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Gibbs energy

G=HT1 TS; G: Gibbs Energy, H: Enthalpy, S: Entropy

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

G =Hy- TS

/ \ I . T C
HS —(DH Y dT = AN —d :C,=a+hT +cT?
‘o Zf%q zgg:p Sr 8298(’ 29';1 T +dTInT + -
i is known (measurable)
Is enthalpy for compound at 298 K with :
reference of pure stable elemental species Is standard entropy at 298 K
At298 K 1 atm ( HZ, . 0 , unknown) (S =0)

Standard state for H: Hyg=0
for all stable elements at 1atm and 298K. * In FactSage compound database,

Fe(bee), Fetfee), Be(l), HO(), H0(0), Hy@),  ®Hoe Ssox, Cp, are stored.
0,(9), O/(gf C;aé FeO, C(s),/oéz,/eé,_ A Absolute Gibbs Energy of compound
relative to elemental species.
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Gibbs energy

2. Chemical reaction between pure compounds (No solution)

NA+mB=A_B,

I:x;rxn = GZan B (nGX + m@)
=DH_ - TDS,

rxn

In many thermo books, these DH® ,S°  are given.

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

reaction.
A 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.
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Gibbs energy

3. Chemical reaction involving gas

NA + 02(9) = AnOZ

Dern = Gghoz B (nGZ + mGOZ)

l G =G’ +RTInR

for gas species |

=DG"- mRTIn R,

At Equilibrium state Dern =0

\ DG®° =- RTIn(-%

)
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Gibbs energy

3. Chemical reaction involving gas (continue)

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

At Equilibrium
0 ,’—d\\
DG° =- RTIn{X)
/

v Pg

~N =

DG° =- RTInK K: Equilibrium constant
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Gibbs energy

4. Chemical reaction involving solid or quuid solution

——-\

G . =G H RTIn(aI) a: activity

I (in soln) I (pure)

_— o -

change of GIbbS energy of i in solution
by interacting with surrounding species

Definition of activity

Pure Gas A Gas Mixture

TTT Ay = IFD)O = GpXa

C activity is movement of species in solution

e

Pure Liquid A A in solution
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Gibbs energy

4. Chemical reaction involving solid or liquid solution

Definition of activity

1

. =(pn / p°) = . o ) ) .
a=(p/p)=gx (+) deviation: repulsion between i and other species
T (+) deviati A a >x : more active chemical reaction of |
% de (-) deviation: attraction between i and other species
A a <x :less active chemical reaction of i
(-) deviation
0 X;—> 1

In general, for aA + bB(g) = cC + dD(g)
DGrixn = a Gproducts a Greactant

At Equilibrium C Pd * FactSage solution database contain the
[x;O =-RT In( acrp model and model parameters to calculate
ap? GA &
AFB i
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Gibbs energy minimization

In most of thermodynamic book, we always calculate equilibrium condition
— O I
DG, =0 — DG°=-RTIhK,

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

’—————h

~~———_—

many possible outputs l Thinai Pinal

- _""—"'“'\'\ """""""""" S0
| '\/A B (M-2)A % - -~
LS (n-1)B." ____ / AB (M-3)A 4
| TmoTT LT (m-DAS. M. AB,(n-3)B )
l ( AB, | | ~o8 L _ -7
| \ (n 2)B / e — - I
: ~S——o-- =", 7 (m-x)A "~ !
| L (B
\ > (XA-yB)solp - ,
N Final equilibrium state?
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Gibbs energy minimization

(continue)

A We have to find out which phase assemblage is most stable at given T,
and P; with respect to the mass balance with inputs.

A Gibbs energy minimization routine. (ChemSage, Solgas-mix, etc.)
The most stable phase assemblage has the lowest Gibbs energy.

In FactSage

1)  Put inputs amount

i) Select all possible phases (solid compounds, solid solutions,
liquid solutions, gases)

) Set Ty and Py,

Iv) Calculation (Gibbs energy minimization routine)

v) Equilibrium phases

JUNG -
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qis° (kJ / mole of O,)

Ellingham diagram

(A)

T(K)

- Collection of gi=° for oxidation reaction
mA + O, = A, O, (reference: 1 mol of O,)

- Only consider for pure species.
(No solutions are considered.)

A+ 0,=A0,
_ o (a'AOZ) A, e -
DG =DG” +RTlIn ,(DG = 0: Equilibriu m)
(@) (Po,)

DG® = RTIn p,,
DG®° =(RInp, )3T
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Solution thermodynamics

A-B solution, (Solid or Liquid solution)

Gsolution: a XlGl
Gi = Gio + RTIn a G partial Gibbs energy of i in solution

A A

gsolutior - gB
gay
g, =0x+ RTInaA/\/I
RTIna, q tline
angen
ga =M Tang

m : Chemical potential of |

=(X,G, +x,G;) +RT(x,Ina, +x;Inay)
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Solution thermodynamics

A-B solution, (Solid or Liquid solution)

Gson= (X,G, +X,Gg) + RT(X,Ina, +x;Inay)

1. Ideal solution: g, =105 =1

Gsoin= (X,G, + X;Gg) + RT(X, In X, + X5 In X3)

/—- ~
2. Regular solution: RTIng, :‘\WAI;:'X;, q: Regular solution parameter

Gsoin= (X,G, + X;Gg) + RT(X, In X, + X5 In X5) + W5 X, X5

JUNG - 13



Solution thermodynamics

A-B solution, (Solid or Liquid solution)

Gson= (X,G, +X,Gg) + RT(X,Ina, +x;Inay)

3. General solution: g, = f(X,T)
Gson=(X,G, +X;G3) + RT(X, In X, + X5 In X;) +G*
G™= 8 WagXaXg

i,j21
* 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

A Phase diagram is the collection of minimum Gibbs energy
assemblage of given system with temperature.

A | i
T B
T ;
£
_______ --- Tl.
a+f3 B
A —=Xs B

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

Pure compound

0 — o
Gr =H; - TS) . .
T U Calorimetry
0 — 0 + U emf
Hr = DHou ﬁ:pdT G Knudsen cell
2986 298< U Vapor pressure
~p ~p
St = Syox + n dT  S)gq = dT -
29&K
Solution

emf (activity)

Knudsen cell (activity)

Vapor pressure (activity)
Solution calorimetry (enthalpy)
Phase diagram

X — 22 A Ui i
-a WABXAXB }
i)j21

c.cCcC.CcCCcC
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Dilute Solution

(+) deviati

ide

(-) deviation

4

aA:gXXA: Henry
In = Oa

Constant slope

Henrian activity coefficient
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Dilute Solution

Most of refining process involves impurity elements (dilute solutes)
A Henrian activity is important

For example, Al-deoxidation process in steelmaking,

2Al +30 = ALLO,(s)

a a
DG° =- RTIn ( AI203) —_RT ( AI203)

= |
@) (@) TEXE) (BXS)

gf\. IS the Henrian activity coefficient of Al in pure liquid Fe

Now, if we have other elements in Fe such as O, Mn, C, etc.
there is interaction between Al and these elements.

A Change of g, from g,‘l. . Interaction coefficients
— Al O C
INGn =INGa + ExXa + 4% + 65 % ...

* FactSage FTmisc-FeLQ database contains these Henrian activity
coefficients and interaction parameters for liquid steel.
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Change of Standard State

Gibbs Energy

0
gi(wt.%)é
0
guH)O
gI(R) G lRTlna RTIn & (H) RTIn & (wi%) Gi - Gi(R) + RTIn a'I(R) = Gi(H) + RTIn a|(H)
i(R) _ o
9,(9) 0 . =Gl * RTIN &)
i\Yi

U Raoultian standard state A Henrian standard state
DG’ . =RTIng®  &qp = fiX
— 4 j k
Inf, =gx +a'x, +e'x +...
U Raoultian standard state A 1 wt.% standard state

DG® = RTIné—‘ Mo @ Siweor) = fiX
i(R- wit%) O0OM. 8 _ .
G T logf, =€ [wt%i]+e/ [Wt%]] + € [wt%ok] +...
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Advantage of thermodynamic database

Ellingham Diagram FactSage calculations
Pz 7PH20
Pelics, L = pes Jpoz(mm {gram) 58.h Mgl + 28.5 Cr203 + 5.4 AL203 + 6.1 Fez03 =
1167 0% ‘Cf%oég& o 02 " 6.00000 gram { 9.6630 wt.% A1203
b i LY SRR U g i 3 +  62.986 wt.% Cr203
0 J> + 27.351 wt.% Fe203 Corundum
S / 1 (1680.80 C, 1 atn, H203(Corundun), a=0.25426)
A o 8 .
B4 /uc“y f%0 +  4n_369 gram { ©.87098 wt.% Fe304[1+] spin
’ 2 0 + B_17265E-85 wt.% Fel04[5-] spin
L2 eS B s +  1.4285 wt.% AL304[1+] Spin
// = + B.17705E-85 wt.% AL104[5-] Spin
-300E S / 7 B . A + O v 1.2681 wt.% FelRl204[1+] spin
/ + 1.8299 wt.% AL1Fe204[1+] Spin
: : = i 2 +  9.7043 wt.% Hg1A120% Spin
. ; + B.B7538 wt.% AL1HMg204[1-] Spin
2 X A + 5.997% wt.% Hg3oa[2-] )
H}"’-Ecc' R E = = +  B_12004E-04 wt.% Mg104[6-] Sp/ne/
Wy at utlibriun v il wtox Mgirezon _
o) e TS - ' q + p.78203 wt.% Fellg204[1-] Spin
-~ -600 03 Rl VS + 558N wt.% HMgiCr204 Spin
3 7 +  B.4P158E-81 wt.% Cr1Cr204[1+] spin
£ ~ + B_45352E-82 wt.% CriMg204[1-] spin
£ -700 +  6.8840 wt_% FelCr204[1+] Spin
2 + B.58832E-82 wt.% CriFe204[1+] Spin
X 500 + g8 wt.% AL1Cr204[1+] Spin
< (0) — I + B.73593E-02 wt.% Cr1A1204[1+] Spin
& m — R I r + B_90174E-08 wt.% Cr104[5-] Spin)
€ -900 ,\/b (1680.80 C, 1 atm, Cubic)
000 Change(of +  5n.831 gram ( 2.4263 wt.% Fe203 .
o stote
2 eiee + 89.953 wt.% Hg0 MO/’]OX/de
21106 point +  B.16289 wt.% Al203
= Boiling = +  7.4575 wt.% Cr203
e point J & (1680.0808 ¢, 1 atm, Honoxide)
2-1200 Trqn's{ormo(ion T 10%° e ‘
7 e + 0.08080 gram { 34.012 wt.% Mg
OK 0 200 400 600 Taoo uo'oo ;Eg? 1400 1600 1800 2000 2200 2400 -a'(f : g;g:g $:§ 2333 /
emperature 2 (1] 12 o i
:50:";“2 = |o|lsO\ nonzlo 10" £ +  B.7552 wt.% Cr203 S ag
H2 /FHa0 _q4 =
IO'ZTIO';” IO"'°°‘IO"°°10"7° 10‘f° |0'\5° |0'\‘2 10'\“ lO:‘° lo'\"?‘j_‘ 0. ol (1688.88 C, 1 atm, A5Slag-liq/fglass, a=8.4453L4)

(atm)

AEllingham diagram : Reaction between pure stoichiometric oxide phases.
AFactSage calc.: Multicomponent phase equilibria including many solid/liquid/gas solutions.
- for example, Spinel/Slag/Monoxide/Corundum/Fe-s t eel / Gas/ et c

thtsagem FIRE Summer School, 2013 JUNG - 24




Commercial Databases and Programs

& S - F*A*C*T + ChemSage: CRCT, Canada + GTT Tech., Germany
Ct age 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

Y
A,

’:; TD: Steel, Light Alloy (very good) + poor Oxide
e Thermo-Cale Software 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

@ McGill FIRE Summer School, 2013 JUNG - 25 G’actSageT”



Alloy Design using FactSage

All materials processes involve
ATher modynamicso and daKi

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.

thtSageT" Alloy Design Basics 1 www.factsage.com



Alloy Design Concept using FactSage Calculations

| Gas, Oxide, Salt and Alloy databases |

=101 x|

Slide Show  Programs  Tools  About

thts ag@! e Poitccinique do MONTREAL

Calculate Mampulate

\ 4

as cast microstructure | | Phase diagram |
—auilibr | ulat Data mining program Multicomponent
| quilibrium Calculation | (FactOptimal) phase diagram section

Equilibrium reactions
as annealed microstructure

| == Alloy design I<

thtSage‘” Alloy Design Basics 2 www.factsage.com



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..

thtSageT" Alloy Design Basics 3 www.factsage.com



Alloy design (1): Phase diagram calculation

to find out final target composition

Mg - Al - 1%Zn - 0.3%Mn

700 e T T | MR T T T T T T ]
: L+ Mg - ]
; : Liquid (L) L + AIBMn5 ]
: | ]
600 <7 : 3
S | L + Mg + AI8Mn5 ]
[/ + I ]
> : 7 1
@) 500 ] [ L + Mg + Mn,Al;, E
° . Mg + AI8Mn5 |
3]
= |
= X | ]
© 400 F Mg + Mn,Al,; ]
Qo X ]
= |
GE) [ | X \\,\“P\\ g
= 300 | : W ]
: I Mg + Mg,,Al,, + MnAl,
|
200 F I 3
Mg + Mg ,Al;, + AlggMn,
100 | I Levevnnnas Leviin iy Levevnnnas Leviin e, Levevnnnas Lo vevn i, ]

wt% Al
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Alloy design (I1): Estimating of as-cast microstructure to find out

whether solidification can be reasonable.

Equilib.l
Cooling

t B scheil
1 Cooling

thtSage‘” Alloy Design Basi

www.factsage.com



Schell cooling calculation of AZ31 alloy

LPactsoge

\\

Mg ;

o777 100

™

N

90 F

\

80-
60-

40 b

phase distribution (wt%)

30 E

Eutectic temperature (end of solidification)

20 F

; Liquid E
10F / ;

E Mg17Al12
0: JI/>¥ A T

1 1 1 L L
300 350 400 450 500 550 600 650 700 750
(o]
Temperature, C

phase distribution (wt%)

Mg1l7Al12

; AI8Mn5
0 N N T e T
300 350 400 450 500 550 600 650 700 750
Temperature, °C
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Schell cooling calculation: as cast microstructure

Solidification path calculation: AZ31

I‘?actSage”

100 T T I

AIpia-Mg

Mg Dendrite

amount of each|phase (wt%)

Microstructure of as-cast AZ31

450 500 550 600 650 700
Temperature, C

Scheil Cooling calculation

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

A Dendrite boundary (eutectics, segregation)

-> Estimation of as-cast microstructure

Alloy Design Basics 7 www.factsage.com



Schell cooling calculation: as cast microstructure

Corning effect of Mg dendrite: AZ31

GactSage'"
77— 7 " T T T T T T T T
| |
| |
1 ! :
40 | ! | | .
boundary | :
"
= I (A) I
8 30 + I . | —
5 Mg dendrite |
= |
2 |
$ 207 I
|
|
10 | I
|
|
alpha Mg - Zn
0 N M B B S PR S e 1 | N [
300 350 400" 450 500 550 600 I 650 700

Temperature, °C

change of composition
In dendrite & boundary
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Alloy design (Ill): Calculate the final target microstructure AZ31

9 F
80 F

70F

5 ————1———T T 00T

Mg Liquid

/

S
N
—_ Mgl7Al12 IS5 0 ¢
= Eg:
= a:
= o :
~ T 40
c Q 3
> E
Q0 20 |
- E
) E
N2 10 F
S E Mg17A112
) 0 Ewis
)
©
e
o

AI8Mn5

100 150 200 250 300 350 400 450 500 550 600 650 700 750

Temperature, °C

100 150 200 250 300 350 400 450

Temperature, °C

500

550

600 650 700 750
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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-Al,,Mg,;) Mg, Al, Zn, Li

AlgMng Al, Cu, Fe, Mn, Si

AlL,Mn, 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,X (X = Si,Sn,Ge,Pb) Mg,Si, Mg,Sn, Mg,Ge, Mg,Pb
P 6

* 488 pure compounds
* Thousands of gaseous species (from the FACT53 Database)

I Volumetric data & parameters
For the Mg-Al-Zn-Mn-(Fe) system

thtSageT" Alloy Design Basics 10 www.factsage.com



FSStel database

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 | option (2-miscibility gaps).
-> Also recommend to use | 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 ACo solid phase.

