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Gibbs energy

G=Hi1 TS; G: Gibbs Energy, H: Enthalpy, S: Entropy

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

Gr =Hy - TS

H —(DH '+ dT = A —~d :C,=a+bT +cT?
. 2i8f1 Zgl;pp S’ SzgsK SN T A TInT + ...
4 \ is known (measurable)
Is enthalpy for compound at 298 K with :
reference of pure stable elemental species Is standard entropy at 298 K
At 298 K 1 atm ( HS , 0, unknown) (S =0)

Standard state for H: Hyg =0
for all stable elements at 1atm and 298K. * In FactSage compound database,
Fe(bee), Fetfce), Ee(l), HiO(), Ho0(9), Hy(@), P Hos » Shosc ,Co , are stored
0,(9), o/cgj c/aé FeO, C(s),;;éz,/zé,_ 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,

Dern = Ggth - (nGX T mGlg)
=DH?°_ - TDS?

xn rxXn

In many thermo books, these DHS ,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 is automatically calculated from the Gibbs

energy of each species.
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Gibbs energy

3. Chemical reaction involving gas

nA+ O,(g) =A,0,

II3rxn = G;)hoz B (nGK + mGCODZ)
l G =G°+RTInP

for gas species |

=DG"- mRTInR,

At Equilibrium state Dern =0

\ DG° =- RTIn(-%.)

m
Fo,
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Gibbs energy

3. Chemical reaction involving gas (continue)

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

At Equilibrium

s
\

/Pd
DG°:-RTIH\P—“;‘,
B ./

\
~N =7

DG° =- RTInK K: Equilibrium constant
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Gibbs energy

4. Chemical reaction involving solid or quuid solution

— -

G, =G RTIn(a,) a: activity

i (insaln) 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 = :zo = G Xa

[ activity is movement of species in solution

i

Pure Liquid A A in solution
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Gibbs energy

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

Definition of activity (continue)

1
=(p/Dp°)=0gx
a=(p/p)=gx% (+) deviation: repulsion between i and other species
T (+) deviation A a >x :more active chemical reaction of i
a 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(Q)
DGrxn = a Gproducts- a Greactants

At Equilibrium ¢ pd * FactSage solution database contain the

II;O -_ RTIn(aC D ) model and model parameters to calculate

2P GA &
aarg i
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Gibbs energy minimization

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

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

—

many possible outputs l Thinar Pina
S S\
I -~ (M-2)A =~ -—— !
I ) - ~
NSRS BB man 1
———————————— I j 1
| - ~ |
p (M-D)A ~ S \ (n-3)B
: (_AB3 (n2p . \’6'?2 JUTON
| BENIEY RN :
]
I (n-y)B ! I
\ /
! N (xA-yB)soln : er .
M e e e e e e o :(: =y=).__ - :’_ | 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
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Ellingham diagram

qi5° (kJ / mole of O,)

(A)

- Collection of gq&=° for oxidation reaction
mA + O, = AmO, (reference: 1 mol of O,)

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

4 A+ 0,=A0; N

T(K)

m_mO_I_RTl (aAOZ) AL e
= n , (DG =0: Equilibrium)
(@) (Po,)

DG® = RTIn p,,
\DG" =(RInpy )3T /
2Fe+0O,= 2FeO e. .. (A)
2Mg+O,= 2 Mg O e. (B)
(B)-(A) =>

Mg + FeO = Fe + MgO: gqiG° < 0
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Solution thermodynamics

A-B solution, (Solid or Liquid solution)

C;'solution = a XlGl

G =G°+RTIna G partial Gibbs energy of i in solution

__________________________________________________________________________________________________________________

gsolution

o

g =0, + RTInaA/\/AI
RTIna, '

9a =M

m: Chemical potential of i

= (X.G + %:Gg) + RT(x,Ina, + x5 Inag)
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Solution thermodynamics

A-B solution, (Solid or Liquid solution)

Gson = (X,G, +X,G5) + RT(X, Ina, + x5 Inay)

1. Ideal solution: g, =105 =1

Gson = (X,G, +X;Gg) + RT(X, In X, + X5 1IN X3)

/—- ~
2. Regular solution: RTIng, :l\WAB\:Xé q: Regular solution parameter

Gson = (X,G, + X;Gg) + RT(X, In X, + X5 IN X)) + W, g X, X5
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Solution thermodynamics

A-B solution, (Solid or Liquid solution)

