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Gibbs energy

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

1. For pure element or pure compound (Al, O2, Al2O3, etc.)

o
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ñ+D=

T

K

p

o

K

o
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298

is enthalpy for compound at 298 K with 

reference of pure stable elemental species

At 298 K 1 atm (               , unknown)

: Cp = a + bT + cT-2

+ dTlnT + · · ·

is known (measurable)

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=

is standard entropy at 298 K

(              )00 =
o
KS00 ¸

o
KH

* In FactSage compound database,

,         , ,  are stored.

Ą Absolute Gibbs Energy of compound

relative to elemental species.

o

298KȹH
o

KS298 pC
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Gibbs energy

2. Chemical reaction between pure compounds (No solution)

nA + mB = AnBm

o

rxn

o

rxn

o

B

o

A

o

BArxn

STH

mGnGGG
mn

D-D=

+-=D )(

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 can be automatically calculated from the Gibbs 

energy of each species.

o

rxnHD o

rxnS
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Gibbs energy

3. Chemical reaction involving gas

nA + O2(g) = AnO2

At Equilibrium state

)(
22 O

o
A

o
OArxn mGnGGG

n
+-=D

i
o
ii PRTGG ln+=

for gas species i 
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ln O
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OP

o RTG -=D\
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Gibbs energy

3. Chemical reaction involving gas (continue)

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

At Equilibrium

)ln( b
B

d
D

P

Po RTG -=D

KRTGo ln-=D K: Equilibrium constant
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Gibbs energy

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==

Ḉactivity is movement of species in solution
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Gibbs energy

Definition of activity

ii

o

iii xppa g== )/(

0 x i
1

ia

(+) deviation

(-) deviation

ideal

1

4. Chemical reaction involving solid or liquid solution

(+) 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

)ln( b
B

a
A

d
D

c
C

Pa

Pao RTG -=D

ä ä-=D reactantsproductsrxn GGG

* FactSage solution database contain the 

model and model parameters to calculate           

Ą ia
iG
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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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Gibbs energy minimization

(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
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Ellingham diagram
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- 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

BB

o

AA axaxRTGxGx +++=

XB

mixgȹ

solutiong

o

Ag

o

Bg

AAg m=

BBg m=A

o

AA aRTgg ln+=

AaRT ln

: Chemical potential of i
im
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Solution thermodynamics

A-B solution, (Solid or Liquid solution)

1. Ideal solution:

)lnln()( BBAA

o

BB

o

AAsoln axaxRTGxGxG +++=

1,1 == BA gg

)lnln()( BBAA

o

BB

o

AAsoln xxxxRTGxGxG +++=

2. Regular solution:
2ln BABA xRT W=g

BAABBBAA

o

BB

o

AAsoln xxxxxxRTGxGxG W++++= )lnln()(

ɋ: Regular solution parameter
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3. General solution: ),( TxfA=g

ä
²

=
1, ji

j

B

i

A

ij

AB

ex xxG w

Solution thermodynamics

A-B solution, (Solid or Liquid solution)

)lnln()( BBAA

o

BB

o

AAsoln axaxRTGxGxG +++=

ex

BBAA

o

BB

o

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

* FactSage supports many complex solution models.

Solution database (FToxid, FTSalt, ....) contains optimized

model parameters reproducing Gibbs energy of solution.
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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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Gibbs Energy vs. Phase Diagram

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) 
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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.

T3

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

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

ü emf (activity)

ü Knudsen cell (activity)

ü Vapor pressure (activity)

ü Solution calorimetry (enthalpy)

ü Phase diagram

o
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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
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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,

)()(

)(
ln

)()(

)(
ln

3232

3232

O

o

OAl

o

Al

OAl

OAl

OAlo

XX

a
RT

aa

a
RTG

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.
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* FactSage FTmisc-FeLQ database contains these Henrian activity

coefficients and interaction parameters for liquid steel.



Change of Standard State
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FIRE Summer School, 2013

2

2ln

0,

22

OA

AOo

pa

a
RTG

GmEquilibriuat

AOOA

-=D

=D

=+

Advantage of thermodynamic database

Spinel

Monoxide

Corundum

Slag

Ellingham Diagram FactSage calculations

ÅEllingham diagram : Reaction between pure stoichiometric oxide phases. 

