
2014
Montreal

FactSageWorkshop for beginners

FactSage

Basics and Advanced

Junghwan Kim and In-Ho Jung

Dept. of Mining and Materials Eng., McGill Univ.

junghwan.kim@mail.mcgill.ca

in-ho.jung@mcgill.ca

1

mailto:in-ho.jung@mcgill.ca
mailto:in-ho.jung@mcgill.ca


2014
Montreal

REVIEW OF
ENGINEERING
THERMODYNAMICS

2



2014
Montreal

Gibbs energy

G = H ïTS;   G: Gibbs Energy, H: Enthalpy, S: Entropy

1. For pure element or pure compound (Al, O2, Al2O3, etc.)
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Standard state for H :                

for all stable elements at 1atm and 298K.

Fe(bcc), Fe(fcc), Fe(l), H2O(l), H2O(g), H2(g), 

O2(g), O(g), CaO, FeO, C(s), CO2, CO,.

0ȹHo

298K=
* In FactSage compound database,

,         ,     , are stored

ĄAbsolute Gibbs Energy of compound

relative to elemental species.
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is enthalpy for compound at 298 K with 

reference of pure stable elemental species

At 298 K 1 atm (             , unknown)

is standard entropy at 298 K
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2. Chemical reaction between pure compounds (No solution)

nA + mB = AnBm

o

rxn

o

rxn

o

B
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STH
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In many thermo books, these           ,        are given.

These values are not absolute values, but dependent on each chemical 

reaction. 

Ą In the FactSage, therefore, absolute Gibbs energy of each species 

(relative to elemental species) is stored.  Then, the reaction Gibbs 

energy for each reaction is automatically calculated from the Gibbs 

energy of each species.

o

rxnHD o

rxnS

Gibbs energy
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3. Chemical reaction involving gas

nA + O2(g) = AnO2

At Equilibrium state
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Gibbs energy
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3. Chemical reaction involving gas (continue)

In general, for aA + bB(g) = cC + dD(g)

At Equilibrium

)ln( b
B

d
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P

Po RTG -=D

K: Equilibrium constant

Gibbs energy
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4. Chemical reaction involving solid or liquid solution

)ln()(ln)( i

o

pureisoini aRTGG += a: activity

change of Gibbs energy of i in solution

by interacting with surrounding species

Definition of activity

o

Ap

Pure Liquid A

Pure Gas A

A in solution

Ap
Gas Mixture

AAo

A

A
A x

P

P
a g==

ľactivity is movement of species in solution

Gibbs energy
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Definition of activity (continue)

ii

o

iii xppa g== )/(

0 x i
1

ia

(+) deviation

(-) deviation

ideal

1

4. Chemical reaction involving solid or liquid solution (continue)

(+) deviation: repulsion between i and other species

Ą : more active chemical reaction of i

(-) deviation: attraction between i and other species

Ą : less active chemical reaction of i

ii xa >

ii xa <

In general, for aA + bB(g) = cC + dD(g)

At Equilibrium
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* FactSage solution database contain the 

model and model parameters to calculate           

Ą ia
iG

Gibbs energy
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Gibbs energy minimization

In most of thermodynamic book, we always calculate equilibrium condition

0=D rxnG eq

o KRTG ln-=D

But in reality, we want to first know the direction of reaction

mA + nB

many possible outputs

A2B

Inputs (initial condition)

Tfinal, Pfinal

(m-2)A

(n-1)B

AB2
(m-1)A

(n-2)B

A2B (m-3)A

(n-3)BAB2

(m-x)A

(n-y)B

(xA-yB)soln
Final equilibrium state?
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(continue)

ĄWe have to find out which phase assemblage is most stable at given Tf

and Pf with respect to the mass balance with inputs.

Ą Gibbs energy minimization routine. (ChemSage, Solgas-mix, etc.)

The most stable phase assemblage has the lowest Gibbs energy.

In FactSage

i) Put inputs amount

ii) Select all possible phases (solid compounds, solid solutions, 

liquid solutions, gases)

iii) Set Tfinal and Pfinal

iv) Calculation (Gibbs energy minimization routine)

v) Equilibrium phases

Gibbs energy minimization
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Ellingham diagram
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2Fe + O2= 2FeO  é... (A)

2Mg + O2= 2MgO  é. (B)

(B)-(A) =>

Mg + FeO = Fe + MgO: ȹGo < 0

- Collection of ȹGo for oxidation reaction

mA + O2 = AmO2 (reference: 1 mol of O2)

- Only consider for pure species.

(No solutions are considered.)
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Solution thermodynamics

A-B solution, (Solid or Liquid solution)

ä= iisolution GxG

i

o

ii aRTGG ln+= Gi: partial Gibbs energy of i in solution

)lnln()( BBAA

o
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XB

mixgȹ

solutiong
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Bg

AAg m=

BBg m=A
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AaRT ln

: Chemical potential of i
im
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A-B solution, (Solid or Liquid solution)

1. Ideal solution:

)lnln()( BBAA

o

BB

o
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1,1 == BA gg
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ɋ: Regular solution parameter

Solution thermodynamics
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3. General solution: ),( TxfA=g

ä
²

=
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A-B solution, (Solid or Liquid solution)

)lnln()( BBAA

o
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o

AAsoln axaxRTGxGxG +++=

ex

BBAA

o

BB

o

AAsoln GxxxxRTGxGxG ++++= )lnln()(

* FactSage has many complex solution models and model parameters and

solution database contains optimized model parameters reflecting Gibbs energy

more accurately.