Gson = (X,G, + X;Gz) + RT(X, Ina, + x5 Inag)

3. General solution: g, = f(X,T)
Gson = (X,G, +X;Gp) + RT(X, In X, + X5 InXx;) +G*
eX — 22 i v
G = a VV,JABXAXB
i,j21
* FactSage has many complex solution models and model parameters and

solution database contains optimized model parameters reflecting Gibbs energy
more accurately.
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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

A Phase diagram is the collection of minimum Gibbs energy
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Thermodynamic Database Development: FactSage

Pure compound

GP =H2- TS

H'(I') = DH 598K + ﬁ:pdT

298K
T

(0] (0] NC
St =Sy T n?pdT

298K

Solution

X — 2 ol ui
G _aV’)ABXAXB

i,j21

Sos = ﬁ_pdT
ok T -

Is

298K

c.cCcC.CcCCcC

U Calorimetry

u emf

U Knudsen cell
U Vapor pressure

emf (activity)

Knudsen cell (activity)

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

‘ Liactsag

19

¥ McGill CRCT "%



Dilute Solution

1
T (+) deviati
aA ide
(-) deviation g;’\
A, ZQZXA: Henry
95 =i

l

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 = AlL,O,(s)
DG° =- RTIn (?’A|203)3 — _RTIn (aZAI203) _
(&) (a) (G2 X%) (g5X3)

g‘Z\' 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 QZ| . Interaction coefficients

_ Al 0 c
NGy =INGR +E5 Xy +E4%s +EX +...

* 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
giczwt.%)l

gi(EH) &
0 [
9im @ lRTInq RTINa,, [RTauw, G =Gop +RTING g =G5y, +RTING,,
i(R) o0
g (5)? v =G (wtoe) T RTIn A (wi.9%)

U Raoultian standard state A Henrian standard state
DG% i =RTINg® &y = X
—_ A j k
Inf,=gx +e'x, +g x +...
U Raoultian standard state A 1 wt.% standard state

. ag’M,, 0 o= fx
DG’ Wt%):RTm%ﬁB A (wi.9) | i X |
¢ T logf, =€[wit%i]+e' [wWi%]] + e [wtk] +...
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Heat evolution calculation

DH =H 5 - H =

initial —

A Toge < - 1 Ig- - 4
v Dyomw < -] rm
J|| o aiit J||D o<
~
o
S_—U I:)Hm (melting)
|
Q
I
(b
L
G(s)
H .
initial prOCeSS
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Heat evolution calculation

DH; = heat of formation (or reaction)

from A(s) + B(s) to AB(S)
' (typically negative value)

Heat (enthalpy)

... Q

Process

Vv
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Heat evolution calculation

N
7

Heat (enthalpy)

N
7

Process

In FactSaggethe Hiniial and Hinaiare directly calculated because the H of each phas
Is calculated from the thermodynamic equations of each solid or liquid phases.
It is important to select proper initial and finaY' I (i S Natestadd@mperatures.
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Gibbs energy of reaction

——————————

__________

g =g’ +RTIna;

Activity of i
Standard state should be checked carefully

)
In FactSage, DGreaction (between pure compounds) can be calculated
fromthe i R e a ¢ maduen and the activity of each reactant/product
component can be calculated using fEquilibomodule.
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FACTSAGE Intro.

- FactSage Introduction
- Databases in FactSage

‘ Liactsag
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FactSage Introduction

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.
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FactSage Introduction

Gas, Oxide, Salt and Alloy databases

\4

-
{7 FactSage 6.4

Slide Show  Programs  Tools  About

iscosil

Scheil Cooling Calculation
u3 WWW.fElCtS age,com

— 1 .a;ﬁ'n‘}G_'_I:I_'—Ten:hn ologies

FactSage(TM) 6.4

\ 4

as cast microstructure

Equilibrium Calculation

Data mining program
(FactOptimal)

Equilibrium reactions
as annealed microstructure

Phase diagram

Multicomponent
phase diagram section

| == Alloy design I<

I G’actSage‘” 29
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Material Processing and FactSage

Process

What we can do with FactSage

Extraction / Refining /

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

Homogenization

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

Secondary phase precipitation

Solidification software

Final treatment:

Oxidation / Corrosion
| Surface treatment

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

Thermodynamic
properties

All kinds of thermodynamic properties:

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

‘ Liactsag
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Database in FactSage

‘ Brief History of FACTSAGE Database Development

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

< 1998 : FACT database (before 1998)
1999~2003 : FACT53 database

2000~2004 : FACT Consortium project (2000~2004): 16 companies
pyrometallurgy (ferrous, non-ferrous), hydrometallurgy-corrosion, glassmaking
- FACT53 database A FToxid, FTmisc, FThall, FTsalt, FThelg,..
- New alloy databases: FSStel, FSlite, FScopp, S GT E, é .