ÅFactSage calc.: Multicomponent phase equilibria including many solid/liquid/gas solutions.

- for example,  Spinel/Slag/Monoxide/Corundum/Fe-steel/Gas/etcé.

vs
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FIRE Summer School, 2013FIRE Summer School, 2013

Commercial Databases and Programs

F*A*C*T + ChemSage: CRCT, Canada + GTT Tech., Germany

www.crct.polymtl.ca, www.factsage.com 

TD: Oxide (slag, inclusion, refractory), Salt, Steel, Light alloy (very good)

Fully Window Interface

KTH, Sweden, www.thermocalc.se 

TD: Steel, Light Alloy (very good) + poor Oxide

DICTRA (Diffusion Process)

DOS Interface, Window Interface

NPL, UK, www.npl.co.uk/npl/cmmt/mtdata 

TD: Oxide, Salt, Steel, Light alloy (good)

Window Interface

SGTE (Europe + Canada + US), www.sgte.org

Orginazation of Database Development

JUNG - 25
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Alloy Design using FactSage

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.

Alloy Design Basics 1
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Gas, Oxide, Salt and Alloy databases

Equilibrium Calculation

Equilibrium reactions

as annealed microstructure

Alloy design

Alloy Design Concept using FactSage Calculations

Phase diagram

Scheil Cooling Calculation

as cast microstructure

Multicomponent 

phase diagram section

Data mining program

(FactOptimal)

Alloy Design Basics 2
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Material Processing and FactSage

Process What can we 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..

Alloy Design Basics 3
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Alloy design (I): Phase diagram calculation 

to find out final target composition

Mg + Al8Mn5

Mg + Mn4Al11

Mg + Mg17Al12 + MnAl4

Mg + Mg17Al12 + Al99Mn23

Mg + MnAl 4

L + Mg + Mn4Al11

L + Mg + Al8Mn5

Liquid (L)

M
g
 +

M
n

L + Mg

L + Al8Mn5

Mg - Al - 1%Zn - 0.3%Mn

wt% Al

T
e
m

p
e
ra

tu
re

, o
C

0 1 2 3 4 5 6 7 8 9 10

100

200

300

400

500

600

700
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T1

T2

T3

Te

T1

T2

T3

T<Te

L1

L2
L3

L2

L3

L1

Scheil

Cooling

Equilib.

Cooling

Alloy design (II): Estimating of as-cast microstructure to find out 

whether solidification can be reasonable.

Alloy Design Basics 5
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Scheil cooling calculation of AZ31 alloy
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Microstructure of as-cast AZ31 

Liquid

Mg17Al12

PHI

Alpha-Mg

Temperature, 
o
C
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Scheil Cooling calculation

Eutectic Mg Dendrite

Solidification path calculation: AZ31

Scheil cooling calculations tell us the solidification path

ÅPrimary phase, precipitation, and eutectic reaction.

ÅDendrite boundary (eutectics, segregation)

-> Estimation of as-cast microstructure

Scheil cooling calculation: as cast microstructure

Alloy Design Basics 7
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Liquid - Al

Liquid - Zn

alpha Mg - Al

alpha Mg - Zn

Temperature, 
o
C
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300 350 400 450 500 550 600 650 700

0
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(B)

boundary

(A)

Mg dendrite

B

A

Corning effect of Mg dendrite: AZ31

change of composition 

In dendrite & boundary

Scheil cooling calculation: as cast microstructure
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Mg17Al12
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Alloy design (III): Calculate the final target microstructure AZ31
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FTlite database

Thermodynamic data & parameters for:

* 114 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-Al12Mg17) Mg,  Al, Zn, Li

Al8Mn5 Al, Cu, Fe, Mn, Si

AlxMny 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

Mg2X (X = Si,Sn,Ge,Pb)   Mg2Si, Mg2Sn, Mg2Ge, Mg2Pb

ïé

* 488 pure compounds

* Thousands of gaseous species (from the FACT53 Database)

ï Volumetric data & parameters

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

Alloy Design Basics 10
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The elements included in the FactSage FSstel steel database are:

Al, B, Bi, C, Ca, Ce, Co, Cr, Cu, Fe, La, Mg, Mn, Mo, N, O, Nb, Ni,

P, Pb, S, Sb, Si, Sn, Ti, V, W, Zr

FCC: Fe / Carbide / Nitride are all treated as FCC phase

- > Fe with N and C should use J option (3-miscibility gaps).