Solution thermodynamics
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Gibbs Energy vs. Phase Diagram

Ą Phase diagram is the collection of minimum Gibbs energy 

assemblage of given system with temperature.

T1

Porter, D.A., and Easterling, K.E., Phase Transformation in Metals and Alloys, 2nd Ed. CHAMAN & HALL (1992) 
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Ą Phase diagram is the collection of minimum Gibbs energy 

assemblage of given system with temperature.

T2

Porter, D.A., and Easterling, K.E., Phase Transformation in Metals and Alloys, 2nd Ed. CHAMAN & HALL (1992) 

16

Gibbs Energy vs. Phase Diagram
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Ą Phase diagram is the collection of minimum Gibbs energy 

assemblage of given system with temperature.

T3

Porter, D.A., and Easterling, K.E., Phase Transformation in Metals and Alloys, 2nd Ed. CHAMAN & HALL (1992) 

17

Gibbs Energy vs. Phase Diagram
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Ą Phase diagram is the collection of minimum Gibbs energy 

assemblage of given system with temperature.

T4

Porter, D.A., and Easterling, K.E., Phase Transformation in Metals and Alloys, 2nd Ed. CHAMAN & HALL (1992) 
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Thermodynamic Database Development: FactSage

Pure compound

Solution

ü Calorimetry

ü emf

ü Knudsen cell

ü Vapor pressure
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ü emf (activity)

ü Knudsen cell (activity)

ü Vapor pressure (activity)

ü Solution calorimetry (enthalpy)

ü Phase diagram
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Dilute Solution

: Henryôs law

0 xA
1

Aa

(+) deviation

(-) deviation

ideal

1

o

AA gg=
A

o

Axa g=A

o

Ag

slope

Constant slope

Henrian activity coefficient

20
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Dilute Solution

Most of refining process involves impurity elements (dilute solutes)

Ą Henrian activity is important 

For example, Al-deoxidation process in steelmaking,

)()(
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)()(

)(
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3232

3232

O
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OAl

o
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OAl

OAl

OAlo
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a
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a
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gg
-=-=D

o

Alg is the Henrian activity coefficient of Al in pure liquid Fe 

Ą Change of       from       : interaction coefficients
o

AlgAlg

...lnln ++++= C
C
AlO

O
AlAl

Al
Al

o
AlAl xxx eeegg

)(32 32 sOAlOAl =+

Now, if we have other elements in Fe such as O, Mn, C, etc. 

there is interaction between Al and these elements.

21

* FactSage FTmisc-FeLQ database contains these Henrian activity

coefficients and interaction parameters for liquid steel.
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Change of Standard State
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Heat evolution calculation

A(s)H
e

a
t 
(e

n
th

a
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y)
A(L)

CP(s)

CP(l)

DHm (melting)

process
H initial

H final

DH = H final - H initial = 
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╣
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A(s)

B(s)

AB(s)

H
e

a
t 

(e
n
th

a
lp

y)

process

D
H

f

DHf = heat of formation (or reaction) 
from A(s) + B(s) to AB(s)
(typically negative value)

24

Heat evolution calculation
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In FactSage, the H initial and H final are directly calculated because the H of each phase 
is calculated from the thermodynamic equations of each solid or liquid phases. 
It is important to select proper initial and final ƳŀǘŜǊƛŀƭǎΩ states and temperatures.

A(s)

B(s)

AB(s)

A-B solution 
(liquid)

A(L)

B(L)

H
e

a
t 
(e

n
th

a
lp

y)

process

25

Heat evolution calculation
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Gibbs energy of reaction

In FactSage, (between pure compounds) can be calculated

from the ñReactionòmodule, and the activity of each reactant/product

component can be calculated using ñEquilibòmodule.

i
o
ii aRTgg ln+=

reactantsiiproductsiireaction gngnG )()( ää -=D

Activity of i
Standard state should be checked carefully

o
reactionGD
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FACTSAGE Intro.

- FactSage Introduction

- Databases in FactSage

27
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FactSageIntroduction

All materials processes involve 

ñThermodynamicsò and ñKineticsò. 

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

- Thermodynamic properties such as heat balance, G, H, S, etc.

28
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FactSageIntroduction

Gas, Oxide, Salt and Alloy databases

Equilibrium Calculation

Equilibrium reactions

as annealed microstructure

Alloy design

Phase diagram

Scheil Cooling Calculation

as cast microstructure

Multicomponent 

phase diagram section

Data mining program

(FactOptimal)

29



2014
Montreal

Material Processing and FactSage

Process What we can do with FactSage

Extraction / Refining / 

Recycling
Gas/Slag/Matte/Salt/Metal/Refractory reactions

Casting
Scheil cooling calculation (as-cast microstructure)

Solidification software

Annealing / 

Homogenization

Multicomponent equilibrium calculations

Secondary phase precipitation

Solidification software

TMP / Forming

Final treatment: 

Oxidation / Corrosion 

/ Surface treatment

Oxidation phase diagram, E-pH diagram, Gas corrosion 

reactions

Thermodynamic 

properties

All kinds of thermodynamic properties:

Heat balance, G, H, S, activity, partial pressure of gases, 

etc..