2004~2010 : Mini-consortiums
- Al consortium (Alcoa, Alcan, and Norsk-Hydro)
- Glass consortium (Corning, Schott, and Saint-Gobain)
- Light alloy (Al, Mg) consortium (Al consor., GM and MagNET): FTlite
- Steelmaking consortium (Posco, RIST, and Tata Steel Europe)

2011~2014 : Mini-consortiums
- Al consortium (3 companies), Glass consortium (3 companies)
- Steelmaking consortium: 11 companiesA Consor t i umCOEIDabase (
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Database in FactSagefor Ferrous/Non -Ferrous Applications

FACTPS: All gaseous species, stoichiometric solid and liquid species
(organic, inorganic). It used to be called as FACT53
A Similar to thermodynamic table like JANAF, Barin-Kubaschewski

FToxid: Most updated Oxide database with
- many solution phases (slag, spinel, monoxide, olivine, etc.)
- pure solid and liquid oxides, No gas phase

FTmisc: FelLq solution
- most reliable liquid steel database for steelmaking calculations
(slags/refractories/gases/molten iron)
Cu-Lqg, Pb-Lg, Zn-Lqg solution, etc.
Matte and other Sulfides

FSStel: solid and liquid steel phases
(also includes small number of gases, oxides, sulfides, nitrides, etc.)
- for steel solidifications and alloy design.
- liquid steel: reasonable calculations for steelmaking applications
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FTmisc (FeLg and FSStel

Felq

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

Sn,Ta, Th,Ti,U,V,W,Zr. This phase is better suited for calculations involving iron and steelmaking processes
(optimized for iron-rich solutions only).

ABased on the Unified Interaction Parameter For mali
parameter formalism) with associate model for deoxidation. Many interaction parameters between metallic
elements are taken from JSPS (Japanese compilation)

FSStel database
The elements included in the FactSage FSstel steel database are:
Al, B, Bi, C, Ca, Ce, Co, Cr, Cu, Fe, Hf, La, Mg, Mn, Mo, N, O, Nb, Ni, P, Pb, S, Sb, Si, Sn, Ta, Te,
T, V, W, Zn, Zr
AFCC/BCC: Fe / Carbide / Nitride are all treated as FCC phases

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

A Fe with N or C : use | option (2-miscibility gaps).

A Also recommend to use | option for BCC phase

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

ALiquid: O and S are treated as associate model

AFCC ordered phase (FCC_L12), BCC ordered phase (BCC_B2) normally slow down the calculations
significantly. If you are not really interested in order/disorder transitions, do not to select these phases.

Carbon: when C content is lower than ~ 1%, Fe;C (metastable) phase is normally formed instead of C (stable).
So, in the selection of solid phases,iunsel ect 6 C solid phases.
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FToxid database

ASlag (I option): CaO-MgO-Al203-Si02-FeO-Fe203-MnO-Mn203-Ti203-Ti 02 é
+ Gas solubility such as S (S02), P, H (

ASpinel (1 option) (SPIN): (Mg,Fe,Mn,Co,Ni,Zn)(Al,Fe,Cr,Co,Mn,Va)204, extensive solid solution
containing MgAI204, MgCr204, MgFe204, FeCr204, Fe304, FeAl204, Cr304, MnAIl204,
MnCr204, MnFe204, etc.

(AlISp): (Fe,Mg,Mn)AI204-Al203 solution

Aa-, -@aBSiO4 (aC2S, bC2S): Ca2SiO4 (C2S) rich solution with limited solubility of Mg2SiO4,
Fe2Si04, Mn2Si04,etc.

AOQlivine (Oliv): Mg2SiO4, Fe2SiO4, etc. (Mg,Fe,Ca,Mn,Ni,Zn,Co,Cr,etc.)2SiO4, covering
forsterite (Mg2SiO4), fayalite (Fe2SiO4), gCa2SiO4, monticellite CaMgSiO4, tephroite Mn2SiO4.
| option specially when Ca2SiO4 exists.

