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Alloy Design using FactSage

All materials processes involve
“Thermodynamics” and “Kinetics”.

Thermodynamics (Equilibrium) tells where we go.
Kinetics tells how fast we can go.

FactSage can provide Thermodynamic calculations for:
- Multicomponent (< 48 elements) Chemical reaction equilibria
- Phase diagrams up to 8 component systems (FactSage 70:

even more than 8 components are allowed)
- Thermodynamic properties such as heat balance, G, H, S, etc.

thtSageT" Alloy Design 4 www.factsage.com



Alloy Design Concept using FactSage Calculations

| Gas, Oxide, Salt and Alloy databases |
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Material Processing and FactSage

Process What can we do with FactSage

Extraction / Refining / Gas/Slag/Matte/Salt/Metal/Refractory reactions

Recycling
_ Scheil cooling calculation (as-cast microstructure)
Casting o
Solidification software
Multicomponent equilibrium calculations
Annealing /

Homogenization Secondary phase precipitation

Solidification software

TMP / Forming

Final treatment:
Oxidation / Corrosion
| Surface treatment

Oxidation phase diagram, E-pH diagram, Gas corrosion
reactions

_ All kinds of thermodynamic properties:
Thermodynamic o _
properties Heat balance, G, H, S, activity, partial pressure of gases,

etc..
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Alloy design (1): Phase diagram calculation
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Alloy design (I1): Estimating of as-cast microstructure to find out

whether solidification can be reasonable.

Eunb.I
Cooling

t B scheil
| Cooling
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Schell cooling calculation of AZ31 alloy
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Schell cooling calculation: as cast microstructure

Solidification path calculation: AZ31
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Microstructure of as-cast AZ31

Scheil Cooling calculation

Scheil cooling calculations tell us the solidification path
 Primary phase, precipitation, and eutectic reaction.

« Dendrite boundary (eutectics, segregation)

-> Estimation of as-cast microstructure
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Schell cooling calculation: as cast microstructure

Corning effect of Mg dendrite: AZ31
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Alloy design (Ill): Calculate the final target microstructure AZ31
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FTlite database

FTlite Database for FactSage 8.3

The FTlite Database is designed for thermodynamic and phase equilibrium calculations involving Al
alloys, Mg alloys and Ti alloys using the FactSage 8.0 Thermochemical Software Package (and later
versions). The FTlite Database can also be used to perform calculations involving mixtures of Li-Na-K-

Mg-Ca-Sr-Ba with several other elements.

Al Alloys

Ag, Al as au B, Ba, Be, Bi, C, Ca, Ce, Co, Cr, Cu, Dy, Er, Eu, Fe, Ga, Gd, Ge, H, Hf, Ho, In, K,
La, Li, Lu, Mg, Mn, Mo, N, Na, Nb, Nd, Ni, 0, P, Pb, Pr, Pt, Sb, Sc, Si, Sm, Sn, Sr, T3, Th, Ti,
Tm,V,w,Y,Yb, Zn, Zr

Mg Alloys

Ag, Al B, Ba, Be, Bi, C,Ca, Ce, Co, Cr, Cu, Dy, Er, Eu, Fe, Ga, Gd, Ge, H, Ho, In, K, La, Li,

Lu, Mg, Mn, Na, Nb, Nd, Ni, 0, Pb, Pr, Pt, Sb, Sc, Si, Sm, Sn, Sr, Tb, Ti, Tm, V, Y, Yb, Zn,
Zr

Ti Alloys

Na, Nb, Nd, Ni, O, Pr.Sc, Si. sm, Sn, Sr. Ta, Tb, Ti, Tm, V. W, Y. Yb, Zn, Zr

Color codes

Red :AlorMg
Blue :Major alloying elements (full optimisations of hinary systems with Al, Mg and Ti and with several

minor alloying elements, Al-Mg-Xx ternary systems evaluated (good for Al+Mg-rich regions), several
quaternary systems included); « . ”

Green : Minor alloying elements (full optim Please IOOk at Documentat|on tO CheCk new

Slack: Optimzedforthe Mzzsystemand | njates of FTlite database in FactSage 83.

‘ Lractsag
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FSStel database

The elements included in the FactSage FSstel steel database are:

Al, B, Bi, C, Ca, Co, Cr, Cu, Fe, H, Hf, Mg, Mn, Mo, N, O, Nb, Ni, P, Pb, S, Sb, Si, Sn, Ta, Ti, V, W, Zn, Zr, RE
(Sc, Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu)

The FactSage FSstel steel database is based on relevant steel sub-systems from the old SGTE Solution database, but now incorporates
updates of those systems as well as new published assessments. “Tramp elements” have also been included to allow calculations
relating to recycling and removal of unwanted impurities to be performed.

The database contains 379 completely assessed 61 partially assessed binary alloy systems, together with approximately 158 ternary and
28 quaternary systems for which assessed parameters are available for phases of practical relevance. It contains 186 solution phases and
1014 stoichiometric compounds.

The liquid phase is described by the Modified Quasichemical Model (MQM) since FSStel 7.3 version. With this model, many
previous optimizations with the random mixing model and new optimizations with the MQM can be combined to give a more accurate
description of the liquid solution in binary, ternary and higher-order systems. The thermodynamic behaviors of O, N, S, and P in liquid
steel are well described by this model. For the accurate description of the deoxidation of Fe-Ca and Fe-Mg liquid solutions, CaO and
MgO associate species as proposed by Jung, Degterov and Pelton [1], have been incorporated in the liquid phase.

Updates in FactSage 8.3 version

In this update, numerous binary Cr-RE (RE = Rare Earth elements) system were newly added as part of our continue effort to put RE
in steel database. Many binary systems containing Ca, Mg, Nb and Zn were newly added or updated for more accurate chemical
reaction calculations in the refining process of super alloys and Zn galvanizing process of high alloyed steels. Binary systems
containing Sc were also largely updated. These include 47 new binary systems, and several new ternary systems. 2 new solution
phases and 57 new compounds are included in 8.3 version.

Please look at “Documentation” to check new
updates of FSStel database in FactSage 83.

thtsagem Alloy Design 14 www.factsage.com



Alloy database: Others

 FSCopp: Copper alloy development (all binary Cu-X systems

* FSupsi: High purity Si database for solar cell grade Si production

* FSnobl: Noble alloy database for Ag, Au, Ir, Os, Pd, Pt, Rh, Ru refining

» SGnobl: Similar to FSnobl

« SGsold: Solder alloy database

« SGTE 2014, 2017, 2020: developed by SGTE (www.sqgte.orqg): Applicable

to all general alloy system. But less accurate than other dedicated
databases for specific region.

GthSagem Alloy Design 15 www.factsage.com
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EX1 Binary phase diagram: Mg-Al binary system
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EX2. Target calculations

(a)Transitions (EX2-1):
do calculation between initial and final temperature and find all phase transition

between them

00 . . . . . . . . FactSaqel
: (b) Precipitation target (EX2-2): find temperature at which any other
phase begins to precipitate out from the targeted phase

/

A\
/ | N
(c) Formation target (EX-2-3): find the temperature

at which the targeted phase begin to form

T(©)

0.4 0.8

mole Al/(Mg+Al)

www.factsage.com
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EX2-1. Transition calculation

£ tquilib - Reactants — X

File Edit Table Units DataSearch Data Evaluation Hel it
0Ol ﬂ TIC) Platm) Energy[Jp] Quantitylg) Yellitre] (1) SeIeCt the Composrtlons

= (2) Select “transitions” instead of “normal”

Quantity[g) Species Phase T[C) Pltotal]™ Streamit Data last system - x

[oan [Mg | = | [1 heters  Help

* fom A ! = ! ! 189 T e el v st ol e M= ®

[ [gram)091 Mg+ 003 A |

I3 Solution phazes Cuztom S olutions
= | + | Base-Phase | Full Hame D fized actrvties
{5 0 [ FTlite-Liqu Liquid U ideal solutions
a I FTlite-41 FCC-41 Pseudonyms :
[~ Initial Conditions ] | FTlite-52 BLC-42 apply [~ Edit ...
13 | FTlite-A3 HCP-43 YYolume data
. ) I assume molar volumes of
| FTI|_te 412 CECC-412 Prototype-tn 0 ol and fuids = 0
FactSage 8.0 Compound: | 1/23 databases Solutior: | 1/23 databases ecies: 19 I FTlite-L12 L1z PlDtDl_',JDB-.QuEUS 'S include molar walurme data
+ FTlite-Beta Beta Prototype-tg2aaldb and phyzical properties data
o ilibriurn & G dit
Transitions - temperature Legend 7 Show @ al  selscted pafsequibrim & Smin =2
| - immiscible 6 )t € EEEE S .
MHumber of Total Species [max 5000 43
vansians: A1 <] +- selected 1 g||:etg:iesE 132 g Total Solutions [max 200] 13
SO Totsl Phases [max 1500] 32
L]
Final Conditions E quilibryam =~ \
| bz | <B> | Tkl 4|F‘[atm] j | Praduct HiJ] j " nomial ™ nomal + ransitions
| | , 070010 1N | " tfansitions only "
l—_l 0 stepsF f_ —>\ / 71+ calculations o noqne lirniit - Calculate 3> | g
FactSage 8.0 o

Range of temperature: “initial final interval”
Calculate Initial (0 °C) to final (700°C) temperature with interval of 10 °C
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G Equilib - Results 300 C (page 31/74)

Qutput  Edit ShowPages Final Conditions
0l@ TIC) Platm) Energyl)] Quantity(g] Yallite)
| s60C | 470C| 47656 C| 1
360C | 370C | 377.22¢ 380C | 3%0C| 400C | 410C | 420C | 430C | 40| 450C I
R B e e ey Bt e ) e ——

O x

(THi=AT Y=

- Calculation results at every 10 °C intervals

{gram) 0.5%1 Mg + ©0.0% Al

Input composition

0.591744 gram HCP-A31

{0.591744 gram, 1.875%E-02 mol)

a gram HCP-R3g2
{300 C, 1 atm,

+
a=1.0000)

{ €.0535 wt.% BAl2Va

+ 593.50¢ wt.% Mgi2Va)

System component Amount,/mol Lmount/gram

Bl 2.0721E-03 5.5507E-02 5
Mg 3.5447E-02 0.88153

+ 8.25€0E-02 gram CBCC-R1Z#1
{8.25€0E-02 gram, 5.€1€7E-05 mol)

FactSage 8.0

HMole fraction Mass fractio

0.94477

[

€.0939E-02
0.5350¢

. Calosn . . ) "
R | What is this complex thing *
i slssees  wos sgiomizagas , > model structure in database
|+ 26.552 wt.% MglOMg24Rl24 -
(PO s dgligzeny I -> output for modeling people
Site fraction of sublattice constituents: I
Mg Zatac 1.0000 Stoichiometry = 10 I
plzes 3.50815-02 Scoichiomenry = 24 |
Mg_24g 0.5€082 1
Bl 24g 0.23582¢ Stoichiometry = 24 I
IHg_34g 0.10174 |
| i e Doeseros  asaesn  ssen . oass | €lemental composition of CBCC-
IMg 1.9941E-02 4. 84€8E-02 0.el2l3 0.5870€ 1
Fal Conlios — — — = = = === ============4 A19 (gamma Mgl7Al12) phase
1. [ @ | & | 1@ | Pam | ProductHE) | mﬂ
| | |D /T |1 | Calculate > v
>

Lractsag
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&3 Equilib - Results 377.22 C (page 39/74) - d *

Output  Edit Show Pages Final Conditions

Oz @ TIC] Piatm] Energyfl] Quantity(g] Yolllitre) “T BIH

250c| 260C| 270C | 280C | romt en st min sl e s b en s dsen s E e s

we| e S Phase transition happens at this temperature

seoc| snoqf -37722¢- | spc|

& .

| = FactSage 3.0 M
{gram) 0.5%1 Mg + 0.0% &1l =

1.0000 gram HCP-R3Igl
{1.0000 gram, 2.0322E-02 mol)
+ 0 gram HCP-R3§2
{377.22 C, 1 atm, a=1.0000)
{ §.0000 wt.% Rl2Va
+ S1.000 wt.% MgiVa)

System Component Amount/mol Imount/gram Mole fraction Mass fractio
21 3.335€E-03 5 .0000E-02 8.1802E-02 5.0000E-02
Mg 3.7441E-02 0.51000 0.51820 0.5%1000

fo e Gz oo Although the amount of Gamma phase is zero,

{377.22 C, 1 atm, a=1.0000)
—

the activity (a = 1) tells Gamma phase begins to

+ 1.0&33 wt.% MglORl24Mg24

L1141 s meangze) form at this temperature

o,

Site fraction of sublattice constituents:
Mg ZatBc 1.0000 Stoichiometry = 10
21 24g T7.1830E-02 Stoichiometry = 24
Mg 24g 0.92817
Rl Z4g 0.85235 Stoichiometry = 24
Mg 24g 0.147€l1
System Component Amount/mol Imount/gram Mole fraction Mass fractio
21 ] 0 0.33244 0.40740 If f d h 1 141
Mg V] i} 0.€175& 0.552€0 Orl I le y t IS IS COI I |pOS|t|On
— e o o o o om0
: ; Final Conditions —
[ & | @& | Te | Pleml | ProductH) | [71+ calculations] X|
| | |D 10 |1 | Calculate >» v
>
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EX2-2. Precipitation target calculation

G Equilib - Reactants = |
File Edit Table Units DataSearch DataEvaluation Help & Equi“b_Menu: comments — b
Oz + TIC) Platm] Energyl)] Quantit(g)] Yolllitre]
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1-2| = TIC) Platm] Energyl)] Quantity(g) Waollire) m B 3
Quantity[g) Species Phase Tiq Reactants [2]
[ Mg | =]
+ 003 m | Elm [ [gram)0.91 Mg+ 009 4l |
Products
Compound species Solutig.phases Cuztom Solutions
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[ pure liquids 0 | FTlite-42 BCCA2 apply [ Edit ..
[+ pure solids 13 I FTlite-23 HCP-£3 Wolume data
| FTite-#412 | CBCC+412 Prototype-bn . :;ﬁ;;ﬂ:nrgﬂli';{‘igzlgr%ﬁ s
species: 19 | FTlte-L12 L12 Prototype-fuCu3 include malar volume data
+ FTlite-Beta Beta Prototype-tdg284145 and physzical properties data
- oy
_ Preci itéﬁa T’ar o > N [ paraequilibrium & Grin  edit
FactSage 8.0 Compound: | 1/23 databases Solution: | 1/23 databazes p _EI . Leger‘ld
FTlite-Liqu V| | immiscible B [+ Show ™ all " zelected Total S —_— 45
Estithate T[C): |1000 /4 || F - precipitate target species a0 23 E':_'ES ma
st r/ +-zelected 1 solore 13 _Select Total Solutions [max 200 13
. . Laabity[g): - :
automatic default estimated value Do S luen LY
Finial Conditions — =~ E quilibrium
| <A | <Bx ,’l TIC) || F'[\at{n] j|PIDdth HIJ) j & nomal O
| | Al T, | 2 2
- : '_ ~ ~— — P4 - i timne lirnit - Calculate »>>»

For target calculation, this

temperature should remain blank

C:vworkshopB0hwfork shophpage20. equi

Liquid is selected as precipitation target phase (P). Then, FactSage will calculate
liquidus temperature of a given composition
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EX2-3. Formation target calculation

rﬁ? Reactants - Equilib - = = N | %
File Edit Table Units DataSearch Help {7 Menu - Equilib: Target-Formation: Mg-Al =
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[EY Mg | ]
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Products
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v | I FT!lte-BEE BCC_Az2 Pseudonyms
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— e -
Fu:urmatign rarget b N ¥ Gl Bek J | inchude malar valumes
| FTlite-Liqu IL-Ei?nEr:igcible 6 W Show ™ al  selected | Total Species [max 15007 53
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automatic default estimated value —
itions 2 < > ~ E quilibrium
| <A | <B> TIE] || e j|F‘deuct HI] j {* narmal i3
i i,
| | \J ns |
10 bans I S o = 7’ [1 calculation | Calculate >>» |
For target calculation, this o:\FactSageMin HoVE QUER2-3.DAT

temperature should remain blank

Liquid is selected as formation target phase (F). Then, FactSage will calculate
solidus temperature of a given composition
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EX3. Variation of phase fraction with temperature (equilibrium)

G Equilib - Reactants

File Edit Table Units DataSearch DataEvaluation Help

— X

Ol ﬂ TIC] Platm] Energyil] Quantit(g] Yalllire] m|
1-2]
G Equilib - Menu: comments
Quantity(g) Species Phaze . )
Y Mg | Eile Units Parameters Help
+ [nng [al [ W= E TIC) Platm) Energyl]) Quantity(g)] Volllitre)
Reactants (2)
| (gram)0.31 Mg+ 009 &l |
Products
Compound species Solution phases
= I + I Base-Phase | Full Name
7 gas c 0 | FTlite-Liqu Liquid
[T aqueous 0 I FTlite-1 FCC-A1
[ pure liquids 0 | FTlite-82 BCC-A2
[+ pure solids 19 I FTlite-43 HCP-43
FactSage 50 Compound: | 1/23 databases  Solufion: | 1/23 databases | FTlite-412 CBCC-412 Prototype-Mn
e 19 | FTlite-L12 L12 Prototype-AuCu3
’ + FTlite-Beta Beta Prototype-Mg284145
Transitions - temperature Legend o ~
Number of | - immiscible 6 ¥ Show = al selected
transitions: |4l M + - selected 1 species. 30 o . |
solutions: 13
Final Conditions
&> <B> T(C) | Platm) v ||Product HW)  ~ |
700 200 10 1 [
|1 0 steps - 51+ calculations
FactSage 8.0 C:\Work shop80hWwWorkshophex3.equi

Custom Solutions
0 fixed activities |

0 ideal solutions

Pseudonyms :
apply |~ Edit ... |
Volume data
e assume rolar volumes of

-

[ paraequilibrium & Gmin  edit |

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

Total Species [max 5000] 49
Total Solutions [max 200] 13
Total Phases [max 1500 32
E quilibrium
" normnal * normal + transitions

" transitions only &

- no time lirnit - Calculate >> |

Transition calculation from 700°C to 200°C with 10°C interval

thtSage‘”
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&' Equilib - Results 700 C (page 1/54)

- Output Edit ShowPages Final Conditions

Save or Print As ...

TIC] Platm] Energyl)] Cuantitylg] Yollitre]

- O X

Click to select X, Y axes _

(3)

il 253

-
Repeat Save activity Axes: gram vs T(C) X
Plot » Plot Results ... j20C | 510C | 500C mole . . )
o_. " i | 61[:]C] ecc]c] l mole fract soln. species -variable X-variable #5wap fAxes
Equilib Results file ¥ Repeat Plot - ... . i B -~ -
Stream File > 1 FactSage 2.0 A weight % soln. species Y-anis — gz
Format » - Alpha
Fact-XML » P(atm) . )
;,'m“ c:(ﬁ:q EHITILIM e
Fact-Optimal ¥ a=1_0000) 60 . ..
Fact-Function-Builder > ls M ot i .
5! HO) tick, every tick every
Refresh ... S S RNt A EREbUn SEEEam L1 BNt N Mo P . —> Vilitre)
Swap loops 9.0000E-02 5.18 2 9.0000E-02 S0/
2wap l0ops . ! 0.51000 0.5182 0.51000 -
+ 0 gram HCP-LI#l i v
+0 gram Hi‘—LSSE log10(¥)
(700 €, 1 2%m, a=0.83358) )
3.0308 wt.% Al2Va
c oac - exp(Y)
+ 96.9€3 wt.% Mg2Va)
I "
+ 0 gram BCC-R2§1 phase distribution
+ 0
I G Resuhl Processor C:\Workshop80\Workshop\Equil.res
.| File He
+ o 091 Mg + 0.094l
+ 0 -
| I Variabl | Minimum | Maximum Selection of phases
+ activity i 1
male a 4. 0776E-02 5 AII t bl h t
+ 0 I mole fract. zoln. speciex 0 0498318 ( ) ( S a- e p ases Op Ion
o ; gram 1] 1
Fin: I weight % soln. species 0 338 47 Plot Species Selection - Equilib Results: gram vs T(C) m] b
Alpha 0 0 File Show Select
‘o I TIC) 200 Foo +| _# | Species | Mole (min] [ Mole (max) | Fraction (min) |_Fraction (max) | Activity (min) | Activily [me «
SOLUTIONS
t 0 Platm] 1 ! 51 Ges n 0 [ 0 n n
< I Cpl /) 1.1709 7022 + | 51 Liquit! i 40776E02 | D 0 0.486595 1
52 | Liguk2 i 0 0 0 0.486635 1
Gl -1323 -636.86 53 AT;w i 0 0 0 0.63085 0.806556
Wolllitre) ] ] 54 ATH2 i 0 0 0 0.63085 0.806656
I Hil) 55 |A2H1 i 0 0 0 0576269 0832085
56 |AoH2 i 0 0 0 0576269 0632085
| < 57 A i 2038E02 | D 0 0.888578 1
Vi Select the phase to plot e Al
SR —— = == B | + | 53 1241 i 10467E-04 | D ] 3.9215E-11 1 ]
~page - | i E4 0 0 0 3EZIEN |1
. 4 ! Select all stable phases ; ; ; v omen
Axes Species Graph I = = 0 0 0 1.1155E 20 1.3950E 04
0 selocted o Labels Dizplay Select stable pure liquids - - - . . _
sizef3 nofd v color r full scres ) »
' Select e il o I o Select stable pure solids : :
~, chemical e —— Wiewer Display Mass {Elrde‘r " Select Top Wﬂ EEpetesaierd]
- € integer # _ & Fi - [ ioas | na || R
pes | . | - mteget W file name e Select stable solution phases Coem || o || C o | T et
2 naone B mEms 98 || activiy () OK
r offzet W I~ [paae) %
— -~ Clear
Click to setup axes et T2 , T
——
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Select all stable phases
Select stable pure liquids
Select stable pure solids

Select stable solution phases

Clear

J r—

Special care is required for the phase selection

A simple way is click “Select all stable phases”
Then, FactSage will select all phases having activity = 1

G Plot Species Selection - Equilib Results: vs ] X
File Show Select
+| # | Species | Mole (min) ] Mole (max) | Fraction (min) ] Fraction [max]) | Activity (min) | Activity (m: A‘
Pure  Solids
3 Mg 0 0 0 0 0.864403 0977341
R Mg 0 0 0 0 0.856503 0.966681
B Mg 0 0 0 0 0560324 0.760335
M4 Mg 0 0 0 0 N E7ANR1 netagis
B Mg 0 0 0 0 .
5 g 0 0 »  Manual selection
¥ Mg 0 0 0 0
38 Al 0 0 0 0
33 Al 0 0 0 0
40 Al 0 0 1] 0 .
1 ; o ¢+ ¢ Tipfor
43 Al 0 0 1} 0 1] H H ”
w o u o » 'phase fraction vs. temperature diagram
45 Al 0 0 1} 0
46 Al 0 0 0 0
47 AlMg 0 0 1} 0
48 AlMg 0 0 0 0 H H 11 H ”
o mm 0 0 »  All phases which have amount > 0 in “Pure Solids
SOLUTIONS
P EEE— 11 »
50 GAS 0 0 0 0
2o D 1l ' and “SOLUTIONS” should be selected.
52 Liquit2 0 0 0 0 U, 456090 |
53 Al 0 0 0 0 063085 (.806656
54 AlH2 0 0 0 0 0.63085 (.806656
55 A2 0 0 0 0 0576263 0.832085
56 A2 0 0 0 0 0576269 0.832085
57 A3 0 2.0388E 02 0 0 0.888578 1 M
<] | 2
Display !:!a:: gmm WLTOD‘ W jl
:: S:Lm * moe || mass (max) ignore species and
Clomr r Dn :r:: ' giam .(: ::ES;(’;[E::Q] phases with zero mass 0K
Select ...
[ Click on the '+' column to add of remove species. | ™ lpae L’
™ .
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0.91 Mg + 0.09 Al
C:\Workshop80\Workshop\EquiO.res 19Dec19

= -

[=5] [=]

=1 =]
T T

gram
=2 &2 = =
4%} s in o
= = = =
T T T T

=

]

=1
I

=

Y

=
I

#1

A1

Solidus

Ligqu#1

Liquidus

200

300

400 500

T(C)
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{7 Plot Species Selection - Equilib Results: gram vs T(C) O x
File Show Select
+ | # | Species | Mole [min]) | Mole [max] | Fraction [min]) | Fraction [max] | Activity [min] | Achivity [mij
ELEMEMTS
E4 Al GAS o 1] 1] 1] o 1]
B _MIGAS_ _ |0 _ _ _ _| P Dm0 oo __1
' BE Al Liquit o 3.3356E-03 1] 0. 244533 o 1] |
| g7 Mg Liguil 0 3 74NE-D2 1] 0915198 o 1] |
TEET R ,m e T em s s — Lo et ¥ e e * S S - S e * S
==} Mg Liqui2 o 1] 1] 1] o 1]
70 ALaTH o 1] 1] 1] o 1]
7 Mg ATH1 o 1] 1] 1] o 1]
72 AL ATH2 o 1] 1] 1] o 1]
73 Mg A1H#2 o 1] 1] 1] o 1]
74 Al A2 o 1] 1] 1] o 1]
75 Mg A2H1 o 1] 1] 1] o 1]
7E A S22 o 1] 1] 1] o 1] J
77 Mg A2H2 o 1] 1] 1] o 1]
78 A A3 o 3.3356E-03 1] 8.1802E-02 o 1]
73 Mg A3 o 3 74NED2 1] 0973952 o 1] bl
4 3
Display Mass g-di:t; - Select Top lﬁj
[ souice ® male | s fmasl Ty — B o]
| phase ¢ . — . .
_ Cex | [ name If we want to plot the compositional variation inside of

[ [page]

[ Click an the '+ column to add ar remove species. |

 solution phases, we have to select the elements in this

“ELEMENTS” section.