30
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Database in FactSage
Brief History of FACTSAGE Database Development

1976~2001: F*A*C*T    Ą 2001~present: FactSage (a fusion of F*A*C*T + ChemSage)

< 1998 : FACT database (before 1998)

1999~2003 : FACT53 database

2000~2004 : FACT Consortium project (2000~2004): 16 companies

pyrometallurgy (ferrous, non-ferrous), hydrometallurgy-corrosion, glassmaking

- FACT53 database Ą FToxid, FTmisc, FThall, FTsalt, FThelg,.. 

- New alloy databases: FSStel, FSlite, FScopp, SGTE, é.

2004~2010 : Mini-consortiums 

- Al consortium (Alcoa, Alcan, and Norsk-Hydro)

- Glass consortium (Corning, Schott, and Saint-Gobain)

- Light alloy (Al, Mg) consortium (Al consor., GM and MagNET): FTlite

- Steelmaking consortium (Posco, RIST, and Tata Steel Europe) 

2011~2014 : Mini-consortiums

- Al consortium (3 companies), Glass consortium (3 companies)

- Steelmaking consortium: 11 companies ĄConsortium database (óCON1ô)

31



2014
Montreal

Database in FactSage
Brief History of FACTSAGE Database Development

1976~2001: F*A*C*T    Ą 2001~present: FactSage (a fusion of F*A*C*T + ChemSage)

< 1998 : FACT database (before 1998)

1999~2003 : FACT53 database

2000~2004 : FACT Consortium project (2000~2004): 16 companies

pyrometallurgy (ferrous, non-ferrous), hydrometallurgy-corrosion, glassmaking

- FACT53 database Ą FToxid, FTmisc, FThall, FTsalt, FThelg,.. 

- New alloy databases: FSStel, FSlite, FScopp, SGTE, é.

2004~2010 : Mini-consortiums 

- Al consortium (Alcoa, Alcan, and Norsk-Hydro)

- Glass consortium (Corning, Schott, and Saint-Gobain)

- Light alloy (Al, Mg) consortium (Al consor., GM and MagNET): FTlite

- Steelmaking consortium (Posco, RIST, and Tata Steel Europe) 

2011~2014 : Mini-consortiums

- Al consortium (3 companies), Glass consortium (3 companies)

- Steelmaking consortium: 11 companies ĄConsortium database (óCON1ô)
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Database in FactSagefor Ferrous/Non -Ferrous Applications

FACTPS: All gaseous species, stoichiometric solid and liquid species

(organic, inorganic). It used to be called as FACT53

Ą Similar to thermodynamic table like JANAF, Barin-Kubaschewski

FToxid: Most updated Oxide database with 

- many solution phases (slag, spinel, monoxide, olivine, etc.)

- pure solid and liquid oxides, No gas phase

FTmisc: FeLq solution

- most reliable liquid steel database for steelmaking calculations 

(slags/refractories/gases/molten iron)

Cu-Lq, Pb-Lq, Zn-Lq solution, etc.

Matte and other Sulfides

FSStel: solid and liquid steel phases 

(also includes small number of gases, oxides, sulfides, nitrides, etc.) 

- for steel solidifications and alloy design. 

- liquid steel: reasonable calculations for steelmaking applications

33
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FTmisc (FeLq) and FSStel

FeLq
Liquid Fe containing Ag,Al,B,Ba,C,Ca,Ce,Co,Cr,Cu,H,Hf,La,Mg,Mn,Mo,N,Nb,Nd,Ni,O,P,Pb,Pd,S,Si, 

Sn,Ta,Th,Ti,U,V,W,Zr. This phase is better suited for calculations involving iron and steelmaking processes 

(optimized for iron-rich solutions only). 

ĄBased on the Unified Interaction Parameter Formalism (advanced than Classical Wagnerôs Interaction 

parameter formalism) with associate model for deoxidation. Many interaction parameters between metallic 

elements are taken from JSPS (Japanese compilation)

FSStel database

The elements included in the FactSage FSstel steel database are:
Al,  B,  Bi,  C,  Ca,  Ce,  Co,  Cr,  Cu,  Fe,  Hf, La,  Mg,  Mn,  Mo,  N,  O,  Nb,  Ni,  P,  Pb,  S,  Sb,  Si,  Sn,  Ta, Te,  

Ti,  V,  W,  Zn, Zr

ÁFCC/BCC: Fe / Carbide / Nitride are all treated as FCC phases

Ą Fe with N and C : use J option (3-miscibility gaps).

Ą Fe with N or C : use I option (2-miscibility gaps).

ĄAlso recommend to use I option for BCC phase
For example, see Fe-Ti-Nb-C-N example.

ÁLiquid: O and S are treated as associate model

ÁFCC ordered phase (FCC_L12), BCC ordered phase (BCC_B2) normally slow down the calculations 

significantly. If you are not really interested in order/disorder transitions, do not to select these phases.

Carbon: when C content is lower than ~ 1%, Fe3C (metastable) phase is normally formed instead of C (stable). 

So, in the selection of solid phases, ñunselectò C solid phases.

