBCC_A12 include molar volume data
+ FSstel-CUB CUB_A13 and physical pigperties _-:Iata
. - i —
T argel ] d+ FSstetM3L2 M3L2 v paraequilibrium & Gmin _edit | ™
- none - | -Bi?n?iscible 4 ¥ Show @ all  selected 1~/ 'ludl species - =
E stimate T(K) IW +-selected B ‘ Total Spedies MaB000] ~ 62
. S;Tjii::zf 143 Select Total Solutions [max 200) 14
' Total Phases [max 1500) 28
Variables Pha Paraequilibrium diffusing elements *
TIE) C/(Fe+L+Mn) Mn/[Fe+C+Mn) ‘ Y| Enter the st of elements that can diffuse.
5001000 000z 0.02 [min)

To calculate the phase with the minimum G, enter a

-no| blank line. Cancel

Select from; Fe Mn C

cl

I thtSage‘”

Ferrous Processing 105 www.factsage.com



Para-equilibrium: Steel A3 temperature

Full equilibrium

Fe-C-Mn
Mn/(Fe+C+Mn) (g/g) = 0.02, 1 atm LFactsoge
1000 T T T T T T
900
Para-equilibrium

800 1
%) CEMENTITE + FCC_A1 Fe - C-Mn - paraequilibrium diffusing elements: C
~ Mn/(Fe+C+Mn) (g/g) = 0.02, 1 atm r
= BCC_A2 + FCC_AT1 | | &. ctSage

1000 T T T T

6500 F BCC_A2 + CEMENTITE 900

500

L 1 1 1 1 1 1 L 1
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018

+C+1
C/(Fe+C+Mn) (g/g) CEMENTITE + FCC_A1

T(C)

BCC_A2 + FCC_A1

700

600 |
BCC_A2 + CEMENTITE

500 1 1 1 1 1 1 1 1 I.
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

C/(Fe+C+Mn) (g/g)
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Para-equilibrium: Rapid solidification for amorphous metal

ﬁ' Phase Diagram - Menu: last system — it
File Units Parameters Variables Help
DS TIC) Platm) Energyl)) Quantityla) Vollitre) m | B| |
Components [2]
[ [gram) Cu + Zr ] Paraequilibrium diffusing elements X
Products Enter the list of elements that can diffuse. 0K
Compound species Solution phases To calculate the phase with the minimum G, enter a Cancel
= | + | Base-Phase | Full Name blank line.
[ gas & - 0 | FTlite-Liqu Liquid _
B aqueous 0 | FTite-A1 FCCAT Select from: Zr Cu
[ pure liquids 0 | FTlite-82 BCC-A2 |
[+ pure solids 20 I FTlite-A3 HCP-43
| | FTiteB2_a BCC-B2alBCCA2 :;;;;“:nm'g;i;g'ﬂfges e
species_: 20 I FTllr.E"E11h [:11 tl PI‘DtDlyDE'MOSQ imlude mnlar V0|ume data
I FTlite-C15 C15 Prototype-MgCu2 and physical properties data
C— ] | v paraequilbrum & Grri  edit |
none I?Er::wible 7 WV Show @ al  selected .
: » Total Species [max 5000 56
Estimate T[K]: |1IJDU speciess 36 : 14
solutions: 14 4|S'E"|'B":'t Tol htions [mex
' Total Phases [max 1500] 34
Yanables Phase Diagram
[ T(C) 100Zr/(CuvZr) | | | .
| 7001500 010 | | >
| T[E] s 1UEEIF'[CLA+ZI]| = o t"'l'le I|m|t = Ealculale > |
FactSage 8.0

Blank = no diffusion of any element: this is what happens during rapid solidification

I thtSage‘”
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Para-equilibrium: Rapid solidification for amorphous metal