‘ ‘}actSageT" Alloy Design Basics 11 %ﬁ t&agem .




Alloy database: Others

AFSCopp: Copper alloy development (all binary Cu-X systems
AFSlite: Old database for FTlite

AFSupsi: High purity Si database for solar cell grade Si production
AFSnobl: Noble alloy database for Ag, Au, Ir, Os, Pd, Pt, Rh, Ru refining
ASGnobl: Similar to FSnobl

ASGsold: Solder alloy database

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

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

thtSageT" Alloy Design Basics 12 www.factsage.com
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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. | 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 i Sr rectangular phase diagram

EX11. Complex phase diagram: AZ31 7 Sri Ca 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 i T: oxidation of pure Fe

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

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

thtSageT" Alloy Design Basics 13 www.factsage.com



Calculation examples for Alloy design

EX16. <A> option: Simple counter-cross inter-diffusion calculation <A>AI-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))

thtSageT" Alloy Design Basics 13 www.factsage.com



EX1 Binary phase diagram: Mg-Al binary system

G Components - Phase Dﬁn \ ‘Q‘ G Data Search ‘il
- -
= B B I d datab . 1422 solution datab
Lhact SGTE wonsos Miscellaneous

I OEEM O O BInS solutians ol [ ExaM  []SGSL  [J SGTE*
Orct O O sePs no data O soLu
O Facts3 [ O SGTE
O Froxid [ [ SGnobl Clear All

I OFtsak [ [ 5Gsold
OFTmise O O SGnucl Select Al
[ FThall

I [ FThelg Other [1TDbnucl Add/Remove Data
O Frpulp  [JOLP © [JOLC

FTlite [ oLiG O oLiL RefreshDatabases

Information -
Dlick o 1K' in (ehuim b the, [Reastants/Compranants Window]

If any ( 2 ) ged then program will automalicaly re-read al the databases

Dptions

Includ Liril
[ gaseous ions (plasmas) Organic species Caby.., Wmag] = [z
Default [ aqueous species

[] limited diata compounds (25C) Minimum solution components: & 1 @ 2 epts

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

Next >>

FactSage B.1 Compound: | 1/25 databases  Solution: | 1/22 databases

‘? Menu - Phase Diagram: Binary phase diagram: Mg-Al (how to read the phase diagram) |¢l
-
F its Parameters Variables Help (4) iables: Mg-Al T(C) vs composition #1. |i|
TIC) Platm) Energyl]] Massmol] Yalllitre) D
Sl 1] : + ol
Components (2) composition Temperature Pressuns
-aki
-aniz h congtant ¥
log10(a) IE * T[C) " Platm)
Max: 700
Products Rlinial [0 ] C  logP

Compound species ECies Custom Solutions: Min: |0

B oas & () Base-Phate | Full Name = 0 fized activities —

R sooe 3) [T s ==

[ pure liquids FTlite-FCC FCC_A1

[ pure solids Y ™ FTiteHCP HCP A3 [ Detis . | HeEs

= | FTlite-BCC BCC_A2 Peud

| FlitsLCl4 Laves_C14 ey = E — I
SPECiEs: 15 | FTlte-LCT5 Laves C15 apply [ L e ompositions (mole)
Target o flli=Ecta Belakalg ﬂ I include malar volumes
- hone - IL-Eiﬁ:-::cibla 3 W Show i all " selected | Total Species [maw 1500] 53 # El Mg +
E stimate T(K): 1000 - selected 2 Total Solutions [max 40] 14 :
T species; 38 Select Mg +
Mass(mal: o, 14 592! | Dafault
Varmr m Phage Diagiam
174

(LT
oo 4 ><

Calculate >>

FactSage 6.1 c:\FactSagetin-HoPhasEx1. DAT

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

thtSageT" Alloy Design Basics 14 www.factsage.com



T(C)

Mg - Al

700 ' 1 ' 1 ' 1
solidus
Liquid
560 liquidus
iquid + HCP<A3
AN
420 1 Eutectic rxn /
Gamma
________ Tie-line
280 (lever rule)
HCP_A3 + Gamma
FCC_Al + Beta_AlMg
140
amma + Beta_AlMg
0 . ] . ] . ] . ] .
0 0.2 0.4 0.6 0.8 1
mole Al/(Mg+Al)

thtSageT" Alloy Design Basics 15 www.factsage.com



EX2. Target calculations

(a)Transitions (EX2-1):

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

between them

FactSaq e

T(©)

; (b) Precipitation target (EX2-2): find temperature at which any other
phase begins to precipitate outrfrom the targeted phase

/

| i o
| '
(c) Formation target (EX-2-3): find the temperature

at which the targeted phase begin to form

0.4
mole Al/(Mg+Al)

0.8

To learn more, go to ??

Alloy Design Basics 16

www.factsage.com



EX2-1. Transition calculation

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

r& Reactants - Equilib | =l 22 |
File Edit Table Units DataSearch Help (1) Select the Compos|t|0ns
Oz ﬂ TIC) Platm] Energyld] Mass(g) Vollitre] "T I B . ) - .
(2) Set ac$infieadafidmor ma
| Massla]) | Species | (Hires o l"':] G Menu - Equilib: Target (Transition): Mg-Al =NECIH X
0.91 Mg
+ 008 I | =l File Units Pararneters Help
OS2l - TIC) Platm] Energyl)] Mass(g) Vollie) lﬁ ™
Reactantz [2]
[ [gram] 091 Mg+ 003 4 |
Products
Compound species Solution zpecies Custom Solutions
[ ga: @ 0 = | + | Base-Phase | Full Hame - 0 fized activities
[ aqueous ] | FTlite-Liqu Liquid 0 ideal solutions
[ pure liquids 0 | FTlite-FCC FCC_AT 0 activity coeffizients
[+ pure solids 15 | | FTiteHCP HCP_&3
[ I FTlte-BCC BCC_AZ Peeud
FactSage 6.1 Compound: | 1/25 databazes  Solution: | 1/22 databases | FTlte-LC14 Laves C14 sELdanyms
species: 15 I FTlite-LC15 Laves C15 apply | M
Target * Gl Beta_AlMg j [ include malar volumes
- foheE - Legend .
= [V Show ™ al © selected Total Species [max 1500] 53
. |- hle &
Eztimate T[K): 1000 . _Té?;c;:ade 2 ) Total Solutions [max 40] 14
i ’D— species: a4 Select
bazz(g): solutions: 14 4 D efaul
Final Conditions PRuilibrium N
| by | <Bx ‘r TIC] B > ||Praduct HY] ~| lf'“ normal " transition
[ - - —>"_|u?un1n 1 | 2 2
10 steps u \ / 1+ calculations \ Calculate »>>» | /
i ~ S >
FactSage 6.1 c:YFactSageiln HoVEquiER2-1.DAT ———
" = r
Range of t eimtjpldénalantervaloe N

‘ Lractsag
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F Results - Equilib 300 C (page 4/11)

Cutput Edit Show Pages

Dlslal_

TIC) Platm

| Energuld] Maszlg] Volllitre)

S=1Ed

THIEI.IMIH

«c|c] | Calculation results at every 100°C intervals

| tgram) 0.31 Mg + 0.0% 21 =
e I —-— . ..
0.31741 gram HCD R3E1 InpUt COI I lpOSItlon
(0.91741 gram, 32.7518E-0Z mol)
(300.00 C, 1 atm, 2=1.0000)
{ ©.03z28 wt.% R1
+ 23.307 wt.% Mg)
System component Mole fraction Mass fraction
1 5.5218E-02 £.032ZBE-0Z
Mg 0.34478 0.33307
+ B.Z5B85E-0Z gram GCamms
(8.25839E-02 gram, 5.€183€E-05 mol)

(300 00 C__ 1 stm ==1_0000)
—

T T wEe T e S S T S S S S S S S S S . ..
[ 3.8731 wt.% MglORZlZ42lz4
i |
I+ 0.338¢3 wi.% MglOZlZ4Mgid
|+ 8€.552 wt.% MgloMgZ4zrlZd I
+ 2.37&7 wt.% MglOMgZ4MgId) - . -
l I'What is this complex thing ?
IXcle fraction of sublattice constituents: I
Mg 1.0000 Stoichiometry = 10.000

-> model structure in database

IEl 3.8077E-0Z Stoichiometry = 24.000 | .
, -> output for modeling people
-
21 0.8%8Z5 Stoichiometry = 24.000
IXg 0.1017% |
— o o o e o e e e e e e e e e o
[ == =
System component Mole fraction M=ss fraction .
12 3872 ez | elemental composition of gamma phase
U U |
+ 0.00000 gram HCP _R3EZ
(300.00 C, 1 atm, 2=1.0000)
| &.0928 wt.% Rl
+ 53.307 wt.% Mgl
System component Mole fraction Mass fraction
Rl 5.5218E-02 g.09Z8E-02
Mg 0.54478 0.393307
+ 0.00000 gram Liguidgl
(300.00 C, 1 =tm, ==0.85413) W

thtSage‘”
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F Results - Equilib 377.26 C (page 5/11

- Phase transition happens at. thls temperature

Although the amount of Gamma phase is zero,
the activity (a = 1) tells Gamma phase begins to
form at this temperature

MglOMgZ4Rlzd I |

activity (a) of this phase = 0.45598
a = 1: stable phase, a < 1: unstable

Output Edit Show Pages
Dl - -
oc| woc)| 20c| so0d -377.26C- |7 c| 4766c| sooc| se735¢]| s00c| 700¢C |
A
| tgrem) 0.31 Mg + o0.08 Al =
1.0000 gram HCP _R3£l
1.0000 gram, 4.07762Z-0Z mol)
377.28 C, 1 =tm 2=1.0000)
5.0000 wt.% AL
+ 51.000 wt.% Mgl
System component Mole fraction Mass fraction
2l g8.1802E-02 3.0000E-02
Mg 0.%18z20 0.31000
+ 0.00000 gram Gamm=
(377.26 C, 1 atm, 2=1.0000)
£.4114 wt.% MglOz 2
+ 1.084zZ wt.% MglORlZ4Mgz4 1
+ 73.374 Wh. %
+ 13.150 wt.% MglOMgzZ4Mgzd)
+ 0.00000 gram HCEF_RIfZ
(377.26 C, 1 =tm, &=1_0000)
{ 5.0000 wt.% RL
+ 581.000 wt.% Mgl
System component Mole fraction Mass fraction
2l 8.1802E-02 3.0000E-02
Mg 0.%31820 0.31000
1
+ 0.00000 gram Liguidfl 1
(377.26 C, 1 =tm, ==0_.35831) _+
[ 30.378 wea 2l T TEEEEE-
+ ©3.825 wt.% Mgl
+ 0.00000 gram LigquidgZz
1377.26 C, 1 atm, e=0.%5831)
{ 30.375 wt.% AL
+ EB3.8Z% wt.% Mgl
+ 0.00000 grem FCC RL#1
(377.26 C, 1 atm, ==0.808€1)
| 30.823 wt.% RL
+ £3.071 wt.% Mgl
0.00000 gram FCC _RL1#2

W

thtSage
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EX2-2. Precipitation target calculation

rG Reactants - Equilib F = = N |
File Edit Table Units DataSearch Help fj’ Menu - Equilib: Target-Precipitation: Mg-Al A=l 28|
E@ ﬂ T(C) Plaim] Everaybl] Massla) Vollive] | | gije  nits — Parameters Help
e O e i TIC) Platm] Erergul)] Mass(g] Volllire) W |B| ].g|
Mass(a) Species Phase 1
o5 [ | =l Reactants [2]
* Joos i | =T [ [gam 091 Mg+ 0.09 &l |
Products
Compound zpecies Solution species Cuztom Solutionz
|_ gaz {* i 1] / + |*ase-Phase | Full Hame - ] _fiHEl:l a-:tiv_ities
[T aqueous 01\ P fTiteLiou Liquid g Ideal_wlutlﬂ;;ﬁ
|— pure liquids 0 -y FTlite-FCC FOC_AT actraty coethoients
[+ pure solids 15 I FTlite-HCP HCF_A3 Q
™ I FT!ItE-BEE BCC_AZ2 Pseudonyms
I FTlte-LC14 Laves C14 - i
species: 15 I FTlite-LC15 Laves C15 apply M
e — ihe- - .
Precipi;atﬁarget ~ < + | FllteBeta Beta_AlMg J [ include malar volumes
FactSage 6.1 Compound: | 1/25 databases  Solution: | 1/22 databases FTllte-quu ‘ lLEI?nErQISCIble i |7 Show = al ~ selected Total SDEDiES [ITIEIH 15|:||:|] 53
Eymate T(C): |1000 e Total Solutions [max 40 14
R / P - precipitate target species: I8
] ] gslop AT +-sclected 2 solutions: 14 JSelect Default
automatic default estimated value =
ditions 7 > E quilibrium
| L) I B> | TIC] || F'Titm] ﬂ|F"deuctH[J] j o romal -
| | A\ 9| I | = S
/
— b [ > ~ o =~ 1 calculation | Calculate >> |
For target calculation, this o:\FactSagenin HoMEquiER2-2 DAT

temperature should remain blank

Liquid is selected as precipitation target phase (P). Then, FactSage will calculate
liguidus temperature of a given composition

thtSageT" Alloy Design Basics 20 www.factsage.com



EX2-3. Formation target calculation

e
G Reactants - Equilib

[= £ N

File Edit Table Units Data5Search Help

Ol= ﬂ TIC) Platm) Erergyl)) Mass(g) Vol
1.2

Maszsz(g) Species Phaze
[0 [Mg |

+ |03 [&1 |

fjr Menu - Equilib: Target-Formation: Mg-Al

File Units Pararneters Help
0 = &=

Reactants [2]

Next »>

FactSage 6.1 Compound: | 1/25 databazes  Solution; | 1/22 databases

automatic default estimated

TIC) Platm] Energeld] Mazsg] “olllitre]

For target calculation, this
temperature should remain

chFactSagetn-Ho\EquiEx2-3.DAT

| [gram)0.91 Mg+ 0.09 4 |
Products
Compound zpecies Solution species
[ oa:z & C 0 2 || Base-Phase | Full Hame -
[T aqueous ] '\ IF Tlite-Liqu Linquid
[ pure liquids ] wem TFTlite-FCC FCC_A1
[+ pure zolids 15 I FTlite-HCP HCP_A3
v | I FTlite-BCC BCC_Az2
I FTlite-LC14 Laves C14
species: 15 I FTlite-LC15 Laves_C15
- oy Ha- -
Fu:urmatign farget ~ < ) ;- FTlite-Beta Beta_alkg
FTlite-Liqu £gen -
[ . | - immizcible & v Show ™ all " szelected
E ztgnate T(C]: |1000 .
N F - farmation target species: 20
(gr 10 _ ~ +-selected 2 cdlffors @) | SRR
value r PR
itions ; —
| s | B> TIC] || F'[‘aim] j|F‘deuct HIJ] j
| | ‘l ny |
i bage [ ~S__-" 1 calculation

Custormn Solutions

0 fised activities
[ ideal zolutions
0 activity coeffizients

Pzeudonymsz

apply | List ...

| include malar volumes

Total Species [maw 1500] 53
Total Solutions [max 40] 14

Default

Equilibrium
* normnal e
~

Calculate >>» |

blank

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

solidus temperature of a

given composition

‘ Lractsag
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EX3. Variation of phase fraction with temperature (equilibrium)