34
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FToxid database

Main solution phases when T > 1550oC (steelmaking)

ÁSlag (I option): CaO-MgO-Al2O3-SiO2-FeO-Fe2O3-MnO-Mn2O3-Ti2O3-TiO2é

+ Gas solubility such as S (SO2), P, H (OH), N, C, F, é

ÁSpinel (I option) (SPIN): (Mg,Fe,Mn,Co,Ni,Zn)(Al,Fe,Cr,Co,Mn,Va)2O4, extensive solid solution 

containing MgAl2O4, MgCr2O4, MgFe2O4, FeCr2O4, Fe3O4, FeAl2O4, Cr3O4, MnAl2O4, 

MnCr2O4, MnFe2O4, etc. 

(AlSp): (Fe,Mg,Mn)Al2O4-Al2O3 solution 

Áa-, aô-Ca2SiO4 (aC2S, bC2S): Ca2SiO4 (C2S) rich solution with limited solubility of Mg2SiO4, 

Fe2SiO4, Mn2SiO4,etc.

ÁOlivine (Oliv): Mg2SiO4, Fe2SiO4, etc. (Mg,Fe,Ca,Mn,Ni,Zn,Co,Cr,etc.)2SiO4, covering 

forsterite (Mg2SiO4), fayalite (Fe2SiO4), g-Ca2SiO4, monticellite CaMgSiO4, tephroite Mn2SiO4. 

I option specially when Ca2SiO4 exists.

ÁCorundum (CORU): (Al,Cr,Fe,Mn)2O3 solution, the solution of Al2O3, Cr2O3 and Fe2O3. Solid 

miscibility gaps exist between the constituents. I option required.

ÁMonoxide (halite) (MeO_): of CaO-MgO-FeO-MnO-NiO-Fe2O3-Al2O3-Cr2O3 etc. well-known 

lime (CaO), periclase (MgO) and wustite (FeO). I option especially when CaO and MgO exist

together.
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ÁMn/Ti oxides: 

i) ilmenite (ILME): (FeTiO3(ilmenite)ïTi2O3ïMgTiO3ïMnTiO3 + Al2O3),

ii) pseudo-brookite (PSEU): (Ti3O5ïFeTi2O5-MgTi2O5ïMnTi2O5 ),

iii) Ti-spinel (TiSp): (Mg,Fe,Mn)[Mg,Fe,Mn,Ti,Al]2O4

iv) Rutile (TiO2):TiO2 + Ti2O3-ZrO2 solid solution 

ÁMullite (Mull): non-stoichiometric Al6Si2O13 with possible solubility of B.

(MulF): stoichiometric Al6Si2O13 with dilute Fe6Si2O13.

ÁMelilite (Mel_): Ca2[Mg,Fe2+,Fe3+,Al](Fe3+,Al,Si)2O7. Akermanite Ca2MgSi2O7 and gehlenite

Ca2Al2SiO7 form the melilite solid solution stable below 1590 °C. 

Main solution phases when T < 1550oC (solidification of slag)

ÁWollastonite (Woll): (Ca,Mg,Mn)SiO3, which is a CaSiO3 rich phase stable below 1300 °C. 

Pseudo-wollastonite is stoichiometric CaSiO3 stable below 1550 °C. 

Ápyroxene (pPyr, oPyr, cPyr): (Mg,Ca,Fe)[Mg,Fe]Si2O6, which is a MgSiO3-rich phase stable 

below 1560 °C. proto-, ortho-, low-clino-pyroxene exist. Clino-pyroxene is a CaMg2SiO6-rich 

phase, which is stable below 1390 °C.

ÁRhodonite (Rhod): (Mn,Ca)SiO3, a MnSiO3-rich solid stable below 1300 °C.

FToxid database

36
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Main solution phases in CaO-Al2O3-SiO2-FetO system when high PO2 (air)

CAFS Ca2(Al,Fe)8SiO16, CAF6 Ca(Al, Fe)12O19, CAF3 Ca(Al,Fe)6O10,  CAF2 Ca(Al,Fe)4O7

CAF1 Ca(Al,Fe)2O4, C2AF Ca2(Al,Fe)2O5, C3AF Ca3(Al,Fe)2O6

Main solution phases when T < 1550oC (mould flux, Na2O containing system)

ÁNepheline (Neph): NaAlSiO4 with excess SiO2. 

ÁCarnegeite (Carn): NaAlSiO4 with excess SiO2. 

ÁNaAlO2 (NASl): low temperature - NaAlO2 with excess NaAlSiO4 

ÁNaAlO2 (NASh): high temperature - NaAlO2 with excess NaAlSiO4

ÁCombeite (NCSO): Na4CaSi3O9 (bombeite) ïNa2Ca2Si3O9 solid solution

ÁFeldspar (Feld): complete solution between Anorthite(CaAl2Si2O8)-Albite(NaAlSi3O8)

ÁNCA2: (Na2,Ca)O·Na2O·2Al2O3 solid solution

ÁC3A1: Ca3Al2O6 dissolving Na2O, (Ca,Na2)1Ca8Al6O18 solution

Most updated version of Na2O containing system in available in ñCON1ò database

FToxid database
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Alloy database: Others

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

ÅFSlite: Old database for FTlite

ÅFSupsi: High purity Si database for solar cell grade Si production

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

ÅSGnobl: Similar to FSnobl

ÅSGsold: Solder alloy database

ÅSGTE 2011: developed by SGTE (www.sgte.org): Applicable to all 

general alloy system. But less accurate than other dedicated databases for 

specific region.  