-> Fe with N or C should use I option (2-miscibility gaps).

-> Also recommend to use I option for BCC phase

For example, Fe-Ti-Nb-C-N calculations.

FCC ordered phase (FCC_L12) and BCC ordered phase (BCC_B2)

significantly slow down the calculations. If you are not really interested in 

order/disorder transition, we recommend not to select this phase. (these 

ordered phases are necessary in Al-Ni rich system)

Carbon: When C content is lower than ~ 1%, Fe3C (metastable) phase 

normally forms instead of C (stable). So, in the selection for solid phase, 

unselect ñCò solid phase.

Alloy Design Basics 11

FSStel database
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Alloy database: Others

Alloy Design Basics 12

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 2007: developed by SGTE (www.sgte.org): Applicable to all 

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

specific region.  

http://www.sgte.org/
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Calculation examples for Alloy design

EX1. Binary phase diagram: Mg-Al (how to read the phase diagram)

EX2. Target (Transition, Formation, Precipitation): Mg-Al

EX3. Equilibrium phase fraction / phase fraction vs temperature diagram: Mg-Al

EX4. Simple as-cast microstructure simulation / Scheil cooling calculation: Mg-Al

EX5. I option (miscibility gap): Al-Zn phase diagram

EX6. Isothermal Ternary phase diagram: Mg-Al-Zn

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

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

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

EX10. Complex phase diagram: AZ31 ïSr rectangular phase diagram

EX11. Complex phase diagram: AZ31 ïSr ïCa rectangular isothermal section

EX12-1. Complex phase diagram: Mg-Al-Zn + 1% Sr triangle isothermal section

EX12-2. Complex phase diagram: Mg-Al-Zn + 1% Sr rectangular isothermal section

EX13. Metastable phase: Fe-C binary phase diagram with/without C (Fe3C)

EX14. J option (3 possible miscibility gap): Fe-Nb-Ti-C-N system

EX15-1. Phase diagram PO2 ïT: oxidation of pure Fe

EX15-2. Phase diagram PO2 ïX: oxidation of Fe-Cr 

EX15-3. Phase diagram PO2 ïT: oxidation of Fe-1%Mn-1%Si

Alloy Design Basics 13
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Calculation examples for Alloy design

EX16. <A> option: Simple counter-cross inter-diffusion calculation <A>Al-Mg // <1-A>Mg-Al-Zn

EX17. Oxidation of AHSS in tunnel furnace: Dew point control, stream, primary/secondary 

oxidation

EX18. Interfacial oxidation: variation of oxygen partial pressure: remelting/oxidation of Zn 

coating. 

EX19. Composition target: carburization and decarburization of steel

EX20. Open calculation: Refining of B and P for High purity Si production

EX21. Heat balance (DH): Initial condition, heat evolution (T evolution) during fluxing, alloying, 

heating, casting 

EX22. Thermodynamic property calculations: G, H, S, iso-activity lines

EX23. Solidus projection

EX24. Precipitation during the solidification: Non-metallic inclusions

EX25. Paraequilibrium (A3 temperature of Steel; Rapid solidification (Amorphous formation))

Alloy Design Basics 13
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(2)

(1)

(3)

(4)

(1) Entering elements/components (2) Database selection

(3) Phases (compounds and solutions) selection (4) Calculation conditions (T, X, P, etc.) 