L

(&5 Reactants - Equilib =[=] = ]
File Edit Table Units DataSearch Help
Ol ﬂ TIC) Platm] EnergyiJ) Massig) Vollitre] m| [ 1E73
1.2
T P Phee & Menu - Equilib: Equilibrium phase fraction (phase fraction / temperature diagram): Mg-Al | = = |
Jost Mg ! File Units Parameters Help
003 [a | O g TIC) Platm) Energyi)] Mazslg) Valllitre] m |B| H|
Reactants [2]
[ [gram]0.91 Mg + 0.09 Al |
Products
Compound species Solution species Cuztom Solutionz
[ gas 8 &, o = | + | Base-Phase | Full Hame =« 0 fired activities
[} aqueous a | FTlite-Ligu Liquid g Ideal_wlutlﬂ;;ﬁ
[ pure liquids i I FTlite-FCC FOC_AT actrvity coefhcignts
: - [+ pure solids 15 I FTlite-HCP HCP_A3 Q
FactSage 6.1 Compound: | 1/25 databazes  Solution: | 1/22 databaze: I_ | FTlItE'EEE EEE_.":".E PSEUan .
I FTlite-LC14 Laves C14 l__|,| i
species: 15 I FTlite-LC15 Laves C15 apply M
T arget * Fite-Beta Beta_AlMg j [ include malar volumes
- hiohE: - Legend .
s W Show all  selected Total Species [max 1500] 53
. [ - ble &
Estimate T} [1000 P _ - Total Solutions [max 40] 14
FpeCies:
Mazs(g) |0 solutions: 14 L_Soiest Default
Final Conditions E quilibrium
Sy <B: | TIC] || Platm] ﬂlPr.:.du.:t HiJ] j " nomal (¢ tranzitions
| | foozo010 |1 | = &
1 steps T R+ calculations Calculate >> |
FactSage 6.1 chFactSageh n-HoA\EquiE=3.DAT

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

‘ Lractsag
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F Results - Equilib 200 C (page 1/54)

=Tl Edit Show Pages

Save or Print L TIC] Platrm] Enerq) I[litre)
Plot Plot Results ... 1
Equilb Results file  » Repeat Plot - gram vs T’C‘- = activity y - .
Stream File » 1 1 1 oc ] 400C l male -awis H-aris
rage | a0 s
Format v 230€] 220 23 IC 0 0 e reS u S mole fract, -l-ram [TIC]]
o == Click t pI t th It | |
S maximum 1 maximum (700
Refresh ... weight % o - -
Bt Ty minimum minimum
T tick every tick, every
P
System component Cpld)
21 L - - —> [elh)}
Cancel 0K ‘
+ 0 H(T)
s()
1z4Mgzd -page -
% MglOMgZ4R124 P=a
v MglOMgZdMgzd) v
log10(Y)
In{Y)
exply)
1fr :
| phase distribution
activity 1] 1. .
] 0 e (5) | Selection of phases
mole fract. 1] 0937159 —
ram 0 1 File Show
I 'ght"/ o 99'895 +|_# | Species | Mole (min) | Mole (max) |Fract. (min)|Fract. (max)| Act (min) | Act [max) «|
welgnt = : ® A2 0 0 0 i ITEEMZ | 0120087
47 A3 i 0 i i 31735E02 | 0120987
l TIC) 200, F0o0. 43 Al[s4) 0 0 0 0 21730E-02 | 7.8878E-02
43 | Als5) 0 0 0 0 21732602 | 7.6983E-02
50 AlsE) 0 0 0 0 1.7562E02 | 6.8956E-02
I Cell) 1.1703 7.6335 Bl AlsT) i i i i 21732602 | 7.8983E-02
Gl] 1323 -B36.85 52 Als8) i 0 i i 1.4023E03 | 7.2759E-03
53 |AIROMg23s) | O ] 0 0 1.0405E-30 | 1.5845€-05
I H[J] S I h h | SOLUTIONS
B4 GAS i 0 0 0 i i
e eCt t e p ase to 2 Ot — > + 55 Lique 0 4077EED2 | O 0 0.786577 1. —
I E 56 |Liqui2 0 0 0 0 0.786577 1.
- pag 1 . ;4 57 |FCCH#1 0 0 0 0 063085 0.606615
. (4) 59 FCCH2 0 0 0 0 063085 0.606615
Axes Species Graph Bl +| 59 HCP#1 i 4 NF7EE-02 0 0 0.888623 1
Labels B0 |HCP#2 i i i i 0 869623 1
[Oselected] v colar full sereen g BCCH 0 0 0 0 0576241 0.932059
g, ,_-W I_— [+ i Wigwer 62 |BCCH2 0 0 0 0 0.576241 0.832059
~ Py — W flename (% Figure 63 |LCl4#1 i 0 0 0 2320602 | 0133143 7l
" integer # Mass Order -
2 Axes " none * mols & integer # Select Top ’?j
" gram mass [mas]
% ™ fraction [max]
ﬂ I~ source | © activity [max) | aK |
C I I C k to Set u p axe S [Click_on the "+ column to add or remave species]
thtSage Alloy Design Basics 23 www.factsage.com




F Species Selection - EQUILIB Results: gram vs T(C)

Special care is required for the phase selection

P
A

fract.

hases wh
SOLUTI ON

on

I C
So

Solutions such as liquid, hcp, fcc, gamma phases

File  Show
+| i | Species | Muole [min] | Mole [max] |Fracl_ [min]| Fract. [max] | Act. [min] | Act. [max] j
Pure | Solids
9 tglz) ] ] ] ] 0.86449 0977389
a0 Mglz2) ] ] ] ] 0856589 0966729
4 glz3) ] ] ]
42 tglz4) ] ] ]
43 4g(z5) ] ] ]
44 t4g(zE) ] ] ] ] 0391927 0. 702665
45 Allz) ] ] ] ] 51742E-02 0.265466
46 All=2) ] ] ] ] 31735E-02 0120987
47 All=3) ] ] ] ] 31735E-02 0120987
43 Allzd) ] ] ] ] 21730E-02 7.8878E-02
43 Allz5) ] ] ] ] 2173 TonnnTan
A0 AllzE) ] ] ] ] 1.756 1
51 All=F) ] ] ] ] 2173 Tlp for
52 All=8) ] ] ] ] 1402 =~
53 Al30Mg23(s) ] ] ] ] 1.040 n p h a S e
SOLUTIOMS
54 GAS ] ] ] ] ]
+ | B85 Liquit 0 4, 0776E-02 0 0 0.786
56 Liquit2 1] 1] 1] 1] 0.786! A I I
57 FCCH#1 1] 1] 1] 1] 0.630
58 FCCH2 1] 1] 1] 1] 0.630 a n d
+ B9 HCP#1 1] 4 0776E-02 1] 1] 08881
B0 HCP#2 1] 1] 1] 1] [0.888623 1.
£1 BCCH1 1] 1] 1] 1] 0576241 0.832059
g2 BCCHZ 1] 1] 1] 1] 0576241 0.832059 J
B3 LCT441 1] 1] 1] 1] 2.3220E-02 0133143
B4 LCT482 1] 1] 1]
=] LC154#1 1] 1] 1]
BR LC15#2 1] 1] 1]
B7 Beta 1] 1] 1] 1] 1.1191E-20 1.3939€E-04
+ B8 Gama 1] 1.0467E-04 1] 1] 3.9444E-11 1.
ELEMENTS |
Mass Order
* maole (% integer # Select Top lﬁﬂ
© gram " mass [max)
" fraction [max]
Clear [~ source | © activity [max] ‘ 0k ‘

[Click on the "+" column to add of remove species]

Pure compounds such as Mg, Al, intermetallic compounds

‘ Lractsag
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0.91 Mg + 0.09 Al
c:\FactSage61\EquiO.res 5May10

1.00

0.80

0.60

gram

0.40

0.20

Solidus

Liqp#

Liquidus

200

300

T(C)

600

700

‘ Lractsag
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F Species Selection - EQUILIB Results: gram vs T(C)

File Show
+| i | Species | Mole [min]) | Mole [max) |Fra-::t. [min]| Fract. [max] | Act. [min) | Act. [max] ﬂ
ELEMENTS
63 & GAS 1] 1] 1] 1] 1] 1]
| 2 MeGS_ _ 0 _ _ L0 _ _ 0 _ 0 _ _ ._0_ _ _ 0_ _ _
| 71 A Liquil 1] 3.335EE-03 1] 0.244631 1] 1] |
L 2 Mg Liguitd 1] 37441E-02 1] 0918194 1] 1] I
- == T — I — — = T ——— —— === — = == = =
V4 g Liquit? a 1] 1] 1] 1] 1]
7a A FCCHT 1] 1] 1] 1] 1] 1]
i) Mg FCCHT o 1] 1] 1] 1] 1]
7 4| FCCHZ 1] 1] 1] 1] 1] 1]
7a kg FCCHZ a 1] 1] 1] 1] 1]
______ 79 ALHCPH1 0 33366E-03 | O 81802602 | 0 0
e Mg HCPHI 0 IF4HMEDZ O 0.973933 0 0
a1 Al HCPRZ 1] 1] 1] 1] 1] 1]
a2 kg HCPH#2 a 1] 1] 1] 1] 1]
a3 4| BCCHY 1] 1] 1] 1] 1] 1] J
g4 Mg BCCHI 1] 1] 1] 1] 1] 1]
25 A BCCHZ 1] 1] 1] 1] 1] 1]
8 Mg BOCH? 0 0 0 0 0 0 |
Mazs Order —~ -
* male (ff: irkeoer i Select Top "F%I
" gram m . . . . .
Cea — e~ If we want to plot the compositional variation inside of
e e e solution phases, we have to select the elements in this

NELEMENTSO 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.

‘ Lractsag
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EX4. Variation of phase fraction with temperature (Scheil cooling)

ﬁ Menu - Equilib: Simple as-cast microstructure simulation - Scheil cooling calculation (phase fra... |d|

E',:l'a|'|'| eters Help

‘ [ Iﬁ' H | TIC) Platm) Energyl)] Mazs{g) Yolllire) lﬁ B o
Cooling step: In most of cases, Reactans (2)

5 degree is enough to simulate [ lgam03i Mg + QO3 Al ]
solidification process Products
Compound species Solutigr spec SChell COOllng Custorn S olutions
|— g3 {+ W I:I i + oscT naas | PN L 1L I:I !:i:':Ed aCtiV.itiES
i I i i [ aqueous 0 15 T lite-Liqu Liquid 0 ideal solutions
This cooling step is not directly i e 0 R L g 0 activiy cosfiients
. oy . lid 15 Ike-
related to solidification rate - pue s - FTeHCE HEFAS
. - = Pzeudonyms
| FTlite-LC14 Laves_C14 :
(COOlIng Speed) Fpecies: 15 I FTlite-LC15 Laves_C15 apply |- List...
I Su:_heil _Target = * allilsEee CEER, Ll j [ inchude malar volumes
ﬁhtfﬁ-ﬁu — iy Dplions IL-Ei?nErrn-ligcible . W Show(® al " selected | Lotal Species [max 1500] 53
I S 5 Sehel et Total Solutions (max 40] 14

#| | Cooling step T[C): |5
________ N( SPECies:

33
~ Mazz(g): / +-selected 2 zalutiong: 14 w Default

~——

Final Conditions E quilibrium

| <A | Al TIC) ﬂF‘[alm] v ||Product HWI +| | | & nomal i

| | (700 200 h | = -

e steps I N o _GffverSchei - T(star] = 700, T(stop) = 200] Caleulate >> |
FactSage 6.1 c:hFactSagehln-Hoh\EquiE=<4.DAT

Temperature:

(i) starting temperature and final temperature

(i) starting temperature: program will automatically calculate the final
solidification temperature
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0.91 Mg + 0.09 Al
c:\FactSage61\EquiO.res 5May10

//M 0.91 Mg + 0.09 Al
0.80 - c:\FactSage61\EquiO.res 5May10
Equilibrium calc. , . , . ,

Schell cooling calc.

gram

Lig

0.40

0.20 | / .
—— H 1

T W

200 300 400 500 600 700
T(©

0.60 -
g
0.40 i
End of solidification i T
0.20 -
0 L 1 L 1 L 1 L 1 L
200 300 400 500 600 700

T(C)
Scheil cooling calculation is terminated when liguid phase disappears
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EX5. | option (miscibility gap)

Al o

{',:P Menu - Phase Diagram: [ option (miscibility gap in foc solution): Al-Zn phase diagram | = X3
File Units Pararmeters Variables Help
Ol g TIC] Platrm] Energyi)] Massimaol] Wollitre] W ™
Componentz [2]
Products
Compound species Solution species Cuztom Solutions
[ ga: &7 " 1] = | + | Basze-Phase | Full Hame 0 fized activities
[ aqueous ] | FTlite-Liqu Liquid 0 ideal zolutions
[ pure liquids 0 | FTiteFCC FCC_AT 0 activity cosficients
[+ pure salids 16 I FTlite-HCP HCF_43
F I FT!lle-EEE BCC_aZ eI
| FTlhte-LC14 Laves C14 - i
species: 16 | | FTlite-LC15 Laves_C15 apply L
Target @ | FILEARER Al 2 [ include molar volumes
- NOHE - Legend .
s W Show ™ all  zelected Total Species [max 1500] 50
. |- ble &
Eztimate T[E) |00 . -T;Ts:ct:ade 1 ) Total Solutions [max 40) 13
_ ID— IpeCies 34 Select
b azs(mall solutions: 13 4 Drefault
Yanables Phase Diagram
| TIC) | Znfanzn) | | | | v
| 07 | 01 | | | v
Calculate »>>
TIC] w2 Zndldl+Zn
FactSage 6.1 cWFactSagehln-Hob\PhasE«5.DAT
Option: when the phase has

a mi sci

separation), | 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.

b

‘ Lractsag
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Al -Zn

700 : : : : . , . ,

Liquid
560 [ i
Liquid + FCC_A1

420 - FCC_Al —

' HCP|zn
Féc Al + FCC_AL{f2 FCC_AL + HCP_Zn
280 | |

_ - / Miscibility gap

T(C)

140 F FCC_Al + HCP_Zn -

0 . 1 . 1 . 1 . 1 .
0 0.2 0.4 0.6 0.8 1

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

GV Components - Phase Diagram

File Edit Units DataSearch Help
D|@| +|
1-3

TIC) Platm] Energyl)] Maszs(g) Yolllitre)

Components
Mg Mate:
- on the phaze diagram the
Al units of mazz will be g, but
the chemical formulae of the
Zh components remain molar

values.

FactSage B.1 Compound: | 1/25 dat4

Components [3]

[ rgram) Mg+ A+ Zn |
Products
Compound species Solution species
[T gaz & 8 ] = | + | Base-Phase | Full Name -~
[T aquecus a | FTlite-Liqu Liquid
[ pure liquids 0 | FTlite-FCC FCC_a1
[+ pure salids 28 | FTlite-HCP HCP_a3
ra | FTlite-BCC BLCC_&2
| FTlite-LC14 Laves C14
speCies 28 | FTlite-LC15 Laves_C15
Target : ‘I:| FTlite-LC364 Al aves_C36 j
Snene - I-EiEn?isc:ible 7 W Show ™ al " selected
Estimate T(K]: J1000 i _
+-selected 8 species: 39
Mass(al: |0 solutions: 22 %
Yariables

TIC) | Ma/MgrilsZn] | AlAMg+Al+Zh) |

[ 400 [ o1 [ o1 |
A =M, B=ZnC=Al
FactSage 6.1 chFactSagetn-HoWPhasE=E.DAT

[
=)

oo D

ﬁ! Menu - Phase Diagram: Isothermal Ternary phase diagram: Mg-Al-Zn - 400C =HECE X
File Units Parameters Variables Help
Ol g T(C) Platm] Enerapi)] Massig) Volfitre] E e

Y steps

G Variables: Mg-Al-Zn composition #1. vs composition £1.