ÅFTlite: Light metal database (formerly FSlite)

38
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FTlite database

Thermodynamic data & parameters for:

* 139 solution phases

HCP(HCP_A3)    Ag, Al , Be, Ca, Ce, Cr, Cu, Fe, In, Li, Mg , Mn , Mo, Na, Ni, Sb, Sc, Si, Sn, Sr, Ta, Ti, Y, Zn, Zr, RE

Liquid As HCP + hydrogen, carbon, boron

BCC & FCC Similar list as HCP

Gamma (b-Al12Mg 17) Mg,  Al, Zn, Li

Al8Mn5 Al, Cu, Fe, Mn, Si

AlxMn y with Fe (x=4 & y=1;   x=11 & y =4)

Tau- & Phi - ternary Mg -Al-Zn phases

Laves C14, C15, C36 Al, Ba, Ca, Mg, Sr, Zn, (RE)   (being updated)
LC14: Laves_C14: Mg2Zn, Mg2Y, CaLi2, Mg2Ca, Mg2Sr,  Mg2Ba
LC15: Laves_C15: MgCu2, Mg2Ce, Mn2Y, Al2Y, Al2Ce, Al2Ca, Al2Sc, Al2Sr
LC36: Laves_C36: MgNi2

Mg 2X (X = Si,Sn,Ge,Pb)   Mg 2Si, Mg2Sn, Mg2Ge, Mg2Pb

ïŏ

* 681 pure compounds

* Thousands of gaseous species (from the FACT53 Database)

ï Volumetric data & parameters

For the Mg -Al-Zn-Mn-(Fe) system
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FactSage Basic

- Documentation

- View Data

- Compound

- Reaction

- Equilib

- Phase Diagram
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Documentation
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Documentation
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Documentation
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View Data
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View Data

Enter the species you wish to view in the database.
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Available elements and compounds list in the selected database.

Double click

Thermodynamic properties

View Data
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View Data
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View Data

List of solutions
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View Data
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Compound
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Enter the species you wish to view in the database.

Read only

database

Read and Write

database

Compound
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Compound
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Compound
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Creating own database

Entering species by ócopy and pasteô or ódrag and dropô

Compound
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The «Mixer»feature permits the generation 

of new compound data using simple 

algebra on the data of already stored 

compounds.

Compound
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Compound
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Compound
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Compound
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Creating another phase

Compound
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1. ȹH298, S298, Cp

2. ȹHtransforamtion, Ttransformation

Two ways to add Gibbs energy

for second phase

Compound
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Same as window in Viewdata

Compound
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Reaction

Å Reaction module calculates thermo -chemical properties of species, a mixtures of 
species, or a chemical reaction.

Å Only accesses compound databases (no solutions) and assumes ideal gases
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Add a product

Add a reactant

Open

New Reaction

Reaction
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Calculation Syntax

[Start] [End] [Step]

Å Calculation can be quickly performed

Å In this example, temperature is being varied

Å Transitions are also calculate

Reaction
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ÅPhase with the lowest Gibbs energy is the most stable

Reaction
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ÅThe same can be done for a reaction

ÅThe reaction will be balanced by the software

ÅEquilibrium constants are also calculated

Reaction
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ÅProblems can also be completed with non standard states

ÅStandard states
ïPO2(g) = 1.0 atm

ïaCu(s) = 1.0

Reaction

67



2014
Montreal

Å To compete this kind of equation 3 variables must be set. In the figure 
below partial pressure, activity, and dG have been set to calculate 
temperature.

Å Only ideal systems can be considered (activity coefficient = 1)

Reaction
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Å Non equilibrium calculation (no K)

Å DH=enthalpy of fusion

Å Can plot results

Reaction
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Reaction
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Å Composition can be varied by using the <A> operator (alpha)

Å Following example considers the combustion of CH 4 with variable 
oxygen (typical heat problem)

Å Each phase must be specified

Reaction
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Å Can fix and two components and solve for the third

Å A=2 is the stoichiometric reaction, excess oxygen reduces the heat 
available to the system

Å The flame temperature can be calculated assume an adiabatic reaction 
dH=0

Reaction
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Equilibrium

Å Equilib is the workhorse of FactSage

Å Calculates equilibrium based on reactants

Å Best shown through examples
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Comparison with Reaction

ÅWhat products can be formed from the following reaction 
at 25ÁC?

ÅMg + 3 Cu 2O + 2 Fe 3C + Ar ?

ïMgO + 6 Cu + 4.5 Fe + 2 C + 0.5 Fe 3O4 + Ar

ïMgO + 6 Cu + 4.667 Fe + 2 C+ 0.667 Fe 2O3 + Ar

ïMgCO3 + 6 Cu + 6 Fe + 1 C + Ar

ïEtc

ÅThese are all possible reactions

ÅEquilib identifies all the possible products and compares the 
dG of each reaction, identifying the most thermodynamically 
favour reaction.