For example, if we want to plot the variation of Al and
Mg concentrations in liquid phase with temperature, we
have to select Al_Lig#1 and Mg_ Lig#1.
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EX4. Variation of phase fraction with temperature (Scheil cooling)

l‘j’ Equilib - Menu: comments

File Units Parameters Help

Ol = E TIC] Platm] Energel)] Quantity(a] Yolllitre]

COOIlng Step In mOSt Of Cases’ Reactants [2]
5 degree is enough to simulate [ gam] 051 Mg
solidification process Products

Compound species Solution phases Schei | COOl | Nn g

+ B
| _’_FTIite-Liqu

. . . . [ ga=z = . ]
This cooling step is not directly oo 0| | [N e ear
. gt . pure hquids ihe-
related to solidification rate i pute sl E | Fiess
. ite
(cooling speed) odes 19 el
I + Ie-beld

Final Conditions

CBCC-412 Prototype-kn
L12 Prototype-auCu3
Beta Prototppe-tg284/45

| Schel-Gullger coplina L d
I X ﬂliteﬁu mDFMS I-.aigner:iscible E [v Show ™ al  selected
________ .>< Cooling step : |5 T-auto: [ L - Scheil cooLing
. 2| || +-selected 1 fions:
—y — I]_Lﬁntltz@. D' zolutions

IpECies:

| e | <B> ,l - TIC) “"%tm]

v ||Product HY) ~ |
|

- >

I S|

Cuztom Solutions
0 fixed activiies
0 ideal solutions

Pseudonyms -
appl}l r Edit ...

Yolume data

fr AssUme molar volumes of
zolids and liquids =0

¢~ include molar valume data
and phyzical properties data

[ apply back diffusion ﬂ
Yirtual zpecies: 2
Total Species [max 5000 43
Total Solutions [max 200] 13
Total Phazes [max 1500] 32

Equilibrium
* nomal O

| | Jinn 200 |} 4 -
10 zheps [ [ongdilmmlivvEr cooling - T[start] = 700, Tistop] = 200] - i ki lirilk - Calculate »3»
FactSage 8.0 C:Wwfork zhopB80tw ork shophpage2. equi

Temperature:
(i) starting temperature and final temperature

(i) starting temperature: program will automatically calculate the final

solidification temperature

‘ Lractsag
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0.91 Mg + 0.09 Al
C:\Workshop80\Workshop\Equi0.res 19Dec19

" Equilibrium calc.

Scheil cooling calc.

0.91 Mg + 0.09 Al
tshop80\Workshop\EquiO.res 19Dec19

gram

#1
odo
o |
200 300 400 500 600

T(C)

0.60

gram

0.50
End of solidific&ic
30
0.2

0.10

0 . | . | . | . | . |
425 475 525 575 625 675

Scheil cooling calculation is terminated When liquid phase disappears
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EX5. | option (miscibility gap)

G Phase Diagram - Menu: last system — x
File Units Parameters Variables Help
O = &

Components [2]

TIC) Platm) Energyld] Quantityimol) “olllitre)

Products
Compound species Salution phazes Cuztom Solubions
= | + | Baze-Phase | Full Hame 0 fiwed activities
[ gas " ] | FTlite-Liqu Liquid 0 ideal zalutiars
[ aquecus 0 | FTlite-&1 FCC-41 Pseudonyms -
[ pure liquids 0 | FTlite-4:2 BCC-42 apply [ Edt. |
[+ pure salids 18 | FTlite-43 HCP-43 Wolume data
| FTite#3"  HCP2n Prototype-Mg & assume melar volumes of
species: 1a include malar volume data
and phyzical properties data
T t [ paraequilibrium & Gmin ~ edi
arge L d
- hohe - I?ifnegiscihle 5 W Show & all  selected B T BT 8
. l— otal species [max
Estimate TIK): 11000 szlljuEtEEzE 123 Select Total Solutions [maw 2007 10
' Tatal Phases [max 1500 28
Yariables Phase Diagram
| TIC) | ZndlBHZn] | | | | Y
| o7m | 01 | | | >

- ho time limit - Calculate >>

TIC ws Zndlbl+Zn]

“I” Option: when the phase has a miscibility gap (solid state or liquid state phase
separation), | option should be selected to do more accurate calculations (most
cases, | option will be automatically selected).
For example, fcc phase in Al-Zn system has a solid state miscibility gap as in this
example. Liquid oxide slag has a miscibility gap in the high SiO2 region.
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Al - Zn

e Lactsage'

700 : . . . . | | |
600 - Liquid |
500 | |
FCC-A1 + Liquid
400 |- FCC-A )
G -~- = HCP4{Zn
v [ -
B 300 | CC-A1 + FCC-A¥#2 FCC-A1 + HCP-Zn |
- \ 1 |
\ / P
200 | ~ - MISCIbI|Ity gap
FCC-A1 + HCP-Zn
100 _
0 " ] . L . . ) | .
° 02 04 06 0.8 ’

Zn/(Al+Zn) (mol/mol)
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EX6. Isothermal Ternary phase diagram: Mg-Al-Zn

t;’ Phase Diagram - Compeonents
File Edit Units DataSearch Data Evaluation Help

Dl +]

1-3

TIC) Platm] EnergylJ] Quantityimal] Yalllite]

- x

15 @ 2]

L= YE

-

Components
Mg
Al
Zrl
f;' Phase Diagram - Menu: last system
File Units Parameters Variables Help
O = E TIC] Platm] Energyl)] Quantitylg] “olllitre]
Components [3]
gram] Mg+ Al+ Zn
Products
Compound species S olution phaszes
= | + | Base-Phase | Full Name
[T gas & ] 0 | FTlite-Liqu Liquid
[T aqueous 1] | FTlite-41 FCC-41
[ pure liquids 1} | FTlite-&2 BCC-A2
FactSage 8.0 Compaound: 1/23 databal |: pure salids 5 | FTlte-43 HCP-43
| FTlite-23" HCP-£n Prototype-tg
e 35 | FTlite-212 CBCC-412 Prototype-tn
i | FTlite-C14 C14 Prototype-MgZn2
| FTlite-C36 C36 Prototype-tghli2
Target IR d
- hone - I-ei?ne;isc:ible 3 W Show @ all " selected
Estimate T(K]: 1000 +-selected B gedes 718
solutions: 24 %
VYariables
TIE] [ Ma/iMa=leZn) | AlfMgralZn) | | |
[ 400 [ o1 [ 01 [ [
b=Mg,B=Zn, C=4l
FactSage 8.0

ﬁf Variables: Mg-Al-Zn composition #1. vs composition £1.
compositions
logi0fa) +] [0 ]

WYariables
v e
ke
a b
-~
c [l d
A
'y

B (%

w0 steps

1 [max)]
{1 [rnin]

C-Carner

1 [max)
0 [min]

B-Carner

1 [max)
0 [rrin]

Cancel
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Mg - Al -Zn
400°C, 1 atm

‘TihctSage"‘

mass fraction
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EX7. Projection calculation (Liquidus projection): Mg-Al-Zn

ﬁ! Phase Diagram - Menu: comments
File  Units
U= -

Components (3]

Parameters  Variables Help

TIC] Platrn] Energy()] Quantity(g] Volllitre]

[ fgram) Mg ¢ Al+ Zn |

Products

. X —
Compound species Sol}loﬁhases ~

Yariables
| TI[C) [ Mo/iMgrakzn) [ AlMgsalZn) | | |
| Pojection | 01 | 01 [ [
A=tg, B=Zn C=4al
FactSage 8.0 C:wforkshopB0iWwWarkshoppageds.phas

* | + | Base-Rhase | Full Hame -
[T gas & - 0 [a] FTlite-Liqu Liquid
[T aqueous 0 I FTlite41 FCC-A1
[ pure liquids 1} N\ FJite-442 BCC-A2
[+ pure solids 35 T = FTlite-83 HCP-&3
| FTlite-A3" HCP-Zn Prototype-kg
- a5 | FTlite-A12 CBCC-A12 Prototppe-tn
| FTlite-C14 C14 Protatype-t g2n2
| FTlite-C36 C36 Prototype-tdghiz2 j
T:::.%;t- |Ljeiﬁqe|-rn1igcib|e 3 v Show @ all  selected
i : 0 - only plot this phase -
Estimate TIK}: 1000 +- selgclt:ed G F szlljuetic;ﬁi 1123 Select

n A@.

- ho tim\limit -

ms®

Custom Solutions
0 fised activiies

0 ideal zolutions

Pseudonyms
apply [

“olume data

(e a@ssume maolar volumes of
solids and liquids = 0
include malar wolurne data
and phyzical properties dal

[~ paraequilibrium & Gmin  ed

Wirtual species:

Total Species [max 5000 15
Total Solutions [max 200 4

Total Phgses [max 1500 5

Phasze Jiaulam Projection
¥ univariants

[ izctherms

Calculate

7’

—

N

—

Edit ...

X

Step: interval of isothermal
temperature liquidus lines

:‘}"-{ariables: Mg-Al-Zn composition #1, vs composition #1,

TandP
Temperature

VYariables

campozitions
logT0lal =] [0 ]

Frezzure or Walume

* Platr) |constant -
" logP

" Wllitre)
" logV¥

— T

& 1) / projection hd
|30
thermal
zechions

| b - default A
\ Min; - default I

\iinck [0 )

efine min Md mna sothems

izothermal sections every 100 C

= steps

Compositions Quantity[g]

“O” option for the target projection phase

(Liquid in most of cases)

1 Ma « [0 Ja

#. =

[ Ma « [I

1 [max)
0 [min)

C-Carrer

o LMo
[_Ive

M
]

1 [max)

1 [max]

0 [min]

Cancel

L
RIL

0 Jal
Y
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Mg - Al - Zn

Projection (Liquid), 1 atm Gh('l

Summary of Invariant
reactions and temperatures

Four-Phase Intersection Points with Liquid

Zn

T(min) = 345.50 °C, T(max) = 660.31 °C

C14#1/FCC-Al1#1/Tau

Beta / FCC-Al1#1 / Tau

Beta /CBCC-A12#1 / Tau
C14#1/Mg2Zn3/Tau
CBCC-A12#1/Phi/ Tau
CBCC-A12#1 / HCP-A3#1 / Phi
Mg12Zn13/Mg2Zn3/Tau
C14#1/FCC-A1#1 /V
HCP-A3#1/Phi/ Tau
HCP-A3#1 /Mg12Zn13/Tau
FCC-A1#1 | HCP-Zn#1 /V

: HCP-A3#1/Mg12Zn13 /Mg51Zn20_D7b_prototyp(s)

Univariant line
(phase boundary)

PR
NEROQOXRNDTRWNE

A=Zn, B=Mg, C=A
X(A) X(B) XC) °Cc
0.44240 0.15065 0.40695 461.54
0.07688 0.33893 0.58418 446.09
0.10884 0.52899 0.36216 443.32
0.33419 0.61542 0.05039 436.00
0.15378 0.66448 0.18174 398.07
0.15625 0.70765 0.13610 377.57
0.26684 0.69909 0.03407 361.81 .
0.80168 0.07591 0.12241 361.19 ©
0.22407 0.71357 0.06236 359.56
10:  0.25166 0.71236 0.03597 350.18
11:  0.85152 0.05696 0.09152 348.05
12:  0.28368 0.71552 0.00080 345.50 ?

Isotherms
(liquidus)

QANDIARWNE

FCC-Al

Primary
crystalline phase

CBCC-A12

\/

0.7 0.6 0.5 0.4 0.3 0.2 0.1 Q I

mole fraction
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EX8. Scheil cooling calculation for AZ31 alloy (Mg-3Al-1Zn-0.3Mn)

tj‘ Equilib - Menu: last system - st
File Units Parameters Help

O 2 i TIC) Platm] Erergyi)] Quantity(a] Vollitre] ’ﬁ ™|

Reactants [4)

47 Equilib - Results 700 C (page 1/56) — O *
[ [gam)957 Mg+ 3 A+ Zn+ 03 Mn |
Output Edit Show Pages Final Conditions
2 i i El T
Products — Dz 5l TICI Platm] Energyll] Quantityig) Yollire) =YY
Compound species flution phases\ Custom Solutions 339 EC] 35?-35‘3] 354-39‘3]
= [ + | Basi-Phase | Full Name = O fised activities _DF| 525¢| s00¢ | 48786¢| 475¢ | 458.62¢ | 450C | 425¢ | 41528 ¢ 400¢ | 37756¢| 375¢C |
B gz & - ] \ IL Fpite-Liqu Liquid 0 ideal solutians Summary | Transitions -700C- | 675¢ | 630¢| 62871¢] 625¢| 61651¢] 600¢ | 575¢ | s50¢|
: L
[ ] aqUEDUs 0 ~ I__ ,FTI?te-.-’-ﬂ FCC-A1 Pseudonyms = | Factage 8.0 A
[ pure liguids 0 | FTlite-22 BCC-&42 apply [ =4 (gram) 5.7 Mg + 3 Al + Zn + 0.3 Mn = [Rocumuilated Scheill
[+ pure salids 49 I FTlite-3 HCP-43 Yolume data
| FTlteAa HCP-Zn Prototype-Mg (& asILme mo_lar _volume 100.00 gram Liquidgl
b solids and liquids = 0 (l00.00 gram, 4.06%4 mol)
meeke (K | FTlite-#12 LBCC-A12 Prototype-tn ~ include molar volumel |+ o gram Liquidsz
| FTlite-413 CUEB-413 Protatppe-tn and phyzical properti (700 C, 1 atm, a=1.0000)
| FTlite-B2_d BCC-B2dIBCC-A2 ﬂ _ { 2.0000 we.% A1
: - - [ apply back diffusion + 55.700 we.% Mg
Schel-Gulliver cooling Legend PR
FTlite-Liqu Options | - immiscible 12 v Showf* all  szelected ] + 0.30000 WE.% Mn
) - - : Total Species [rmax 5000 + 1.0000 WE-% ZIn)
Cooling step: |25 T-aute: [ L - Scheil cooling species. 258 -
Quantityig) ,D— +-zelected 10 solutions: Tl Select Tatal Salutions [max 200 System component Amount/mol Amount/gram Mole fractiom Mass fractio
Nl ' Tatal Phases [mawx 1500 Zn 1.52585E-02 1.0000 3.75
Mn 5. 0.30000 1.
Final Conditions E quilibrium Rl 0. 3.0000 2.7323
<hx | <B> | TIE] ||F'[atm] j|F’mductH[J] ﬂ @ nomal Hg 2 85-700 9-
[ | |700 100 [1 | ) o +0 gram HCP-A3#1
T - o +0 HCP-2382
10 steps - [SeheikGulliver cooling - T(start] = 700, T(stop] = 100] | - na time limit - Calcula .;7.331:;1? 1 acm, 2 2=0_52264)
wt.% Al2Va
wt.% MglVa
FactSage 2.0 C:hworkshopB0hwork shophpage20.equi wt.% Mn2Va
E-02 wt.% Zn2Va)
+ 0 gram HCP-ZIn#l
+ 0 gram HCP-Ing2
(700 C, 1 atm, a=0.9032¢)
{ 0.73€07 Wwt.% Al
+ 55.053 Wwt.% Mg
+ 0.11524 wt.% Zn)
+ a gram BCC-AZ§1
(700 C, 1 atm, a=0.803€3)
Final Conditions — ﬂ
iy <B> TIC Pat Product HL
T e
[ [ [700 100 [1 [ 5 cheil conling
v
< >
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95.7Mg + 3Al + Zn + 0.3 Mn

— C:\Workshop80\Workshop\EquiO.res 19Dec19

3.00

280

260

aram

7357Mg + 3Al + Zn + 0.3 Mn
Workshop80\Workshop\EquiO.res 19Dec19

300

gram

EU 150 200 250 300 350 400 450 500 550 600 650 ?UEI

T(C)
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EX9. Equilibrium calculation for AZ31 alloy (Mg-3Al-1Zn-0.3Mn)

G Equilib - Menu: last system

*

FactSage 8.0

C:wwiorkshopB80iwiork shophpage20. equi

('Double-Click'

SUMMARY OF REACTIONS

Eile Units Parameters Help
O | = | I TIC] Platr) Ererguld] Quantity(g] W alliire] "1 B En3
Reactants [4)
[ foram] 957 Mg+ 3 A+ Zn+ 03 Mn |
Products &7 Equilib - Results Summary - O X
Campe i speses SD|ut||Dn Dl’ias;s Ph | Fall N CDusft_DmdSDh;ll.DtﬁS Output Edit Show Pages Final Conditions
R age-Phage ull Hame - imed activiies = ) )
B o ~ 0 | FliteLiqu Liouid 0 el seliisme Dl @ m‘ T(C) P(atm) Energy{J) Quantity(g) Yol(itre) '“ Eb BI 893
[T aquenus i} | FTlite-841 FCC-A1 Pseudanyms - 620¢ | 616.76C| 5mc| 600C| 59oc| sscc] 5?0c| 560C| 554.68C|
[~ pure liquids 0 | FTlite-42 BCCA2 apply [ Edit . - Somemary - | Transitions | 700C | 690¢ | 680C | 670¢ | 660C | 650¢ | 640C | 630C | 629.71¢]
[+ pure solids 49 | FTlite-243 HCP-43 Walume data EQUILIBRIUM COOLING A
|| FTie43 | HCPZnPrototypeta @ 2eume molal v olimes o
eeles 43 | FTlite-412 CBCC-A412 Protatype-Mi include malar wolume data 50315'0”'5“'1"51 T——
| FTlite-&13 CUB-413 Prototype-tn and physical properties data }j :};om‘rr‘/:::: - 3
it | | g - - . . 2 . Y, - :
= ! illicE22d BEEEIdBEEA [~ paraequilibrium & Gmin  edit Zn AMOUNT/gram = 1
Transitions - temperature Legend Mn AMOUNT/gram = 3.
| - immiscible 12 ¥ Show® al  selected :
Murnber of +-selected 10 ) Total Species [max 5000] 307 CONSTITUENTS AND PHASES AT 554.€8 C
transitions; |4 hd Szﬁigﬁzf 223 Seloot Tatal Solutions [max 200 34 (temperature of final disappearance of Liquid)
- Tatal Phases [max 1500 83 CONS. PHASE TOTAL AMT/g.atom TOTAL AMT/gram
1 1 HCP-A3 2. 4.9878E+01
Final Conditions Equilibrium TOTAL: 2. 4. +01
R <Bx TIC - - (" | o
| | | [C] ||P[atm] J|F’r0ductH[.J] J norm?a. R— i .
| | [700 10010 [ | " wansitions only 1~ 2 2 D8lLo 3! a.
1 sheps ™ £1+ caloulstions - ko time firnit - Calculate »>>» S = =L
TOTAL AMT/g.atom TOTAL AMT/gram
HCP-A3 4. 5.395 0
D810 : 4.

on any phase listed above to recycle it through EQUILIB)

Cooling

700 to €29.71 C (DELTA H = -9.7757E+03 J)
Liquid cooling

Constituent 1

€29.71 to €1€.76 C DELTA H = -1.858€E+04 J)
Liguid —» DrN=-R0) _ ..

s Final Conditions =
o 7T & 70 Fiatm) Froduct HiJj x|
Conse o) — | | Deactivated for
€le.7¢ © | 00100 1 [ Scheil coolin
Liquid -
< >
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95.7Mg + 3Al + Zn + 0.3 Mn
2.0 T T T T T
Close-up view
15 4
95.7Mg + 3Al + Zn + 0.3 Mn
Aot C:\Workshop80\Workshop\EquiO.res 19Dec19
o Al4Mn ' ' ' '
[11Mn4 A#1 A1
D810
05 — i
0.0 I I I L L
100 200 300 400 500 600 700
T(C)
A
e 60F
E L
@ 50t
40 |-
30 |-
20 |-
10 -
N e V) Y P - A Y A
00 - — 200 _ _ 300 _ _ _ 400 _ _ _ 500 _ _ _ _600_ _ _ _ ZOf
' T(C)
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EX10. Phase diagram : AZ31 — Sr phase diagram

G Phase Diagram - Components - K
File Edit Units DataSearch Data Evaluation Help
0 ||j’ 4 T(C) Platm) Energyl)) Quantity(g) Volllitre) “” ™ |
1-2]
— R S |
” - =~ G Phase Diagram - Menu: comments
I Components ‘ File Units Parameters Variables Help
Note: - on the phase N\ [Mg0.96897410.0272772n( P DS | TIC) Platm) Energyld) Quanlitylg) Yollitre)
diagram the units of mass ~ — _ -
will be g, but the chemical [5| e — - Components (2]
formulae of the components
remain molar values [ [gram) Mg0.968374I0.027277Z2n0.0037517 + Sr |
Products
Compound species Solution phases
= [ + l Base-Phase | Full Name T|
B gas & ¢ 0 | FTlte-Liqu Liquid
[T aqueous 0 | FTlite-&1 FCC-A1
[ pure liquids i} | FTlite-42 BCC-A2
[+ pure solids 55 | FTlite-43 HCP-A3
I FTlite-23" HCP-Zn Prototype-Mg
e E5 I FTlite-412 CBCC-A412 Protatype-Mn
i | FTlite-C14 C14 Prototype-MgZn2
. : | FTlite-C36 C36 Prototype-MgNi2
[V classical phase diagram [default) Torget g jte: rototype-MgNi2 |
I aqueous diagram with molalities, and iso-Eh & iso- none - b 5111 ¥ Show® all " selected
I reciprocal diagram with 2 cations and 2 anions Estimate T(K) 1000 +-selected 8 species: 235 ¢
. . . . . elec!
[~ Scheil-Gulliver constituent diagram solutions: 36 —I
Variables
[~ o700 00.05
FactSage 8.0 Compound: | 1/23 databases Solution: | 1/23 databases
[TIC) ws Si/(L+Sr) - L=Mg0.96897AI0.0272772n0.0037517 |
FactSage 8.0 C:\Workshop80hWwWorkshopiex10.phas