VYariables
i
vl
*
A

VAN
B C

compasition
]
]

log10[a]

RTinla)

* steps:

Composzitions [maszsz])

——

T and P
~
Temperature \ Pressure

& 1) ' constant F Piatrn] constant

va b
S -

~ =

|Mg + |D

|Mg +

| Mg

|Zn

| Mg

|Zn = 1 [max]

0 [min]

| Mg

|Zn

| Mg

= 1 [max]

|Zn

Cancel
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G’actSage‘”

v, - FCC\AL

Zn 0.9 0.8 0.7 0.6 0.5 - 0.4 0.3 0.2 0.1 AI
mass fraction
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EX7. Projection calculation (Liquidus projection): Mg-Al-Zn

N
G Menu - Phase Diagram: Projection calculation (Liquidus projection): Mg-Al-Zn |dl

== TIC) Platm] Energyil] Masslg) Valllire) W ]

Components [3]

[ [gam] Mg+ &+ Zn |

AELTED — — | Step: interval of isothermal
Compound species Lohtion SpPECiE: Custom Solutions
[ gas & 0 0 = | + | Base¥Phase | Full Name = 0 fired activiies 1 1 1
Lo ol T i o 0 e wons temperature liquidus lines
[ pure liquids 0| |N | ;[ ‘te-FCC FCC_AT achivity coefficients
[+ pure salids 2 ~N = FTite-HCP HCP_&2
| FTlite-BCC BCC_a2
v N | FThteLC14 Laves C14 Pseudonyms _ A7 Variables: Mg-Al-Zn composition #1. vs composition £1. [ihj
species: 28 | | FTleLC15 Laves_C15 applp T L -
|| FTiteLC364 Maves £ | |- Variables - TandP
Targst (GRS (el e M= . compositian Temperature / \ Pressure
- none - IL-.Bi?ner:igcible 7 v Show @ all  selected | Iotal Species [max 15007 1 ¥ /
Estimate T(K]: 1000 +-selentod 8 wpecies 5 Total Solutions (max 40 # log10(a) E & 10 prajectian ¥ & Platm) constant ¥
Mass(g]: |0 soldtiors: 22 % 7 [Eault- ~ A |z0- aH - calculated
& | Rl [0] | lesP
i - N C thermal |n - calculated
Yariables Phasze Diagram = ] sections
| TIC) | MasgsaieZn) | dliMarakzn | | | A I urivaiants ) Y steps: 10 | oo
W izathermis [ define mln an Hdﬁ@l BIms
| Projection | 01 [ 01 | | B & C J ® steps; = et T0E
izathermal sections every
& =Mg.E=2n C =4l Proiegtion Calculatey:
FactSage B.1 c:WFactSagehn-HaoWPhasEx=7.DAT =" Compositions [mass]

O P o P o
b - b+ [ [0 ]

nOo option for the t Dr O™ i
(Liquid in most of cases) | . e

Zn = 1 [max]

. [ |z [BEomer]

1 Z=1[ma>:]
=

Cancel
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Four-Phase Intersection Points with Liquid

PR
NRrQOUONOORWINE

QRN RWNE

AIMgZn_Tau / FCC_A1#1 / Laves_C14#1
AlMgZn_Tau / Beta_AlMg / Gamma
AlMgZn_Tau / Beta_AlMg / FCC_A1#1
AIMgZn_Tau / Laves_C14#1 / Mg2Zn3
AMgZn_Tau / Gamma / Phi

Gamma /HCP_A3#1/Phi
FCC_A1#1/Laves_C14#1/Mg2Znll
AIMgZn_Tau / Mg2Zn3 / MgZn
FCC_A1#1/HCP_2Zn /Mg2Zn11
HCP_A3#1 /Mg51Zn20_<mg7zn3>_oil / MgZn
AMgZn_Tau / HCP_A3#1 / Phi

: AIMgZn_Tau /HCP_A3#1 / MgZn

A=2Zn, B=Mg, C=A

X(A) X(B) X(C)
0.35365 0.18471 0.46164
0.04094 0.37786 0.58120
0.04248 0.36009 0.59743
0.33110 0.60810 0.06080
0.16296 0.66052 0.17652
0.16267 0.69979 0.13755
0.80148 0.07683 0.12168
0.25899 0.69007 0.05094
0.85034 0.05789 0.09177
0.28328 0.71522 0.00150
0.23357 0.70211 0.06432
0.24168 0.70263 0.05570

o

C

467.78
44757
446.26
428.12
385.07
364.35
360.17
353.59
347.54
345.23
342.67

Data from FTlite - FACT light alloy databases

34089 o 5 :
AN

Al - Mg - Zn

Zn

G’actSage’"

T(min) = 340.89 °C, T(max) = 660.31 °C

BN

- Mg2Zn11

FCC_Al

Lo

Univariant line
(phase boundary)

Isotherms
(liquidus)

.
QN /N '0\9
X&
AN A\ Gamma S
ARV, v Ay N \ «\/ Be o\ qu \VANEN N
0.8 0.7 0.6 0.5 0.4 0.3 0.2

mole fraction

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

& Menu - Equilib: Scheil cooling calculation for AZ31 alloy (Mg-3Al-1Zn-0.3Mn) =HACH| X
File Units Parameters Help
Ol= E T[C] Pjatm) Erergyil] Mass[g] Yolllitre] "T B
Reactantz [4] “
£ Results - Equilib 700 C (page 1/23) = | B
[ loam]957 Mg + 34+ Zn+ 03 Mn | Output Edit Show Pages
= ﬂ TIC) Platm] Energul)] Mass(g] Yolllitre) "1 BI W
Products . P— . 348_39(3]
Compound species Ablution species Eustom 5 olutiors s00C | 475¢ | 450c| 425¢| 42075¢C| 409.02¢| 400C | 375¢C | 36434C| 350C | 341650]
N gas & & 0/ f | =|+]|BaspPhase | FullName =« U fised activlied | 700¢ | 675¢ | 650¢ | 62987¢| 25¢ | 62459¢] 600 | 575¢ | ss0c| s25¢ | s0s5.46¢|
[T aquecus 0\ I5|  Flite-Liou Liquid 0 ideal salution: .
[ pure liquids 0 Wl lite-FCL FOC &1 0 activity coeffi | tgram) 5.7 Mg+ 2 AL + Zn + 0.3 Mn = [Zocumulzted Scheil] -
[+ pure solids 42 1 FTIi.te-HEF' HCP_ A3 IR 100.00 gram Liguid#l E
i | FTlite-BCC BCC_A2 {100.00 gram, 4.0634 mol)
= +  FTite-CBCC CBCC_A12 Pseudonyms (700.00 C, 1 sem,  a=1.0000)
species: 42 + FTite-CUET CUB_A13 nl LD (om0 v A
| FTitelCl4 Laves C14 =] o000 e
Scheil Target = [ include molar v : 233330 ::z xn
ite-Li Opti Legend . - -
FTlite-Liqu [EMEIRES I-i?nmiscible 7 W Show & all " selected | Total Species jmax
Cooling step TIC): |25 & . Cohail target ) T otal S olutions [mal System component Mole fraction Mass fraction
g species; 144 Select In 3.7580E-03 1.0000E-02
Mazs(g): |0 +- selected 12 solutions: o | 23 Diefault Mn 1.34139E-03 3.0000E-03
—_— 21 2.7323E-02 3.0000E-02
Final Conditions Equilibrium g o-3€7s8 g-38700
< | <B> | TIC) | Fiatm) ~|[ProductHi) | || % nomal €[ | . o oocooe  gram roquiass
| [ 700 100 1 | - f] (700.00 C, 1 atm, 2=1.0000)
i : Calculate { 3.0000 wE.% AL
10 steps r [ Gulliver-Schei - Tistart) = 700, Tistop] = 100] + 85.700 wt.% Mg
i + 0.30000  wb.% Mn
FactSage B.1 c:hFactSagehn-HohEquiE<3.DAT + 1.0000 wE.% Zn)
L
System component Mole fraction Mass fraction
Zn 3.7580E-03 1.0000E-02
Mn 1.3419E-03 3.0000E-03
21 2.7323E-02 3.0000E-02
Mg 0.96758 0.95700
+ 0.00000 gram HCP_B3#1
B (700.00 C, 1 atm, &=0.92277)
{ 0.90733  wt.% AL
+ 98.773 WE.% Mg
+ 0.22687  wb.% Mn
+ 9.232BE-0Z wt.% Zn)
+ 0.00000 gram HCP Zn
(700.00 C, 1 atm, a=0.30948)
{ 0.77302  wt.% AL
+ 93.115 WE.% Mg
+ 0.11180  wt.% Zn) 1
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95.7 Mg + 3Al+ Zn + 0.3 Mn

c:\Workshop\EquiO.res 30Apr10

I T30 .‘ ; : I
F Liqu#l
— / I
| /
- /“ I
| 250} / . 1
: [ Close-up view |
/
1 i / I
I 200 r / T
: I -\ ﬁ/ I
( [
=
© 150 . |
I
|
: I
I 100} 1
| I Gama |
o !
I o050} \ J I
- AL M| AL M ALM
I | G 8 ‘3\ I
ot MALGE),  MiAlGs) . . I
MAHAL{S)
I 300 400 500 600 700 |
I T(C) |
e N S Sy

40

20

———HEP#L- |
|

W |

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

G Menu - Equilib: Equilibrium calculation for AZ731 alloy (Mg-3Al-17n-0.3Mn)

File Units Parameters Help
== TIC) Platm] Energyld] Mass(a) Yalllire) "1 B
Reactants [4]
[ igram]35.7 Mg+ 3 A+ Zn+ 03 Mn |
&3 Results - Equilib 100 C (page 1/71) (=[E=] = ]
Products OQutput  Edit  Show Pages
Compound species Solution species Custom Solutions — r:.q ‘X: SR -
[T gas & 2 a * | + | Base-Phase |  FullName = 0 fized activities E‘E‘ ﬂ T ) 223 ) el el e = B3
[} aqueous 0 | FTlite-Liqu Liquid g |de‘_a|.solut|0frf1_s_ 270¢ | 280¢C | 290C
[~ pure liquids o | FTlite-FCC FCC_Ad activity cosfficients 19068¢C| 1922¢| 200C | 210C | 220C | 230¢ | 23838C| 240¢ | 24623 C| 25cc| mcl
[+ pure solids 42 | FTlite-HCF HCP A3 100¢ | 110¢ | 120¢ | 130c| 10c| 150¢| 160¢| 170¢| 180¢| 1865¢| 190¢]| |
i | FTlite-BCC BCC_a2 Eeoudrams p
+  FTlite-CBCC CEBCC_A12 . 95.157 gram HCP A3§l
species. 42 +  FTite-CUBT CUB_413 ol T Lt | (85-157 gram, 3.8521 mol)  s000) e
= { - . atm, a=1.
- | b . e
Target l FliteLC14 Laves C14 J [ include molar volumes N 358;3'94 ““'z ;1
- none - Legend ¥ Show® ol Total Species (max 1500] 185 s iriiz-is wels e
. | - immiscible 7 v Show & &l selected otal Species (max + €.11122-13 ws % Mn
Estimate T(K]: 1000 +-selected 12 , . Total Solutiors [max 40 26 +0.73635  we.% Znm)
Fpecies;
Mass(g) | soluions: 26 Select Default System component Mole fraction Mass fraction
In 2_9753E-03 7-9685E-03
Final Conditions E quilibrium - Z Sl
<A <B> | TIC) ||F'[atm] v ||PraductHY) +| || © nomal (* transitions Mg o 0.s8335
i i
| | |'-'I‘DI:I‘IE“:I‘“:I |‘I | + 3.5083 gram Gamma
10 steps r B+ caloulations | Calculate »> | (3.9083 gram, Z.5564E-03 mol)
(100.00 €, 1 atm, &=1.0000)
FactSage 6.1 c:hFactSagehn-HovE quiEx9.DaT ( 0.15783 wt.% MglOR1Z4R134
) y + 4_1156E-03 wt.% MglOR1Z4MgZ4
+ BB.525 wt.% MglOMgZ4RlZ4
+ 1.8381 Wwt.% MglOMgZ4Mgzd
+ 1.1877 wt.% MglOZnZ4Rlzd
+ Z.5111E-0Z2 wt.% MglOZnZ4MgZ4
+ 1.7839E-02 wt.% MglOAlZ4Znzd
+ &.11z8 wt.% MglOMgZ4Znzd
+ 9_Z056E-0Z2 wt.% MglOZnZ4ZInZ4)
Mole fraction of sublattice constituents:
L Mg 1.0000 Stoichiometry = 10.000
a1 2.1193E-03 Stoichiometry = 24.000
Mg 0.98532
Zn 7.3576E-03
21l 0.92758 Stoichiometry = 24.000
Mg 2.0137E-02
in 5.3238E-02
System component Mole fraction Mass fraction
in 2.4933E-02 §.1853E-02
a1 0.38470 0.33378
Mg 0.53037 0.5443¢ Hl
" Alloy Design Ad d 37
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r-
J 200 T T T T ‘ T l
I | I
\
| . \ |
| | Close-up view ,
1.50 | \ ]
I | | ‘ I
| |
I “ I
[ §S \ |
®© 1.00 -
I5 MriAL(s | I
I g | | 95.7Mg+ 3Al+ Zn+ 0.3Mn
| At “ I c:\Workshop\EquiO.res 30Apr10
T T T T T
: 0.50 | TAEM——— | :
| |
|
|
|
0 1 1 1
| 100 200 300 400 500
|
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EX10. Phase diagram : AZ31 1 Sr phase diagram

_
ﬁ Components - Phase Diagram (=|E] & |
File Edit Units Data Search Help

Ol = ﬂ TIC] Platrm) Energyl)] Massio)l Yollliee] '“ I B
1-2

-

—y
~» = Components ~

( Mgl 9BBI7AIN 027277200 ) MNoke:
~ ey the phaze u_:Iiagram the
o [T tﬂg'fhjmr'i‘fjff;‘ﬂsl? {3 Variables: Mg0.96897A10.027277Zn0.0037517-5r T(C) vs composition £1. [ ]

components remair
values.

VYariables TandP

v o compozition Temperature Prezsure
2 logl0fa) E & 1[0 Y-auis A & Platm) constant v
A - (700
fj | R [0] 9] Ma:  logP
B C

T zheps
* steps:

Compositions [mass]
[L=MaoD.962974I0.027 27 7Zn0.0037517 |

0 [ |1 |Sr [-ais ﬂ
#1.

1 L 1 5 = |0.05 [max]
P

Mext >>»

FactSage 6.1 Compound: | 1/25 databases Solution: | 1/22 databases

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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Mg 0.96897A|0.027277zn0.0037517 - Sr

700

Liquid

560 [

420

T(C)

280

140

Liquid + HCP_A3

HCP_A3 + Al,Sr(s) AN

Uid + HCP_A3 + Laves C1

P_A3 + Laves_C15 + Mg,4Sr,(s)

HCP_A3 + Laves_C15 + Al,Sr(s)

AN
MgZn + HCP_A3 + Gamma + AI4Sr(s)\
1 1 |

HCP_A3 + Al,Sr(s) + Laves_C15 + SrZn.(s

0.01

0.02

0.03

0.04

mass Sr/(Mg g6g0Al 0.02727ZN0.0037517ST)

0.05

Alloy Design Advanced 40

www.factsage.com



EX11. Phase diagram: AZ31 1 Sri Ca isothermal section

ﬁ! Menu - Phase Diagram: Complex phase diagram calculation in multicomponent system : A73- ... | =

|'\

=

TIC] Platm] Energyl)] Mass(g) Yolllitre]

[CaslL+5r+Ca) ws SrAL+Sr+Ca) - L=Mg0.968974I0.027 2772n0.0037517 | _[:
c:hFactSagehln-Ho\PhasEx11.DAT

FactSage 6.1

mse

0= E
Components [3]
| [aram] Mgl 9689741002727 7200037517 + 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 a | FTlite-FCC FCC A1 0 activity coefficients
[+ pure solids 54 | FTlite-HCP HCP_ &3
v | FTlte-BCC BCC_A2 Peeud
|| FTiteLC14 Laves_C14 e ':'lﬂ"m —
species: 2 | | FTlte-LC15 Laves C15 apply 11 ¢
Target ) c|I FTlite-LC3RA Alaves C36 j ™ include molar
-nnne-- I-ei?nerziscible g W Show al " selected | Total Species [m|
Estimate T(K): |00 +-selected 10 . T otal Solutions [r
, species. 146 Select
Mazs(g): solutions: 26 4 Diefau
VYariables Phasze Diagr
| TIC) | SwiL+Smtal | Cadl+Sica) | | | v
| 300 | oonz | nooz | | >

fj’ Variables: Mg0.96897AI0.027277Zn0.0037517-5r-Ca composition #2. vs composition #1.