Equilibrium
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Equilibrium
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Å Mg + 3 Cu 2O + 2 Fe 3C + Ar

Å Similar prompt as reaction module (no product)

Equilibrium
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Å This is where you can examine the reactants and consider the final 
conditions to consider

Å In this example pure liquids are not selected to reduce the number of 
calculation

Summary of Reactants

Products to consider

Final Conditions

25°C and 1 atm

You may also set other final conditions

Equilibrium
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Å Results Menu

ï Mass is balanced

ï Shows stable and non -stable 
compounds

ï Close attention to mols and 
activity 

Equilibrium
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ÅScrolling down
ïReactants

ïProducts

ïFinal conditions Final Conditions

Reactants

P
ro

d
u

c
ts

Gases

Stable

You can change the format of the 

results but typically you will want 

both Fact + ChemSage

Equilibrium
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Å The list menu contains all the computed information and allows for 
modification of the output options

Å Same results

ï Changed format 

Equilibrium
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This example will demonstrate a few 

features

1. The use of alpha for two variables

2. Specifying target dH

(adiabatic dH=0)

This will produce a series of temperature 

results

The expected max is at 2/3

2 O2 for every CH4

Calculations are done every 0.01 step

Adiabatic Combustion

Equilibrium

FactPS database
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Multiple solutions at once

Easiest way to examine 

results is graphically

The Results 

Processor prompt 

appears

Equilibrium
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Press the ñAxesò button and pick the conditions

Alpha is the <A> variable

This plot shows the expected result, a 

maximum at 0.67

Smaller steps in <A> will provide a smoother 

curve

Equilibrium
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Working with Activity

Å Consider FeSwith a given partial pressure of oxygen

Right click gas to examine the gas 

species

A selection window will appear

Equilibrium

FactPS database
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Right click the ñ+ò for O2(g) and select activity and enter the desired value

Once activity is fixed a custom solution 

notification is shown

Clicking details allows you

to make changes

Equilibrium
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PO2=0.01 atm

Additional oxygen added to fix partial pressure

Equilibrium
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Ideal and Non -Ideal Gas

Choose normal + transition

First weôll examine an ideal gas

Equilibrium

FactPS database
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Transitions are calculated

Note the difference in volume and complete change in phase

Equilibrium
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Same problem but now real

boiling point is now 100°C

Equilibrium
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Equilibrium

Target calculations
(a)Transitions: 

do calculation between initial and final temperature and find all phase transition 

between them 

To learn more, go to ??

Liquid

Gamma

HCP_A3 + Gamma

HCP_A3

Liquid + HCP_A3

Gamma + Beta_AlMg

FCC_A1 + Beta_AlMg

FCC_A1

Liquid + FCC_A1

Gamma + Al
30

Mg
23

(s)

Mg - Al

FactSage

mole Al/(Mg+Al)

T
(C

)

0 0.2 0.4 0.6 0.8 1

0

140

280

420

560

700

(c) Formation target: find the temperature at which 

the targeted phase begin to form

(b) Precipitation target: find temperature at which any other phase 

begins to precipitate out from the targeted phase
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(1) Select the compositions

(2) Select ñtransitionsò instead ofñnormalò

Range of temperature: ñinitial final intervalò

Calculate Initial (0 oC) to final (700oC) temperature with interval of 10 oC 

Transition calculation

Equilibrium

FTlite database
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elemental composition of gamma phase

What is this complex thing ?

-> model structure in database

-> output for modeling people

Calculation results at every 100 oC intervals

input composition

Equilibrium
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activity (a) of this phase = 0.45598

a = 1: stable phase, a < 1: unstable

Phase transition happens at this temperature

Although the amount of Gamma phase is zero, 

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

form at this temperature

Equilibrium

93



2014
Montreal

Liquid is selected as precipitation target phase (P). Then, FactSage will calculate liquidus 

temperature of a given composition

For target calculation, this 

temperature should remain blank

automatic default estimated value

Precipitation target calculation

Equilibrium
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Liquid

Gamma

HCP_A3 + Gamma

HCP_A3

Liquid + HCP_A3

Gamma + Beta_AlMg

FCC_A1 + Beta_AlMg

FCC_A1

Liquid + FCC_A1

Gamma + Al
30

Mg
23

(s)

Mg - Al

FactSage

mole Al/(Mg+Al)

T
(C

)

0 0.2 0.4 0.6 0.8 1

0

140

280

420

560

700

Equilibrium
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Equilibrium
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Liquid

Gamma

HCP_A3 + Gamma

HCP_A3

Liquid + HCP_A3

Gamma + Beta_AlMg

FCC_A1 + Beta_AlMg

FCC_A1

Liquid + FCC_A1

Gamma + Al
30

Mg
23

(s)

Mg - Al

FactSage

mole Al/(Mg+Al)

T
(C

)

0 0.2 0.4 0.6 0.8 1

0

140

280

420

560

700

Equilibrium
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Liquid

Gamma

HCP_A3 + Gamma

HCP_A3

Liquid + HCP_A3

Gamma + Beta_AlMg

FCC_A1 + Beta_AlMg

FCC_A1

Liquid + FCC_A1

Gamma + Al
30

Mg
23

(s)

Mg - Al

FactSage

mole Al/(Mg+Al)

T
(C

)

0 0.2 0.4 0.6 0.8 1

0

140

280

420

560

700

Equilibrium
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Liquid is selected as formation target phase (F). Then, FactSage will calculate solidus 

temperature of a given composition

For target calculation, this 

temperature should remain blank

automatic default estimated value

Formation target calculation

Equilibrium
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Liquid

Gamma

HCP_A3 + Gamma

HCP_A3

Liquid + HCP_A3

Gamma + Beta_AlMg

FCC_A1 + Beta_AlMg

FCC_A1

Liquid + FCC_A1

Gamma + Al
30

Mg
23

(s)

Mg - Al

FactSage

mole Al/(Mg+Al)

T
(C

)

0 0.2 0.4 0.6 0.8 1

0

140

280

420

560

700

Equilibrium
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Transition calculation from 700oC to 200oC with 10oC interval

Variation of phase fraction with temperature

Equilibrium
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(1)

Click to plot the results

Click to select X, Y axes(3)

(2)

(4)

Click to setup axes

Select the phase to plot

Selection of phases(5)

Equilibrium
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Tip for 

ñphase fraction vs. temperature diagramò

All phases which have amount > 0 in ñPure Solidsò

and ñSOLUTIONSò should be selected.