EX1. Binary phase diagram: Mg-Al binary system

Alloy Design Basics 14
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Liquid

Gamma

HCP_A3 + Gamma
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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 

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 (EX-2-3): find the temperature 

at which the targeted phase begin to form

(b) Precipitation target (EX2-2): 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

EX2-1. Transition calculation

Range of temperature: ñinitial final intervalò

Calculate Initial (0 oC) to final (700oC) temperature with interval of 10 oC 
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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 100oC intervals

input composition
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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
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EX2-2. Precipitation target calculation

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
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EX2-3. Formation target calculation

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
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EX3. Variation of phase fraction with temperature (equilibrium)

Transition calculation from 700oC to 200oC with 10oC interval
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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)
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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
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Liqu#1

Liqu#1

HCP#1

HCP#1

HCP#1

Gama

0.91 Mg +  0.09 Al
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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.
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EX4. Variation of phase fraction with temperature (Scheil cooling)

Temperature: 

(i) starting temperature and final temperature

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

solidification temperature

Scheil cooling

Cooling step: In most of cases, 

5 degree is enough to simulate 

solidification process

This cooling step is not directly 

related to solidification rate 

(cooling speed)
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EX5. I option (miscibility gap)

ñIò Option: when the phase has a miscibility gap (solid state or liquid state phase 

separation), I option should be selected to do more accurate calculations.

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 high SiO2 region.

Alloy Design Basics 29



www.factsage.com

Liquid
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EX6. Isothermal Ternary phase diagram: Mg-Al-Zn
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EX7. 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
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EX8. Scheil cooling calculation for AZ31 alloy (Mg-3Al-1Zn-0.3Mn) 

Alloy Design Basics 35



www.factsage.com

MnAl4(s)Mn4Al11(s)Mn4Al11(s)

Liqu#1

Liqu#1

Liqu#1
Liqu#1

HCP#1

HCP#1

HCP#1HCP#1

Gama AL8MAL8MAL8M

95.7 Mg +  3 Al +  Zn +  0.3 Mn

c:\Workshop\Equi0.res  30Apr10

T(C)

g
ra

m

100 200 300 400 500 600 700

0

20

40

60

80

100

MnAl4(s)
Mn4Al11(s)Mn4Al11(s)

Liqu#1

Gama

AL8MAL8MAL8M

95.7 Mg +  3 Al +  Zn +  0.3 Mn

c:\Workshop\Equi0.res  30Apr10

T(C)

g
ra

m

300 400 500 600 700

0

0.50

1.00

1.50

2.00

2.50

3.00

Close-up view

Alloy Design Basics 36



www.factsage.com

EX9. Equilibrium calculation for AZ31 alloy (Mg-3Al-1Zn-0.3Mn)
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EX10. Phase diagram : AZ31 ïSr phase diagram

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
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HCP_A3 + Al4Sr(s)

HCP_A3 + Laves_C15 + Al4Sr(s)
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EX11. Phase diagram: AZ31 ïSr ïCa isothermal section
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EX12-1. 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.
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EX12-2. Mg-Al-Zn + 1% Sr triangle /rectangular isothermal section
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EX13. Metastable phase: Fe-C binary system w/wo C (Fe3C)

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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Metastable phase diagram without C

Stable phase diagram with C
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EX14. 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. 
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Austenite phase

Nb(C,N) ppt.

Ti(C,N) ppt.
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EX15-1. Phase diagram PO2 ïT: Oxidation of pure Fe

Oxidation of steel requires multiple databases

(a) FSStel: steel phases

(b) FToxid: oxide phases

(c) Fact53: gases and others
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When we select multiple databases, this ñsuppress duplicateò option 

help to remove duplicate based on ódatabase priorityô given by user
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EX15-2. phase diagram PO2 ïX: Oxidation of Fe-Cr

If we want to use oxygen as one of axes, 

O2 should be added as input component
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EX16. <A> option: Simple counter-cross inter-diffusion calc. 

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.

A materials B materials

B materialsA materials

c
o
n
c
e
n
tr

a
ti
o
n
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Joining of <A>Al-Mg // <1-A>AZ31
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EX17. Oxygen partial pressure control for oxidation of metals