Variables
s
v
*
A
VAN
B C
Y steps:
 steps:

Compositionz [mass])
[ =M. 96897 AI0.027 27 72n0.003751 7 |

compozition
lbgiDia [0 ]
AT [0 ]

Tand P
Temperature

s+ [

constant -

H-ais -

0 L 1
gy L v |

s+ [

L + |'|

|Sr + |1

- = [0.03 [max]

-awis -

|Sr + |1

- = |0.03 [max]

Cancel

)

Pressure

constant -

" Platm]
" logP

Lractsag

Alloy Design Advanced 41

www.factsage.com



0.03

(Mg)QGQQAI 0.027277%;n 0.003751#§r+ca)

mass _Ca/

.024

.018

.012

o
o
o
)

M3 5 968977l 0.027277ZN g g0a7517 = ST - Ca

300°C G’actSage‘”

aves C15 + Laves C14 + HCR-A3

Laves C15 + HCP_A3 + Laves _C14 + MgHSrz(sS

Laves_C15 + HCP_A3 + Mg ,Sr,(s)

Laves C15 + HCP_AS3

Laves_C15 + HCP_A3 + D ,(ca,sr,ba)

0.006 0.012 0.018 0.024 0.03
mass Sr/(M g).96897A\| 0.02727-Zn 0.0037517-|-Sr+ca)

A
=
[0 o)
o
oQ
D

™
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EX12-1. Mg-Al-Zn + 1% Sr triangle /rectangular isothermal section

& Menu - Phase Diagram: Complex phase diagram calculation in multicomponent system : Mg—f-\l...ldl]
T ( GP Variables: Mg-Al-Zn-5r compesition #1. vs composition #1. |._2€ |
0| = H TIC] Platm] Energpl)] Maszs(a) Volllite]
Components [4] Yanables Tand P
o —
[ lgaml Ma + Als Zn+ o] y composgition . Temperature Pressure
W log10ia IE constant v constant v
Products J [ ] 2 TIE) (e Platr]
Compound species Solution species IE ~
oo i o 0| [T Tomeime ] Tolloms e .
[T aqueous 1] | FTlite-Liqu Ligquid
[ pure liquids il | FTlite-FCC FCC_A1 -
[+ pure solids 43 | FTlite-HCP HCP_AZ T steps:
i | | FTite-BCC BCC_A2 % steps: E
| FTlite-LET4 Lavez_C14 -
pecies 43 | FTlite-LC15 Lawez_C15
Target : C|I FTlite-LC3EA Alaves C36 ﬂ Eumpusitiqns fmaTz) -
Tnones |.Bi?ne|.rn1iscib|e 7 v Show ™ al  selected ’ = ~
Estimate T(): [1000 ) _
+-selected 8 . Al o+ £n o+ Sr
species. 118 Select
Massigl: |0 ctons 22 5%t | (
- B El Ds
| T(C) | Moigealezn) | AlMg+alzn) | Su/Mgeilzn) | | -
| ] | 01 | 01 [ oot | = = e Lompositiond ==
£ = Mg, B =2n, C =&l 1 ﬂ maw = 4
FactSage B.1 chFactSagein-HoWPhazEx12-1.DAT

Cancel

For the triangle phase diagram of more than 4 component system, special care is
needed to set correct composition.
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Mg - Al - Zn - Sr
500°C, mass Sr/(Mg+Al+Zn) = 0.010101 G’actSage‘M

Zn

mass fractions /(Mg+Al+Zn)
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EX12-2. Mg-Al-Zn + 1% Sr triangle /rectangular isothermal section

ﬁ Menu - Phase Diagram: Complex phase diagram calculation in multicomponent system : Mg-Al... |dl
== T(C) Platm) Erergui)] Masslg) Wollire] W =
Components [4)
[ igram) Mg+ Al+ Zn+ Si |
Prod (/o= m— m— =)
joguets _ _ i & Variables: Mg-Al-Zn-5r composition #2. vs composition #1. e O
Compound species Solution species Custom Sol
[T gas & o i *| + | Base-Phase |  FullName = 0 fived ach -
[T aqueous 0 | FTlite-Liqu Liquid g ideal sol Varniables B T and P
[~ pure liquids 0 | | FTiteFCC FCC_A1 Sy @ v ¥ compozition Temperature Pressure
[+ pure salids 43 | FTlite-HCP HCP_&3
P | | FlieBLC BLC_A2 Pseudanym # log10a) |E| & (0] congtant ¥ & Platm] constant v
| FTlite-LC14 Lawves C14 v
species; 43 | | FTlitelC15 Laves_LC15 S =
: = RTlIn[a) " logP
Target | FTlite-LC3R4 Al aves C3R J [ include m
- NoneE - Legend .
R W Show® all " selected | Iotal Species| M—————
Estimate T(K]: 1000 L_T;?é?t::ée g ) Total Solution Y steps
Massigl: ’EI— species: 118 Select
: solutions: 22 4 D 5 steps:
Vanables Phase Dial
TIC) |AIH[Mg+AI+Zn+Sr]| Zn? |Srf[Mg+A|+Zn+Sr]I | -
¥ Compositions [mass)
[ 500 [ ool |  oo0s [ 0o [ %
[Zr/Mo+ril+ZreSn) ve AlYMo+bl+Zn+5i] ]
H-ais
FactSage 6.1 \FactSaget nHo\PhasEX1 2-2 DAT - El Mg + Al

Mg + .-'l".I . 0.1 [max)

0 [rnin]
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Mg - Al -Zn - Sr
500°C, mass Sr/(Mg+Al+Zn+Sr) = 0.01 &ctsagem
' , '

0.05 . - .

0.04 _
= Liquid + HCP_A3
n
+
N
+ 0.03 _
<
+
— ~
= / Liquid + HCP_A3 + Al,Sr(s)
c
N 0.02 A
2 /
7))
@
S

0.01 _

HCP_A3 + Al,Sr(s)
HQ
0 | L ] . ] . ] .
0.04 0.06 0.08 0.1
mass Al/(Mg+Al+Zn+Sr)
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EX13. Metastable phase: Fe-C binary system w/wo C (Fe3C)

F Selection - Equilib
File Edit Show Sort

Select Al | Select;"EIear...‘

0w Selected |

Selected: B/6 [500D] [5orted by Code]
+ |Code | Species |Data| Phase |[T|¥]| Activity

© 7 LG _ _ _ Fastel cmemhier. o

+ i3 Fels] FSstel bec_a2

+ 4 Fe[z2] FSstel foo al

+ 5} Feallz] FSztel cementite 0

+ 5 Feal[=2] FSstel ksi_carhide a]

+ 7 C2Fef(z] FSstel c2febsmbods 0

Clear

0K

" | = E T[C] Platm] Energyl)] kazz{mal] Yolllitre] '" B
[omponents [2]
froducts
Compound species Solution species Cuztam Solutions
B ga: o ] = | + | Base-Phase | Full Name
[ 1] + FSstel-FCC FCC_a1:Me[C M)
4= e MLIdT™ =~ 0 + FSstel-BCC BCC_ A2
~|: pure solids _ & + | FSstelFE-L Fe-LIGUID
e el 4 Pzeudonyms
Tpecies; G apply | List ..
Target [ include molar valumes
Legend Total Speci 1500
- solected 2 [ Show & &l 7 selected otal Species [max |
. g Tatal Solutions [max 40]
SpeCies:
zolutions: 3 Bel ot Defauilt
fanables Phasze Diagram
TIC) | FedFest) | | | | v
oizo0 | o1 | | | >
Calculate
[[C] wg FedFe+C
tSage 6.1

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.

I thtSage‘”
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Fe-C

G’actSage‘"

1600 : . : . : .
Fe-LIQUID
1380 .
\\ Fe-LIQUID + C(s)
FacLIQUID + FCC(&;
1160 .
g | FCC(c,n)
|_
Fe-C 940 FCC(c,n) + C(s) A
1600 : . : . : . : .
-,\ - Fe-LIQUID 720 l
\\\ \
1380 ~ BCC_A2 + C(s)
N 500 . I . 1 . 1 . ! .
FeUQUID + FCc(en). 0 0.02 0.04 0.06 0.08 0.1
AN ///'7\\\\
1160 L \ . _—FeLIQUID + Fe,C(s) mass C/(Fe+C)
G Feccen) ! Stable phase diagram with C
= Fe-LIQUID + Fe,C(s)
940 / g
\ / Fe,C(s) + FCC(c,n)
\\ /
720 \ 5
BCC_A2 + Fe,C(s)
500 1 1 1 1
0 0.02 0.04 0.06 0.08 0.1

mass C/(Fe+C)

Metastable phase diagram without C
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EX14. J option (3 possible miscibility gaps): Fe-Nb-Ti-C-N system

Er Menu - Equilib: J option (3 possible miscibility gap): Fe-Nb-Ti-C-N system =HECI[ X

File Units Parameters Help

Ol g T[C] Platm] Energyl)] Mass(g] Volllire] ’ﬁ =

Reactants [5]

| [ram] 99875 Fe  + OOIETi + OOREMb + 0033 C + 001 N |

Products
Compound species Solution species Cuztom Solutions
[7 gas ¥ @ 0 = [ +] BasePhase |  FullHame  « 0 fired activities
7 aqueous 0| | | == =ESstel-CEME CEMEMTITE 0 idzal solutions
[ pure liuids e ) FNelFCC | FCC_ATMe(CN) U cstiely, eoeliesils
= [+ pure solids 16 [ & ) o FetelBCC BCC_AZ
F + FSatel-TIZM TIZH ey
* - cugtom selection + | FSstelLAVE LAWES_PHASE i
species: 16 + FSstelFE4N FE4N apply | List..
Target & FoslierEL FellEdD j [ include molar volumes
- nong - Legend

i W Show @™ &l  zelected Total Species [max 1500] 95

. |- ble 1

Estimate T[] [TOC00 J .Ig?;;;zlgc?tule 1 . - Total Solutions [rmax 40 12
species:

Mazs(g) [0 + - selected 7 zolutions: 12 w Default

Final Conditions E quilibrium

| b | <B> | TIC) ” Patrm] j|F‘roduct HiJ j * nomal " hansitions

| | lEo0100010 |1 | = e

10 steps [~ 41 calculations Calculate >> |
FactSage 6.1 cvFactS agehln-Ho\EquiE=14.0AT

AnJo option is needed for a phase which

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.

h
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F Results - Equilib 930 C {page 34/41)
Quiput Edit Show Pages

D || &
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- + % Ti:Va)
Fe
T Mole fracticon of sublattice constituents:
" Fe 7 Stoichiometzry = 1.0000
c —— - ke
Ti
+ C 21:Me(C N)&Z
AT (4 mad ) Nb(CaN) ppt- e 1. Stoichicmesry = 1.0000
{ 1 =tm, ==1_0000) " a
( &% Fe:C 7= 4 N1147-n4
+ 't.% Mb:C
+ rt.% Ti:C
+ 5.8831E-03 wt.% Fe:N
+ 25.0z21 wt.% MNb:N
+ wt.% Ti:N
:
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99.875 Fe + 0.018 Ti + 0.068 Nb + 0.039 C +
c:\Workshop\EquiO.res 30Apr10
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EX15-1. Phase diagram PO2 1 T. Oxidation of pure Fe

-
G Components - Phase Diagram

EE . : :
o o Oxidation of steel requires multiple databases
Q@l ﬂ TIC] Platm] EnergylJ] Mass(g) Vollltre] _ (a) FSSteI Steel phases
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- on the phase diagram the
|Fe units of mazz will be g. but I |
the chemical formulae of the
G Data Search @W
Databases - 3/25 compound databases, 2/22 zolution database” | 53 |1
& G Menu - Phase Diagram: Phase diagram PO2-T: oxidation of pure Fe LE=SEEE &S
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FToxid / [ SGnobl gclea[ Al Components [2)
[1 FTsalt [ FSe [ sGsold
DTTnﬁc —D’ O 5Gnuel Select Al | f@aml 02+ Fe |
LI FThall g
D FTheIg arher D TDnucl Add/Remove D ata
O FTpulp [ OLIP O ouc Products
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L PemelgudsT T o~ 0 | | FToxid-SLAGA ASlagiiq ELEHY e o
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EP Menu - Phase Diagram: Phase diagram PO2-T: ocxadation of pure Fe
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ﬁr'-."ariables: 02-Fe loglO(p(C Oxygen partlal pressure Can be
selected by this option
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EX15-2. phase diagram PO2 1 X:

Oxidation of Fe-Cr

G Data Search
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EP Variables: 02-Fe-Cr logl0(p(02)) (atm) vs composition #1. |£
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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 /I <1-A>AZ31
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G Results - Equilib A=1.00E-10 (page 1/19)
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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

A 4

Hot Dip Galvanizing

Cold worked at 300 °C
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EX17-1. Oxygen partial pressure control using Dew-point concept
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| 1o steps r il.able e Calculate »>» |

| FactSage £.2 | _ A .

thtSage‘” Alloy Design Advanced 61 www.factsage.com



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

2 )

A3 Results - Equilib -30C o[- s
Output  Edit  Show Pages
D EE @ TIC) Plbar] Energyld) Mass(mol) Valllire) m B‘| o
FactBage &.3 i
T = -30.00 C
P = 1 bar
o= 1352.8 dm3 . . .
We will heat this gas at 800°C using
STREAM CONSTITUENTS AMOTHT fmol .
Nz 3. S000E+01 stream file.
HE L_ooooE+a0
Hz0O 1.0000E+00
| I - S . S S SEE S S TEE R T S S T S T S . S . - - -y
I EQUIL AMOUNT MOLE FRACTION FUGACITY I
PHASE: gas real mal bar
IHZ 9. 3338E+01 S9_E6E1EZE-0O1 9.64z18-01 |
JWH= Z.3Z80E+00 3. 441 FZE-0E 3.4lZDE—DZ|
Hz0O 3.7EEZ3E-0E 3.8733E-04 3.8230E-04
IHZ 2_0374E-03 8_310%E-0% B.EZSTE—DEI
Inzusom 4_ S00EE-38 E_O&7EE-40 5.0570E-40 |
|HZH4 1.z233E8E-38 1. z2816E-40 1.z731E-40
H L. 0445E-45 5. zZ16lE-47 5. zZOST7E-47
IHHZ Z.1473E-45 Z_.EZ10E-47 Z.EleLE-47 =
 hzidp0z L. 0180E-54 E_1888E-L& E_1784E-E&
IDH Z.7E71E-&7 Z.8E03E-E3 Z.5845EE-E3
jopul 1.871ZE-6G6 1.9343E-65 1.33Z0E-68
IHZD 2. E040E-&53 3.3130E-71 F.ED1EE-TL
[ Bz13(u] Z.1EEO0E-73 . EEZ83E-7E Z_EZ3BE-TE |
WLOTRLL, L e o RIMOE+DL 1 DOODEE0D 1 QO00E+00
mol ACTIVITY
HZ0_ice(s) Q_&zZ42E-01 1. 0000E+a0
H20_liepaid{lig) 0. 0000E+00 7_o4838E-01
(MHL) E0_licmuid(liq) 0. 0000E+00 4 3FE13E-0EZ 57
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EX17-1. Oxygen partial pressure control using Dew-point concept

P I | n

1Tl

£ Results - Equilib -30C
£ neut

'| Edit Show Pages

Save ar Print

Plot

_ EquilibResultsfile. _ _

Creating stream file

TIC] Plbar] Energy(] Mazz(mol] Wolllire]

2|4

“ &

“

B

B o

“

)

B

| Sweamfile !l Recyrleslstreams L e
Forrmat » Sawe strearn file 1 PI Sawve gas phase .. |
— = — — o — — - [ —— [ ——
FactML N Sream file properties ... Tave pure fiquids ...
Save aqueaus ..
3
e . Surnmmary of strearms

Fact-Function-Builder

Refresh ...
NS
NH2
HEOD
HZ
NZHEOH
NEiH4
H
NHZ
HNINH
OH
o uj
NEZO
HNO
TOTAL:

HZ0_icais)
Hz0 licpaid{lic)
(HH4)Z0_licaid{liqg)

EQUIL AMOUNT

LY N I T T el AT R Y e e« X I TN Y}

oW

Directory (ChUsershJHYDesktopt) KirnhLab\FACT SAGE WORKSHORY) ..

mol

. 3336E+01
- 3EZ20E+00
. 7EE3E-0Z2
.0374E-03
. 9005E-38
. Z335E-38
.0445E-45
. 1473E-45
.0120E-E4
. 7571E-57
.B71ZE-&&
- E040E-£9
. 1EEOE-73
.E710E+01

mol

.BEZ42E-01
- 0000E+00
. 0000E+00

MOLE FRACTION

| e Y el TV N O O el N (¥

.GLE1EZE-01
. 441ZE-02
.S7I3E-04
.210%E-0E
.0&7ZE-40
.Z816E-40
.21lE1lE-47
_EE10OE-47
. 1228E-E&
.850%E-58
. 9349E-58
.31320E-71
. EEZB3E-T7E
. 0000E+00

FUGACITY
bar
_64z1E-01
.41z0E-0Z
_BEZ0E-04
_3E87E-0E
_O&7TOE-40
_EZ791E-40
_EZ0E7E-47
_Z1&5EE-47
_17E84E-E&
_8452E-E53
_93Z0E-&8
_EZ912E-71
_ZE38E-7E
_QoooE+o0
ACTIVITY
1_00a0E+00
7.4595E-01
4 _ FE13IE-0Z

| AT el o TV T O O ¥ O I ¥

Save pure solids ..