Pure compounds such as Mg, Al, intermetallic compounds

Solutions such as liquid, hcp, fcc, gamma phases

Special care is required for the phase selection

Equilibrium
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Liqu#1

Liqu#1

HCP#1

HCP#1

HCP#1

Gama

0.91 Mg +  0.09 Al

c:\FactSage61\Equi0.res  5May10
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LiquidusSolidus

Equilibrium
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If we want to plot the compositional variation inside of solution 

phases, we have to select the elements in this ñELEMENTSò 

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_Liq#1 and Mg_Liq#1.

Equilibrium
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For example you may wish to specify the matte component in grams.

1. Right-click on the matte mass input box to open the mass menu.

2. Select: Convert this reactant amount to > g

Point the arrow in the mass input box to view the mass conversion. 

Point the arrow in the species input box to view the molecular weight. 

Converting reactant mass units ( mol , g or lb)

Equilibrium
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If the default mass units is g, the 

following is equivalent to the above 

system:

Or if you like, you can always explicitly specify 

the mass units for each reactant amount to 

make your reactants data entry independent of 

the default mass units.

You can mix the mass units by including a 'mol', 'g' or 'lb' in the reactant amount.

Equilibrium
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Equilibrium

Creating new stream : Fe-0.1C-1Mn-1Si at 1600oC

FTmisc database (FeLQ): liquid steel 
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Save the liquid FeLQ phase as 

a stream

Equilibrium
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Import stream : Fe-0.1C-1Mn-1Si at 1600oC

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

Adiabatic calculation : 

Delta(H) = 0

Calculated adiabatic 

temperature = 1605.5 oC

Equilibrium

111



2014
Montreal

Open Calculation - off-gas removal

RH ïVacuum degassing process

Stream Fe-0.1C-1Mn-1Si + O2 

at 1600oC and 0.01 atm

Equilibrium
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Open Calculation - results

Carbon content decreases due 

to the reactions:

C + O2 = CO2

C + 0.5O2 = CO

New slag formed due to Si and 

Mn oxidation: 

Mn + 0.5O2 = MnO

Si + O2 = SiO2

Equilibrium
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Open Calculation - plot of log(wt% liquid steel)

1

2

3

Equilibrium
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Open Calculation - log(wt%) vs page 

Fe_FeLQ Fe_FeLQ Fe_FeLQ Fe_FeLQ

Mn_FeLQ Mn_FeLQ Mn_FeLQ Mn_FeLQSi_FeLQ Si_FeLQ
Si_FeLQ

Si_FeLQ

O_FeLQ O_FeLQ O_FeLQ O_FeLQ

C_FeLQ C_FeLQ C_FeLQ C_FeLQ

100% [FTmisc-FeLQ_Fe-liq] +  <A> O2

c:\FactSage\casestudy\Equi0.res  21May09
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Phase Diagram

Phase Diagram is a generalized module that permits one to calculate, plot and edit unary, 

binary, ternary and multicomponent phase diagram sections where the axes can be various 

combinations of T, P, V, composition, activity, chemical potential, etc.
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Phase Diagram

Binary phase diagram: CaO-SiO2

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

FToxid database
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Phase Diagram

ASlag-liq

ASlag-liq + ASlag-liq#2

ASlag-liq + SiO2(s6)

SiO2(s4) + CaSiO3(s2)

Ca2SiO4(s3) + CaO(s)

Ca3SiO5(s) + CaO(s)

CaO(s) + Ca2SiO4(s2)

ASlag-liq + Ca2SiO4(s3)

ASlag-liq + CaSiO3(s2)

CaO - SiO2

mass 100SiO2/(CaO+SiO2)

T
(C

)

0 20 40 60 80 100

1000

1200

1400

1600

1800

2000
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Phase Diagram

Ternary phase diagram: CaO-SiO2-Al2O3 isothermal section
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Phase Diagram
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ASlag-liq + Al2O3(s4)

ASlag-liq + CaO(s)

ASlag-liq + Ca2SiO4(s3)

CaO - SiO2 - Al2O3

1550
o
C

FactSage

120



2014
Montreal

Phase Diagram

Ternary system: section in ternary (isopleth)
SiO2

CaO Al2O3

1:1

CaO ïSiO2

CaO + SiO2 + Al2O3

= 0

CaO = SiO2
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Phase Diagram

ASlag-liq

ASlag-liq + Al2O3(s4)

ASlag-liq + CaAl12O19(s)

ASlag-liq + Ca2Al2SiO7(s)

ASlag-liq + CaSiO3(s2)

CaO - SiO2 - Al2O3

mass (CaO-SiO
2
)/(CaO+SiO

2
+Al

2
O

3
) = 0

mass 100Al2O3/(CaO+SiO2+Al2O3)