Alloy Design Advanced 60
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We should select real gas to obtain 

accurate Gibbs energy and volume 

fraction of gas at low temperature 

and high pressure.
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We will heat this gas at 800°C using 

stream file.
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EX17-1. Oxygen partial pressure control using Dew-point concept
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Creating stream file
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EX17-1. Oxygen partial pressure control using Dew-point concept



www.factsage.com

Importing stream file
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EX17-1. Oxygen partial pressure control using Dew-point concept
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EX17-1. Oxygen partial pressure control using Dew-point concept
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Final partial pressure of oxygen

when the temperature of ice is

-20°C

Alloy Design Advanced 66

EX17-1. Oxygen partial pressure control using Dew-point concept



www.factsage.com

Dew Point =
 0

o  C

-10
o C -20

o C
-30

0 C
-40

o C
-50

0 C

Temperature
o
C

lo
g

 P
O

2
, 

b
a

r

500 600 700 800 900 1000 1100 1200

-35
-34

-33

-32

-31

-30

-29

-28

-27

-26

-25

-24

-23

-22

-21

-20

-19

-18

-17

-16

-15

Dew points ïPO2/T Relationship

95%N2,5%H2

Dew Point 0
o C

-10
0 C

-20
o C

-30
o C

-40
o C

-50
0 C

Temperature
0
C

lo
g

 p
O

2
,b

a
r

500 600 700 800 900 1000 1100 1200

-35
-34

-33

-32

-31

-30

-29

-28

-27

-26

-25

-24

-23

-22

-21

-20

-19

-18

-17

-16

-15
90%N2,10%H2

Alloy Design Advanced 67



www.factsage.com

EX17-2. phase diagram PO2ïT: Oxidation of Fe-1%Mn-1%Si
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FCC + BCC

F
C

C
 +
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C

C
 +
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iO

2

FCC + BCC + SiO2 + MnSiO3

FCC + BCC + MnSiO 3

FCC + BCC + Mn2SiO4
FCC + BCC + MnSiO3 + Mn2SiO4

Fe - C - Mn - Si - O2

800
o
C,  p(O

2
) = 10

-27.5
 bar, C = 0.1%

wt% Mn
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t%

 S
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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.

EX17-3. Primary oxide formation diagram
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Fe-Mn-Si at PO2=10-28atm, T=800ôC
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Boundaries for oxide phase

Alloy Design Advanced 72

Superimpose the figures of the lines 

calculated at different partial pressure of 

oxygen

EX17-3. Primary oxide formation diagram
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<BCC + Mn2SiO4 + FCC>

<BCC + MnSiO3 + FCC>

<BCC + SiO2>

<BCC + MnSiO3>

-28.75

-28.5

-28.25

log(pO2, atm)=-28

FCC+BCC+Mn2SiO4
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Fe - C - Mn - Si - O2 - Al

800
o
C,  wt%C=0.002%, wt %Al=0

wt %Mn
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%
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Fe-Mn-Si-C steel at 800oC : C = 0.002 wt%
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EX17-3. Primary oxide formation diagram
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<BCC + SiO2>
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+ MnSiO3>
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Primary oxidation Secondary oxidation
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Primary oxidation Secondary oxidation

Mn = 0.5

Si = 1.5

SiO2 formation

Si depletion

in metal

SiO2+MnSiO3 formationSiO2

MnSiO3

EX17-4. Primary and Secondary Oxidations
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Concept of primary and 

secondary oxidations
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Oxidation phase diagram of the Fe-0.002%C-Mn-Si steel at 800oC

Oxidation phase diagram
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EX18. Remelting and oxidation of Zn galvanized steel

Zn

Fe-1%Mn-0.5%Cr

Air

2. Oxidation reaction

Zn (liquid)

Fe-1%Mn-0.5%Cr

Air

1. L/S Interfacial reaction

Reheating

(900 oC)
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air

Original metal

O
x
id

e
 l
a
y
e
r

Oxidation Calculation

Log P(O2)

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
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FTlite database contains 

reasonable Zn bath data for Zn-

galvanizing. So, this is chosen 

instead of FSStel.