Full equilibrium

Cu-Zr
1.atm Liactsye
oo | /’ . Paraequilibrium:
/
ol Liquid / ;' ] Rapld SOIIdIflcatlon
T Jrenerta Cu-Zr - phase with minimum G
- Culy Zr,, + Ligquid_ ~y |
1000 T < 1;«;1“9/{“? e \ 1 atm &ctSage“
= I ’,’ BCC-AZ + C11b !
s00 ‘;: B%’F-BZH+C 5Zrs 4 T r ,f[
E 'g ':% Cu,Zr; + CugZr, 1400 - / T
5} o /
600 b = /
& 3 - o Liquid /
& © CuyoZr; + Cug,Zr. hé E 1200 - /
400 "i« 10el7 515714 a g ’fr
o é 2 . Liquid /
200 © 5 { 1000 —\‘\ . /
CuyeZr, + CugZr \, S \.\ /
. ‘ ‘ C11b + CuyZry ‘ \\. , /’/ “\ f/ BéC-Az + BCC-B2;
[ 0.2 04 06 08 800 F ‘\\ / \\ / { /]
ZriCu+Zr) (g/g) \\ / / /
AN / ! /
\ / /
600 |- N Y, ﬂ Y,
\ / b
. \ , e
1 /’/
400 -FCC-A1 \ / Ir'
[
/ y
/ HCP-A2 €18 ) [ C11b / HCP-A3
200 ‘ / /
|
| /! /
Q J 1 / ( 1 'f 1
0 02 0.4 0.6 0.8 1
Zr/(Cu+Zr) (g/g)
™ H
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Para-equilibrium: Rapid solidification for amorphous metal

Mg - Zr - Cu - phase with minimum G

300°C, 1 atm G,a ctSa g &
Mg

mass fraction
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Alloy Design: Electric steel (Si-steel)

T(C)

Phase diagram of Fe-Si system

Fe - Si
™
T atm G’actSage
1800 T T T T T T T T T T T T T T T T T T
1600 - LIQuUID 1
1400 3
Diamond_A4 + LIQUID1
1200 e
FC FeSi + Fe,Si . .
1 FeSi + Fe,Si; Diamond_A4 + Fe,Si,
1000 -
800 s % @ .
+ [ LE
™ +
u:I| UT) :
(/2]
600 9 R K .
m
Diamond_A4 + FeSi,
400 i
200 |- BCC_B2 + FeSi FeSi + FeSi, T
0 , ] , 1 . ] , ] , ] , ] , ] 1 1
0 10 20 30 40 50 60 70 80 90

100Si/(Fe+Si) (g/g)

100

‘ ractsag:

Ferrous Processing 110

www.factsage.com



Alloy Design: Electric steel (Si-steel)

Alloy Design: Fe-Si + C

Fe-Si-C
C =25ppm Gactsagem
R | w

1400

1300

1200

o
=]
o 1100 BCC/A2 + FEC_AT
=
=
& 1000 BCC_A2
P}
=y
g  o00
-*}
H
800 |
700

600

BCC_B2 +C |

BCC_A2+C
500 .

L 1 L 1 L 1 1 1 L
0 1 2 3 4 5 6

wt% Si
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Alloy Design: Electric steel (Si-steel)

T(C)

1500

1400

1300

1200

1100

1000

900

800

700

Alloy Design: Fe-Si + C

100C/(Fe+Si+C) (g/g) = 0, 1 atm

G’actSage'”

0.05% C

0.03% C

—

. 0.01%C BCC_A2

LIQUID

2019-12-24 16 secs

100S¥/(Fe+Si+C) (g/g)

10

I thtSage‘”
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Alloy Design: Electric steel (Si-steel)

Alloy Design: Fe-Si + Al, Mn

G’actSage‘"
o | _‘““‘“"*::iii::::::::::i:::::::iiii

1400 &

1300
0.1% Mn

1200

100 BCC_A2

T(C)

1000

900 F 0.03% Al

800

700

1 1 1 1
0 1 2 3 4 5

weight percent Si
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Formation of base coating on the surface of a commercial Si steel

G‘actSage'”

Mono = 'MgO-FéO solu:tions

-5 T T T T
$i02(Trid) + Fe203

Fe203 + Si02(Quar)

8}
/ Spinel + SIO2(Trid)

11 =
Spinel + SiO2(Qyar)

Mono + Fe2SiO4
Spinel + Fe2Si04
14 - .

Spinel + Slag

Mono + Slag

10g,4(P(O,)) (atm)

FCC + SiO2(Trid)

1000 1100 1200 1300
Temperature, °C
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