T
(C

)

0 20 40 60 80 100

1000
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1320

1480

1640

1800

CaO-SiO2-Al2O3 Vertical section

at (wt%CaO/wt%SiO2 ) = 1 
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Phase Diagram

SiO2

CaO Al2O3

1:1

(CaO)0.017832(SiO2)0.016643

Molar ratio

56.0774 (g/mol)
= 1

60.0843 (g/mol)
= 1
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Phase Diagram

ASlag-liq

ASlag-liq + Al2O3(s4)

ASlag-liq + CaAl12O19(s)

ASlag-liq + Ca2Al2SiO7(s)

ASlag-liq + CaSiO3(s2)

CaO - SiO2 - Al2O3

mass (CaO-SiO
2
)/(CaO+SiO

2
+Al

2
O

3
) = 0

mass 100Al2O3/(CaO+SiO2+Al2O3)

T
(C

)

0 20 40 60 80 100

1000
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1800

SiO2

CaO Al2O3

2:1

Exercise 

1.
SiO2

CaO Al2O3

1:2

Exercise 

2.
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Quaternary diagram: iso-composition section

This is NOT 10% Al2O3 section !!

2) Click here

1) Equilib calculation mode

Phase Diagram
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How to calculate 10% section exactly ?

CaO+MgO+SiO2 = 1.0 (100%), Al2O3 should be 10%

CaO+MgO+SiO2 = 1.0, Al2O3 = x

x/(1+x) = 0.1 (=10%)

x = 0.11111

So, if we give Al2O3 = 0.11111 ­ Al2O3 = 10%

2) Click here

= 10% Al2O3

This is 10% Al2O3 section !!

1) Equilib calculation mode

Phase Diagram
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CaO

Al2O3

MgO

SiO2

Quaternary system: CaO-Ca2SiO4-MgAl2O4

Phase Diagram
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In FactSage, all the input is in molar formula.

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

FTlite database

AZ31 ïSr phase diagram

Phase Diagram
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HCP_A3 + Al4Sr(s)

HCP_A3 + Laves_C15 + Al4Sr(s)

Liquid + HCP_A3

Liquid

MgZn + HCP_A3 + Gamma + Al4Sr(s) HCP_A3 + Al4Sr(s) + Laves_C15 + SrZn5(s)

HCP_A3 + Laves_C15

HCP_A3 + Laves_C15 + Mg17Sr2(s)

Liquid + HCP_A3 + Laves_C15

Mg0.96897Al0.027277Zn0.0037517 - Sr

mass Sr/(Mg0.96897Al 0.027277Zn0.0037517+Sr)

T
(C

)

0 0.01 0.02 0.03 0.04 0.05

0

140

280

420

560

700

Phase Diagram
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AZ31 ïSr ïCa isothermal section

Phase Diagram
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Laves_C15 + HCP_A3 + D13(ca,sr,ba)

Laves_C15 + HCP_A3

Laves_C15 + HCP_A3 + Mg17Sr2(s)

Laves_C15 + HCP_A3 + Laves_C14 + Mg17Sr2(s)

Laves_C15 + Laves_C14 + HCP_A3

Mg0.96897Al0.027277Zn0.0037517 - Sr - Ca

300
o
C
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Phase Diagram
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Mg-Al-Zn + 1% Sr triangle /rectangular isothermal section

For the triangle phase diagram of more than 4 component system, special care is 

needed to set correct composition.

Phase Diagram
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Phase Diagram
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Mg-Al-Zn + 1% Sr triangle /rectangular isothermal section

Phase Diagram
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Liquid + HCP_A3

Liquid + HCP_A3 + Al4Sr(s)

HCP_A3 + Al4Sr(s)
HCP_A3 + Mg17Sr2(s)

Mg - Al - Zn - Sr

500
o
C,  mass Sr/(Mg+Al+Zn+Sr) = 0.01
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Phase Diagram
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Projection calculation (Liquidus projection): Mg-Al-Zn

ñOò option for the target projection phase

(Liquid in most of cases) 

Step: interval of isothermal 

temperature liquidus lines

Phase Diagram
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AlMgZn_Tau / Beta_AlMg / Gamma

AlMgZn_Tau / Beta_AlMg / FCC_A1#1
AlMgZn_Tau / Laves_C14#1 / Mg2Zn3
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1:
2:

3:
4:
5:
6:
7:

8:
9:

10:
11:
12:

A = Zn,  B = Mg,  C = Al
X(A)         X(B)         X(C)        

o
C

0.35365  0.18471  0.46164   467.78
0.04094  0.37786  0.58120   447.57
0.04248  0.36009  0.59743   446.26

0.33110  0.60810  0.06080   428.12
0.16296  0.66052  0.17652   385.07
0.16267  0.69979  0.13755   364.35
0.80148  0.07683  0.12168   360.17
0.25899  0.69007  0.05094   353.59
0.85034  0.05789  0.09177   347.54

0.28328  0.71522  0.00150   345.23
0.23357  0.70211  0.06432   342.67
0.24168  0.70263  0.05570   340.89
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12:
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J option (3 possible miscibility gaps): Fe-Nb-Ti-C-N system

ñJò option 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 cyrstal 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. 

FSstel database:

solid and liquid steel phases
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