ACorundum (CORU): (Al,Cr,Fe,Mn)203 solution, the solution of Al203, Cr203 and Fe203. Solid
miscibility gaps exist between the constituents. | option required.

AMonoxide (halite) (MeO ): of CaO-MgO-FeO-MnO-NiO-Fe203-Al203-Cr203 etc. well-known
lime (CaO), periclase (MgO) and wustite (FeO). | option especially when CaO and MgO exist
together.
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FToxid database

AMn/Ti oxides:
) ilmenite (ILME): (FeTiO3(ilmenite)i Ti2031 MgTiO31 MnTiO3 + Al203),
i) pseudo-brookite (PSEU): (Ti3O51 FeTi205-MgTi2051 MnTi205 ),
iii) Ti-spinel (TiSp): (Mg,Fe,Mn)[Mg,Fe,Mn,Ti,Al]204
Iv) Rutile (TiO2):TiO2 + Ti203-ZrO2 solid solution

AMullite (Mull): non-stoichiometric Al6Si2013 with possible solubility of B.
(MulF): stoichiometric Al6Si2013 with dilute Fe6Si2013.

AVielilite (Mel_): Ca2[Mg,Fe2+,Fe3+,Al](Fe3+,Al,Si)207. Akermanite Ca2MgSi207 and gehlenite
Ca2Al2SiO7 form the melilite solid solution stable below 1590 °C.

AWollastonite (Woll): (Ca,Mg,Mn)SiO3, which is a CaSiO3 rich phase stable below 1300 °C.
Pseudo-wollastonite is stoichiometric CaSiO3 stable below 1550 °C.

Apyroxene (pPyr, oPyr, cPyr): (Mg,Ca,Fe)[Mg,Fe]Si206, which is a MgSiO3-rich phase stable
below 1560 °C. proto-, ortho-, low-clino-pyroxene exist. Clino-pyroxene is a CaMg2SiO6-rich
phase, which is stable below 1390 °C.

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

CAFS Ca2(Al,Fe)8SiO16, CAF6 Ca(Al, Fe)12019, CAF3 Ca(Al,Fe)6010, CAF2 Ca(Al,Fe)407
CAF1 Ca(Al,Fe)204, C2AF Ca2(Al,Fe)205, C3AF Ca3(Al,Fe)206

ANepheline (Neph): NaAlSiO4 with excess SiO2.

ACarnegeite (Carn): NaAlSiO4 with excess SiO2.

ANaAlO2 (NASI): low temperature - NaAlO2 with excess NaAlSiO4
ANaAlO2 (NASh): high temperature - NaAIO2 with excess NaAlSiO4
ACombeite (NCSO): Na4CaSi309 (bombeite) i Na2Ca2Si309 solid solution

AFeldspar (Feld): complete solution between Anorthite(CaAl2Si208)-Albite(NaAlSi308)

ANCA2: (Na2,Ca)ONa202AI1203 solid solution
AC3A1: Ca3Al206 dissolving Na20, (Ca,Na2)1Ca8AI6018 solution

Most wupdated version of Na2O containing SYys
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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 2011: developed by SGTE (www.sgte.org): Applicable to all

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

AFTlite: Light metal database (formerly FSlite)
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FTlite database

Thermodynamic data & parameters for:
* 139 solution phases
HCP(HCP_A3) Ag, Al, Be, Ca, Ce, Cr, Cu, Fe, In, Li, Mg, Mn, Mo, Na, Ni, Sb, Sc Si, Sn, Sr, Ta, Ti, Y, Zn, Zr, RE

Liquid As HCP + hydrogen, carbon, boron

BCC & FCC Similar list as HCP

Gamma (b-Al;,Mg ;;) Mg, Al, Zn, Li

AlgMn ¢ Al, Cu, Fe,Mn, Si

AlLMn,, 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
-
* 681 pure compounds

* Thousands of gaseous species (from the FACT53 Database)

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

- Documentation
- View Data
- Compound
- Reaction
- Equilib
- Phase Diagram
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Documentation

& FactSage 6.4 =_ll—

Slide Show  Prograrmns  Tools  About

CR.C.T.-Prof. In-Ho Jung

Calculate Manipulate

Reachion

Pred
Databazes econ

. Phasze Diagram Yizcosity

OphSage

www.facts age.com

FactSage(TM) 6.4
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Documentation

-

{? - FactSage Browser - [FTlite_Documentation.him]

Eile View About..