In FactSage, all the input is in molar formula.

moe®

Custom Solutions
0 fized activities

0 ideal solutions
apply ™ Edit ...
Yolume data
5 assume molar volumes of

solids and liquids = 0
include molar volume data

and physical properties data

[ paraequilibrium & Gmin  edit

Virtual species 12

Pseudonyms

Total Species [max 5000] 2390
Total Solutions [max 2001 36
Total Phases [max 1500 £l

Phase Diagram

Y
b

- no time limit - Calculate >>

Thus, in order to add AZ31 (97wt%Mg-3wt%Al-1wt%Zn), we have to do conversion
of the composition into molar fraction first. Then, add this molar formula as input

97wt%Mg-3wt%Al-1wt%Zn -> 0.96897Mg-0.027277Al-0.0037517Zn

I thtSage‘”
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700
6500
500
400
et
2
[amr
300

200

100

CBCC-

MgO.QGBQTAI0.0272772n0.0037517 - Sr

1atm GactSage‘”

i Liquid
i HCP-A3 + Liquid i
HCP-A3J + hP38
i D13 + HCP.A3 D13 + HCP-A3 + hP38
13 + HCP-A3 + ST, Al C42 + D13 + HCP-A3

12 + HCP-A3 + Sr,AL MY, + U

D13 + HCP-A3 + Mg12Zn13 + Sr,AlLM 42 + D13 + HCP-A3 + SrZn,

M M 1 M 1 M 1

0 0.01 0.02 0.03 0.04

St/ (Mg, 96507ALy 0272771 gg37517HST) (2/8)

0.05
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EX11. Phase diagram: AZ31 — Sr — Ca isothermal section

ﬁ! Menu - Phase Diagram: Complex phase diagram calculation in multicomponent system : A73- ... |d|
O == TIC) Platr) Emergyl] Mass(a) Yollitre] T" B
Components [3]
| lgram) Hg0.95897AI0.027 27 F2n0. 0037517 + Gr+ Ca|
Products
Compound species Solution species Cugtom Solutions
[C ga: % f'“ ] = | + | Base-Phase | Full Mame - 0 fized activities
[T aquenus 0 | | FTleLiqu Liquid 0 ideal solutiors
[ pure liquids 1] | FTlite-FCC FCC_&T 0 activity coefficients
[+ pure solids 54 | FTlite-HCP HCP_ &3
v | FTlite-BCC BCC A2
| FTite-LC14 Laves C14 Pseuden! 45 \ariables: Mg0.96897A10.027277Zn0.0037517-Sr-Ca composition #2. vs composition #1. X
species: B4 | | FTlte-LC15 Laves C15 apply —
ite- - anables
Target | FTlite-LC364 Alaves C36 J M inchude composiions [Z
- - Legend Y (e
(gl e W Show (* &l " selected | Total Spec |
q | - immizcible 8 B\ & BEEES ( |
Estimate (k] 1000 + - selooted 10 ) - Tatal Solut P constant constant
species:
Mass(al |0 o on Gelect a |:| s log10a] ~| [0 ,
- C e
300
Variables Phase [ A 'S —
| T(C) | SwiL+Smtal | Cadl+Sica) | | | v VAN
| 300 | oo | oooz | | % W%y steps[iT | Next >>
[Ca/[L+5mCa) ws SrAL+S+Ca) - L=Mgl 968974I0.0272772n0.0037517 |
FactSage 6.1 c:hFactSagehln-Ho\PhasEx11.DAT

[|_:M.]|j| 9E897AI0.027277Zn0.0037517
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Mg0.96897A|0.027277zn0.0037517 -Sr-Ca
300°C, 1 atm G’actSage‘"

0.03 . T . T . T . T :
0.025 - C36 + HCP-A3 .
C36 + HCP-A3 + hP38

L) - -
2
RS
~—
S o002 .
+

S
w
+ i C15 + C36 + HCP-A3 1

g

= C15+HCP-A3
N 0015 .

S

g
- i d : ]
<

g C36 +T42.+ HCH-A3 + hP38
g 001 R €36 +DI3 +HCP-A3 C36~+C42 + HCPA3
S C15+ D13 + HCP-A3 C15 +36 + D13 + HCPM3

C36 + C42 + D13 + HCP-AB
0.005 g
C 13 1 HCP-A3
0 . L . L . L . L . ¥HgP-A3 + hP38
0 0.005 0.01 0.015 0.02 0.025 0.03

Sr/( Mg0.96897AIOA027277zn0.0037517+Sr+Ca) (g/g)
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EX12-1. Mg-Al-Zn + 1% Sr triangle /rectangular isothermal section

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

Eile Units Parameters Variables Help
D= | TIC) Platm) Energyll] Quantity(g) Vollitre) (oa = (el o |
G’ Variables: Mg-Al-Zn-Sr composition #2. vs composition #1. X

Components [4)

[gram] Mg + Al+ Zn + Sr Vanables Tand P
v | ~ | compositions 3 Temperature Pressure or Volume
Products ~
Compound species Solution phases _ ® = T(C) constant ﬂ (¢ Platm) |constant - |
= ] + [ Base-Phase | Full Name j a ~ ||°g‘| U[a] w| |0 ~ =
W gos © idel O 0 I | FTieLiou Liouid 1 B d - log
[T aqueous 0 [ FTiite-A1 FCC-A1 A 200 P
[ pure liquids 0 | FTite-42 BLC-A2 = =1 © Vitre)
[+ pure solids 55 | FTlite-A3 HCP-A3 A o~
| FTiteA3" | HCPZn PrototypeMg B c £ logV
. | FTlite-412 CBCC-A412 Prototype-Mn Ry -
55 .Y steps
R | FTlteC14 C14 Prototype-MaZn2 P
| FTlite-C36 C3E Prototype-MgMi2 j
Target L d N N —= o
none |_e,?ner:mh|e 14 IV Show * all  selected CONDO}I(MS l.laﬂtlljl[g] ~

: T 1000 lected 8 Ve >
stimate Tk 000 + - selectes species: 235
sohkions: 36 5%t | ( [ Mg + 0 Ja+ [0 Jzn « [0 |si
" i o) |

T [T R e
[ T | Swi+SeCa) | CaAleSieCa) | | | — - T0(min)
~ — - gl
| 300 | o003 | oood [ | -~ - —_-—
o pm m— —
[CaflL+Gr+Ca) vs SLvGreCa) - LMD 96Ea7AI0.0272772n0.0037517 | : Composition #

Wi max = 4

FactSage 8.0

Compositions Quantity(g]

” [ Mg + [0 _Ja+ [0 Jzn + [I_]sr

A|1 |Mg + |1 |AI + |1 Zn + ElSr

- - In the triangle diagram, the

Compostion & composition of 4" element is constant.
’ﬂTj‘ max = 4
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Mg - Al - Zn - Sr
Sr/(Mg+Al+Zn+Sr) (g/g) = 0.01, 500°C, 1 atm ‘}'actSagem

Sr Mg

Mg-Al-Zn system with 1% Sr
T =500C

29

HCP-A3 + Liquid

D13 + Liquid

D13 + FCC-Al + Liquid

+ Liqui -
D23 \/quwd v ‘//v?//igtp Al

v} 2020-01-03 5m 49s

Zn 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 Q I

mass fraction

RV A
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EX12-2. Mg-Al-Zn + 1% Sr triangle /rectangular isothermal section

R

=
R~

R

=
[1%]

R

) 0D AT

G Phase Diagram - Menu: comments - X
Eile Units Parameters Variables Help
== T(C) Platm) Energyll) Quantity(g) Vollitre) ™
Components [4)
[gram) Mg + &l+ Zn+ Si
Products G . . s .
e _—, SR Custom Sond &F Variables: Mg-Al-Zn-Sr composition #2. vs composition #1. X
= | + | Base-Phase | Full Name -l 0 fived acti
I gas F & 0 I FTlite-Liqu Liquid 0 ideal sol
¥ aqueous 0 [ FTlite-A1 FCC-A1 Pseudonym compositions €
[~ pure liquids 0 I FTlite-&2 BCC-A2 apply
[+ pure solids 55 | FTlite-43 HCP-A3 Wolume data) constant constant
[ FTlite-43" HCP-Zn Protatype-Ma o j;ﬁé‘sn‘:n
pocies 85 \ FTite412  CBCC:412 Prototype-Mn e ||091 Ofa) »| |0
I FTlite-C14 C14 Prototype-tMgZn2 and physi —
[ FTiite-C36 C36 Prototype-Mai2 | ™ persequilt auu
Target Legend = =
none [ Ui W Show @ all  selected s
Estimate Tk} |1000 +- selected 8 species: 235 fotelSpecies Next >>
solutions: 5 Select Total Solution:
Total Phases
VYariables Phase Diagra
| T(C) [AWMg+alZneSn| Zn/Mg+alsZn [SriMg+aleZnSi] | »
| 500 | o001 00.05 0.01 (min) | 2
[Zn/Ma+alzn+Si) vs Al/Mgrhl+Zn+Si) - no time fimit - I~
FactSage 8.0 C:\Workshop80hworkshopiex12-1.phas
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Zn/(Mg+Al+Zn+Sr) (g/g)

0.05
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0.03

0.02

0.01

Mg - Al -Zn - Sr

Sr/(Mg+Al+Zn+Sr) (g/g) = 0.01, 500°C, 1 atm

Liactse

HCP-A3 + Liquid

HCP-A3 + Liquid + hP38

D13 + HCP-A3 + Liquid

T

HCP-A3 + hP38

D13 + HCP-A3

0 0.02

0.04 0.06
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EX13. Metastable phase: Fe-C binary system w/wo C (Fe3C)

G Selection - Phase Diagram - no results - G Phase Diagram - Menu: last system — X
File Edit Show Sort File Units Parameters Variables Help
Selected: 6/6 SOLID Ol E T(C) Platm) Energyt)) Quantity(g) Voltre) lﬁ
- no results - ~ Components [2]
+ [ Code ] Species ] Data [ Phase ]T ]Vl Activity l M
+ i3 iCls) FSstel  graphite v yami et
e A G2l ESstel demond . LV
+ 5 Fels) FSstel BCC_A2 ] ~ Products
+ [ Fels2) FSstel  FCC_A1 o ~ Compound species ~ Solution phases ~ Custom Solutions
+ 7 Fedly ol Ealalie e * [+ ] BasePhase | Full Name 0 fived activiies _Detais .. |
+ 8 Fe3C[s2 FSstel KSI_CARBIDE o [ gas (% ideal € rea 0 | FSstel-Liqu LIQuID 0 ideal solutions
[T aqueous 0 J FSstelFCC FCC_A1 ~Pseudongms ——————
Fnuuliquids_ - 0 | | FSstelBCC BCC_A2 apply [ L”
( + pure solids N B —Volume data _— .
-~ assume molar volumes ol
S " solids and liquids = 0
species: 6 include molar volume data
and physical properties data

[ paraequilibrium & Gmin _edit |

Target - L N
- hone - |L-ei?n?'rni:cible 2 W Show @ all  selected Virtual s pec'ue-u 2
Estimate T(K): (1000 J - Zimmiscible 1 speciess 14 TotalS ec"es max 5000) 20
solutions: 7 Select | Total Solutions [max 200 7

Total Phases [max 1500 13

—Variables ~ Phase Diagram
T(C) C/Fe+C)  y
: i : T i | 5001600 001 v
I~ e B i — — — — T(C] vs C/Fert] . -no time limit -~ Calculate >> | .
Show Selected | Select All j Select/Clear... j Cleg
FactSage 8.0 . Yy

Although C (carbon) is thermodynamically stable phase than Fe3C, C is not appearing in
most of low carbon steel. Thus, in order to do proper calculations, C should be removed
from above compound list in particular in steel.

In the same way, if a certain phase is not readily formed (sluggish to form), we can
unselect the phase to simulate the system more realistically.
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EX14-1. J option (3 possible miscibility gaps): Fe-Nb-Ti-C-N system

‘3 Equilib - Menu: last system — X
Eile Units Parameters Help
D=z & T(C) P(atm) Energyl)) Quantity(g) Vollitre) W =11 YEo:
Reactants (9]
[ [gram) 99875 Fe  + 0018 Ti + 0068 Nb + 0039C + 001N |
Products
Compound species Solution phases Custom Solutions
= l + ] Base-Phase | Full Name - 0 fixed activities —I
[ gas & @ 0 ’ ~ =T =~ ESstelLliqu LIQuID 0 ideal solutions
[T aqueous 0 J FSstel-FCC FCC_AT | [ Pseudoryms -
[ pure liquids 0| M o — emiace BCC_A2 oty [ LES=]
“ ” [+ pure solids 18 | FSstelHCP HCP_A3 Yolume data
Unselect “C(s +  FSstelCEME CEMENTITE g S T L
solids and liquids = 0
species 18 I FSsteltedN MedN ~ include molar volume data
| FSstelBCC2 BCC_B2IBCC_A2 and physical properties data
| . * FSstelM5C2 MSC2 ﬂ [ paraequilibrium & Gmin  edit
argel Legend ~ _
none \-eigrlnen:scihle 7 v Show all " selected )
Estimate T(K): [100D J - Fimmiscible 1 : Total Species [max S000) 161
R ) +- selected 4 Jpecies: 103 Gelect | | Iotal Soluions (mex 200 21
Uuantivigl 18 Total Phases [max 1500) 39
Final Conditions E quilibrium
<h> <B> TIC] IP[alml L”P"xhd Hi) ﬂ @ nomal O nomal + transitions
| 600100010  [1 | " tanstionsonly
10 steps I 41 calculations - no time limit - Calculate »>

FactSage 8.0

“J” option (default) is needed for a phase which has more than 2 possible miscibility
gaps. Most well known example is Fe FCC phase in steel with (Ti,Nb)(C,N) phase
formation. Since Ti(C,N) and Nb(C,N) have FCC crystal structure, we describe both FCC
metallic phase and carbonitride phase using the same FCC phase model. Thus, in order
to do proper calculations, J option should be applied to FCC phase in this case.
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G Equilib - Results 900 C (page 31/41) =
Output Edit Show Pages Final Conditions

0 |g~| ol m] T(C) Platm) EnergylJ) Quantity(g) Vollitre)
980C | 990¢C | 1000C
gsoc | ss0c | s70c | ssoc | ssoc -900C- | s10¢c | 920¢ | 930¢ | ss0c | 950¢ | 960¢ | 970¢C |

F
{gram) 99.865 Fe + 0.018 Ti + 0.068 Nb + 0.03%5 C + I
(g:am)OOlN _————_~\ ——
55.50s/  gram rcc_Alsl » Austenite phase
(99.905 gmam,_ 1.7883 mol) -
(00 C, 1 atm,— a—l.OOOO)
{ 99.7597 wt.% Fe
T 5.3332E-03 wt.® Nb
+ 4.8704E-06 wt.% Ti
+ 0.193€9 wt.% FeC . = = = o Nb(C,N) ppt
: : + 9.229€E-02 grdm FCC_Als2
i (9.229€E-02 gram, "r.S444E=D3 mol)
P (800 C, 1 atm, a=1.0000)
1 { 4.2141E-05 wt.% Fe
4+ 0.11450 wt.% Nb
Sit + 2.9825E-02 wt.% Ti
Fe 4+ 1.17€3E-02 wt.% FeC _
Nb + 29.706 wt.% NbC L=~ T T~ Tl(C N) DDt
Ti + 8.5709 wt.% TiC + 2.8495E-03 gram JCC_R183
-—- + 1.9048E-02 wt.% FeN (2.849SE-03 gram, 4-4TSIE-T5 mol)
Va + 47.€1€ wt.% NbN (900 C, 1 atm, a=1.0000)
c + 13.531 wt.% TilN) { 8.6201E-03 wt.% Fe
N + 1.6944E-03 wt.% Nb
Site fraction of subla' 4+ 3.2711E-02 wt.% Ti
Fe + 0.70945 wt.% FeC
Nb + 0.129€1 wt.% NbC
Ti + 2.7716 wt.% TiC
----------------------- 4+ 18.882 wt.% FeN
Va + 3.4148 wt.% NbN
c + 74.0459 wt.% TiN)
N
____________________ Site fraction of sublattice constituents:
Va Fe 0.18033 Stoichiometry = 1
- Nb 2.1307E-02
N Ti 0.7983¢€
| I 5 !
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99.865 Fe + 0.018 Ti + 0.068 Nb + 0.039C +
C:\FACTSAGEWS\Equi0.res 03Jul23
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EX14-2. Carbide and Nitride precipitation in microalloyed steels

Microalloyed steels are used for special high-strength applications such as
pipelines. In order for the steel to acquire good mechanical properties, it needs to
be thermo-mechanically treated. FactSage can help in finding the correct

temperatures for treating these steels. _ _
The steel is annealed in the
Composition (at% C)

0 ; " s 2 s austenite region an then

| cooled through the
temperatures Ar3 and Arl
1,.  temperatures (continuous
cooling austenite to ferrite
transformation start and
finish.

1600

1400

1200

1000

Temperature (°C)

The goal of this study is to
find the ideal annealing
temperatures to avoid

| precipitation of Nb
B — A ‘ Carbonitrides and promote

Cementite (Fe3C) — 1000

g precipitation of NbC

Temperature (°F)

800 4 1500

| | 1 3
3 4 5 5) 6.70
(Fe) Composition (wt% C)
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EX14-2. Carbide and Nitride precipitation in microalloyed steels

1. A typical microalloyed steel composition is entered (For more information, refer to
J. Calvo et al. / Materials Science and Engineering A 520 (2009) 90-96)

G Equilib - Reactants — X ‘
File Edit Table Units Data Search Data Evaluati G Data Search
0O |}"'| ﬂ TIC) P(atml- Databases - 1723 compound databases, 1723 solution databases
&ct SG TE compounds only ‘ Pﬁyate Da'abases
1-10 | [ FactPs [ [ BINS solutions only [JEXAM []SGTEa [J]SGTEb
[ FToxid [ ik [ sGPs no database
[ FTsalt N [OSGTE
Quantity(g) V Species O Frmise [TV 40 O sGsold Clear Al |
s z 0
. |[| 03 [C [ FTfitz Other Add/Remove Dala‘
' [ FThelg [ ELEM [] SGnobl
* 1151 Mn O FTpulp [ FTHemo [ SpMCBN  RefieshDatabases ‘
. [IJ = [5' . [C] TDmeph
: | [ FTlite [ FThucl [ TDnucl
* |U' 08 [Ti Information -
u |l128 [Mn I I h I
2. Select only the FSstel database.
*+ |0.088 INb
+ (0,011 4
* 0,05 I
Options - search for product species
* |U'ng5 |N| Include compounds ——————— Lirnits
[[] gaseous ions (plasmas) Organic species CxHy.... X[max] = |2_
Default [] aqueous species
. Minimum solution components: O 1 @) 2 cpts
[ limited data compounds [25C)

FactSage 8.0 Compound: | 1/23 databases
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1. We are interested in carbide, nitride and carbonitride
precipitation, so we will select all the solids...

& Equilib - Menu: Tast system
File Units Parameters Help
D=d

Reactants [10)

TIC) Platm]) Energyld] Quantitylg) Volllitre]

X

m S| ™ %

| [Tram] 97.935 Fe + 0039
4

IC + 15 Mn + 0085 + 08T + 028 Mo + 0068 Nb + 0011 Al + 0.0F

4

i Products
Compound species

Solution phases

have similar structure to
austenite.

+ - selected 43

= I + I Base-Phase | Full Name -

| [ gas & - 0 | FSstel-Liqu LIQUID

i [ agueous 0 { FSstel-FCC FCC_A1

| [ pure liquids | FSstelBCC BCC_A2

: !J pure solids 126 | FSstel-HCP HCP_A3

; +  FSstelCEME CEMENTITE

2. ... and select J-option + | FSsteM23C M23C6

(possible 3-phase immiscibility) v e Tl
for the FCC and BCC phases. Legend ¥ Show @ al ( sslected
This is because carbonitrides 1- Hwisohie 4

species: 954
solutions; 83 ﬂl

f | | 80016005 [1

|1 0 steps w

T(C) | Platm) v ||Product HY) ~|
|
1\

Total Species [max 7000] 1080

Custom Solutions
0 fixed activities |

0 ideal solutions

Edit ... |

Yolume and physical prop data
e ssUmE molar volumes ot
solids and liguids = 0
use only molar volume data

" useV & phys. property data
I paraequilibrium & Gmin  edit |

90

Total Solutions [max 200] 83

" tansitions only

-no time limit - Calculate >> |

Total Phases [max 1500) 209

" normal + transitions

F

3. We will select a range of temperature encompassing the whole austenite phase.

I thtSage‘”
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1. Plot g vs T(C) for all stable solids and solutions

(by click “select All stable phases”)

G’ Plot Species Selection - Equilib Results: gram vs T(C)

O X

File Show Select
+ I # I Species | Mole [min) | Mole [max) ] Fraction [min) | Fraction [max) ] Activity [min]) | Activity (max) h| [
1080 MoNbN 0 0 0 0 1.8371E-05 4.0479E-03
SOLUTIONS
1081 GAS 0 0 0 0 1] 0
+ 1082 Liquit 0 1.7934 0 0 0578831 1
+ 1083 Liqu#t2 0 0 0 0 0578831 1
+ 1084 FCCH#1 0 1.7892 0 0 0.954964 1
+ 1085 FCCH2 0 1.1401E-03 0 0 0.954964 1
+ 1086 FCC#3 0 6.7841E-04 0 0 013109 1
+ 1087 BCCH1 0 1.7892 0 0 0.962916 1 —_l
+ 1088 BCCH2 0 0 0 0 1.4406E-02 1
+ 1083 BCCH3 0 0 0 0 9.7787E-04 1
1090 HCP#1 0 0 0 ] 0670344 0.76236
1091 HCP#2 0 0 0 0 018217 0.719492
1092 CEME 0 0 0 ] 1.6061E-03 8.8501E-02
1093 M23C 0 0 0 0 7.2122E-18 2.2417E-07
1094 M7C3 0 0 0 0 2.2483E-03 8.7626E-05
1095 MEC 0 0 0 0 6.1026E-06 4 5564E-03 Ll
« o
Iliusplay :assl gn:::l; o Select Top FZII 9 species selected
source * mole ' . ,
| T otan || = | | € Faciniman | T eetoeend
Clear ™ name gam || ¢ activity (max] 1 - -
: ' ™ [page] Select . Select all stable phases
[ Click on the '+' column to add or remove species. |

thtSage‘”
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Select stable pure solids

Select stable solution phases
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1. From the graph,
we can deduce
equilibrium
transformation
temperatures from
austenite to ferrite.

2. We should also
look at the very low
compositions, since
all the microalloyed
elements will be
present in very small

guantities.

gram

97.935Fe + 0.039C + 1.51Mn + 0.08 Si +
C:\FactSage83\RIST-Sintering\Equi0.res 25Aug23

100

080

040

020

Ae3 | \
/

\ oot |

|

1600

FLcs2 . FCce2 | ,_Fcce2 . FCC§2 |
800 900 1000 1100 1200 1300 1400 1500
T(C)

www.factsage.com
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1. Using a log scale _
is very convenient 97.935Fe + 0.039C + 1.51 Mn + 0.08 Si +
. C:\FactSage83\RIST-Sintering\Equil.res 25Aug23
for looking at the -
microalloyed '\
elements.