EX18-1. Interface reaction between liquid Zn and steel
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Original steel:

Fe-1%Mn-0.5%Cr

Reaction products: 

Zn-rich Liquid

Reaction products: 

BCC + FCC

We need this liquid Zn for the 

oxidation reaction

Ą Save it as stream

Alloy Design Advanced 78

EX18-1. Interface reaction between liquid Zn and steel
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EX18-2. Oxidation reaction of liquid Zn

Alloy Design Advanced 79

(1)

(2)

(2)-a

(1)-a

(1)-b

(1) Setting oxygen partial pressure:

activity or log activity can be fixed

(2) Remove duplicate compounds

Give a priority in database

Typically ñFToxid > any metallic database > FactPSò
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EX18-2. Oxidation reaction of liquid Zn

Setting X-asix
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EX18-2. Oxidation reaction of liquid Zn

Liqu#1

BCC#1

SPINA
SPINA

SPINA

MeO_A MeO_A

ZNITA
ZNITA

ZNITA

TSpi

100% [Zn-liquid] +  0 O2
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Spinel +Monoxide + liquid

Zincite + BCC

Original metal
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Zincite + Spinel

It is hard to expect the thickness of each layer

ZnCr2O4

MnO-rich monoxide

ZnO-rich Zincite
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EX19. Carburization and Decarburization of Steel

CO / CO2 is variable
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EX19. Carburization and Decarburization of Steel
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An amount of carbon in FCC phase (Fe)
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w
e

ig
h

t
%

<Alpha>

EX19. Carburization and Decarburization of Steel
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Composition Target: 

ñ How to calculate optimum amount of 

CO2 to reduce C in steel to a targeted 

compositionò
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EX19. Carburization and Decarburization: Composition target
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w
e

ig
h

t
%

<Alpha>

EX19. Carburization and Decarburization: Composition target
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EX20-1. P reduction in high purity Si using vacuum

FactSage ultrapure silicon database

This is special database for high purity Si 

production

Alloy Design Advanced 86
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Vacuum level
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EX20-1. P reduction in high purity Si using vacuum
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P content in liquid Si
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w
e
ig

h
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%

EX20-1. P reduction in high purity Si using vacuum
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EX20-2. B reduction in high purity Si using H2-H2O mixture

JOM, JOURNAL OF THE MINERALS, METALS AND 

MATERIALS SOCIETY

Volume 64, Number 8 (2012), 952-956

Alloy Design Advanced 89

http://www.springerlink.com/content/1047-4838/
http://www.springerlink.com/content/1047-4838/64/8/
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EX20-2. B reduction in high purity Si using H2-H2O mixture

Open calculations:

Simple reactor module 

with off-gas removal

Alloy Design Advanced 90

ñOpenò menu

Addition of <A> amount of gas and make chemical reaction

Ą Remove the gas as off gas

Ą Add another <A> gas for chemical reaction

Ą Remove the gas as off gas 

Ą Do this iteration until reaching ñ10ò step
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B product in gas phase

B reduction in liquid Si
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EX20-2. B reduction in high purity Si using H2-H2O mixture
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B content in liquid Si
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w
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EX20-2. B reduction in high purity Si using H2-H2O mixture

B content can be reduced with decreasing T

ñpageò in x-axis is amount of gas injected 

(or considered as the degassing time)
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EX21. Heat balance: very important for industrial process

1) How much heat is required to 

increase temperature from T1 to T2 ?

2) If we add or remove a certain amount 

of H from mixtures of materials, what 

would be final temperature ?

ĄGood for 

a) Furnace capacity design

b) Heat balance calculation for alloying 

or fluxing of materials to melt bath

c) Calculate exothermic or endothermic 

heat generated during explosion

d) Process simulation for temperature 

change

A B+

AmBn + etc.

T1

T2

+ or - Heat

Heat of formation + T increase

FluxAlloys T1

T2 ??

Heat of Dissolution
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EX21-1. Heat balance: Addition of Ferro-Mn into Liquid steel

1600 °C, Liquid

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

65%Mn-35%Fe

25°C

Final 

Temperature ?

Use two stream

2. 

1. 

Alloy Design Advanced 94

1. 

2. 
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Adiabatic condition 

(dH = 0)

Alloy Design Advanced 95

EX21-1. Heat balance: Addition of Ferro-Mn into Liquid steel

If we know the heat loss of the 

ladle we can setup this here for 

the final Temperature prediction
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EX21-1. Heat balance: Addition of Ferro-Mn into Liquid steel
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EX21-2. Heat balance: Cooling of AZ91 from 600 to 300oC

Stream : AZ31 alloy at 600 °C
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EX21-2. Heat balance: Cooling of AZ91 from 600 to 300oC