Save solutions

GAS

Enter a stream file number

[1-9339)

ar enter a stream file name [up to 26 characters), for
example

y wer favarite stream

- avoid the special characters P&/ 8 E w0

Save File in CAUsers\IHYDesktopt) Kirm\Lab\FACTSAGE W.., (2|

Cancel

[Gas-300C]

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

] . . g8 HE
47 Reactants - Equil Importing stream file felte s | - ~fe - -
File] | Edit | Table Units Data Search e 127
| Add a new Reactant Ctrl+F  ovid] Mazs(mal) Wolllitre) "T I Bl HI
Insert new reactant before H20 ..,
! Delete reactant H2O .. —
| Delete all blank reactants | =
—— e e - I .
I Midures and Streams . 2 Irmport a mixture 2
R | Gas-30C for dew point stream JI | Irnport a stream (or single-line misture) | 2
—————————————————————— |
Ex Gas-30C Gas -30 DF stream Edit a rnixture or stream k
Irnport list of reactants 2 Directory (ChUsers\JHYDesktopt) KimtLab\FACTSAGE WORKSHORY) .
Clear =, Thave pure Tgaeds .
. e agueoUs .
Exarmple Save pure solids ..

sobuteon:
o
[i + + e % -

IF\Desktoph) KimLab\FAC

Lo
- B

jarne [up bo 26 chaeactess], lor
- B

s+

[ Initial Canditions  scters 281 e o> [

= 3 3 3
-
5 & & T & @
k) -

FactSage 6.3 Compound: | 1/27 databazes Solution: | 0422 databazes A
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EX17-1. Oxygen partial pressure control using Dew-point concept

ﬁ’ Reactants - Equilib

(o]

File Edit Table Units Data Search Help
O ||j"| il TIC) Plbar] Energyfl] Massmal] Voalllire) I“I !l ]{!l
1-1|
M ass[mol] Species Phase TIC] Pltotal]™ StreamB Data
[100 |[Gias-30C] ~| | I I e
47 Menu - Equilib: =l = s
File  Units Parameters Help
O = E T[C] Plbar] Energyll] Mazzimol] Yolllitre) Iﬁ |D| ﬂl
—Reactants [1)
[ 100% [Gas30C] |
— Products
— Compaund species — Solution species — Cuztorn Solutions
[+ gas € ideal & redl 29 Baze-Phasze Full Hame 0 fived activities
[ aqueous 1] 0 ideal solutions
|+— pure liquids 7 0 activity coefficients
|+— pure solids g Detals ...
[¥ suppress duplicates aeelgl ~ Peeudoryms ————
SpECiEs: 44 apply ™ List .. |
[ include molar valumes
Target L q Total Species [max 1500] 44
— Legen .
FactSage 6.3 Compound: | 1/27 databases Salution: | 0422 databaszes - NANE - ¥ Show (¢ all " selected Total Sclutions [max 40] o
Estimate T[K]: |1UUU SpECiEs: 0 Sel
b sl IU solutions: 0 L‘ztl
i D efault |
— Final Conditions E quilibrium
A <B> TIC) Plbar] LI Praduct HIJ LI * pomal = nomal + hansitions
| 1 " hansitions only
— ()
10 steps I Table . Calculate >> |
| FactSage B.3 | &
™ 1
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EX17-1. Oxygen partial pressure control using Dew-point concept

e

&3 Results - Equilib 800 C
Output  Edit  Show Pages

D || EE @

TIC) Plbar) Energul)] Mazzimal] Walllitre]

=1 e 5
i di=al= 3 Ev2

Final partial pressure of oxygen

EQUIL AMOUNT MOLE FRACTION FUGACITY
PHAZE: gas_real mol bar
Nz S_ELO0OOE+01 9_49cL5E-01 S_LO0O0E-0O1
HE 4_3994E+00 4 _ SF97LE-0F 4 _3F991E-0F
Hz0 2. TEZ3E-0E 2. 7E03E-04 2.7510E-04
NHZ 4_ 04E0E-04 4_ 043EE-0& 4 _ 044ZE-06
H 3. 14423E-07 3. 1437E-09 3.14423E-09
NHE 3.E913E-11 3_E901E-13 3_E913E-13
OH 2. 15423E-1E S_.1514E-14 o 1547E-14
Na 8_8497E-14 8_846E5E-14 8_2494E-16
HMNHNH 2.0707E-1& F._059EKE-12 3.0706E-18
NH 1. 1411E-1¢& 1.1407E-1% 1. 1411E-1%5
NzH4 2. E417E-12 S EIBEE-Z0 S_E41&E-Z0
Nz0 & F969E-18 &_ E948E-Z0 &_ FR63E-Z0
HMO L. gz73E-1%8 E_8zEBZE-Z0 E_ 2z 73E-Z0
N 1. 4353E-18 1._4354E-Z0 1. 4353E-Z0
rL—————————ﬁ_ﬁﬁzﬁ;li_-ﬁ-aW‘.zl — e i EES E 1 |
az Z.49483E-Z1 Z.4933E-23 Z.494EE-23
THiTHT T T T T T T T Tl TEERTIIT T LTI E-AE B B-3-3 95 =2~ B
e 4 Fz8EE-ZE 4 FrecE-Z4 4 r84E-24 A
HONO (gZ) Z.0473E-24 Z.0degE-Z& Z.0473E-Z6 3
HAOO 1. 5844E-24 1. 3837E-Z26& 1. 3844E-26
HONO o) 1. E88EE-24 1. E879E-Z26 1.E588E8E-Z6 1 1
Noz 3.1410E-Z& 3.1393E-23 3.1410E-28 When the temperature Of ICe IS
NzHEOH T 7.1401E-z7 7.ola74E-23 7.1400E-Z3 _200C
HOMNOZ 1. E178E-37 1 _E17EZE-33 1 _E5173E-39
oz 7 C13ET-47 2 C173F-4C T E141F-4C T
a3 NzH4 S9_Fz92E-1% S9_EzOEE-Z0 S9_EFz3BE-Z0
NZO03 u] 1. &243E-18 1. &22&6E-Z0 1. &23EE-Z0
NZ04 1.4364E-18 1
1 1.
HOOH S_0zZ13E-Z21 o
N3 4 AZEIE-ZE 4 z13E-24 4 r3TE-24
HOMO (o2 ) 1.E5052E-Z3 1. E043E-ZE 1.E043%E-ZE
N 1 ASANT =772 1 ACCST 7L 1 ACQOTT=7FC

‘ Lractsag
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Dew points i PO,/T Relationship

95%N.,5%H

90%N.,,10%H

-15 g L R L R L B L B | TTrrr T
-16 —
_
-18 //// //// //'
-19 .
°c C / — /// — — /
o &S aseaSGgego o ]
?0\(\ //////// //’ f_)////
< -23 © —
o] /////// _— —
_ 24 //// / — //
J =
(=2 26 s //;/ -~ / -
o -27 //;/§7//////
28 S o -15 g BLELELE R
-29 S /////// e 16 b
30 o e ////// / -
-31 // - // -17 F
/ S
e g ]
-33 /& -19 F
-34 20 F
-35 1 L I I I L
500 600 700 800 900 10021 3 1100 1200
Temperature’C 22 F
g 23 F
Q 24 F
O . 3
2 25 P
o '26 3 //
2 27¢ y
28 b o s
s / /
29 F S - e
3 e //
0F
31 _/// /////////
/ Ay
-32 !//é////
33E/ ////
AP
B Y A A Lo
500 600

800 900 1100

Temperature C

1000

‘ Lractsag

Alloy Design Advanced 67

www.factsage.com



EX17-2. phase diagram PO, T T: Oxidation of Fe-1%Mn-1%Si

& Data Search

Databazes - 3/25 compound databases, 2522 solution databases

[lag10fp[02]] [atm] ws TIC)|

FactSage 6.1

Lact s¢r= > : \
Menu - Phase Diagram: phase diagram PO2-T: ocxidation of Fe-1%Mn-1955i =NACIH X
JELeM [ O == ’
[ FACT O [ 9/ File Units Parameters Variables Help
E;i‘f:: H: D2l g TIC) Platm) Erergyl)] Massig) Vollire] "= m
H FTzalt H H 1| Components [4)
FTmizc 1
H g:a:l Other [ | [gram] 02 + Fe + Mn + Si|
€lg
[1FTpulp [J OLIP ml
] FTlite [ oLIG O Products
Information - Compound species Solution species Cuztom Solutions
| gas & ‘" a = | + | Base-Phase | Full Name =« 0 fised activities
[N aqueous 0 + | FSatelFESS FESSI3 0 ideal solutions
[ pure liquids 0 + FSstelfCC | FCC_ATMe(CN] 0 activity coefficients
= [, pure solids 40 + | FSstelBCC BCC_A2 4|
lv suppress duplicates apply +  FSstelM35l M35_| Pzeudoryms
* . custom Selectinn + FSStEI'FE1 5 FE1 5|1 |_ B
species: 40 + | FSstelMONO Monowids apply M
Oph FE- . -
prons |”a|”de_ Target * FostelFE-L Fe-LIQUID [ include molar volumes
qazed i . L d ;
Diefaul O] aques o e T T ¥ Show al " selected | Total Species (max 1500] 141
[ limited E ztirate TIE.; |1DEIEI +-selected 20 species 101 Total Solutions [max 40] 22
Mass(g): [0 solubions; 22 JSEEH D efault |
Yariables Phase Diagram
I} TIC] | IoalOp(02] | Mn/FestnsSil | SidFestnasi | | y
| sOD10O0 | 40200 | 0.0 | iy | v

c:hFacts agehln-HohPhasEx1 -3 DAT

Calculate >3 |

‘ Lractsag
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GP Variables: O2-Fe-Mn-5i logl0(p{02)) (atm) vs T(C)

VYariables

(v
vl
kS

compogition

o]
Y stepx
* steps

Chemical Potentials

#1. loglOlp) = |v-aviz -
02 -
|gas-FacTEs =] |40

log1 0fa)

RTIn[a)

T and P
Temperature

R-auis -
1000
500

= T(0)
o~ [GERS
P

Compositions [mass)

Pressure

% Platm)
" log P

0 Jre + [1

| si

3]

[ JFe + [

|Fe + [0

EN

| si

Fe v [

| si

constant =

constant v

O, - Fe-Mn - Si

mass Mn/(Fe+tMn+Si) =0.01, mass Si/(Fe+Mn+Si) =0.01

Liactg

0.m
constant

Rhodonite +

Rhodohite + FCC(c,n) +

BCC_Ap + w

SiO,(s4)

—
=
T -28 s
N—"
~—~
-
@)
-
o
2 32 .
> FCC(c,n)
L)
Rhodoﬁite + BCC_AZ
-36 \2 + FCC(c,n) ]
Rhodcyﬁz{
-40 1
500 600 700 800 900 1000

T(C)

‘ Lractsag
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EX17-3. Primary oxide formation diagram

Fe-C-Mn-Si-0,

800°C, p(0,) =10 bar,C=0.1% G’actSage‘"
2.0 —_— —
1.5 F C_JN
)
+
_ O FCC + BCC + SiO, + MnSiO,
)] L 8
?\j 1.0 T
O
= 9 o
LL \\1\(\5\ 3
| ECC X
0.5 cC~™ O
3 \\]\(\25\
| \\1\05"03* '
8cl B
FCC + BCC FCC + BCC + Mn,SiO,)
0.0 0.5 1.0 15 2.0

wt% Mn

Drawing of the diagram:
1) Collect all blue/red/green lines at different PO, 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.
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Fe-Mn-Si at PO,=10-?8atm, T=8008C

ﬁ Menu - Phaze Diagram: last system
File  Units

0 = E

Componentz [4)

Pararneters  Wariables Help

TIC] Platm] Energyl)] Mass(g] Yolllitre]

| [gram] Fe  + Mn + Si+ D2|

Products

Compound species Salution species

(=)=
L=l Ed

Custom Solutions

[ gas o a = | + | BasePhase | Full Hame - 0 fiserd activities
[ aqueous 0 +  FSsterLIoU LauiD g 'dﬁ?'_fc"u“ﬂ’;?_ :
[ pure liquids 0 + | FSstelFCC FCC_a1 CIELE BIC I
* [ pure solids 44 + FSstel-BCCT BCC_aZ
I zuppresz duplicates apply + FSstel HOPT HEP_A3 Pseudonwm
a i FSstel-CBCC CBCC_&12
BB mlecgszcies: 44 : FSSS:EEI-ELIE I:UE__A‘|3 ﬁ" Wariables: Fe-hn-5-02 composition #1, w5 composition #1,
+ F5stel-t351 k351 Variables T and P
i FSstel-FE13 Felsil j v fe compositions Temperature Pressure or Yolume
Target L d
- MOne - I-ei?nen:iscible 1 ¥ Show @ all  selected i W & 10 constant - {* Platm] |constant -
Estimate T(K); [1000 + - zelected 20 species; 103 elect Fi) < log10fa)] -  logP
e elec
osto: [N RNl YAV ~ vie
Variables YStEpS: £ log
| TiC] | log10(pO2) | Mn/FestnsSi | Si/FesnsSi | e L K steps:[1T | Q
| 200 | -28 | oooz | oooz |

[Mr/FeMn+5i] vs Sif[Fe+Mn+5i]|

FactSage B.3

Chemical Potentials Compositions [mass]

#1 log1 0[p/atm] constant « | .
e

T-axiz -

02 - :
28 | Fe

| gasz-FSstel j

= |0.03 [max)

|Fe

H-aniz -

|Fe

= 0,03 [max)

Lractsag
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EX17-3. Primary oxide formation diagram

Fe-Mn-Si-0,

pO,) = 10 atm, §00°C, 1 atm

Gactiage”

Fe-Mn-Si-0,

pl0,) = 107 atm, 800°C, 1atm

thl: Sage”

003
ree a1 Jece s adene /| BOUNMaries for oxide phase
0025 F BCC_a2 4 Adlivine + Rhodonite /
FCd &1 + BCC
BCC A2 + A0kine
0.0z BCC_a2 + Rhypflonite
% 003 .
ﬁ
+
g 0.015
- n.ozs |
=]
E, oxygen
0.01
ooz b
Bl
&
ﬁ
0.005 F 4
g 0015 |
+
Q
=
i} . ! . 1 E
0 0.005 0.01 0.015 0ot
Si/(Fe+Mn+5i)
0.005
0
0

Superimpose the figures of the lines
calculated at different partial pressure of

BCC_AZ + Rhodonite + Si02(s2) |

‘ Lractsag
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EX17-3. Primary oxide formation diagram

Fe-Mn-Si-C steel at 800°C : C = 0.002 wt%

30 ' ' ' ! I ! ! ! ! I ! ! ! ! I ! ! ! ' I ! ! ! ! I ! ! !
| -28.75 ]
25 F -
j <BCC + Si0O,> j
2.0 -/__/_-28__5-’//— -
%) : :
> 15¢ 28.25 ]
; - »,

<BCC + MnSiO, + FCC>
1.0  log(pO,, atry)=-28

AN

-27.75 .
%[5 7 )
-27.23 »4 <BCC + Mn,SIO, + FCC>
oo/, A . : . _
0.0 0.5 1.0 15 2.0 2.5 3.0

wt %Mn
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EX17-4. Primary and Secondary Oxidations

3.0

2.5[
<BCC + SiO,>

wt %Si

+MnSiOz>

<BCC +FCC

+ MnSiO;>

(©) ]
© <BCC +FCC

+ Mn,SiO >

SiO, formation

O O

Mn =0.5 Si depletion
in metal

Si=15

Primary oxidation

Sio,
S e & & @

>

Concept of primary and
secondary oxidations

SiO,+MnSIiO, formation

Mn =0.5
Si=1.0

Secondary 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

0_0. e g g3y PG L e
0.0 0.5 1.0 1.5 20

15
10}

05t

Si0,+MnSiO,

MnSi0,+Si0,

wt %oVn

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

Ar ______ Air_ _ _ _____
Zn B Zn (liquid) _ _ _ _ | i

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
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EX18-1. Interface reaction between liquid Zn and steel

FTlite database contains
reasonable Zn bath data for Zn-

F Data Search

Databases - 1/27 compound databases. 1/27 solution databases

Lact SGTE =5  Miscellapediis galvanizing. So, this is chosen
FactP5 BINS solutions only EXAM SGS5L SGTE# ;

H FTolxid H H SGPS nao databaze o = InStead Of FSSteI .