™
l‘l
1

ff Liqué

I\ |
o1 + |

o
2. It is clearly seen
that the FCC#1, #2
and #3 phases are
forming. In this case,
they are probably o1k
carbides and L
nitrides.

We can check this
by plotting their N
composition with \
temperature

logio(gram)

E

Ti(Cﬁ,hI\_I) rich fcc phase

FQC#3

-03 L L . 1 1 . 1 R I R |

800 900 1000 1100 1200 1300 1400 1500 1600
T(C)
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1 We WI” fl rSt Se|9Ct &5 Plot Species Selection - Equilib Results: log10(gram) vs T(C) O pd

File Show Select

a” th e SpeCIeS In + I #t I Species | Mole [min) | Mole [max) [ Fraction [min) | Fraction [max]) ] Activity [min]) | Achtivity [max) ‘I
FCCi#1 FCC A1
FCC#]— and Se hOW + 21 Al 0 40708E-04  4.78B0E-18 2.4867E-04 41356E-12 3.0119E-06 J
H H + 22 Fe 0 1.7511 2 0399E-06 0.985055 0.772967 0.979446
th ey are d IStrI b Uted . + 23 Mn 0 2.7444E-02  1.8261E-07 6.6014E-02 1.0493E-02 5.9879E-02
+ 24 Mo 0 29133E-03  1.0253E-07 6.2586E-03 9.1993E-04 4 0316E-03
+ 25 Nb 0 7.2576E-04  5B361E-03 2.0250E-02 7.4692E-11 2.3562E-04
+ 26 Si 0 2.6442E-03  4.873BE-15 1.5906E-03 21637E-13 1.0937E-06
+ 27 Ti 0 1.3524E-04  1.4386E-09 1.5861E-02 1.0348E-13 1.5213E-05
+ 28 W 0 9.7621E-04  21452E-05 1.8696E-02 5.9493E-08 1.1250E-04
+ 29 AlC 0 7.3519e-07  1.3737E-16 7.2734E-07 41E51E17 1.4266E-10
+ 30 FeC 0 3.1624E-03 = 5.8551E-05 2 5067E-02 2 000SE-05 3.2646E-04
+ 31 MnC 0 5.7900E-05  5.4387E-07 9.9594E-03 1.7967E-06 9.1140E-03
+ 32 Mol 0 21415E-04 2 B467E-07 0.1283 1.0672E-05 0112674
+ 33 NbC 0 7.0559E-04  1.5744E-09 0.543254 9.8343E-04 0.722589
+ 34 SiC 0 5.1367E-06  1.39839E-13 2.6215E-05 1.3645E-13 9.9780E-09
+ 35 TiC 0 3.4792E-05  39832E-11 7.0975E-02 1.9573E-04 4 3605E-03
+ 36 VL 0 6.3969E-04  1.6128E-07 0.383256 3.6960E-05 0.350844
+ 37 AlN 0 95017E-08  1.3034E-19 1.0813E-07 2.71E5E-14 5.1200E-07
+ 38 FeM 0 4.0871E-04  55554E-08 0.141664 7.6240E-10 3.5146E-05
+ 39 Mnn 0 6.4059€E-06  1.2525E-07 3.9924E-05 2 8494E-07 2 2803E-05
+ 40 MoM 0 1.2349e-06  1.7030E-09 7.3986E-04 4 9738E-06 1.8085E-05
+ 41 NbN 0 3.9955E-06 1.2831E-13 1.4116E-02 1.2724E-04 019341
+ 42 SiN 0 B.6387E-07  1.3273E-16 5.6314E-07 4 5708E-20 3.1051E-09
+ 43 TiN 0 2.0835E-04  3.24B62E-15 0.778242 4 3162E-02 0.604403
+ 44 WM 0 3.6889E-06  4.8408E-11 4 4002E-03 1.0995E-03 0.302572
FCCH#2 FCC A1l
45 Al 0 3.2904E-13  51067E-21 2.4867E-04 413856E-12 3.0119E-06
485 Fe 0 6.9360E-07  3.1055E-07 0.985055 0.772987 0.979446
47 Mn 0 5.3043E-07  8.0779E-13 1.6157E-02 1.0493E-02 5.9879E-02 Ll
[« | i
R L g'd.e' Select Top 'Fj 24 species selected
integer # _—
[ source * mole | mass [mas) i .
ml  fraction (max) ignare species and
Clear |  ame " gram C activity [mar] phases with zero mass OK |
[ Click on the '+' column to add or remove species. | I Ipage] page ﬂl
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1. In the austenite

region, the FCC#1
phase is composed
mostly of iron (FeVa)

—

97.935Fe + 0.039C + 1.51Mn + 0.08Si +
C:\FactSage83\RIST-Sintering\Equi0.res 25Aug23

Fe Fe Fe Fe :
T L} L T IEI ‘
01
7
o
o
Q
by Mn Mn Mn
=
O
[7)]
| — FeC e
-
: - - -
.% 01 r Si Si r‘\i'nS'
2 v =
o E
2 F
- A Al Al
F MnC
Mn MnC n _
. __/"f
¥
-03 ] . | \ ] . ] ~I | ! ] \
800 900 1000 1100 1200 1300 1400 1500 1600
T(C)
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1.' e Rl ph_ase Nb(C,N) rich fcc phase i Ti(C,N) rich fcc phase
IS composed mainly |

of TiN and TiC at u.ass.zn_'_n.a:.:'ru_ua.m_r 0.08 Si +
. C:\FactSage83\RIS I-Sintering\EquiO.res 25Aug23
austenite . |

T T T T 1-‘ T
temperatures... 1 N ¥ |
. — e ||N|
Jk',.' nec Fel
01 ' :
: ‘%“ |"' ;
2. Mainly composed rE—
of NboNand NbC |2 |
e 0f
S
w
R
=
© 01 f
[
2
&
2 k
-02 |
-03 - ! | ’I ——’_J: ] — ”ah: L I
800 800 1000 1100 : 1200 1300 1400 1500 1600

. T(C)
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EX15-1. Phase diagram PO2 — T. Oxidation of pure Fe

& Phase Diagram - Components -

“ Oxidation of steel requires multiple databases
Q[§| ﬂ T(C) Platm) Energyl) Quantitylg) YVollitre) gl_l (a) FSSteI Steel phaSGS
(b) FToxid: oxide phases

—— (c) FactPS: gases and others

— \

remain mol:

G Data Search X ‘
Databases - 3/23 compound databases. 2/23 solution databases — G Phase Diagram - Menu: last system — x
ﬁﬂ —= SGTE compounds only Pri Eile Units Parameters Variables Help
FactPS [ FScopp NI BINS solutions only [ ExA - . .
Flosd D fony S L gl D3| T(C) Platm) Energyld) Quantity(g) Volfitre] nmsm
[ FTsalt M FSstel SGTE
SF'Lmi:c |ll S |’ [ sGsold Clear All Components (2)
o
FTOxCN gram + Fe
E FTfrt"z Other Add/Remove Data
[ FThelg [JELEM [ SGnobl
O FTpulp [ FTdemo [ SpMCBN  RefieshDatabases Products
[] TDmeph Compound species Solution phases Custom Solutions
[ FTlite [ FTnucl ] TDnucl = I + I Base-Phase | Full Name I:1 fixed activiies
- _ L _[__gan _— . 0 | FSsteFLiqu LIQuID 0 ideal zolutions
FactSage 8.0 Comp) Information - I |_ aqueous N J FSstel-FCC FCC_A1 Pseudonyms :
\ [ pure liquids /0 | FSstelBCC BCC_A2 sp [ Edt.. |
~ || ol purescids, — < B | | FToxidSLAGA | A-Slagdiq all oxides + 5 Volume data
o + | FToddSPINA A-Spinel Ol vl
e =S ecslggcies‘ 3 + FToxid-te0_A A-Monaxide include molar volume data
' and physical properties data
Options - search for product species r ilibri g it
Include compounds —————— Limits Target Legend R e_dll
] gaseous ions [plasmas) Organic spec| - hone - | - immiscible 3 [V Show & all  selected .
Default [ acueous species PR Total Species [max 5000) 32
3. Minimum sold E stimate T[K): |1000 J - Zimmiscible 1 ot -
1 limited data compounds (25C) +-selected 2 i Select Total Solutions [max 200 n
solutions: 11
Total Phases [max 1500 17
Yariables Phase Diagram
T0) log10(p(02) 1
5001700 00 %
[log10 pl02)/atm vs T(C)] - no time limit - Calculate >> |
FactSage 8.0
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‘? Phase Diagram - Menu: last system

File Units
=

Components (2]

Parameters

Variables

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

~ Products
i Compound species — Solution phases ~ Customn Solutions
* | + | Base-Phase | Full Name 0 fixed activities =2
[ gas &% ideal € rea 1] | FSstelLiqu LIQUID 0 ideal solutions
—
[, aqous =~ &0 J FSstelFCC FCC_A1 ~Pseudoryms ———————
g P s o\ | FSstelBCC BCC_A2 appy [ Edit-
[+ pure solids 6 | FToxidSLAGA  ASlagliq all oxides + 5 —VYolume data—————————
\ / +  FTowdSPINA ASpinel e assume melar volumes of
SRR +  FlosidMeD_A AMonoside ~ include molat volume data
and physical praperties data G Selection - Phase Diagram - no results - O x
Torget Legend [ paraequilibrium & Gmin _edit | File Edit Show Sort
- none - oS ¥ Show® al  selected . i
- . MISCIDE ) Total Species [max 5000] 32 Selected: £/23 SOLD | IO | sclected | [ denotes species excluded by default|
Estimate T(K): [1000 J - Jimmiscible 1 species: 26 : 11
+-selected 2 solulions; 1 Select | Total Solutions [max 200 [ - no results -
Total Phases [max 15001 17 + | Code Species | Data |  Phase [T|¥]| Activity | Minimum | M -
N N x Fel(s) FactPS ‘“Wustite v
- Variables . Phase Diagram % WO Fe203s) FactPS | hemalie v
T(C) log10(p(02)) v % SN Fe203(s2) FactPS  HighPressueH v
[~ 5001700 la00 = *x NS Fe203(s3) FactPS  HighPressureH v
o * B Fe304(s) FactPS  Magnetite %
‘notime imit - Caleulate >> |15 SHN. Faus2) FactPS  Magneie v
» B Fe304(s3) FactPS  HighPressuiem W
»x B Fe304(s4) FactPS HighPressurem
FactSage 8.0 + B el FSstel  BOC_42 o
+ [ Fels2) FSstel  FCC_A1 o
+ B8 FeO(s) FSstel  Wustite v
% |SE Fe203(s) FSstel  hemalite v
BB Fe203(s2) FSstel  HighPressureH v
» B Fe203(s3) FSstel  HighPressuieH v
x| Fe304(s) FSstel  Magnetite Y
*x [ Fe304(52) FSstel  Magnetite v
*x B Fe304(s3) FSstel  HighPressuiem
* S Fe304(s4) FSstel  HighPressuren 'V
+ [ Fe2035) FToxid  hemalite %
+ [BS Fe203(2) FToxid HighPressureH v
.+ O Fe2033) Floxid _HighPressure ¥ Tl
[~ pemit selection of %' species | | |
Show Selected | Select Al | Select/Clear... | Clear ok |
™ H
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Yariables

v| @
. b
e
n
AW

K.Y steps |11 |

ﬁmasitim,s 0

f log10(a]
o

Chemical Potentials

altotentals
B Bol0(p/atm)  [v-asis ™

‘ ‘,?Variables: 02-Fe log10 p(O2 Oxygen partlal pressure Can be

selected by this option

= T(C)
=

|><-axis -
Max [1700
Min: {900

* Platm) |constant -

" logP
C Viiie) !
O, -Fe
TH
1atm GactSage
O 1 1 1 v
5 Slag-liq -
Fe;o;

10 Monoxide //f//_—,

-15 .
g
=
=

S 2 .
=
&0
2

25 4

LIQUID
BCC_A2
10 k 4
BCC_A2
35 | 4
40 1 1 1 1 1
500 700 900 1100 1300 1500 1700
T(C)

‘ Lractsag
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EX15-2. phase diagram PO2 — X: Oxidation of Fe-Cr

G Data Search

&ct

FactPS
FToxid
[ FTsalt
[ FTmisc
[ FThall
[] FTDxCN
[ FTitz
[ FThelg [ ELEM
[ FTpulp [ FTdemo

OO0

[ FTiite [ FTnucl

Information -

5 G TE compounds only

[ BINS solutions only
[ sGPs no database
[ SGTE

Databases - 3/23 compound databases, 2/23 solution databases

Private Databases

[ 5Gsold Clear All

Other Add/Remove Data

[[] SGnobl

[ SpMCBN  RefreshD atabases

[] TDmeph
[] TDnucl

Options - seaich for product species
Include compounds

[[] gaseous ions [plasmas]
Default [ aqueous species

[ limited data compounds (25C)

Lim
Org4
Mini

[ ExaM [ SGTEa

[ SGTE

If we want to use oxygen as one of axes,
O2 should be added as input component

D=«

Components [3)

File Units Parameters

G Phase Diagram - Menu: comments

Variables Help

T(C)

Platm) EnergylJ) Quantity(g) Volllire) W =)

A 4

Alloy D

esign

é&?p'\ex‘] 5-2.phas

=N
Vi
| ([gram] 020+ Fe+ O |
~_7
Products
Compound species Solution phases Custom Solutions
= l + ] Base-Phase | Full Name 0 fized activities 4'
[ gas & - 0 | FSstel-Liqu LIQUID 0 ideal solutions
[* aqueous 0 J FSstel-FCC FCC_A1 Pseudonyms ,
[ pure liquids 0 | FSstelBCC BCC_A2 spply [ _ Edt. |
* [+ pure solids 17 + FSstel-SIGM SIGMA Yolume data
- custom select | | FToxidSLAGA  ASlagiq all oxides + S g;ﬁ;;":nfgﬁl'ig'ﬂes of
FUsiam == ecslsgde& 17 +  FToxid-SPINA A-Spinel include molar volume data
+  FTowxid-MeO_aA A-Monoxide and physical properties data
I ' * FToxidCORU M203{Corundum) " paraequilibrium & Gmin  edit |
arge Li d
- none - | i?n?iscible 3 [V Show @ all " selected )
E stimate T(K]: W J - Fimmiscible 1 ) Total Species [max 5000] B9
stimate | [’ .
+- selected 4 JSpecies: 32 Select | | IotalSoluions (max 200 13
' T otal Phases [max 1500 30
Vanables Phase Diagram
T(C) log10(p(02)) Cr/[Fe+Cr) ‘ v |
1200 -200 01 )
Mlog10 pl02)/atm vs Cr/[Fe+Cr]] - no time limit - Calculate >> |
FactSage 8.0 wwlork shopB0h\WwWo
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GVariables: 02-Fe-Cr log10 p(02)/atm vs composition #1. X
compositions |1
log10fa) «| |1

Variables

R : O,-Fe-Cr
: 1200°C, 1 atm "
o] Mo Gactsage
, .

#1 log10(p/atm]) 7'-amis
| gas-FactPS J -20

M 0z(corundum) T

Spinel T

10 M:O:(corundum) + Spinel

Monoxide + Spinel

logyo p(O;)/at

12
FCC_A1+ Spinel
-14

16 ‘—\ FCC_AT + M.Os(corundum) .

BCC_ A2 + M;0s(corundum)
-18 | E
FCC_A1 BCC_AZ
20 x 1 s 1 N 1 L 1 L
0 02 04 06 08 1
Cr/(Fet+Cr) (g/g)
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EX16. <A> option: Simple counter-cross inter-diffusion calc.

A materialsz$ B materials

-

A materials B materials

concentration

Any kind of counter-cross inter-diffusion reaction at interface can be simulated with
<A> option in Equilib. This assume the diffusivity of all components in both materials
are the same.
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Joining of <A>Al-Mg // <1-A>AZ31

‘? Equilib - Reactants — X
File Edit Table Units DataSearch Data Evaluation Help
Dl i' TIC) Platm) Energyl)) Quantity(g) Volitre) i | _JE
1-2|
Quantity(g) Species Phase TIC) Pltotal)]** Stream## Data
|<A> IAIU'B?MQU'M | j Q Equilib - Menu: last system — X
+ [aa [ g0.965410.03Zn0.005 | ~| File Units Parameters Help
2191 AR AL Kim Taehyoung (hhhkim1@naver.com)
=2 TIC) Platm]) Energyll] Quérpgy—vommorsy )| e |
— Reactants [2] i
[ lgram] <A> AID.97Mg0.03  +  <1-4> Mg0.965410.03Zn0.005 |
~ Products
— Compound species  Solution phases — Custom Solutions ————————
* | + | Base-Phase | Full Name - 0 fived activities ="
B gas & ideal € real O [ FTlte-Liqu Liquid 0 ideal solutions
[T aqueous 0 | FTlite-21 FCC-A1 ~Pseudonyms ——————————
[~ pure liquids 0 [ FTlite-42 BCCA2 oo [0 | E®— |
[+ pure solids 35 | FTlite-43 HCP-43 ~Volume data———————————
| FTiteA3"  HCP2Zn Protolype-Mg Q) G L e
‘ solids and liquids = 0
e 5 | FTlite-212 CBCC-A12 Prototype-Mn include molar yolume data
| FTlite-C14 C14 Prototype-MgZn2 and physical properties data
Targel L dl i L8P Eenilr T LI I paraequilibrium & Gmin _edit |
.FactSage 8.0 Compound: | 1/26 databases Solutior: | 1/26 databases - none - I -ei?ner:iscible 9 V Show® all  selected .
! ; Total Species [max 5000] 153
E stimate T(K): |'|UUU +-selected 6 coecme 11B . o4
o 3 soldions 24 Select | Total Solutions [max 200
Quantiyig) | ' Total Phases [max 1500) 53
— Final Conditions — Equilibrium
<> <B> TIC) lP[atm] v ||ProductHY) ~| @ nomal " nomal + ansitions
0100 450 1 | " transitions only " open
W sleps r 101 calculations| | -notimelimt-  Calculate >> |
| FactSage 8.0 Yy
™ H
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G Equilib - Results A=0 (page 1/101)

Output Edit Show Pages Final Conditions

- D|=| BIE) F

e (m] X X

T(C) Platm) Eneray(J) Quantity(g) Vol(lire)

A=013| 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=0.09| A=0.1| A=0.11] A=0.12]

"o e §

(gram) <A> Al0.97Mg0.03 + <1-A> Mg0.9€5A10.03Zn0.005 =
1.0000 gram HCP-A3gl
(1.0000 gram, 2.0333E-02 mol)
(450 C, 1 atm, a=1.0000)
( 3.2917 wt.% Al2Va
4+ 95.37% wt.% Mg2Va
+ 1.329%4 wt.% Zn2Va)
System component Amount/mol Amount/gram
Zn 2.0333E-04 1.3294E-02
Al 1.2200E-03 3.2917E
Mg 3.9243E-02 0.95379
+ 0 gram HCP-A3$2
+0 gram HCP-Zn$l
(450 C, 1 atm, a=0.980%0)
( 2.9544 wt.% Al
+ 95.1€1 wt.% Mg
+ 1.8845 wt.% 2Zn)
+0 gram HCP-Zn$2
+0 gram Liquidgl
(450 C, 1 atm, a=0.50212)
( 10.08€ wt.% Al
+ 73.985 wt.§ Mg
+ 15.929 wt.% Zn)
+0 gram Liquid#2
+0 gram BCC-A281
(450 C, 1 atm, a=0.79240)
( 1.4444 wt.% Al
+ 87.4895 wt.% Mg
Final Conditions
@ <h> B> | () | Platm)
&% jo10m | |450 I
<

Mole fraction
5.0000E-03

FactSage 8.3

Mass fractio
1.3294E-02

<A> Al0.97Mg0.03 + <1-A> Mg0.965A10.03Zn0.005
C:\FACTSAGEWS\Equi0.res 29Jun23

03 |-

a8 |-

gram

0%

020

Agha
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EX17. Oxygen partial pressure control for oxidation of metals

Annealing T=800°C
N,-5%H, 3 H,+1/20,=H,0
PO,=7

O O

\4

Hot Dip Galvanizing

Cold worked at 300 °C
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EX17-1. Oxygen partial pressure control using Dew-point concept

47 Equilib - Reactants — X
Eile Edit Run Macro Table Units Data Search Data Evaluation Help
Ol + TIC) Platm] EnergylJ] Quantity[mol] Yollitre] -
Dis| +| =i We should select real gas to obtain
S accurate Gibbs energy and volume
_ _ fraction of gas at low temperature
Quantity[mol) Species Phase TIC) Pftotal)*= .
N2 ]
1% | | &G Equilib - Menu: last syste and hlg h pressu re. X
* 5 H2 I : :
File Units Parameters Help
* |H20 | D || TIC) Platm) Energyld) Quantity(mol) Volfitie) m o™ 2
— Reactants (3)
[ 95 N2 + 5 H2 + H20 |
~ Products /
— Compound species — Solution phases — Custom Solutions —————————
Full Name 0 fixed activities =l |
<T Fgas 'S ||Ta|" TS 0 ideal solutions
— f
aqueous 0 - Pseudoryms —————————
[+ pure liquids 8 apply T
[+ pure solids 8 ~Volume and physical prop data
assume molar volumes of
solids alnd Iiclluids I- 0 -
e use only molar volume data
Tpacies: -9 " useV & phys. property data
. r ilibrium & Gmin _ edit
FactSage 8.3 Compound: | 1/21 databases Solution: | 0/18 datah T arget ~Legend . “D_a‘laeg.l: fum & min %]
- none - [V Show & al " selected 'I.II'”tJIdSJDH'L;l 70001 45
E stimate T(KL |_1EIEIU - otal Species [max
o E [ ]- v sz::’icc:zz g %I Total Solutions [max 200 0
Quartiy(mol} [3 ' Total Phases [max 1500) 17
— Final Conditions — Equilibrium
B> <B> T(C) | P(atm) v ||ProductHY) ~| | & nomal
.30 |1 | " transitions or  oper
|1U steps [~ Table -no time limit - Calculate >>

 Fact5a e 83 o .
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47 Equilib - Results -30 C
Output Edit Show Pages

D= RIE @

B

Final Conditions

TIC) Platm) EnergylJ) Quantity(mol] Volllitre)

O

M| ™

X

T = -30.00 C
P =1 atm
V = 1927.2 dm3

N2
H2
H2O

:PHASE: gas_real
N2
JES
H20
la2
INZHSOH
N2H4
1=

NH2
IHNNH
JoH

H20_Ice(s)
H20_liquid(liq)
NH40H_liguid(liqg)
NH4O0H_solid(s)
(NH4)20_liquid(liq)
N2H4_liguid(liq)
HOOH_ ligquid(liq)

STREAM CONSTITUENTS

H 2 2 HHHHHH 2 2 2 2

AMOUNT/mol
S.5S000E+01
S.0000E+00
1.0000E+00

mol
9.333€E+01
3.3280E+00
3.703%E-02
7 .9€€SE-03
4.5431E-38
1.2503E-38
4 _95894E-45
2.1431E-45
5.0395E-54
2.7152E-57
1_8S0SE-€¢€
3.15S04E-€5
2.13€3E-73
S_.€70SE+01

EQUIL AMOUNT MOLE FRACTION

9.€512E-01
3.4413E-02
3.82939E-04
8.237€E-0S5
S5.1114E-40
1.25928E-40
5.1592E-47
-21€0E-47
-.2114E-5¢€
.807€E-59
1.5133E-€8
3.298SE-71
2.2090E-75
1.0000E+00

0w nw

FactSage 8.3

We will heat this gas at 800°C using
stream file.