[ FTsalt O O seTE

O FTmisc O O SGnobl p— ;
HEE‘;‘"{'M H HSE"’” F Menu - Equilib: Zn galvanizing and remelting and oxidation Q|E|@
O FTrt=z Eile Units Parameters Help

L1 FThelg Add/Remove -

L F Laul few  Other Ol g TIC) Platm) Eneravl] Massla) Vollitre) lﬁ 3BT
IA Friite ' [ Frdeme [ TDnuel _FsfreshDatal

e Heactants (4]

Information -

Click ot a box ta include [or exclude] a databaze in the data searg
compound and solution database [when available) will be selected | [aram] 100 Zn + 935Fe + 050 + Mn |
[mate, thiz iz MOT recommendad).

If databasze iz stored on your PC but nat lizted here then you must | Products
Compound species Solution species Cuztom Solutions
[ O o 0 = | + | Base-Phase | Full Name -
Dptions [ 0 I FTliter-Liqu Liquid
Inalui'-seous ions [plasmas) W= s 0 ! FlileFLD dnrl
Defaul O aqueous species [+ pure solids 30 I FTlite-HCF HCP_&3 Q
[ limited data compounds [25C) F | FTlite-BCC BLCC_A2 Pseud
+  FTiteCBCC CECC_412 e Dﬁ"ms _
seoze + FTiteCUBT CUB_AT3 apaly List ...
I FTl!tE-LEM Laves EI8 [ include maolar volumes
| | FTieLC15 Laves C15 =] _
Total Species [max 1500] 111
Ve Legend & oal Tolal Solutions [max 40] 22
| - immiscible 7 [ Show & Al selected otal Solutions [max
+-zelected B _—
IpECies: a1
zolutions: 22 % Diefalt
efaul
Final Conditions E quilibrium
| TIC) ||F'[atm] ﬂ|F‘deuctH[J] j ¢ nomal O
| | [a00 f | 2

=
I_ - 1 calculation Calculate >>

FactSage 6.3 C:\ExampleshE guiremelting_Zn.DAT
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EX18-1. Interface reaction between liquid Zn and steel

F Results - Equilib 900 C M=E3
Qutput  Edit  Show Pages

O |E"‘| || ﬂ TIC) Platm) Energyl)] Mass(g) Yollitre) "”lalm

| FactSage 6.3 s
{gram) 100 En + 298. &5 Fe + 0.5 Cr + Mn =

137.57 gram BCC AZ§1
| 1137.57 gram, 2.3244 mol) |
(900 C, 1 atm, a=1.0000})
| { 7.1409E-02 wc.% Cr |
| + 60.624 wt.% Fe I
+ 049583 wt.% Mn
L + 38.809 wt. & Zn) | =

I+ 43.680 gram Licuidfl |
| 43.680 gram, 0.6734% mol)

(200 C, 1 atm, a=1.0000) 1
| [ 0.20374 wt.% Cr

+ 9.1E514 wt.% Fe
I + 046556 we.§ Mn 1
|

Reaction products:
BCC + FCC

+ 20,173 wt. % Zn)

+ 18746 gram FCC_ALL I
{12.746 gram, 0.31727 mol) |
I {900 C, 1 atm, a=1._0000)

{ 1.6888 wt.% Cr |
| + E59.z21% wt.% Fe |
+ 0.6l08% wt.% Mun
| + 3E5.505 wt.% EZn) |

| <

We need this liquid Zn for the
oxidation reaction
A Save it as stream
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EX18-2. Oxidation reaction

of liquid Zn

|
& Data Search S -
Databages - 3/37 compound datahases 2/3R snlutinon datahazes (1) Settl ng Oxygen partl a-I pressu re .
Gact s@ & Vene - Eauilir =t stem S activity or log activity can be fixed
FactPS O Os. File Units Parameters Help
FToxid [ Ost| D= E TIC) Platm] Energuhl] Mass(g) Vollitre) " ™|
] FTzalt O Os
. Reactants [2]
O FTmize [ Os
O FThan [ s [ [gram] 100% Endiquid] + 0 02 |
[ FToxcH [ Os
[ FTintz
FThel ucts
E FT d Of (1) pound species Solution species Cuztom Solutions
pulp [ ELEM . - L
FTlite ] Fldemo [17T * [+ gas ( ideal (& real 1 = | + | Base-Phase | Full Name - 1 fixed activities
[T aquecus 0 | FTlite-Liqu Liquid E ||:|er§||.;salutlafrfw_s_ ,
Information - [ pure liquids 0 | FTlite-FCC FCC_A] e achiviby copffirients . 1
[+ pure solids 54 | FTlite-HCP HCP a3 | Fixed Partial Pressure (1)_b |- & Iﬁ
[v supprezs duplicates apply | FTI_itE'B':': E':':_A?
(2) - custom selection | FTosidSLAGA | ASlagdig all oxidd | Enter the value of log0[p]
I species 558 + | FTomd-SPIMA ASpinel [or for a range of values enter first last step’] far
i F b + | FToxid-hieO_a AMonoxide| | 2 02[g). T
Duplicate CompourEI_s. (2)_a Iﬁ . FToxid CORL MEEE . . . .
‘When you click [mouse left button] on a “gas", “liquid". Legend Prezs [Cancel] if the partial pressure iz no longer fised.
taqueous' ar “zolid"” compound check box, then all the | -immizcible 5 ¥ Show File
compounds in that group are selected. Cancel +-selected B O 5
To avoid selecting duplicate compounds, vou can zolutions: @
zpecify a databasze priority lizt - the most important e = — v
data_base 1= first and tlje Iea_st important iz last, For
EMETEES CEmpEUTES [ & e Erevm, erly (s ( 1)_a |Code | Species | Data | Phase  |T|V|Mol. Weight|  Mi
compounds from the most impartant databaze will be TiC F :
I zelected. Mot all the databases need be entered - for | (C) || Platrn] T 1 ] ] FactP'S :gas 16.00
|| e=ample if only one databaze iz specified, then duplicate I |9|:||:| |.| |_ +a 2 02[a) FactPS gas 32.00
compounds from the other databases will only be 3 03 FactPS 4800
zupprezzed for thoze compounds faund in thiz one ] ac 04 :
databasze. 4 Crlg] FactPS | gas 5200
Mote: a compound iz conzidered a duplicate if a pure 5 Ci0(g] FactPS | gas 65.00
substance in another databasze has the same chemizal E Cr02(g) FactPS | gas 8399
I fc_-m_'lula_ s t_he zame phaze [zolid, quui_d or gaz] - no 1 | 7 Cr03a) FactPS | gas 9999
diztinction is made for allotropes and isomers. For ul ] = o =
example, Fe(z1] in databant 4PS | gas h4.94
Fe(=2] and Fe(z3] [but nat F H +P5 as FR.ER
(2) Remove duplicate compounds T ot
Erter the compound databe: ; g3z :
first) fra . g g 1 4P5 | gas E5.38
_ Give a prlorlty In database e —
oxid FTlite FactPS

Ty p i cHIdxidl 3yanyimetallic database > FactPSo

‘ Lractsag

Alloy Design Advanced 79

www.factsage.com



EX18-2. Oxidation reaction of liquid Zn

Qutput  Edit

D= HE F

Show Pages

a=1.00E-21| a=3.16E-21| 3
a.=3.1l5E-2l5| a=1.£H}E-25| a=
2=1.00E-30 | 2=3.16E-30 | =1

[

—'-aris

Swap Axes

- aris

[ Ol ackiik

22 |

rﬁ Axes: gram vs Ioglﬂiactivitjr}L u1

Y¥-wariable X-variable

i di=al= 3 Ev2

2=3.16E-22

7| ==1.00E-26 |

{gram) 100% [Zn-liguif all
+ 3_9219E-25 02 | ) _
a mol ga " —— —
{300 €, 1 af Gr Species Selection - EQUILIB Results: gram vs log10(acti
{ 9.9973E-3 File Show Select
Cancel | ﬂ # Species | Gram [min] | Gram [max]) | Wit % [min] | Wit % [max] | Activity [min] | Achivity [max] | «
+ 43 . &80 gram Li @— e~
(43 _.680 gram, 0.8&75% 1 02(a) ’} i] 100. 100, 1.0000E-30 1. B
{300 C, 1 =tm, ==1_.0000) Fite-=ebigun == =
{ 0.20374 wt.% Cr 2 CriLiqu#1] 1] 8.8996E-02 7. EE45E-11 0203744 2 5281E-22 1.2179E-02
+ §.1514 wt_.% Fe 3 Felliquil] 0 19973 0210736 33,501 4998813 0605322
+ 046556  wt.% Mn 4 Mr(Liquitt] 0 0.203355 22684E-03 | 046697 1.0817E15 2,34886-03
+ B STETE-25 we. % O G DiLiquit1) 0 2 1684E-20 BO7E7E-25 | 11.381 30632E-26 30532E-11
+ 50.179 wt.% Zno IEIT‘ fl_ﬁ[quulﬂ 1 1] 39.391 1.0965 93439 5.8403E-11 0.910082
Le- gu
Sust . Mole £ T CriLiquits] 0 i] T.BE45E-11 0203744 28281E-22 1.2179E-02
YSLEm componen 58 =3 8 FelLiquit2) 0 0 0.210736 38.901 4.3988E-13 0.605322
in 0.23 5 M[Liqut2] 0 0 2 268403 0.466937 1.0817E-15 2 3488E-03
Fe 0103 10 OfLiquit?) 0 0 8.9787E-25 11.381 3. 0532E-26 .0632E-11
Mn 5.44 11 ZriLiquit2) 0 ] 1.0965 99.439 5.8409E-11 0910092
Cr £.513 FTlite- FCCH
O 3.a0 12 Ci[FCCH) 0 1] 25419E18 1.BEER JE102E-22 1.7391E-02
13 FelFCCH . . E.1430E-09 93.86 31228E-13 0.933609
+0 gram Liquid#2 1wy Settin g X-asix 1111911 0.632429 1.4945E-15 325603 |7
(300 ©, 1 atm, a=1_0000) =
N FN374 wt % O - log10[achivity Mass Order = -
select species - enter one species # ( SRR ole * integer # Select Top |15 j U species elsclizd
use "+ column I_ [page] & gram mass (ma)
! }_ " fraction [maw)
Clear 0Z2[g] ™ activity [max)] Select ... |
[ Click on the "+ column ta add of remove species. |
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EX18-2. Oxidation reaction of liquid Zn

100% [Zn-liquid] + 0 02

04 -

03 |

02

01

100% [Zn-liquid] + 0 02

C:\FactSage\EquiO.res 10ct12 &Ctsagem
/l
BCC#1
SPINA
@ D S &
= 1
-30.0 -20.0 -10.0 0.0

log,,(activity) O2(9)

C:\FactSage\EquiO.res 10ct12 thtsagem
T T
—
ZNITA
. ZNITA W\\ 05
T ANHA——
40
g 30r
S €
5 g
(2]
20
10
_ SPINA—]
L //
BCG#1 SPﬁSA 0
0 N = I — 'I'Cpi —
-30.0 -20.0 -10.0 0.0
log,,(activity) O2(g)
alr

Zincite + Spinel

Zincite + BCC

Spinel +Monoxide + liquid

Spinel + liquid

Oxide layer

Original metal

— ZnCr204

ZnO-rich Zincite

L——— MnO-rich monoxide

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

o=

' 7, Reactants - Equilio
File Edit Table Units DataSearch Help

0l ﬂ TIC) Pbar) Enerayl] Mass{al Valfiire) m| ™|

1-5 |

CO /CO, is variable

Masz(g) Species TIC]  Pltetal]™ Streamt
[99.62 Fe |
+ |o.os i |
E M | TIC) Plbar] Energyl)) Masslg] Vollitre]

T | [gram]99.62 Fe  + 00BC + 02Mn + 015 + <l-A>molCD  + <& molCO2 |

* et mol co2 |

+ o1 [5i |
+ LT85 mal co | |

Products
Compound species Solution species Cuzstom Solutions
[+ gas & ideal " real 25 * | + | Base-Phase | Full Hame - 0 fired activities
[T aqueous ] FSstel-LIOU LIGUIC 0 ideal zalutions
[ pure liguids 0 . FSstel FOOT FLC_AT 0 activity coefficients
[ pure solids a + FSste-BCCT BCC_AZ
[~ suppress duplicates apply FSstelHCP HCP_A3 Feudarprms
FSstel-CEME CEMEMTITE .
species: 25 FSstelM23C M23CE sply - Lt |
Fasteltd /L3 M7L3 [ include malar volumes
FSatelCECC CBCC A1z j )
Temet L 4 Total Species [max 1500] 37
egen .
. . "] (s i Total Solutions [ras 40 2
FactSage 6.3 Compound: 2427 databazes Solution: | 1/22 databasq nane +-selected 2 & Slhavy O &l LSl
 ——————— — Estimate T[] 1000 species; 12
! zolutions: 2 E
Massfal ’ Default
Final Conditions E quilibrium
<A <B>» | T(C) ||F'[I:|ar] ij[gductH[J] j * normal " nomal + tranzitions
010.01 i [1200 1 | ? transitions anly
P - open
10 steps I Calculate >>

FactSage B.3 4 MEquiCarbunzation_of_Steel DAT
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EX19. Carburization and Decarburization of Steel

W Results - Equilib A0
[ Resu Equili D ]

Edit Show Pages

Save or Print v TIC] Plbar] Enerayll] Mass(g] Yalllitre] "' BI W
Plot ’ Plot Results ... =022 | 4=023| A=024
' Equilib Results file k Repeat Plot - gram vs Alpha ... !'9 ] A=01 ] A=0.11 ] A=0.12 l
Stream File | FactSage §.3 -
| x S|
Lannat * || & Plot gram vs Alpha
o _
Fact-{ML » FllE H EIF' Species Selection - EQUILIB Results: gram vs Alpha
L = — File Show Select
Fa ct-OptimaI L3 1 9952 FE-' + |:||:|E |: + |:|2 Mn + |:| + # | Species | Mole [min] | Mole [max] | Fraction [min) | Fraction [max) | Activity [min] | Activity [max] | «
@ FCCl 17881 17311 0 1. 1.
- . = = 0 |BCCY i 0 0 0 0.995292 0.994392
Fact-Function-Builder > Axes | Variables | Mir ELEMENTS
tivit 1 Fe_GAS 9.2541E.08 1.3830E-07 4810608 | 4.BE25E.02 0 0
Refresh .. - AClviy 2 MnGAS 11297606 1.237E.06 41026E07 | 57790E07 0 0
{37 Axes: gram vs Alpha 13 |5iGAS 2 BEZ5E-05 29382603 13406605 | 9.7628E.04 ] ]
; ;';;:‘:‘: ;; ) 44 D_GAS 1. 2 0.502477 0.66454 ] ]
-S528E- = c 45 C_GAS 0.995183 1.0087 0.334483 0495521 ] ]
+ 4_7408E-10 e —— 46 |Fe_FCCI 17829 1.7839 0.994723 0.997617 ] ]
+ 1_0364E-11 47 | Mr_FCC1 26392603 26353603 20090E-03 | 20352602 ] ]
+ 9. 5513E-12 v - awis jg gﬁ: sﬁm-m 2.5679E-03 951-804E-D4 1&55-03 ] g
+ 1.2688E-13 M, 50 Tchoo | amimE0z | 20470E02 | BSO7EEQR | AJ30MEDD | 3 0
PR Ly, eeEl L chieus s Il olbpesgn L Sdipeeds Db istkists o L
+ Z.8043%E-14 i 51 Fe_BCC1 0 1] 1] 1]
+ 3_8186E-15 TmasimLm _ P —— 52 Mn_BCCT 0 ] ] ] ] ]
+ Z_0564E-15 03 53 SiBCCI i ] ] 0 0 0
o AEERE_1E minimum minimum 54 D_BCC1 g 0 0 0 0 0 :‘
: ;-?:;f: i; l:l 55 C_BCC1 0 0 0 0 0 0 h
-= == tick every  [0.01 tick every
+ 1.5&31E-Z0 _ Mass Order n . -
+ 53 1510E-22 [~ zource & male & integer # Select Top ,ﬁj 1 species selected
= P - el 7 mass [may)
+ 9 _.541ZE-23 lpage] g=n " fraction (max]
+ §5_5T719E-23 Cancel Refresh Clear " activity [max) Select .. | OK |
+ 1.0462E-23 [Click on the '+' column to add or remove species. |
+ 7.7381E-24 L — =
+ ©.832Z1E-Z24 - page - 1. 101
Species .
Drigplay
0 selected
_ v calaor v full zcreen
sizer |3 no: |I Iv reactantzs T iewer
* chemical I+ file name  f* Figure
" integer #
" none |
FactSage 6.3 Chlzersh, ARACTSAGE WORKSHOPYE quil.res 205epl2 107 zets
i Alloy Design Ad d 82
thtSage oy Design Advance www.factsage.com




EX19. Carburization and Decarburization of Steel

99.62Fe+ 0.08C+ 0.2Mn + 0.1 Si + <1-A>mol CO + <A>mol CO,

0.30 - . . . . . . ,

0.22 An amount of carbon in FCC phase (Fe)

0.0 0.2 0.4 0.6 0.8
mol CO,  <Alpha>

1.0
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EX19. Carburization and Decarburization: Composition target

F Menu - Equilib: composition target of carbon

[ 1

Compound species Solution species

File Units Parameters Help COmpOSition Target:
= E TIC) Plbar] Energyll] Masslg] “olllitre] Iﬁ[ ~
S A How to_ cal cul at 6
[ [gam|9962 Fe  + 0.08C + 02 Mn + 0150 + <l molCO ™ i mol COZ | COZ tO reduce_ C Ir_] Steel PO a tarQEted
- comp03|t|ono
roducts

Cusgtom Solutions

[+ gas (v ideal " real 25 = | + | Base-Phae® | Full Name -
I 0 - ZTLinu LIQUID
[ pure liquids 0 I_ C_ [ FSstelFCCT FCC_ad F Composition Target
[ pure solids 0 + FSstel-BCCT BCC_a2
. s-HCP1 HCP_43 Salution 5153 FCCT
al-W 230 b 23CE ~ g .
- specles compostion
clear IM7C3 M7C3 P i
v - all species s-CBCC CBCC 412 ~| ™ logl0 [species composition]
+ -custorn select species ., et [v Show @ all " zelected {+  element compasition :|
\ \ species: 12 ™ logl10 [element composition]
- solution properties ..., solutiors: 2 ge'm Element
~ . .
W - ginghg phage ed species activily Elementz C SiMnFe
| - possible 2-phase immiscibility ] v ||ProductHi) ~| | & kel estasin] Elomert :’—_H =
. . . I ErMent: — i J
J - possible 3-phase immiscibility | ? ® - o emoves less] -
W - gtandard stable phase
Val
I - dormant {metastable) phase alues
F - formation target phase _of_Stee|_comptarget. DAT _ En_tEI .EingE \-'al_ue o en_tEI arange af_vaILEs 'IE Iaiste_p' -
P - precipitate target phase | Element C g nogs 0.002 |0.0001 I
S - Scheil cooling target phase | mass fraton: e 0.2%) I
D - soliDification calculation .., ke e e == ==1

v

- composition target |,

Help ...

Cancel Help
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EX19. Carburization and Decarburization: Composition target

99.62Fe+ 008C+ 0.2Mn+ 0.1Si+<1-A>mol CO + <A>mol CO2

0.24
0.22 i
D'.Q'E)--
0.18 -
0.16 |

©
—_
=

weight %
=
o

0.005 0.015 0.025 0.035 0.045 0.055 0.065
mol CO, <A|pha>
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EX20-1. P reduction in high purity Si using vacuum

F Data Search

Databases - 2/27 compound databazes. 1/27 solution databases FaCtsaq e u Itrap u re S I I I C 0 n d at ab aS e
Lact SGTE ﬁmmmw Miscellaneou! This is special database for high purity Si
zolutionz anly

FactPs {1 O eiNs O ExAM [ sGsL O 1
|:|'F1E:id' ID O sGPs no databaze O sGTE* prOd UCthn
O FTzalt O O sGTE
|
Oftmise O O SGnobl e
O FThall | ] ESnpbie=Esms0ld E—
E FTU“E'L ||:| 5Gnucl & F Beactants - Equilib
FThtz -
O FThelg oth Add/Femove Data File Edit Table Units Data Search Help
er .
O FTpulp [ ELEM = TIC] Plbar] Energyl)] Massa) “olllitre] =]
OFtite  CFTdemo [ TDnuel _FefeshDatabases = = [=Ed
Information - 1-4 l
Mazs[g] Species Streamit
2 lsi | =l | 1
+ B | =l | 1
i N P 1
Options Include Lirnits | | | J | | |
O gaseous ions [plasmas] Orgari + |éan | J | |
D efault O 2queaus species o
O limited data compounds [25C) Mirii.4

[~ Initial Conditions

Hext >>

1/27 databazes

FactSage 6.3 Compound: | 2427 databases Solution:
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EX20-1. P reduction in high purity Si using vacuum

SIS

F Menu - Equilib: P reduciton

File Units Parameters Help
O = I TIC] Plbar] Eneragyl)] Massg] Yalllitre] T" B
Heactants [4])
[ [(aam)385i + B+ P+ A
Products
Compound species Solution species e
; F Results - Equilib 1.000E-05 bar (page 1/51 M=E3
[+ gaz (¥ ideal real 3 * | + | Base-Phase | Ful 9 (page 1/51)
I 0 I FSupsi-Liqu Ouiput  Edit  Show Pages
Fpu'e "qrflijds g |__FSupsiDiam = ] TIC) Pibar) Enerayid) Massig) Volllire] iz 37
pure zolids
= 1.255‘E-D3har] 1.585E-03har] 1.5‘5‘5E-D3ha.r] 2.512E-D3har]
2.512E-D4bar] 3.162E-D4bar] 3.981E-D4barl 5.012E-n4bar| 6.310E-D4harl ?_943E-n4har] 1 DO0E-O3 bar
species: 9 5.Dl2E—DSharl 6.310E-|:|5har] ?.943E-D§har] 1.|:||:||:|E-n4haz] 1.259E-u4har] 1.585E-u4bar] 1.995E-04 bar
1.000E-05 har | 1.259E-05 bar | 1 585E-05bar | 199SE-05 bar | 2 512E-05bar | 3.162E-05 bar | 3981E-05bar | |
|
Target Legend FactBage 6.3 P
I-ilg'lnmiscihle 2 v Show + 3 {gram) 98 %i + B + P + Ar = F
S?EF'ESE 0.42912 mol  gas_ideal
salutions: {13,257 gram, 0.42912 mol, &.6833E+06 litre, 1.3836E-09 gram/cm3)
(le0n C, 1.0000E-0&5 bar, a=1.0000) -3
Final Conditions — { 0.87253 L2 FactPs
T[I:] log1 D[P bar - iF'[CICI + E_S233EE-0Z2 Ly FactPs
l l gl0Ppar) - + 3.ZEESE-0Z rz FaccDg
| | 1600 A + 1.9328E-0% giz FactPs
r N E + 8.6962E-03 r FactDs
+ 7.6894E-03 543 FactPs
+ Z.3387E-04 B FactPs
+ 3.796EE-10 4 FaccDg
FactSage 6.3 C:AExampleshE quihigh_purity_Si_P_reduction DAT + 1.32916E-10 EZ FactPs)
+ B7.743 gram Licuaidfl
(87743 gram, 3.1803 mal)
{1800 C, 1_0000E-05 bar, a=1_0000)
{ 2.2z34E-10 wo.& Ar FSupsi
Va.C m |eve| + 1.1385 wh. % B Fupsi
uu + Z.0649E-0Z we.% I Fupsi
+ 98_841 wk % S5i FSups=si)
System compornent Mole fraction Mass fraction
by 1.5353E-12 Z.2234E-12 Z
™ T
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EX20-1. P reduction in high purity Si using vacuum

F Axes. gram vs - page -
Y-variable X-variable Swap dxes
-aniz — F-anis
[page |
tick every tick every

File Show Select
Cart + | # | Species | Mole [min] | Mole [max) | Fraction [min] | Fraction [max] | Ac
27 Diam#t 0 0 0 I} 0.6t
29 Diamit2 a a a a o0& 1.0
ELEMENTS
29 Ar_GAS 28023E-02 25033E-02 5 4626E -02 0.398401 I}
an P_GAS 3.9852E-05 3.1700E-02 1.5901E-03 047263 I}
Kl Si_GAS 2.3275E-07 0.401423 9.2865E -06 0.875973 I}
a2 B_GAS 5.2374E-11 1.0036E-04 2.0837E-03 2.1900E-04 I}
| 33 efraiquils e R2EE A2 e 7RG 15353612 | 25946E-06 o 0.8
L P_Ligu#1 5. 8436E -04 3.224BE -02 1.8330E-04 8.9222E-03 I}
P =T e 2 R B 1 = = m i - 1< < R 0.965481 0.973306 I}
i B_Ligu#l 9.2338E-02 9.2438E -02 2 B534E-02 2.9048E-02
ar Ar_Liguit2 0 0 0 I}
aa P_Ligu#t2 0 0 0 I}
a9 5i_Liqu#t2 ] ] ] 1] N 0.6
40 B_Ligu#t2 0 0 0 I} —
f &i_Diami# ] ] ] ] <
42 P_Diami1 D D 0 0 Rl
43| 5i_Diami1 D D D 0 C';-’
0.4
[~ source ass EIn:!et
* mole + integer # 3
[~ [pags] " gram " masz [max] —
" fraction [maw]
Clear ™ activity [max) Select .
[Click_on the '+ colurin bo add or remove species. | 0.2
0.0

F Species Selection - EQUILIB Besults: gram vs - page - E

98Si+ B+ P+ Ar

-3.5 -3.0 -2.5 -2.0

log, (P(bar))

-1.5 -1.0
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EX20-2. B reduction in high purity Si using H,-H,O mixture

B (ppm)

70

40

30

20

10

® 1450C A 1500C
\
\
\‘\
W\
bt |
\ [B] = 49 6Exp(-0.0151)
N T
\\
$\ \\\
I
N A
\\b ~
N s ®
. Y "ol
\‘. ““~~- .
[8] = 57.8Exp(-0.024t) \‘\.~~ t~-.__‘
_.,____.
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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EX20-2. B reduction in high purity Si using H,-H,O

mixture

o)X
A=k

[oeas. |

F RBeactants - Equilib [ZHE|E|
File Edit Table Units Data Search Help Open calculations:
0@ + TIC) Plbar) Ererayl] Masslg) Volllire) mne ®™ .
Dis| +| &) s 8w Simple reactor module
-
1-5 .
l with off-gas removal
Mass[g] Species _ .
7 5 | F Menu cquilib: B remoyal
. e Units Parameters Help
h |B = E T[Y) Pibar] Enedgyl] Maszzlg] “olllitre]
+
A e P e Reactants (5)
* o014y HZ2
|| l [ [ (gamaa @i+« B+ P+ <0 HZ + <094 H20 |
*p <o.ge> [Hz0 L
———————————— -l PIDduc‘s
Compound species Salyon species Cuztarm Salutions
[+ gas (v ideal " real 47 /| + | Base-Phase |
0 0 / I FSupsi-Liqu
[ pure liquids 0 | FSupszi-Diam
[ pure zolids 0
ﬁ O p en (‘3 me n u Pzeudonyms

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

Li d
FaEn W Show @ al  seleNted

| - imrmigcible 2
A Remove the gas as off gas Jpecies 18 Geled
A Do this iteration until /reaching n100 s
Final L.onditions
T | 1@ |Pom || Product HIY) ~|
| [ | I 1420 i | P
I o steps "l
FactSage 6.3 C:AExampleshE quihigh_purity_Si_B_reduction DAT

apply [ List ...

[ include malar volumes

Total Species [max 1500] B3
Total Solutions [max 40 4

e p Default

quilibrium

normal O

Open 1

Calculate >>
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EX20-2. B reduction in high purity Si using H,-H,O mixture

F Besults - Equilib Step 10 (page 10/10) =)l £ Plot gram vs - page - X

Qutput  Edit  Show Pages File Help
Ri= ﬂ T(C) Plbar) Energyil] Maszz(a] Yolllitre] I“ B G+ B+ P+ <0004 H? +
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EX20-2. B reduction in high purity Si using H,-H,O mixture
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B content can be reduced with decreasing T
N p a g e-axisisamoxnt of gas injected
(or considered as the degassing time)
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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

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

Use two stream

— e e e e mm e mm e mm = e =
I:g:cam:l 95.2 Fe + 21 + 0.3 C =
1 |
) | o mol  gas_ideal I
(1600 ©, 1 atm, 2=1_4261E-08&)
I | 1.42812-08 A1) |
+ 100.00 gram LIQUID |
. | (100.00 gram, 1.2621 mol) I
Flnal | (1600 ©, 1 atm, a=1.0000)
{ 88.200 wt.% Fe |
Temperature ? ; Fioos  wean !
p . I + 1.0000 wt.% A1)
|
I Svstem component Mole fraction Mass fraction
Fe 0.94433 0.98200 |
. . | Bl 1.9903E-02 1.0000E-02 I
1600 °C Ll u|d c 3.5770E-02 &.0000E-03
1 1
] T T T T e —
— o
1
Fe-1wt.%Al-0.8wt.%C 2. |lemm ewn s s |
I 75 546 gram CBCC_ 212 |
I (79.54¢ gram, 1.443¢& mol)
25 C, 1 atm, a=1.0000) |
| { 18.40% wt.% FeVa |
+ 81.591 wE.% MnVa)
|
|
I System component Mole fraction Mass fraction I
Fe 0.15184 0.18409
| Mn 0.81836 0.81551 |
|
+ 20.454 gram BCC A2 |
|l (z0.452 gram, 0.36630 mol)
|
I {25 C, 1 atm, ==1.0000)
{ 99_521 wt.% FelVa3 |
| + 0.47880 wE.% MnlVa3) I
I System component Mole fraction Mass fraction |
| Fe 0.59514 0.39521
Mn 4 _BE4EE-03 4_7860E-03 |
S |
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EX21-1. Heat balance: Addition of Ferro-Mn into Liquid steel
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~| [Eueam] [25 [1 E

Pltatal] iz the hpdrostatic pressure abowve the phase.
For a gaseous stream this is the sum of the
partial pressures of the species in that stream.

Iv Initial Conditions
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1/22 databases

atabases Salution:

If we know the heat loss of the
ladle we can setup this here for
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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 300°C

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