FUGACITY
atm
S.€421E-01
3.4117E-02
3.7730E-04
8.2554E-05
5$.1010E-40
1.2502E-40
S$.1487E-47
2.211SE-47
§$.2008E-5¢
2.801SE-595
1.9111E-€8
3.2770E-71
2.2048E-75
1.0000E+00

= = motnt/mSl T "EmSunt/gram - MOle  £raction

HHHHHH

3.703%E-02
1%0.00
10.074

mol
S_.€29€E-01
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.552¢€0
2€€el.3
10.154

1.850SE-04
0.954547

5.0342E-02
ACTIVITY
1.0000E+00
7.4€9€E-01
2.11S8E-01
1.4008E-01
4.47€8E-02
4 _5781E-37
3.05872E-74

O I O R R R R R R R R R O R R R R R R R

Mass fraction

2.2178E-04
0.59558
3.8001E-03

I thtSage‘”
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47 Equilib - Results -30 C
Output  Edit w Pag
Save or Print As

Final Conditions

] Quantitymol) Voliitre]

Creating stream file

Plot > FactSage 8.3
Equilib Results file >
Stream File > Recycle all streams ..
Format > Save stream file > Save gas phase ...
Stream file properties ... Save pure liquids ..
Fact-XML > prope pure g
. Summary of streams > )
Fact-Optimal > Save pure solids ...
Directory (C:WFACTSAGEWSH)
Fact-Function-Builder > N2H4
H T
Refresh . NH2 T
HNNH T
CH T
+ 1.5133E-€8 o vT
+ 3.298SE-71 nN20o vT
+ 2.2090E-75 HNO kel
+ 0.9625€ mol  H20_Ice
(17.348 gram, 0.9€29€ mol)
(-30.00 €, 1 atm, S1, a=1.0000)
+0 mol  H20_liquid T
(=30.00 C, 1 atm, L1, a=0.74€39€)
+0 mol  NH4CH_liquid T
(-30.00 €, 1 atm, L1, a=0.21188)
+0 mol  NH4OH_solid T
(-20.00 C, 1 atm, S1, a=0.14008)
+ 0 mol (NH4)20_liquid T
(-30.00 C, 1 atm, L1, a=4.4763E-02)
+0 mol  N2H4_liquid T
(-30.00 C, 1 atm, L1, a=4.5781E-37)
+0 mol  HOOH_liquid T

(-30.00 €, 1 atm, L1, a=3.0572E-74)
Cut-off limit for gasecus fractions/phase activities = 1.00E-75

Data on 19 product species identified with "T" have been extrapolated outside their valid temperature ranges

X . {7 Save mixture/stream (“mixt) - enter the file number (1 - 9999) or name 5
€ product species identified with "U" are modeled with an equation of state
p v & s WPC > EBOAI(C) » FactSagews . ) FactSagews 24 -
H v s cp
(2] (litre) (J/K) (3/K)
T A RR AR AREAEA R AR . N EG o - o
1.32722E403  1.8095€E+04  3.10032E+03 . - —
Nl 2 El
H [~ s cp
[t ] (4] (I/K) (I/K) & OneDrive Add-ons_Apps
gas_real =3.1909SE+08 -4.71132E+0¢€ 1.80€38E+04 2.0€542E+03 CalphsdOptimiz
H20_Ice -2.83890E+05 -2.9258€E+05 3.57€22E+0L 3.4503SE+0L alphadOptimizer
Total mass/gram = 26€89.4 mETEHE . ChemSage =2

Total mass/gram excluding gas_real = 17.348

i ogEc Examples 2023-06-28 0:
Databases: FactPS 8.3 Fo0i0 193.07.00 O™ 818
Data Search options: exclude gas ions; organic CxHy.. X(max) = 2; min soln cpts = 2 g &4 b ‘ :
P S i = mm miae— . o 43 R FACTDATA 2023.07-02 ©M 801 DY =2

FactHelp
O &2 »
_ FactSage-Teach
O &2y »

Opg! Ol B(N): |Gas-30C »
Ty BAD: Mixture/stream (*.mixt) »

~ BOH 77| [ mze | EES

www.factsage.com
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Q Equilib - Reactants

File Edit
jul

1

Importing stream file

Run Macro Table Units Dalescorer——o=—omomer—op

Add 2 new Reactant Ctrl+R J] Quantity(mol) Volllitre) ml Bl E{I

Insert new reactant before N2 .
Delete reactant N2 .

Mixtures and Streams > Import 2 mixture >
Gas-30C GAS str I rt ingle-li i

Re-order as stream mport a stream (or single-line mixture) >

Export list of reactants > Edit 2 mixture or stream >

Import list of reactants > Directory (C:WFACTSAGEWSH) ...

Clear

Example

[” Initial Conditions

' FactSage 8.3

Compound: [ 1/21 databases Solution: | 0718 databases

Alloy Design 76
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43 Equilib - Reactants — X

File Edit Run Macro Table Units Data Search Data Evaluation Help

QIEI il TIC] Platm] Energy(J] Quantity(mol) Yolllitre] " 'I

11
Quantity[mol) Species Phase TIC) Pltotal]*™ Stueami#t Data ‘
|100% |[Gas-30C) ~| | : L L
G Equilib - Menu: last system — X
File Units Parameters Help
D" T(C) Platm) Energy()) Quantitymal) Vallitre) W | e JE |
—Reactants (1)
[ 100% [Gas-30C] |
~ Products
~ Compound species—— — Solution phases — Custom Solutions————————
Base-Phase Full Name 0 fived activities =315 |
[+ gas ( ideal & real 29 0 ideal solutions
IF aqueous 0 - Pseudonyms
[+ pure liquids 8 apply I LI
[+ pure solids 8 ~Volume and physical prop data
assume molar volures ot
solids alnd Ii?uids I- 0 dat
e usge only molar volume data
. - " useV & phys. property data
Next >> | I paraequilibrium & Gmin _edit |
T e o Taroet ~Legend v & I Virtual species: 10
FactSage 8.3 Compound: | 1/21 databases Solution; | 0/18 databases - hone - v Show (+ all selected . 45
Esti tTK-|1ElUU e Total Species (max 7000)
e [ ] | IU— s;::icgz: g Select | Total Solutions [max 200) 0
e : Total Phases [max 1500) 17
— Final Conditions ~ Equilibrium
<A B> TIC) | Platm) v||ProductHY) ~| | | @ nomal " rommal < vansitions
m |‘| | i transitions only . ope
I‘| 1] SIBDS [_ Table - nia time limit - Calculate >> |
FactSage 8.3 Y
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&7 Equilib - Results 800 C
Output Edit Show Pages

D= RS @

Final Conditions

TIC) P(atm) Energyl)) Quantity(mol) Volllitre)

(]

Mm@

X

PHASE: gas_real
N2

H2

H20

adagd

EQUIL AMOUNT
mol
.5000E+01
-9994E+00
.703%E-02
.098€E-04
.1242E-07
.3130E-11
.9872E-12
.€783E-14
.1114E-1¢
.1411E-1¢
.4883E-18
.21587E-18
.7522E-18
.42€5E-18

M w WD W W W

R L] S € k7922

MOLE FRACTION

9.49€5E-01
4.997€E-02
3.7025E-04
4.0971E-0€
3.1231E-09
3.3118E-13
8.9840E-14
B8.€751E~-1¢
3.1102E-18
1.1407E-18
5.4849E-20
€.2135E-20
§.7S01E-20
1.42€0E-20

FUGACITY

5.5001E-01
4.9991E-02

atm

Final partial pressure of oxygen

3.702€E-04
4_.097SE-0¢€
3.1242E-09
3.3130E-13
8.9873E-14
8.€781E-1¢
3.1114E-18

1.1411E-18
9.4884E-20
€.2152E-20
S$.7522E-20
1.42€SE-20

=

2 o — — L _2-3%iE-2L 23382523 2.3%es
HOCH 1.1951E-21 1.1947-23 1.15512-23
N3 4_9€10E-22 4.95922-24 4.9€10E-24
HONO (g2) 1.9945E-24 1.9941E-2¢€ 1.99459E-2¢€
HOO 1.9209E-24 1.9202E-2¢€ 1.9209E-2¢€
HONO (g) 1.5478E-24 1.5472E-2¢€ 1.5478E-2¢€
NO2 V  3.0404E-2¢€ 3.03932-28 3.0404E-28
N2HSOH T 7.3321E-27 7.3294E-29 7.3321E-29
HONO2 1.4592E-37 1.4593E-39 1.4598E-39
03 V  3.3353E-43 3.3340E-45 3.3357E-45
NO3 4.8740E-44 4.8722E-4¢ 4.8740E-4¢€
N203 1.1927E-4¢€ 1.1923E-48 1.1927E-48 h h f . .
N204 7.1335E-€0 7.1308E-€2 7.1335E-¢€2 W en t e tem peratu re O ICG |S
TOTAL: 1.0004E+02 1.0000E+00 1.0000E+00
System component Amount/mol Amount/gram Mole fraction Mass fraction o
o 3.7039E-02 0.592€0 1.8509E-04 2.2178E-04 -20 C
N 150.00 2€€1.3 0.94547 0.99598
H 10.074 10.154 5.0342E-02 3.80012-03
o ' N2ZH4 v S5.47€3E-18 9_.4€€5E-20 S.§703E-20
4o Tt e o V  1.€50SE-18 1.€488E-20 1.f4542-20
NH4OH liquid(liq) N v 1.42€9E-18 1.4285E-20 __ _1_.W2€0E-20_
HE40R solid(s) 02 v 1.7€5€E-20 1.7€38E-22 L 1.7¢€43E-22 1
HOOH V  8.789€E-21 8.7808E-23 T 8.7840E-23
N3 v 4 _9595E-22 4 _9545E-24 4 _95€3E-24
HONO (g2) v 1.4€72E-23 1.4€57E-25 1.4€€2E-25
™ H
thtSage Alloy Design 78 www.factsage.com



Dew points — PO,/T Relationship

log PO,, bar

95%N,,5%H,

-15
-16 F
17 E
18 £
-19 F
-20 F

_
_—

_
_—
_
_
_—

-
_

_—
_—
—
_—

_—

90%N,,10%H,

800 900

Temperature’C

log pO,,bar

1008l F
22 F
23 F
24 £
25 F
-26 F
27 F
28 E
29 F
-30 F
-31 F

-32

_33 .
34 E

-35

1200

800 900
Temperature C

‘ Lractsag
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EX17-2. phase diagram PO, —T:

Oxidation of Fe-1%Mn-1%Si

G Data Search - Equilib 8.3

tht

FactPS [ (R
FToxid O O
[ FTsulf O
] FTsalt O O
[] FTmisc |
] FThall -
[] FTOxCN Oi
[OFTmtz  [J ELEM O
[] FThelg O
O
O

T T AT.

[ FTpulp FTlite
[ FTdemo [ FTnucl

=l e N LF

Information -

You have selected more 1han_
FTlite FSstel FScopp FSlead SGTE |

Since these databases may contain com
it is strongly recommended that you {

|

Options - search for product spe

Include co
[] gaseo
Default [ aqued
1 limited

File Units

D& E

Components (4)

Products

Compound species

Parameters

Databases - 4/21 compound databases. 3/18 solution databases

S¢ Q Phase Diagram - Menu: last system

Variables

Help

T(C) P[atm) EnergplJ) Quantity(g) Vol(litre]

(gram) 02

+ Fe + Mn + Si|

Solution phases

= I + ] Base-Phase | Full Name -
[ gas - 0 | FSstel-Liqu LiQuID
[T aqueous 0 J FSstel-FCC FCC_A1
[ pure liquids 1] | FSstel-BCC BCC_A2
* [ pure solids 100 | FSstel-HCP HCP_A3
. . + FSstel-CBCC CBCC_A12
b SE'ecgggcies, 100 +  FSstekCUB CUB_A13
' + FSstel-t351 Me3Sil
+  FSstelM151 Me1Si1 |
Target 1 d
- hohe - | -el?nel.':lsmble 18 I7 Show (s all - selected
E stimate T(K) |1UUU J - Simmiscible_2 species: 308
+-selected 17 solutions: 59 m’
VYanables
TIC) log10[p(02)] | MniFe+Mn+Si] | Si/(Fe+Mn+Si)
5001000 -40-20 0.0 0.0

[log10 p(02) vs T(C)|

 FactSage 8.3

- no time limit -

Wmul

Custom Solutions
0 fived activities |

0 ideal solutions
Pseudonyms -
aDDI}' - Edit ... |

Yolume and physical prop data

(s Assume molar volurmes ot
solids and liquids =0

(" use only molar volume data

(" useV & phys. property data
I paraequilibrium & Gmin  edit |
Virtual species 44
Total Species [max 7000] 406
Total Solutions [max 200 59
Total Phases [max 1500 159

Phase Diagram

s

Calculate >>

|

‘ Lractsag
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GV Variables: 02-Fe-Mn-Si log10 p(02)/atm vs T(C) X

Variables TandP
compositions |2 Temperature Pressure or Volume

- K-axis ﬂ {* Platm) |constant h
& TIC) —
logi0la) = [1_] = Max |1000 " logP

Min: E " \flitre)

o O, -Fe -Mn - Si
O log
XY stepsfiT | Mn/Z (g/g) = 0.01, Si/Z (9/g) = 0.01, Z=(Fe+Mn+Si), 1 atm ‘?act&age‘"

Chemical Potentials Compositions Quantity(g) T T T T = T T

#1 log10(p/atm)  |Y-axis ~ 0 1Fe » D e ) W ’ FC
02 -20 [max) #., —— 2

gas-FactP§  ~ -40 [min) l_IFe + D Ll /

-A1 + Rhodonite + Sh

BCC-A2 +

0 Fe + Ean
h Fe + DMn

0|

BCC-A2 + Rhodonite + Si0;(s2)

log,, p(O

RAodonite FCC-A1

BLC-A2 + FQC-A1

BCC-A2

500 600 700 800 900 1000
()

thtsagem Alloy Design 81 www.factsage.com



EX17-3. Primary oxide formation diagram

Fe-C-Mn-Si-0,

800°C, p(0,) =10 bar,C=0.1% G’actSage‘"
2.0 . . : : . . . . .
15 F _C_)N
(92
+
— Q FCC + BCC + SiO, + MnSiO,
,§ 1.0 F n
@)
= O
LL N\(\S‘\O 3
05 F ?CC)( S\O
- o SN2
WS
¥ ccr ]
FCC + BCC FCC + BCC + Mn,SiO,]
0.0 0.5 1.0 1.5 2.0

wt% Mn

Drawing of the diagram:
1) Collect all blue/red/green lines at different PO2 and superimpose them in one diagram.

2) The boundary of each color line (different phase) is the phase boundary of the primary
oxide phase in the diagram.

thtSageT" Alloy Design Advanced 70 www.factsage.com



Fe-Mn-Si at PO,=10-?8atm, T=800°C

G’ Phase Diagram - Menu: last system
File Units
0| = -

Components [4)

Parameters Variables Help

| [gram] 02 + Fe + Mn + S||

Products

Compound species Solution phases

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

[Mn/[Fe+Mn+5i] vs Si/[Fe+Mn+Si)

FactSage 8.3

= ] + ] Base-Phase | Full Nam
[ gas & " 0 | FSstel-Liqu LIQuID
[T aqueous 0 4 FSstel-FCC FCC_A1
[ pure liquids 0 | FSstel-BCC BCC_A2
* [ pure solids 100 | FSstelHCP HCP_A3
) + FSstelCBCC CBCC_A1:
* - custom selection . FSstelCUB CUB A13
ies: 100 =
e + | FSsteM3s] Me3Sil
+ FSstelt151 Mel1Sil
Target Legend I o
none | - immiscible 18 V' Show & all |
E stimate T[K) |MZH]IZI J - 3-immiscible 2 species: 308
+ - selected 17 (e r— 5
Vanables
| TE) | logl0p(02) | Mn/FerMnsSi) | SifFeshnsSi) |
[ 800 [ }28 0003 | 0003 |

) Variables: 02-Fe-Mn-Si composition #1. vs composition #1.

T and P
Temperature

Vanables

e
b

L1ae
A

AN
XY steps

Chemical Potentials

#1 log10(p/atm) |conslant v

compositions |2
constant |

@« T(K)

log10fa) «| [1 ]

Compositions Quantity(g)

0 Fe + Mn

800

Pressure or Yolume

{* Platm) |constant v|
" logP

" (litre)
" logV

I total pressure isobars
|1e-'—1 1e-30.00.1

Y-axis v

02 ot .

|gasFactPs v| |28

1 Fe + Mn

[ #1 log10[{composition)

1] Fe + Elh-‘ln

- = 10,03 [max)

0 [min)

K-amis >

#2.

T—Fe + Mn

[ #2log10[composition)

0.03 [max)
0 [min)

‘ Lractsag
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EX17-3. Primary oxide formation diagram
O, -Fe -Mn - Si

0.03

BCC-A

0.025

BCCA2 + FCCf
0.02 -

T

p(0,) = 10°° atm, 800°C, 1 atm GactSage‘"

Boundaries for oxide phase

—_—
% BCC-A2 + Rpddonite
=
wn
=
E 0.015
+
-7
=
=
=
0.01
0005 F BCC-A2 S
I
I
]
0 1 . I 1 1
0 0.005 .' 0.01 0.0
Si/(Fe+Mn

Mn/(Fe+Mn+Si) (2/g)

O, -Fe -Mn - Si
p(0,) = 107" atm, 800°C, 1 atm

GactSage‘"

0.03 T . . .
Superimpose the figures of the lines
calculated at different partial pressure of

| oxygens

002 F -

0.015 | 4

001 | -

P(02)= 107
0.005 =
POR)= 107
0 . 1 . 1 . 1 . 1 1 .
0 0.005 0.01 0.015 0.02 0.025 0.03

Si/(Fe+Mn+Si) (g/g)

‘ Lractsag
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EX17-4. Primary and Secondary Oxidations

O L A B L B
2.5:‘
I <BCC + SiO,>
I <BCC
201 +MnSiOz>
2 | Concept of primary and
= 15T . .
= e sroc secondary oxidations
101 + MnSiO;>
05 ©)
; <BCC +FCC
[ + Mn,SiO >
ool A /4l
0.0 0.5 1.0 15 2.0 2.5 3.0
wt %Mn
SiO, formation 510> SiO,+MnSiO, formation
O O - ©®® © © @
> Mn = 0.5
Mn =0.5 Si depletion Si=10
Si=1.5 in metal '
Secondary oxidation

Primary oxidation

www.factsage.com
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Oxidation phase diagram

Oxidation phase diagram of the Fe-0.002%C-Mn-Si steel at 800°C

307
25

20

wt %81

15
10}

05t

ool

Si0,+MnSi0,

MnSi0,+Si0,

0.0 0.5

1.0 15 20
wt % Mn

I thtSage‘”
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EX18. Remelting and oxidation of Zn galvanized steel

Ar ______ AN |

Zn Zn (liguid) _ _ _ _ _ _

Reheating
(900 °C)

Fe-1%Mn-0.5%Cr Fe-1%Mn-0.5%Cr

1. L/S Interfacial reaction

2. Oxidation reaction

Oxidation Calculation

ar Log P(O,)

By controlling the partial pressure,
different layer oxides can be
calculated. But the partial pressure is
not linearly decreasing with depth of
oxide layer. So this type of calculation
shows quantitative oxidation behavior

Oxide layer
(—A—\

Original metal

GthSagem Alloy Design 88 www.factsage.com



EX18-1. Interface reaction between liquid Zn and steel

FTlite database contains
reasonable Zn bath data for Zn-
galvanizing. So, this is chosen
O O D e | E——— instead of FSStel.

O Frsulf  [ESsie]l [ SGTE

COFTsar [ [ SGsold Clear Al
[ FTmisc ﬁquilib - Menu: last system — X

[ FThall

[J FTOxCN Eile Units Parameters Help
O Fittz [ ELEM

D o D g T(C) Patm) Energyl) Quantity(g) Volliire) =il

[ FTpulp FTlite [] TDmeph —— Reactants [4
[J FTdemo =] PThuJeT l [J TDnucl )

G Data Search - Equilib 8.3

Databases - 1/21 compound databases, 1/18 solution datab

&Ct SG TE compounds only Pﬁvate Daf
[ FactPs  [] [ BINS solutions only []SGTEa

[ fgram)100Zn + 995 Fe + 05 Cr + Mn |

Information -
Click on a box to include (or exclude] a database in the data search
compound and solution database (when available] will be selected.

[note, this is NOT recommended]. Products
If database is stored on your PC but not listed here then you must ' Compound species Solution phases CE"S_l_Dm S olgligns
= l + ] Base-Phase | Full Name - D fired activities |
P gas © (= 0 | FTlte-Liqu Liquid 0 ideal solutions
[7 aqueous 0 J FTlite-A1 FCC-A1 i Pseudonyms
Opti - h F duct 1 .. : i
plons - mch o prodct spsio— [ pur b : | e soc a2 iy [ _E|
[] gaseous ions [plasmas) [+ pure solids 32 I FTlite-A3 HCP-43 Volume and physical prop data
__Defak | | [ aquecus species | FTiteA3"  HCPZn PrototypeMa o ssmume melar volumes of
[ limited data compounds (25C) species: 5 | FTlite-412 CBCC-A12 PlDtDl_l,lpE-M 1] " use 0n|_|'| molar volume data
' I FTlite-413 CUB-413 Prototype-Mn " useV & phys. property data
T ' l filMa:14 L ooty g2 ﬂ I” paraequilibrium & Gmin  edit
arge! Legend —
- none - |- ilg'lnmiscible 11 ¥ Show @ all  selected

A Total i Fi 4
E stimate T(K) [—1 000 J - Fimmiscible 1 species. 214 To aISD;ac_nes [max 7000] 223
R +-selected 2 R Select otal Solutions [max 200]

Quantiyi): [B soltions: 27 Total Phases (max 1500 59

Final Conditions E quilibrium
<h> <B> T(C) | Platm) v ||ProductH) ~| | & nomal  ©
30d [1 | r .
1000 steps [ -notime fimit - Calculate >>
FactSage 8.3
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EX18-

1. Interface reaction between liquid Zn and steel

&G Equilib - Results 900 C

Output Edit Show Pages Final Conditions

D=l BiE [

T(C) P(atm) Energy(J) Quantity(g) Vol(litre)

= O X

Mm@

(gram) 100 Zn + 995.5 Fe +

0.5Cr + Mn =

—_— e e e = = === =g

148.90 gram BCC-A28l
(148.90 gram, 2.5245 mol)
(900 C, 1 atm,
( 0.18332 wt.%
+ €2.€84 wt. %
+ 0.507€s wt.%
+ 36.€25 wt.%

1
a=1.0000)

Cr I

Fe-alpha

¥a 1

Zn)

T B ST |

System component
Zn
Fe
Mn
Cr
+ 0 gram BCC-A2g2

S —
+ 52.100 gram Liquid#l

I (52.100 gram, 0.81458 mol)
(900 C, 1 atm,
I ( 0.43578 wt.%
+ 11.830 wt.%
I + 0.4€843 wt.%
+ 87.2€€ wt.%
—-— e = = = =
System component
Zn
Fe
Mn
Cr
+ 0 gram Liquidg2

+0 gram FCC-Algl
(500 C, 1 atm,
( 3.5407 wt.
+ 70.241 wt.
0.€08¢e wt.
25.€10 wt.
+0 gram FCC-RAlg2

RO

+ +

Amount/mol

0.83412 54.535
1.€713 93.33¢€
1.37€0E-02 0.75585
5.2495E-03 0.2729¢€

a=1.0000) 1
Cx
Fe
Mn
Zn) I

—-— s =
Amount/mol
0.€9540 45.4€5
0.11037 €.1€35
4.4424E-03 24405
4.3€€€E-03

a=0.9825¢€)

Cr

Fe-gamma

Mn

Zn)

FactSage 8.3

Amount/gram Mole fraction Mass fractio

0.33041 0.3¢€25
0.€€20€ 0.€2¢84
5.450€E-03 5.07€9E-03
2.079SE-03 1.8332E-03

Amount/gram Mole fraction Mass fractio

0.853€9 0.872¢¢
0.13549% 0.11830
5.453€E-03 4.€843E-03
5.3€05E-03 4.3578E-03

We need this liquid Zn for the
oxidation reaction
- Save it as stream

P e e e e e mm e o mm o = Em = ey

BCC + FCC

F———————_—————

Reaction products:

I thtSage‘”
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EX18-2. Oxidation reaction of liquid Zn

&G Data Search - Equilib 8.3

$iact

FactPS
[] FToxid
[ FTsulf
[ FTsalt
[] FTmisc
[C] FThall
[] FTOxCN
[ FTitz
[] FThelg
] FTpulp
[] FTdemo

Information -

Options - search for product spe

Databases - 2/21 compound databases. 1/18 solution databases

S
OFScopp [OB
OrFslead [8
[ FSstel Os

D FSupsi D Si

G

File
O
R

Equilib - Menu: last system
Units Parameters Help
==

eactants (2)

(1l)‘ Setting oxygen partial pressure:
activity or log activity can be fixed

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

mo[(® e

(1) | [gram) 100% EZrliquid] + 0 02 |
o1
D ELEM D gl | Products
D S Compound species Solution phases Custom Solutions
% O * | + | Base-Phase | Full Name  a| = 0 fiedactiviies =" |
D D T IT gas (" ideal & eal 11 | FTlite-Liqu Liquid | N ideal solutions
[T aqueous J | Fiteal FecAl I (1)-b | pressure %
[ pure liquids 0 | FTlite-A2 BCC-A2
* [+ pure solids 54 [ FTlite-A3 HCP-43
) , | | FliteA3'  HCP2nProtalype E"‘tfe' the value ?f "’IQW[D] st ot ston'|
- custom se|eci.;,:deg - | FTlite412 CBCC-A12 Prolatyp [20[002'[ ;]range of values enter first last step'] for
: e AP ] |
| FTI,te A13 CUB-413 © selectio Cancel
| FTlite-C14 C14 Pral : : - 4
Target i fle et | Press [Cancel] if the partial pressure is no longer fixed.
- none - | nmiscible 11 W Show &' 8 Edeced 17
Estimate T(K]: j1000 J - 3-immiscible 1 e I-w 0 0_5{
_ +- selected 2 A
Quantity(g). |0 1 1
- : 2 0 FactPS
Include con - — ( ) a 3 ua[gl F:ztps 3::
[] gaseo| | Final Conditions | 4 Gl FactPs | gas
Defaul [ aqueo A <B> O JPem ~fPed| © cow Fanbs om
1 limited| | | 300 I —_R Fabs oo
|-|u steps 1 k] Felg) FactPS  gas
10 FeO(a) FactPS  gas
11 2Znl(g) FactPS
|
FactSage 8.3

[™ pemit selection of ' species | |
Show Selected SelectAl | Select/Clea... | Clar | o« |
thtSage‘” Alloy Design 91 www.factsage.com




EX18-2. Oxidation reaction of liquid Zn

Einal Corgitinne -

{?Axes: gram vs log10(activity)
Y-variable X-variable Swap Axes

—Dxl

o X

‘? Equilib - Results a=1e-30 (page 1/61)
Output Edit Show Pages
i~ 1
D= RIS H |
a=le-21 | a=3.16e-21 | a=1e-20 | &=3]
2=3.16e-26 | =1e-25 :=3.16e-25| :=]i
=130 | 2=3.162-30 | a=1e-29 | 2=3.16e]
(gram) 100% [Zn-liquid] + |
|
+ 4.0305E-08 02
BCC-A2¢l, selected as a dn::!
BCC-A2¢2, selected as a dorl
1
]
0 mol gas_real‘
(300 C, 1 atm,
{ 1.0000E-30
+ 52.100 gram Liquidgl
(52.100 gram, 0.81458 m.:ll1
(500 C, 1 atm, |
{ 0.43578 wt.%
+ 11.830 wt.%
+ 0.4€8343 wt.%
+ 7.73€0E-08 wt.%
+ B87.2¢6 wt.%
System component
Zn
Fe
Mn
Cr
©
+ 0 gram Liquidg2
+ 0 gram BCC-A2#l
(500 C, 1 atm,
{ 0.18332 wt.%
+ €2.€84 wt.%
+ 0.507€% wt.%
+ 3€.€25 wt.%
+ 1.3295E-15 wt.%
+ 4.3558E-13 wt.%
4+ 2 RATAR-1R wt &

Y-axis — X-axie
log1 Dfactivit
v o] | | i |
tick every  [5 tick. every D
S : : D— e —
G Plot Species Selection - Equilib Results: gram vs log10(activity) O X
File Show Select
Cancel | +| # | __ _Species | Gram (min) | Gram (max) | Wt.% [min) | Wt.% (max) | Activity (min) | Activity (m «
. 635  Phase DN I
Fe | 02 - 0 0 100 100 1.0000E-30 1
¥n La® 1 — — Liquid
? 2 Cr 0 0.227044 6.2753E-06  0.435785 1.4497E-19 2.3916E-02
m 3 Fe 0 £.1635 6.7732E-02  93.482 5.9082E-13 0.612868
Amount /mol 4 Mn 0 0244054 1800303 30886 13732615 23043603
0.€5540 5 0 0 1.7457E-03 7.7360E-08  21.829 3.0632E-26 3.0632E-11
0.11037 6 Zn 0 45.485 0511973 85.429 5.9658E-11 0.892053
4.4424E-03 Ligut 2 Liquid
P 7 O 0 0 35921E-06 | 19.338 14497619 2.3B16E-02
o ] Fe 0 0 6.7732E-02  93.479 5.9082E-13 0.612868
9 Mn 0 0 1.892650E-03 | 54.789 1.3732E-15 2.3043E-03
10 u] 0 0 7.7360E-08 @ 21.947 3.0632E-26 3.0632E-11
a=1.0000) 1 Zn 0 0 0.513343 87.266 5.9658E-11 0.892053
o= Al FCC-A1
Fe-alpha'
Mn Cr . . 1.7529E-22 | 5.9909E-29 | 3.5407 2.0702E-19 3.4009€-02 _|
Zn 13 Fe-gamma - 2.2085E-06 1.56977E-12 | 93.682 9. 6005E-13 0935871 ~
o] Setting X-axis N
FeO3 ~
Mn0R , - \).
Y: gram ‘ [%: logl [I[al::llwlty] isplay Mass (qn:!er Select Top Iﬁj
select species - Vnter one species # l— ource  mole * integer # —
use "+ column ~ [1_ 2 T ohase ? I['nass [miaH] ] ignore species and
raction (max i
Clear l ~DZ— - ™ name * giam € activity (mas) phases with zero mass OK
r ) Select ...
[ Click _on the '+ column to add or remove species. | [page]

I thtSage‘”
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EX18-2. Oxidation reaction of liquid Zn

100% [Zn-liquid] + 0 O2
C:\FACTSAGEWS\Equi0.res 02Jul23

100% [Zn-liquid] + 0 O2
C:\FACTSAGEWS\EquiO.res 02Jul23

cccccc

// }(\ \ \ | /\

air

Zincite + Spinel

Zincite + BCC

N

ZnO-rich Zincite

Spinel +Monoxide + liquid
Spinel + liquid

L——— MnO-rich monoxide

Oxide layer

Original metal

— ZnCr204

It is hard to expect the thickness of each layer

A
=
[0 o)
o
oQ
D
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EX19. Carburization and Decarburization of Steel

Help

T(C)

P[total)*=

St

CO/CO, is variable

/

G Equilib - Menu: last

File Units

Reactants (6)

meters

em

Help

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

— X

M (™ 2]

[ [gram) 9962 Fe

+ 008 C +

0.2 Mn + 0150 +

<1-4> molCO

<b> molCO2 |

Q Equilib - Reactants
File Edit Run Macro Table Units Data Search Data Evaluation
g@ il T(C) Platm) Energyl)) Quantity(g) Volllire)
1-6|
Quantity(g) Species Phase
[99.62 [Fe |
* |0.08 [ |
+ oz [Mn |
* 0 [si
* J<-& mol -]
N o ———

~ Products
~ Compound species

1 Solution phases

— Customn Solutions
- 0 fixed activities SIS

* [ + I Base-Phase | Full Name !
*[+ gas @ ideal © real 24 FSstel-Liqu LIQuID 0 ideal solutions
r aqueous 0 + FSstel-FCC FCC_A1 | [~ Pseudonyms ——————————
[ pure liquids 0 +  FSstelBCC BCC_A2 apply [~ __Edt..
[~ pure solids 0 FSstel-HCP HCP_A3 ~Wolume and physical prop data-
FSstelCEME CEMENTITE Q@ e
., ; solids and liguids =
custom selec:::de& 24 FSstel-M23C M23C6 " use only molar volume data
FSstelM7C3 M7C3 " useV & phys. property data
FSstel-CBCC CBCC_A12 L] I paraequilibrium & Gmin _edit |
Target ~Legend
- none - +-selected 2 WV Showf all " selected .
: Estimate T() |1000 ) Total Species [max 7000] 40
FactSage 8.3 Compound: | 2/21 databases Solution: | 1/18 databas m_' i .\ - l— s;:i;':z 13 Select | Total Solutions [max 200 2
Quantity(g): | ' Total Phases [max 1500 3
Final Conditions E quilibrium
<Ay <B> TIC) |P[dm] L] |Product HY) L] & nomal nomnal + transitions
01001 1200 [1 | " hansitions only " open
10 sfeps If' 107 calculstions] | -notime lmit - Calculate >> |
FactSage 8.3

thtSage‘”
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EX19. Carburization and Decarburization of Steel

&G Equilib - Results A=0 (page 1/101) — O X

T[C) Pfatm] EnergylJ] Quantity(g) Yolllitrz) m | BI:Q’

A=017| A=018| A=019| A=02| A=021] A=022| A=023| A=024

Qutput Edit Final Conditions

Save or Print As ...

Show Pages

Plot > Plot Results . | A=011| a=012|
Equilib Results file > _ Repeat Plot - gram vs log10(activity) ... FactSage 8.3 i
Stream File > IG Plot: gram vs Alpha X |
i - — - — —
Format Flle Help G’ Plot Species Selection - Equilib Results: gram vs log10(Alpha) a X
- — File Show Select
Fact-XML > 9962Fe + 008C + 02Mn + | [+] # [ Species | Gram (min) | Gram (max) | Wt% (min) | Wt % (max) | Activity (min) | Activity (max)
SOLUTIONS
) Variabl 41 |GAS 27843 44.166 0 0 1 1
Fact-Optimal > arnables 42 |FcC 99,843 10017 0 0 1 1
activity 43 |BCC 0 0 0 0 0.985282 0994324
" " ELEMENTS
Fact-Function-Builder > G Axes: Alph 44 Fe_BAS 50991E-06 | 77525606 1313305 18321E0S | O 0
! €5 gram vs Alpha 45 | Mn_GAS 62074E05 G7131E05  15200E-04 22691E-04 O 0
. . 46 |SiGAS 75835605 | 7.7281E-02 | 27236E04 0174978 0 0
Refresh ... Y-variable X-variable §WEP Axes 47 | 0_GAS 15.933 31.938 57.463 7245 0 0
48 |C_GAS 11.844 12091 27.375 42537 0 0
43 |Fe_FCC 9962 9962 99.454 99.777 0 0
+ 9.7324E-13 Y-anis —X-axis 50  Mn_FCC 0.199933 0.193938 0.199605 0.200247 0 0
H = 51 |SifcC 22719E02 | 9.9924E-02 | 22754602 | 9.980%E02 O 0
* 1.2€13E-13 R OLFOL o LSRY 4SGRR0L. LOMED _AEREEQL 0 . . L
+ 2.€1599E-14 53_|C FCC _1O768E05_ 0247126 10785E-06_ 0246714 0 03
- . . 54" Fe BLL o 0 0 0 0 0
¥ o3.8assELs maximum maximum |1 55 MnBCC 0 0 0 0 0 0
+ 2.0551E-18 55 SiBCC 0 0 0 0 0 0 -
+ 3.€2242-15 minimum D minimun [0
2 E-2 i B
+ aA.:;ca-:u_: 20 ' ' Display Mass 2“"::[; i, Select Top I?zj
+ 3.1€47E-22 tick every om tick every 0.1 I source © mole | | masgs [max) ignore species and
+ 9. E-23 [” phase 5 " hact] I =
+ 5 &I m @ gram - ;:ﬁ:;ﬁ:[ﬁ:ﬁ phases with zero mass ﬁ
- Select ..
+ 1. | Click on the "+ column ta add or remove species. | I Ipage] page L|
+ 7.83€lE-2 -ID-I
4+ 7.2598E-24 Cancel | Hefresh | D
+ 3.57€4E-29 = Speuies
+ 3.2144E-30 .
; - 1 selected els Display
+ 2.1737E-30
+ 2 129€E-31 - —— see:[3  no:fd v color ™ full screen
Select G ) colors ... O v
+ 100.17 gram FCC Al * chemical I teactants Viewer
~ [ ' Fj
(L00.17 gram, 1.7511 mol integer # V7 fi Figure
(1200 C, 1 atm, C none ol 1l
offset v Plot >> |

I thtSage‘”

02Jul23

101 sets

FactSage 8.3
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0.300

0.280

0.260

0.240

0.220

0.200

0.180

0.160

gram

0.140

0.120

0.100

0.080

0.060

0.040

0.020

99.62 Fe + 0.08C + 0.2Mn + 0.1Si +
C:\FACTSAGEWS\Equi0.res 02Jul23

An amount of carbon in FCC phase (Fe)

C_FCC, . C_FCC,

0 0.20 0.40 0.60 0.80

Alpha
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EX19. Carburization and Decarburization: Composition target

G Equilib - Menu: last system
File Units
D@ &

Reactants [6)

Parameters

Help

TIC) Pfatm) Ene

ravld] Quantity(a) Yollitre)

1

Composition Target:
“How to calculate optimum amount of
CO, to reduce C in steel to a targeted

5

| (gam)93962Fe + 008 C + D2Mn + 015 + <14 molCQ~% <A>molCO2 | . ”
composition
Products
Compound species Solution phases Custom Solutions
= I + I BasePifase | Full Name - 0 fixed activities 4'
*[+ gas (* ideal " real 24 e stel-Liqu LIQUID (o .
[ aqueous o | |1 c || Fsstebfce FCC_A1 — | G Composition Target X
[ pure liquids 0 miks FSstel-BCC BCC_aA2
[~ pure solids 0 FSstel-HOP HCP_A3 Variable Solution ST53-FCC
} ) FSstel-CEME CEMENTITE |
- custom selection FSstel-M230 M23CE I | T species composition Code numbers [169-176) f
species: 24 Fe Mn. 0
FSstelM7C3 M7C3 | T log10 [species composition] T {
FSstel CBCC CBCC_A12 LI | - |
Target Legend | | & element composition 15 e :I |
none - C - composition target V Show all " selected |
Estimate T(K) (1000 - element: C species: 16 [ " logl0 [element composition)
Quantity(g): |0 P solutions: 2 ﬂl - Element |
species actvity Elements C 0 SiMn Fe l
Final Conditions E | O logl0Ofspecies activity) —E- =" :
<A <B>» T(C) IP[gm] L”F'roducl HW) LI (s - Element: — el |
01001 1200 |1 | 1 - nohe (removes targets) -
0 steps I
Values |
Enter a single value - or enter a range of values 'first last step’
Factsages-a | = o E — e - J— — e - _P_ —
| | ElementC ||1 0005 ||1 ooz ||1 ooor | |
mass fraction: |
| (0.05%) (0.2%) l|

I o e e e e o mm mm mm o omm owe oo |

|
Cancel | Help 0K | 1

I thtSage‘”
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weight %

0.240

0.220

0.200

0.180

0.160

0.140

0.120

0.100

0.080

0.060

0.040

0.020

99.62Fe + 0.08C + 0.2Mn + 0.1Si +

C:\FACTSAGEWS\EquiO.res 02Jul23

0.0250 0.0350 0.0450 0.0550 0.0650

Alpha
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EX20-1. P reduction in high purity Si using vacuum

G Data Search

Lact SGTE
FactP$ ‘E] FScopp [ BINS
[TFioxid "[1rSlead [ SGPS

Databases - 2/26 compound databases. 1/26 solution databases

FactSage ultrapure silicon database

compounds only P ﬁ va te Da taba:
solutions only [] EXAM [1SGTEa [

no database

This is special database for high purity Si

production

O Frsar _ [J0Zsic] _ O SGTE

O FTmiscI_ FSupsi <{-9freoma Clear Al |

FactSage 8.0 Compound:

[ FThall
FTOxCN ilib - —
E FTfr:z Other Add/Remove Datal G Equilib - Reactants X
[ FThelg [ ELEM [1 SGnobl File Edit Table Units DataSearch Data Evaluation Help
1 FTpulp [ FTdemo E 'ijDMCB:: | D ||g| ﬂ TIC) Platm] Energyl)] Quantity(g) Volllitre) m | B| H|
mepl
[ FTlite [ FTnuel [ TDnucl 1.4 |
Information -
Quantity(g) Species Phase TIC) P(total)= Streamit Data
E3 lSi | = I I
* B l = | I
* P | =l | | i
Options - search for product species *
Include compounds ——————— Limits h IAI | J l l h
gaseous ions [plasmas rgani
O ions [pl ] Organi
Default [ aqueous species Mini
] limited data compounds [25C) nimy

Next >>

2/26 databases Solution:

[~ Initial Conditions

1/26 databases

I thtSage‘”
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G’ Equilib - Menu: last system — X
Eile Units Parameters Help
D= g T(C) Pibar) Enerayl)) Quantity(g) Vollltre) |"| ) ;g| - ) X
~ Reactants (4)
ar] Energy(J] Quantity(g) Vol(litre) | Ely I l .
| [gram) 98 Si |B+P+Ar| “"BD’
512E-03 bar |
2E-04 bar | 6.310E-04 bar | 7.943E-04 bar | 1.000E-03 bar
e E-04 bar | 1.259E-04 bar | 1.585E-04 bar | 1.995E-04 bar
— Compound species——— — Solution phases — Custom Solutions | 5 I : I z
* [+ | Base-Phase | Full Name 0 fived activiies _D°!2 | 105 bar | 2.512E-05 bar | 3.162E-05 bar | 3.981E-05 bar | ' |
Egas * ideal " real g | FSupsi-Liqu Liquid P'D |d§al solutions FactSage 2.0 A
agqueous | FSupsi-Diam Diamond_A4 — Pseudonyms -
[~ pure liquids 0 apply LI
[ pure solids 0 ~Volume data——————
assume molar volumes of D€ litre, 1.983€E-09 gram.cm-3)
solids and liquids = 0 a=1.0000)
species: q include molar volume data
and physical properties data
[ paraequilibrium & Gmin _edit |
ot ~ Legend Wirtual species; 12
- hone - B & V¥ Show® all  selected SPECIEs 25
Total Species [max 5000
E stimate T[K] |1000 .
ol : - S;Eiic;:z 1: Select Total Solutions (max 200 4
Quanikylg) ) Total Phases [max 1500 5
~ Final Conditions ~ Equilibrium
Ty B> T(C) 'Ibadﬁ'baﬂ'[ = IFM HU) ~ & nomal ¢ nomal + ansitions
1600 Il5001 " " wanstions only " oper
|1IJ steps ™ Table ——— = 51 calculations -notime limit-  Calculate >> | a=1.0000)
FactSage 8.0 - Yy
+ 58.841 wt.% Si)
System component Amount/mol Amount/gram Mole fraction Mass fractio
Ar 4.883€E-12 1.595092-10 1.5353E-12 2.2234E-12
P 5.849€E-04 1.8118E-02 1.8390E-04 2.0E43E-04
Si 3.0879 8€.72¢ 0.97077 0.98841
Vacuum |eve| B 9.2398E-02 0.99892 2.9048E-02 1.1385E-02
+ 0 gram Diamond A4$l

e to search

thtSagem Alloy Design 100 www.factsage.com



,‘3 Axes: weight % soln. species vs log10(P(bar))

Y-variable X-variable Swap Axes

¥-axis
[ weight % soln. species |

maximum
minimum D
tick every

—¥-axis

maxim

X |

lag10[P[bar

um

minirmum

tick every

o]
B ]

File Show Select

G Plot Species Selection - Equilib Results: weight % soln. species vs log10(P(bar))

Cand +| # | Species | Gram (min) | Gram (max) | Wt.% [min) | Wt.% (max) | Activity (min) | A
Gas Phase

1 B 5.6622E-10  1.0850E-03 5.6573E-08  8.1840E-03 2.0913E-09 2.

2 B2 B.0258E-16  1.2912E-09 6.0206E-14  9.7398E-09 1.1128E-15 1.

3 Si 6.1005E-06 10516 6.0952E-04 79322 8.6735E-06 8.

4 Si2 2770207 0.480367 2.7678E-05  3.6235 1.9693€E-07 2.

5 Si3 1.5938E-07 0278018 15924E-05 20971 7 5531E-08 7.

6 P 33285E-06 0.115586 3.3257E-04  1.2504 8.6962E-08 4.

7 P2 1.2310E-03  0.801148 0.122991 414 3.2588E-07 7.

8 P4 2.0184E-08  8.3445E-06 1.5225E-07  6.3706E-04 3.7965E-15 2.

9 Ar 0939625 1 7.5431 99.876 5.8335E-07 0.
Ligu#t 1 Liguid

10 Ar 1.9508E-10 3.7460E-04 2.2234E-10 3.7460E-04 1.4754E12 2.

A B e e 0998915 L o o I 11385 7.8996E 02 g

+ 12 P 1.8118E-02  0.338766 Z.UEJBE-IIQ 0.998774 5.6219€E-05 2.

3= ST = =T/ T W™ ™ = "o 98.918 0.96692 0.
Ligut 2 Liguid

14 Ar 0 0 2.2234E-10 | 3.7460E-04 1.4734E-12 2.

15 B 0 0 1 1.1385 7.8986E-02 8.

Display Mass Order Select T

@ integer #
™ source C omole | |~ rhass {ma) nore
I” phase & giam | | © fraction max) L
Clear [T name activity [max)
[ Click on the '+' column to add or remove species. | I Ipage] | 51 pages| =

weight %

1.00

0.90

0.80

0.70

0.60

0.50

0.40

0.30

0.20

| X ‘

P content in liquid Si

=¥

| 1
-500 -450 -400 350 -3.00 -250 -2.00
logs(P(bar))

|
-150 -1.00 -0.50 0
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EX20-2. B reduction in high purity Si using H,-H,O mixture

70
60 ®1450C A 1500C
\
\
SOA\
\‘\
W\
— bt |
E 40 \ [B] = 49 6Exp(-0.0151)
c N
= \
@ 30 o
o
\ Nl
20 O
N & s
S
10 \\i ‘\“~-_- -
[B] = 57.8Exp(-0.024t) \‘\.~\_—t‘~.__‘
0 -2
Time (min)

Fig. 1. B concentration changes in H,-H,O blowing determined by
the resistivity meter

JOM, JOURNAL OF THE MINERALS, METALS AND
MATERIALS SOCIETY
Volume 64, Number 8 (2012), 952-956
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G’ Equilib - Reactants — X .
Eile Edit Table Units DataSearch DataEvaluation Help Open Ca|CUIat|0nS
- TIC) Plbar) E J] Quantit Yollit ), £ :
Dl=| +] ) Pl Enegl) Gunitig) Vi) Mm% els] | Simple reactor module
pr]
15 / with off-gas removal
Quantity(g) Species Phase Mmments — X
ISB ISI | File Units Parameters Help
+ i B /4 e T() Plbar) EneigyN) Quantity(a) Vollitre) m ol
* Il_ ______ |F'_ — _A_/_ _|| ~ Reactants [5) ]
+1
<018 IH2 I [ (gam3y/Si + B+ P+ <01A> N2+ <084 H20 |
+
O o _ D
~ Products 1
~ Compound species Sofltion phases  Custom Solutions 1
* | + | Base-Phase | Full Naige 0 fixed activites =" |
[+ gas & ideal © real 48 | FSupsi-Liqu Liquid 0 ideal solutions
[T aqueous 0 | FSupsi-Diam Diamond_aAd4 Pseudorgms ————————
— T - apply r Edit ... |
“Open” menu ~Volume data

Addition of <A> amount of gas and make chemical reaction
- Remove the gas as off gas
- Add another <A> gas for chemical reaction

- assume molar volumes of
solids and liquids = 0

¢~ include molar volume data

and physical properties data

paraequilibrium & Gmin _ edit |

— Legend
ikl ¥ Show @ all " selected
- Remove the gas as off gas Iz e 2 e . T 64
.. ; . . A species:
- Do this iteration until reaching “10” step soutions: 4 5%t | :
[ =inakCenditione= E quilibrium
<h> K TC)  |Pibar) v ||ProductHY) | | © nomal + tansit
I 1 I 1420 [1 | C bar & oneri |
I—'Fﬂtep'! - -notime fimit-  Calculate »> |
FactSage 8.0 C:\Work shopB0\Work shop'ex20-1. equi
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Qutput  Edit

D|e| RIE 5

Show Pages

&5 £quilib - Results Step 10 (page 10/10)

Final Conditions

T(C) P(bar] EnergyJ) Quantity(g) Yolllitre)

Step1| Step2| Step3| Step4| Step 5| Step6| Step7| Step8| Stepd  -Step10- |

File

Help

G Plot: gram vs - page - X

985 + B + P + <014 HZ + -

(gram) <0.9%A> HA(

n.14742

(2.3399% gram

(0.
— ) | —

+ 9R.719 wt

mol gas ide

178 wt.%
L O - S S S e e e e . .

+ 3.0R79E-07 wt.% O

+ 1.10%7 wt.)

+ 0.1A> R2

B

F
-y 81

'

Total <A>

. 1.1275E-04 gram.cm-3)

10.004

B product in gas phase

X-axis

Vanables Minimum Maximum
activity 0 1
mole 0 3.5689
alh. species 0 0.998994
amn 0 98.978
In. species 0 99.939
Alpha 0 0
TIC) 1420 1420
Plbar) 1 1
CplJ/K) 96.898 150.36
Gl) -3.0366E +05 -2.7380E+05
Yol(litre) 18.721 20.753
HJ) 2.7022E+05 3.0511E+05
Y(litre) 18.721 20.753
SAK) 3213 35955

1 10

- page -

B reduction in liquid Si

pecies Graph

| page |

FactSage 8.0 C:\

Labels Display
size: |9 rocl4 W color ™ full screen
Select | . colors .. .
+ chemical v . Viewer
" integer # v feactan * Figure
Repeat | "B [ v file name
offset ¥ Plot >> |

AP =

rets

QAxes: gram vs - page -

Y-variable X-variable Swap Axes
Y-axis ~X-axis
=
faximum maximum
minimun D minirun |:|
tick every tick every

Cancel | Refresh | 0K
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98 Si+ B+ P+ <xA>H, + <(1-x)A>H,O
1600°C G’actSage“

B content in liquid Si

So
ras)
c@ -
‘S 051 98Si+ B+ P+ <0.01A> H, +<0.99A> H,O
= "
i G’actSage
0.4 1.0 T T T T T T T T T T T T T T T T T
03 . l
02
01}
0.0 . .
1 2 3 4 5 6 7 8 9
- page - ?E
<
2
S04}
=

B content can be reduced with decreasing T
“page” in x-axis is amount of gas injected
(or considered as the degassing time)

0.0 |
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EX21. Heat balance: very important for industrial process

[AmBn + etc.} T2

1) How much heat is required to
ﬁ + or - Heat Increase temperature from T1to T2 ?

2) If we add or remove a certain amount

of H from mixtures of materials, what

would be final temperature ?
O+ n

—> Good for
Heat of formation + T increase a) Furnace capacity design
b) Heat balance calculation for alloying
T1 @ or fluxing of materials to melt bath
7 c) Calculate exothermic or endothermic
@ @ heat generated during explosion
d) Process simulation for temperature

T2 729 change

Heat of Dissolution
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Final

Temperature ?

1600 °C, Liquid

Fe-1wt.%Al-0.8wt.%C

Use two stream

lgram) 98.2 Fe + Al + 0.8 C =

1 . 0 mol gas_ideal

(1600 C, 1 atm, a=7.8931E-05)
( 7.7712E-05 Fe
+ 1.2185E-0¢ Al
+ 8.€147E-13 Al2
S8 c
e R AlC
+ 3. alacz
+ 3. Alcz2
+ 6. c3
+ 6. c2
L 28 c4
+ 3. cs)
(100.00 gram, 1.8€21 mol)
(1€00 C, 1 atm, a=1.0000)
( 1.0000 wt.% Al
+ 0.80000 wt.% C
+ 98.200 wt.% Fe)
System component Amount/mol
Fe 1.7584

gram) €5 Mn + 35 Fe =

0 mol  gas_ideal
a=4.1207E-43)
Mn

Fe)

+ 79.544 gram CBCC_Al2
(79.544 gram, 1.443€ mol)
(25 C, 1 atm, a=1.0000)
( 18.407 wt.% FeVa
+ 81.593 wt.% MnVa)

Fe 0.2621%
Mn 1.1814

+ 20.45¢ gram BCC_A2#1
(20.45€ gram, 0.3€€33 mol)
(25 C, 1 atm, a=1.0000)
{ 85.521 wt.% Fe
+ 0.47861  wt.% Mn)

System component Amount/mol

Fe 0.3€454

Mn 1.7821E-03
— e . o e S S S e e e e

3.577 . 0000
- e =

[
1
|
[
1
I System component Amount/mol
[
1
|
[
1

Mole fraction Mass f:actionl
0.94433 0.%8200
1.9903E-02 1.0000E-02

0E-02

Mole fraction Mass fza:tianl
0.181€3 0.18407
0.81837 0.81553

Mole fraction Mass fraction
0.535514 0.98521

4.8€48E-03 4.78€1E-03
—-— e e e o o
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r N
45 Equilib - Reactants — X
File Edit Run Macro Table Units Data Search Data Evaluation Help
0 l.‘i-'“| il TIC) Platm) Energyl)) Quantitylg) Vollitre) "” B
Adiabatic condition || .
Quantity(g) Species Phase TIC) Pltotal)*™ Stream#t Data
[100 |[Fela-1600C]  ~| [[Stieam] oo [i
+ A [IFEMN-25] ~| [[Stream] (25 [1 [z
G Equilib - Menu: last system
File Units Parameters Help
0l E T(C] P(atm) Energyl)] Quaniity(g) Vol(litre)
Reactants [2)
(gram) 100% [FelLg-1600C] + 45> [FEMN-25)
(1600C1600C]H1) (25C25].42)
Products
Compound species Solution phases = Pltotal] is the hydrostatic pressure above the phase.
- I . I B Ph | F 'N For a gaseous stream this iz the sum of the
BEHL AL Lt L) partial pressures of the species in that stream.
12 + | FSstetliqu
|- agueous 0 + FSstel-FCC ¥ Initial Conditions
[ pure liquids 1] + FSstel-BCC
= [+ pure solids 39 FSstelHCP
‘ FSstel CEME
* - custom selection FSstelM230 :
SRECES 51 FSstel-t7C3 FactSage 8.3 Compound: | 2/21 databases Solution: | 1/18 databases
Torgel Lomerd FSstelCBCC L] ™ paraequilibrium & Gmin  edit
- none - fgs::acted 3 W Show & al selected .
. Total Species [max 7000 67
Estimate T(C): |1000 species: ! 3
Ausritufal IU_ solutions: Select T otal Solutions [max 200
Wuantiylg) ' Totsl Phases (max 1500) 43
Final Conditions = Equilibrium If we know the heat loss of the
<Ay <B> T(C) | Platm) ~J[Deka H) vi @ nomal .
T : i < . ladle we can setup this here for
MO e = (ST Tint] | -notne - : icti
b e the final Temperature prediction
FactSage 8.3
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‘? Equi

Output

D= B& 5

lib - Results 1600 C, A=0 (page 1/31)

Edit Show Pages Final Conditions

156220~ a_nal

71.6 GPIot T(C) vs Alpha

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

e

O X

X

100% [FelLqg-1600C] + <A> [FEMN-25]
C:\FACTSAGEWS\EquiO.res 03Jul23

15
1580.97¢ File Help
135043 C, 100% [FeLq-1500C) + <A> [FEMN-25] -
1600 C, A=0
EE— Yariables Minimum Maximum
{gram) activity 0 1
(le00, male 0 1.9164
le fract
o Al QAxes: T(C) vs Alpha
weight %| Y-variable X-variable Swap Axes
X-axis [
LT o Y-anis —R-aRis——  sere -
Dek A
DE 159250 |-
v maximum 1600 maximum
De .. .. 158750 [~
Del FAInIFALIN 15525 rAiniFAUIm
. 1o tick every tick every 158250 -
(100
5 157750 |-
Cancel | Refresh | 157250 [
o ¥ reactants
" intege
-~ integer # IV file name 1eerse
nane ¢
offset v i
156250 |-
+0 :
FactSage 8.3 CAFACTSAGEWS\EquiD.res L
{ €.8734E-03 wt.% AIC3 1eere
+ 1.0%88 wt.% Al
+ 0.43387 wt.% FeC3 1552 50
0

0500 1.000 1.500 2.000 2500 3.000

Alpha
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EX21-2. Heat balance: Cooling of AZ91 from 600 to 300°C

&3 Equilib - Reactants — X
File Edit Run Macro Table Units Data Search Data Evaluation Help
Ol il T(C) Platm) Enegoull) Duantiviol Vollicel miE ol
G Equilib - Menu: last system — X
1-3 l File  Units Parameters Help
D = | T(C) Plbar) Energyl)) Quantityl) Vol(itre) m B| 9
Quantity[g) Species Reactants (3)
M so/
80 IMg fr [ (gam90 Mg+ 9 Al + Zn |
* f9 8l s
+ Il Izn lg Products
Compound species Solution phases 1 Custom Solutions
= | + | Base-Phase | Full Name - 0 fixed activities |
[ ges & ideal © 0 I FTiteLiqu Liquid 0 ideal sohtions
[T aqueous 0 J FTlite-41 FCC-A1 | ~Pseudonyms - 1
[ pure liquids 0 [ FTlite-42 BCC-A2 aply [ Edt. |
* |T pure solids 35 | FTlite-A3 HCP-A3 ~Yolume and physical prop data
. custom selecti I FTlite-43" HCP-Zn Protatype-Mg @ 23[:‘;‘2":;3?.'3{,.‘;.2"1%“ o
e CiEs °°s';2cies, - I FTlite-812 CBCC-A12 Prototype-in " use only molar volume data
’ | FTlite-C14 C14 Protatype-MgZn2 " useV & phys. property data
| FTlite-C15 C15 Protatype-MgCu2 j PR e e
Target Legend & ~
- none - [N [V Shaow @& al selected T otal Soacies (e 70001 178
Estimate T(K): 1000 J - Fimmiscible 1 speciess 143 & apecies e
Quanivigh [ +-selected B solions. 29 _oelect Totsl Solutions [max 200) 29
Huantitylg) ' Total Phases [max 1500 64
Final Conditions Equilibrium
<A <B> T(C) | Plbar) v ||ProductHY) ~| | © nomal
FactSage 8.3 Compound: | 2/21 databases Solution: | €00 |1 | = c
[10 steps r -notime limit - Calculate >>
FactSage 8.3
. (o]
Stream : AZ31 alloy at 600 °C
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100% [AZ91-600C]
C:\FACTSAGEWS\Equi0.res 03Jul23

100 T e T T

r
‘? Equilib - Menu: last system - X w0 -
| Eile Units Parameters Help
70
=3 TIC) P(bar) Enerayl) Quantity(g) Volllitre) W ™ 2
Reactants (1) or
[gram) 100% [AZ31-600C] E o
40 -
- Products \
— Compound species ~ Solution phases r~ Custom Solutions 1 w bk ]
= | + | Base-Phase | Full Name - 0 fixed activities Q \
[Cgas @ ideal € real O [ FTlte-Liqu Liquid || e » | Vo
7 aqueous 0 J FTlite-A1 FCC-A1 ~Pseudorgms ——————— "\
[ pure liquids 0 | FTite-A2 BCC-A2 appy [ __Edt.. “ 2 -
* [+ pure solids 3B | FTlite-43 HCP-43 ~Wolume and physical prop data| \K
© eustom sl [ FTlte-A3" HCPZn Protatype-Mg Q@ S et 0 . . ‘ : \
- custom sel GCSI;:des‘ - | FTlite-412 CBCC-A12 Plolotype-Mn c s only SN 300 350 400 450 500 550 600
’ | FTlite-C14 C14 Prototype-MgZn2 " use¥ & phys. property data T©)
Target ] dl FTiteC15 C15 Prototype-MgCu2 LI I~ paraequilibrium & Gmin _ edit
~ Legen
e i V¥ Show & all  selected 100% [AZ91-600C
. | -immiscible 10 Total Species [max 7000] 178 o [ !
Estimate T(K): J1000 J - Jimmiscible 1 v ICE - C:\FACTSAGEWS\Equi0.res 03Jul23
a _'_“ 3 +-selected B solions 29 ﬂl Total Solutions [max 200] 29 e
uantitylgl ' Total Phases [max 1500] 64
Final Conditions Equilibrium
<A> <B> TIC) | Plban) v ||ProductHW) | | | # namal  © nomal + transitions e 1
| 600300 10 [1 fl " wanstionsonly
QO steps [T Table -notime limt - Calculate >> o000 |- 1
FactSage 8.3 / 70000 [ 1
60000 |- .
50000 - 1
40000 |~ .
o 300 3;0 »$:lﬂ 4;0 5(‘30 5;0 600

)

thtsagem Alloy Design 111 www.factsage.com



EX22-1. Thermodynamic properties: Activity, AG, AH, AS etc.

r
43 Equilib - Reactants — X

| File Edit Run Macro Table Units
D@ + jilEFEd

1-2|

Data Search Data Evaluation Help
T(C] P[bar) EnergylJ) Quantity(g] Yolllitre)

Phase TIC) P(total)*=

'r‘} Equilib - Menu: last system — X

Quantity(g) Species

[<1-A> [Mg
* [si

Stream#t Data
1

[liquid

[liquid _ ‘
< File Units Parameters Help

DwE

Reactants [2]

T(C) P(bar) Energy()) Quantity(g) Volllitre)

<A> Si
(1600C liq.#1)

f [ [gram] <1-8> Mg  +
(1600C lig.#1)

~ Products

Compound species Solution phases

Custom Solutions
D fixed actrvbies !

FactSage 8.3

Compound:

[ 1721 databases

Solution:

[ 1718 databases

Target
- none -

Estimate T(K): [1000

~ Legend
| - immiscible 5
J « Srimmizcible

Quantity(ag); |U

Final Conditions

2

V¥ Show & al

" selected

species: 47
solutions: 16 ﬂ]

<A> <B> TIC)

| Plbar)

~||DekaHy)  ~|

{01 0.0

10 steps r

1600

FactSage 8.3

1

101 calculations

= | + | Base-Phase | Full Name 0 |
W gss @ ideal © sl 0 I FiteLiqu Liquid 0 ideal solutions
** Pltatal) is the hydiostatic pressure above the p r aqueous E . FTI!te-Al FLCAT [ Peeudonyms Edit
For a gaseous stream this is the sum of the [ pure liquids 0 ! FTlite-A2 BCCA2 apply [~
partial pressures of the species in that strean [+ pure solids 23 | FTlite-A3 HCP-43 ~Yolume and physical prop data
J FTite-Cla aC1 Prototype-CaF2 o LD U NG
| - solids and liquids = 0
e 23 | FTlite-C14 C14 Prototype-MgZn2 use only molar volume data
' | FTlite-C15 C15 Prototype-MalCu2 " useV & phys. property data

[ paraequilibrium & Gmin _ edit |

Total Species [max F000] 70
Total Solutions [max 200] 16
Total Phases [max 1500 24

Equilibrium
& nomal nomal + kransitions

" hansitions only " open

-notime limit - Calculate >> |
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G Plot: Delta G(J) vs Alpha

47 plot Species Selection - Equilib Results: activity vs Alpha O X
File

Help

Eile Show Select

1-A> Mg + <A G + l|_i :u |1 Species ||_i uil:'am [min) [ Gram [max) | WEZ (min) ] Wt % [max) | Activity [min) ] Activity [max)
= Ak Mg 0 1 0 100 0 1
Variables + 2 i 0 1 0 100 0 1
activity 0 CiLiqut 2 Liquid
0 3 Mg 0 0 0 100 0 1
mole 4 5i 0 0 0 100 0 1
mole fract. soln. species 0 Al FCC-Al
5 Mg 0 0 ] 100 0 0395973
—LL _ 0 : 5i 0 0 0 100 0 0.365136
weight % soln. species 0 A2 FCC-Al
X-axis Alohe 0 - : : : o : T
1 X
T[C) 1600 || a3 FCC-A1
Plbar] 1 | 9 Ma 0 0 0 100 0 0395973
. 10 Si 0 0 0 100 0 0365136
} Delta CplJ/K) 3.1729E-06 | A2 BCCAD
Y-axis Delta GIJ) -1.6540E+04 | 1 Mg 0 0 0 100 1] 0.595643
Volflire] 0 ‘ 12 Si 0 0 ] 100 0 0513522 -
Delta HJ 1.7021E+04 . <
[ ] | Dlspla_l.l Mass Ulqel Select TDD I?_I
Delta V(litre] 0 P (* integer # ISt S
‘ [~ source mole  mass (mas) K i J
Delta S[J/K) 8.3481E-04 | I phase gnare species an

" fraction (max) ;
o action (max hases with zero mass
Clear ™ name L " activity [max) 5 OK
[ [page] Select ...
[ Click on the '+ column to add or remove species. | lpage] page

Axes

b —

== || § -
Delta GIJ) s 47 Axes: activity vs Alpha X ‘ [ 47 Axes: Delta GJ) vs Alpha X |
Al\l;:‘la SI2e: |9 no: ﬁ Y-variable X-variable Swap Axes | Y-variable X-variable Swap Axes
¢ chemical ) : i ’ 0 i
e Y-ais A s — [ Y-anis R-aRis———————— f
- integer # _ Delta G _
none |

masimum masimum | | mavimum _ maximum |
frinirAL D iU D || minimurn minimum D
tick every [:l tick every tick every tick every

Cancel Refresh oK | oK

v

offset

FactSage 8.0 C:\workshop80Wwark shophEquil.res

Cancel |
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<1-A> Mg + <A> Si

C:\FACTSAGEWS\EquiO.res 03Jul23

1.00

080 -

activity

o Mg(l)

0.40

Alpha

0.60

0.80

Defta G(J))

<1-A> Mg + <A> Si
C:\FACTSAGEWS\EquiO.res 03Jul23

T T T

020

0.40

060 080 1.00

Alpha
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-100

-200

-300

Delta H{J)

-400

-500

-600

-700

<1-A> Mg + <A> Si

C:\FACTSAGEWS\Equi0.res 03Jui23

<1-A> Mg + <A> Si
C:\FACTSAGEWS\EquiO.res 03Jul23

. T T v T . T .
T
0.0550
0.0450
0.0350
1
z
L L L & oo2s0
020 0.40 0.60

Alpha

0.0150

0.0050

-0.0050 1

0 0.20

0.40

Alpha

0.60

0.80 1.00

thtSage‘”

Alloy Design 115

www.factsage.com



EX22-2. Iso-activity line in ternary system

Mg
,*"‘./ '.é\AO
Avgl) Sf 98N~ T=1350K
f 0.7 \o
OfF—08 A ) : .
Q/\ e __}-\\_% _Calculatlon _of Iso-activity line of Mg(l)
) o \ in the Mg-Si-Sn system at T=1350 K
© 4 0.2

L e Mo v w Mo v u N x u

Si 09 08 07 06 05 04 03 02 01  sn

mole fraction
Now you can easily calculate iso-activity lines

in “Phase Diagram” module (FactSage70)
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r
G Equilib - Reactants

- X
File Edit Run Macro Table Units Data Search Data Evaluation Help
0l ll TIK) Platm) Energyld) Quantity{mol) Vol(ire] ml [ JE
1-3]
= = e =
( Quantity(mol) Species g FPhase T(K) Pftotal]™ Stream#t Data
[03 [Ma | ! =l I i
11 5 e =TT T T
A (O [sn [ ) = |
— — — — — — — — —

r
| G Equilib - Menu: last system

scan Xy4 = 0.3 from left to right of this
triangle and ask FactSage to find out

0.1

G Selection - Equilib Page 1/71: T(K) = 1350, P(atm) =1 [m] X
| File Edit Show Sort
Prody L]
Corn Selected 373 Laun il [[T-[77 ¥ Ipagel
[ Page 1/71 : T[K) = 1350, P(atm) = 1 ]
B[+ | Code | Species | Data | Phase  [T|V] Activity | J | Maximum
L P Mallia) FTite  liquid V 30801E-02  21436E-02(23]  B.1343E-02[71]
.2 Siflia) FTite  liquid % 0 [ 04074 [71]
Sriia) FTite  liquid V. 0610 0 7] 06110 [1]

Fixed Activity

(3)

Enter the activity

File Units Parameters Help
0l TIK) Platm) EnerayfJ) Quantity{mol) Vollitre) =
Reactants (3)
[ 03Mg + <ty Si v+ <078 Sn |
Produc!
Compol (1) Solution phases Custom Solutions
= | + | Base-Phase | Full Name | 0 fire
W ges & ideal 0 I FTlte-Liqu Liquid 0 ideal solutions
r aqueous 0 J FTlite-A1 FCC:A1 Pseudonyms
[+ pure liquids 7] [ FTlte-42 BCC:A2 apply [
lids 29 | FTlte-A3 HCP-A3 ~Yolume and physi
FactSae { [+ pure sol
e || FTieAd | DIAMA4 Protatypel il
v » + FTlite-55 BCT-A5 Protatype-Sn " use only molar
: J FTlite-C1a aC1 Prototype-CaF2 " useV &phys. p 1 Maglig
- : dl FTlite-C14 C14 Prototype-MaZn2 LJ lperoeanm |
- clear
- none - -e_gen. 4 ¥ Show & all © selected
| -immiscible & . v o+ -select
. P Total Species [max
E stimate T(K): 1000 J - Fimmiscible 2 T 71 Total Sk
. - i Total Solutions [may
Quantity(mol): |0 foozEEEd 1 solutions: 19 TD:aI P:umns ma: v - standard stable phase
T | - dormant (metastable) phase
Final Conditions E quilibrium F - formation target phase
<Ay <B> TiK) |P[dm] L”Fmduci HW) LI @ nomal " nom.
joo7001 1350 |1 | " transitions only
10 steps r 71 calculations - no time limit - E \deal Solution
- tecommend you not select both pure liquids and molten solutions - | a  Activity

(1) Click mouth right button on “pure liquids™ -
(2) Click “+” button to (3) setup activity of element (this case is for Mg)

[or for & range of walues enter first last step'] far
1 Magfliq)

> activity Press [Cancel] if the activity iz no longer fised.

=

o
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— ,
& Equilib - Results A=0 (page 1/71) — m] X
Qutput Edit Show Pages Final Conditions
Ol @ ml T(K) Pfatm] Energyf)) Quantity(mal) Valllitre) |" BIH
A=013| A=0.14| 4=0.15| a=0.16| 4=017| A=0.18| a=0.18| A=02| A=021| =022 a=023| a=024]|
A=0 | A=0.01] 4=0.02| A=003| A=0.04| A=005| A=0.06| A=0.07| A=0.08| A=0.09| A=0.1]| A=0.11| a=012|
S ——— 1
0.3Mg + <A> Si + <0.7-A> Sn = Stecadsheat Sewp 15
. o System Properties
+ 038455 Mg_liquid Property columns |1_j,
1.384¢ Output -
55 mas | | Colmn: | -1-
. g(:l:z Page Range Type of Dutput Variable: Alph.
(1 & All71 pages o o
+ 1
" Current page 1 © Textfile [4)
Sy " Equilib Results File (Equires) Species Properties Species
sn " Yl Columns per species |-|_: " order species (% order props.
g T T 1 — Select .. | Cancel |
+0 % Excel Spreadsheet — .
V. - ST = = 5
i [ T Sprea £l QSpreadsheel Equilib Page 71/71: T(K) = 1350, P(atm) = 1, Alpha = 0.7 [m] X
* i ave Lext Spread | Eile Edit Show Select Stable
{ s & col =
i ) e i DL ‘{Selected: 3/102] [ Spreadsheet Species | [ ~] [T - ¥ [pagel
+0 Cancel 0K ; ‘ Page 71/71 : T(K) = 1350, Platm) =1, Alpha=0.7 [min=0atp. 1, max = 0.7 atp. 71] } [
o +* Il:odel Species ] Data [ Phase IT]VI Activity I Minimum ] Maximum A|
(LE T PERECEEY , %6 ModSias) FTite U3 Inma V| 9ATAIE-03 0 S4THEDI[71]
( .;._5333_7 ! MgzVa 27 Snls) FTlite bet_A5_H4 141,V o [71] 9.7513E-02[1] |
+ 0.31€83 Sn2Va) | 28 Sn(s2) FTlite foc_al 0 0 [z 1809 11
29 Snis3) FTite  diamond_Ad v 0 A B c D
+ 0 mol  HCP-A3g2 ! 30 Snlsd) FTite  dhcp v 0 [| 1 Alpha X-Mg(Liqu#1) X-Si(Liqu#1) X-Sn(Liqu#1)
Kl Snls5) FTite  tetragonal_alph: W 02 0 0.49442231 0 0.50557769
! 32 Mg2rls) FTite | Cl_protatype €0 O ['3] 001 | 04965987 | 0007191447 049620985
! Mg FTite FTlite-Liquit1 01000 010 4 | 002 | 049864526 0.014324421 048703032
. Si FTite  FTlite-Liquil 0.3547 o | 5| 0.03| 050056884 0.021404192 0.47802696
Save reSUItS N excel Sn FTite  FTiteLiqui 0 [| 6| 004 | 050237565 0.028435677 046918867
% M FTit FTiteA1H1 4.7693E.02 4,765 7 | 0.05 0.5040713  0.035423479 0.46050522
| 9 jte: te- ) - .
or Spread Sheet fOI’m ¥ s FTite  FTiteAlH1 0.1274 0 (Hell 0.06 | e
| | Sn FTlte FTlite-A18#1 | 9 | 0.07 | 050714892 0.049285108 0.44356597
10| 0.08 | 0.50853965 @ 0.056166897 043529345
39 Mg FTlite FTlite-2241 6.8450E-02 68450 11| 0.09 | 050983681 0063020982 042714221
40 Si FTlite FTlite-42H1 0.1920 1]
f Sn Flite Fllite-A2H1 0 12| 0.1 0.51104378  0.069850889 0.41910533
13| 0.11 | 0.51216363 0.07666 0.41117637
42 Mag2va FTlite FTlite-A4381 4.9120E-03 49120 14| 0.12 | 0.51319912  0.083451579  0.4033493
| ['+' denates all the Species Properties as defined in the Spreadsheet Setup. | 15] 013 0.5141527 0.090228784  0.39561852
16| 0.14 | 0.51502657 @ 0.096994686 038797874
Select All Clear 17| 0.15 | 0.51582268 @ 0.10375228 0.38042504
18| 0.16 | 051654274 = 0.11050452 = 0.37295274
19| 0.17 | 0.51718825 @ 0.11725428 0.36555747
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F Figure User : FactSage Workshop
File WM Edit View Help

T Text.. F2
L Line... F3

£ E— Mg - i -sn

{3 Redprocal Frame...
1350 K, 1 atm GactSage'"

1 rrrrrrTrTyrrrrTrTrrrrrrrrrrTrrTyrrrrrrrrryrrrrrrrrryrrrrrerrTy rr e

9
Plot the results in triangle diagram

- Prepare the triangle frame

- Plot the A,B,C coordinate numbers in triangle
diagram

“‘Cont+C” - “Cont+V” or “copy” and “paste”.

Sometimes, “Cont+V” is not working due to the setting of
values in Excel software, then use “paste” in “Edit” menu.

09 08 o7 06 05 04 03 02 01
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EX23. Calculation for Solidus lines (Solidus projection)

r
G’ Phase Diagram - Menu: last system — X

File Units Parameters Variables Help
D|=/d eren =2 Calculating a polythermal projection — the first melting surface

Components (3)

Mg + Al+ Zn
. r Products
Compound species lution phases Custom S olutions ; - ;
(1) = l + I Base-Phase | Full Name j 0 fixed achivities (2) bles: Mg-Al-Zn- composition #1. vs compaosition #1. X
[_ gas (¢ - 0 IF FTlite-Liqu Liquid 0 ideal solutions |
|7 aqueous 0 J FTlite-41 FCC-A1 Pseudonyms - ety =
" pure liquids 0 || FliteA2 BCCA2 spply - __Edt. & |compositons £ |
+ pure solids 35 I FTlte-43 HCP-A3 Volume and physical prop data
o -
| I FTlite-43" HCP-Zn Prototype-Mg g ﬁﬁggngnrgolil;ah\;zlfges e ¢~ |[log10fa) ~| [0 |
e 5 I FTlite-412 CBCC-A12 Prototype-tn " use only molar volume data
’ I FTlite-C14 C14 Prototype-MgZn2 " useV & phys. property data
I FTlite-C15 C15 Prototype-MaCu2 ﬂ W e T o I PIER e
Target Legend Next >> e41e-30.00
hone I - immiscible 10 V¥ Show s all  selected 6 isotherms
stimate T(k ’—T 00 TG i o e Total Species [max 7000] 178
F - formation target s?\jji::i 5q  Select ans [max 200) 29
+- selected B (3) 12 [max 1500 B4
(2) iables Phase Diagr.*n_l’loi?cli; — . : ~ = [03 (max)
T(C) I AlfMg+AlHZn) lZn![Mg+AI+Zn]I | | Y| I V' univariants g+ A : =
e, min
[ s0i00 | 003 003 [ 7 v othems (5

[BlMa+Ahzn] vs ZndiMarbien] - no time lirnit - Calculate >> |
]

iFactSage 8.3

This is new feature in Phase diagram.
- Liquidus projection: plotting Liquidus in the temperature range with a certain interval

("O” option should be required for Liquid phase)
- Solidus projection: plotting Solidus in the same way as liquidus projection
(“F" option should be required for Liquid phase)
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EX23. Calculation for Solidus lines (Solidus projection)

Mg - Al -Zn
Projection - forpy === /1 fmenistt 4 s 1Sage‘"
Fuur—F’has‘e Interse [II’I] Points with ILiqmd SOI Id u S p rOJ eCtIO n
-not availgple in 'F target calculajons (e.q. first melting projectio) -
Phi + Tau
025 CBEC-A12 + HCP-AY: Phi 1
CBCCJA12 + HCP-A3 + EAi
_ CBCEP-A12 + HCP-AB
s oz} CBCCA12 + HCP-AYL Phi Phi - Tad
E
= Mg - Al -Zn
S o1s | HCP-K{3 ~ay _ | S
%ﬁ ’ Projection (Liquid), 1 atm Gh ctSage“
+
%ﬁ HCP-A3 + Phi fion Points with Liquid ! j ! ' ! T T ]
= ni/Tau - 5 5 5
E . )
A | 1 = Liquidus projection
HCP-A3 + Tau %gqgiﬁ%ﬂznzu,mmpmtowp(s) \_
005 F =
HCP-A3 HCP-A3 + Mg12Zn13
0 \ 1 1 1
0 0.05 0.1 0.15 0.2 0.25
Al/(Mg+Al+Zn) (mol/mol)
to
=)
=
N 01 . CBCC-A12
0.05 | HCP-A3 | 1
T(in
100
0 1 1 1
0 0.05 0.1 0.15 0.2 0.25
Al(Mg+AHZn) (mol/mol)
™ .
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EX24. Non-metallic Inclusion formation during metal solidification

Table 3 — Chemical Test Summary

Weld C S P Mn Si Al Ni Ti O N
High-aluminum 0.234 <0.003 0.011 050 0.28 1.70 0.02 0.003 0.006 0.064
E70T-4
I Low-aluminum ~ 0.149 <0.003 0.005 0.64 0.30 0.53 0.0l 0.058 0.030 0.033 ‘I
I E71T-8
| em—————————————————————————————————————————— I
Ay T=1527°C
AL, C
A0y
! - é | TICN)
s ! - 1 _‘-\‘l
E THCN) ﬂ =Ti,0,
5 10° 5 10*
' LU I BT ST T I
Aluminum (wt. %) 4(c)

SE IMAGE

Mo. Page 98-s to 105-s

JEM-SeeeLy N 19kV B.Mn x50, eee

AWS 80th Annual Meeting, April 12—-15, 1999, St. Louis,
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rﬁ' Data Search - Equilib 8.3

Databases - 3/21 compound databases. 2718 :

O Frsuf [ FSsiel SGTE

] FTmisc
[ FThal

[ FThtz [ ELEM b SGnobl

& _ T -

et —lsmcem =SGTE compounds only Priva 47 Equilib - Menu: last system _ %
FactPS [ b eins solutions only ] SGTEa| File Units Parameters Help

FToxid [] SGPS no database

L] Fsal = D — % ' Reactants [11)
0] Frosc Other  ssumenssos|
CJ FThelg SpMCEN 4| |~ Products

[0 FTpulp [ FTlite TDmeph | Compound species Solution phases Custorn Solutions
D FTdemo D FTnucl m:l TDnucl | . I + ] Base-Phase | Full Name - I? fied activities
| T — - s s r gas (s ' 0 I F5 SlEH.iqLI LIQuID 0 ideal solutions
nformation - aqueous 0 . o Pseud
Click on a box to include (or exclude] a database in the data search. Normally databases [E K i ) id 0 ! FLanD ARE G seud uln ‘W}E Edit ...
compound and solution database (when available) will be selected. To ‘'uncouple’ a datal 2052 Iql._ll J | F3stelBCC BCC_A2 apply -
[note, this is NOT recommended). * [ pure solids 297 FSstel-HCP HCP_A3 Volume and physical prop data
| +  FSstelCEME CEMENTITE e assume molar volumes of
If database is stored on wour PC but not listed here then you must 'add the database to thi * . custom selection . FS stelM230 M23CE P solids and liouids =0
species: 297 ste use only molar volume data
FSstel-M7C3 M7C3 " useV & phys. property data
" S sieCHEC CACC. A12 LI ™ paraequilibrium & Gmin  edit |
Options - search for product species | Transitions - temperature Legend P ~
- Ot W Show & al selected )
Include compounds Limits Number of e e Total Species (max 7000] 463
. . . et e ,_ - - F-immiscible — ,
Default B ::i:‘;ﬂz f::!s:smas] Organic species { transitions: |4l +-selected 2 szll:'u?;-:ﬁ:: 1?3 Select Total Solutions [max 200 3
[ limited data compounds (25C) Minimum soluhonl Total Phases [max 1500] 308

Table 3 — Chemical Test Summary

Weld C S P Mn Si Al Ni T O N

High-aluminum 0.234 <0.003 0.011 050 0.28 170 0.02 0.003 0.006 0.064
E70T-4

Low-aluminum 0.149 <0.003 0.005 064 030 053 001 0.058 0.030 0.033
E711-8

D T(C) P(bar) EnergylJ) Quantityla) Volllive) m =™

|lTram]98255 Fe + 0143C + 0025 + O00SP + OB4Mn + 030Si + 0534 + 001N + 0058Ti »
4 »

Final Conditions E quilibrium
= == i s o - e
I
|

25001000100 |1 " banstionsonly
100 steps [ 16+ calculations -notime limit - Calculate >> |

{FactSage 8.3
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98.255Fe + 0.149C + 0.02S + 0.005P +
C:\FACTSAGEWS\Equi0.res 03Jui23

100 FCC#1 ‘ Ligu#1 Liqu#1
‘\ To zoom-up the small part of the calculated
o ‘)‘ results, the axis of the figure should be changed
|
N
080 |- “H”’ 98.255Fe + 0.149C + 0.02S + 0.005P +
é | | C:\FACTSAGEWS\Equi0.res 03Jul23
T | Zoom-up
| JI’ I- _______ = .080 /fr—f_—_—__f o
| f"‘ I i\
m | ] : . / Mo
I ’. I k / |
IO 1 I R | I ARD s 'g'_ I r \\
"'x
0020 |- "H
‘.\ \
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EX24. Non-metallic Inclusion formation during metal solidification

C

Si

Mn

Al

Ni

S

Ti

O

N

0.06

0.30

1.31

0.006

1.82

0.006

0.023

351ppm

115ppm

re Data Search - Equilib 8.3 X

Databases - 3/21 compound databases. 2/18 solution databases G EC] uilib - Menu: last system —

Lot Lo SGTE

-

compounds onky File Units Parameters Help
FactPs [ D BINS solutions only ) )
Floxid [] E SGPS no database T(C) P(bar) Energy()) Quantity(g) Volllitre) W I:bl Bl
] FTsulf [FSstel SGTE
CIFTsar [ F SGsold Clear Al Reactants (10)
[ FTmisc | - : :
E :IE:II':N [Other  siimenovenas | < [Tram] 96.109 Fe + DOBEC + 0006BS + 131 Mn + 03Si + 0006A + 182N + 0023Ti + 351E-4 D’
[ FTinz [J ELEM E SGnobl
] FThelg SpMCBN
O FTpulp [ FTlite TDmeph P[uduc[s
O FTdemo 1 FTnucl I IRHSE] Compound species Solution phases Custom Solutions
nfomation. - ——— : { = | + | Base-Phase | Full Name a 0 fixed activities 4'
compouesd and sckion datsbace (b, athable i be seecied. 16 et F gas (7 ideal 0 | | FSstebLigu LIQuID Mot
[note, this is NOT recommended). | aqueous 0 J FSstel-FCC FCC_.'M Pseudonyms :
|t database is stored on your PC but not listed here then you must 'add the date I_ pure quuids 0 | FSstel-BCC B Cc_f-\z apply [_ Edit ... |
* [+ pure solids 234 | FSstelHCP HCP_A3 “olume and physical prop data
, + | FSstelCEME CEMENTITE Q) bl
Options - search for product species - - custom SEIECSOH S 74 + FSstel-M23C M23CE T uze only molar volume data
Include compounds Limits peCcIes! R FSstelM7C3 M7C3 s V& oh e
Defaul [] gaseous ions [plasmas) Organiy FSS e| CBCC CBCC A12 _l L [l ole ety (et
e [ aqueous species - + stel- , | v - ] —
] ed deke compounds (250) Miniru Target o I paraequilibrium & Gmin _edit |
- hone - | - immiscible 23 IF Show (* all - selected

Total Species [max 7000] 1357

Total Solutions [max 200] 108
Total Phases [max 1500] 342

J - F-immiscible 2
+ - selected 56

E stimate T(K): (1000
Quantity(g): [D_

Final Conditions

<Ay <B> T(C) | Plbar)

2300100010 1
|'IIJ steps I

species:

1123
solutions: 108 %l

Equilibrium
* normal

" normal + transitions

" hansitions only

-notime limit - Calculate >> |

v ||Product HY)  ~ |
|

| FactSage_ 83 ~
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96.109 Fe + 0.06 C + 0.006S + 1.31 Mn +
C:\FACTSAGEWS\EquiO.res 03Jul23

100 ECC#1 Lot Lioye :
% |
g0 |
96.109 Fe + 0.06 C + 0.006 S + 1.31 Mn +
C:\FACTSAGEWS\EquiO.res 03Jul23
" 0120 T T T T T T T T T T T
80 |
E o L 0100 f -
GA#1
“r Zoom-up
r= = > SLAGA#1 1
30 |
|
20 : § 0060 | .
seghi st
vr : N ILE#1
S E S \
0 IWME#1 SLAGRSERE1 Li *‘1 LAQA#Y, 1 0.040 N \ T
| 1000 1200 1400 1600 |
I o I
0020 | ‘Ii PYBR#1 i
R : .
0 II | 1 1 Ay A 1 1
1000 1200 1400 1600 1800 2000 2200
T©)
™ H
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EX25. Paraequilibrium

Paraequilibrium (Partial equilibrium) vs Orthoequilibrium (Fully equilibrium)

Diffusion of C is much faster than Mn or Si

fcc bcc
Fe Fe
C
Mn Si
) Ee N Ee Paraequilibrium
E M S (partial equilibrium only for C)
Fe Fe
C C (Ortho)Equilibrium
Mn CI> Mn
si (O si
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EX25-1. Paraequilibrium: Steel A3 temperature

r
G Phase Diagram - Menu: last system — X
File Units Parameters Variables Help
D - TIC) Platm) Enerayl)) Quantity(a) Vollitre) msm™

Components ([3)

[ [gram) Fe + C+ Mn |

Products
| Compound species Solution phases Custom Solutions
l = I + I Base-Phase | Full Name - 0 fized activities 4'
W gas @ ideal © 0 | FSstekLigu LIQuID 0 ideal solutions
[T aqueous 0 | FSstel-FCC FCC_A1 | Pseudonyms :
{ | pure liquids 0 | FSstelBCC BCC_A2 apply [~ Edi..
| |T pure solids 16 | FSstel-HCP HCP_A3 Yolume and physical prop data
5 +  FSstelCEME CEMENTITE ¢ ssume moiar volumes of
i solids and liquids =0
speciex 16 + FSstel-M23C M23C6 . use only_molar : vol&me data
+ FSstel-M7C3 M7C3 - - T Tse V & phys. propertytates IS
Target 3 d+ FSstetCBCC CBCC_A12 \ﬂ Iv paraequilibrium & Gmin  edit |
- hone - I-Ei?nl?nniscible 4 WV Show® al " selected ? I—S - —?U-EIIEI - =
l Estimate T(K): [1000 +-solected 6 species: A0 otal Species [max 7000]
soldtions: | Paraequilibrium diffusing elements X
]
VYariables . .
- T(C) C/AFe+C+Mn] | Mn/[Fe+CeMn) Enter the list of elements that can diffuse. OK
| 5001000 000z 0.02 ) o
‘ T s EFesoH] To calculate the phase with the minimum G, enter a Canrel
+| 3
. e A blank line.
\FactSage 8.3
S Select from: Fe Mn C
IC
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Fe-C-Mn
Mn/(Fe+C+Mn) (g/g) = 0.02, 1 atm

LGactsy

1000 T T T T T T T
g Full equilibrium
CEMENTITE + FCC_A1
900 m
FCC_A1 m
800 -\ / i
\ // C+FCC_A1
= S Fe - C - Mn - paraequilibrium diffusing elements: C
BCC_A2 + FCC_A1 rd
700 BCC_A2 + C + FCC_A1 Mn/(Fe+C+Mn) (g/g) = 0.02, 1 atm &ctsagem
BC: _Apm Al 1000 T I T 1 T I I T I T I ' I I T I T
g CEMENTITE + FCC_A1

. EI:C A2 + CEMENTI BCC_A2 + C + CEMENTITE
900 . .

e Paraequilibrium

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.0 FCC_A1
C/(Fe+C+Mn) (z/g)
800 C+FCC_A1 T
g
=
CC_A2 +FCC_A1
700 -
600 |k BCC_A2+C i
500 1 1 1 1 1 1 1 1 2023,07-03 14 secs
0 0.002 0.004 0.006 0.008 0.01 0.012 0014 0016 0.018 0.02
C/(Fe+C+Mn) (g/g)
™ .
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EX25-2. Paraequilibrium: Rapid solidification for amorphous metal

& Phase Diagram - Menu: last system — X
File Units Parameters Wariables Help
D T(C) Platm) Energyld) Quantity(mol) Vol(itre) ms ™
Components [2)
Products
Compound species Solution phases Custom Solutions
= I + I Base-Phase | Full Name 0 fized activities 4'
r gas (v i 0 + FTlite-Liqu Liquid 0 ideal zolutions
[T agueous 0 + FTlite-A1 FCC-A1 Pseudonyms
- - o o Edit ...
[ pure liquids 0/ Paraequilibrium diffusing elements X pely T ;l
[+ pure solids 0

ne and physical prop data

] ; sume molar volumes of
Enter the list of elements that can diffuse. lids and liauids = 0

. ly molar volume data
Species. 200 T calculate the phase with the minimum G, enter 3 | Y
blank fine. Cancel ﬂ & phys. property data
| aequilibrium & Gmin [ edit |
Target | Select from: Zr Cu | . -1
-hone- W [
et TR | lpecies [max 7000] 28
Estimate TIK). [ I solutions: 2 Jolutions [max 200] 4
‘ ” Total Phases [max 1500 24
Yarnables — Phase Diagram
TIC) Zi/[Cu+Zr) } ¥ |
02000 01 %
[TIC) vs Zi/(Cu+2y)] -notime limit - Calculate >> |
FactSage 8.3

Blank = no diffusion of any element: this is what happens during rapid solidification
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Cu-2Zr
1atm Ghdsagem

/ /]

1400
Full equilibrium
1200 | Liqud ) r
,/f_”_”‘\\ ,/ l
1000 -\\-\ < = ~ . | ,-’~/—j\\ i
|
g 500 . T
8 ]

600
3 g . .
g 3 Cu -Zr - phase with minimum G
L - - 1amm G’a "
i P A3 ctSage

N T T T T T T T T T |

CuZr; + CuyZr; 2000

200

' - Paraequilibrium:
& ﬂ oo |- Rapid solidification

Zr/(CutZr) (mol/mol)

1400

1200 |
~ Liquid
< 1000 |
=

800

Possible range for
ol Amorphous formation

FCC-A1

HCP-A3

Zr/(Cut+Zr) (mol/mol)
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Cu-2Zr-Mg - phase with minimum G

300°C, 1 atm G‘actSage'"
Mg

PR VA VER VI ¥ VIR R R T

mole fraction
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