©|®|a||_h| |@j| Q@| IE Search phaze diagrams; |<|:hem||:a| formulas ﬁ|

b - general degcription

{ - list of compounds and solutions
b - phase diagrams

L1_{ﬁ [FScopp] - FactSage copper alloy database:
L1_{ﬁ [FSlead] - FactSage lead alloy databasze:
L1_{ﬁ [FSlite] - FactSage light metal alloy databaze:
L1_{ﬁ [FS=tel] - FactSage steel alloy databasze:
iq;ﬁ [FSupsi] - FactSage ultrapure silicon databaze: 7
34%5 [FSnobl] - SGTE 2007 noble metal alloy database:
Ehiﬁ [SGnobl] - SGTE 2010 noble metal alloy database:
E|L1_{ﬁ [SG=old] - SGTE solder alloy database:
E|L1_{ﬁ [SGnucl] - SGTE nuclear database:
E|L1_{ﬁ [SGTE] - SGTE 2004 alloy database:
E|L1_{ﬁ [SGTE] - SGTE 2007 alley database:
Eli.q:ﬁ [SGTE] - SGTE 2011 alley database:
H-{=] [BINS] - SGTE free binary alloy database:
Emfég[seum] - SGTE unary database:

_-;-l--l':-._"‘l Minucl - WMHCTFA nuclear datahaze:

Z_rl ; [FT=al] - FACT =alt databasze:

EI ; [FTmizc] - FACT =sulfide, alloy, micellanecus databases:
EI ; ; [FTOxCH] - FACT high-T oxycarbonitride databaze:

EI ; ; [FTirtz] - FACT fertilizer databaze:

EI ; [FThall] - FACT database for Hall aluminum process:
EI ; [FThelg] - FACT aguecus (Helgezon) database:

EI ; [FTpulp] - FACT pulp and paper database:

Eliq_{é [FTlite] - FACT light metal alloy databazes:

1 [ 1]

- list of optimized systems and calculated binary phase diagra

El ; [TDmeph] - MEPHISTA database for new generation nuclear fuels:

F

s

m

-

The FACT FTlite Light Metal Alloy

Database

General

The FACT FTlite light alloy database has been derived
from the following projects:

s The European COST Action 507 (COST 307,
Thermochemical database jfor light metal
allovs, Vol2, Eds. LAnsara, A.T.Dinsdale,

M H Rand, Office for Official Publications af

the European Communities, Liocembourg,
1998 (ISBN 02-828-3002-8)).

s The FACT Consortium Project 2000-2003 —
NSERC (Matural Sciences and Engineering
Eesearch Council of Canada) Collaborative
Research & Development Grant

“Thermodynamic modelling af

multicomponent solutions aof industrial
importance . This project was supported
financially by Alcoa, Corning, DuPont, IIS
Materials. Inco. Mintek. Noranda. Norsk

Revised: 5/5/2013
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Documentation

-
ﬁ FTlite - FACT Light Metal Alloy Phase Diagrams (383) - FactSage Browser - [FTlite_Figs.htm]

E=RE=RT)

File View About.

J_I@lal@]l _I IE Search phaze d|agrams|<chem|ca| formulaz £I

[FT=alt] - FACT =alt database:

[FTmisc] - FACT sulfide, alloy, micellanecus databases:
[FTO=CN] - FACT high-T oxycarbonitride database:
[FTfriz] - FACT fertiizer databasze:

[FThall} - FACT database for Hall aluminum process:
[FThelg] - FACT aguecus (Helgeson) database:
[FTpulp] - FACT pulp and paper database:

[FTiite] - FACT light metal alloy databases:

e o B )

FTlite - FACT Light Metal Alloy Phase
Diagrams (383)

Click on a system to display the phase diagram.

| »

- general description T
list of optimized systems and calculated binary phase diagra 1 Ag Al L Eg- Ll 2 Ag = AI
- list of compounds and solutions e o -l A Data from FTlite - FACT light alloy databases &ctsage“‘
...... B]- phase diagrams Ag-g Ag
..... Al-B Al 14507' T T L e L
[FScopp] - FactSage copper alloy database: Al-Ca Al [
[FSlead] - FactSage lead alloy database: Al-Cu Al 1350 r -
[FSlite] - FactSage light metal alloy database: ALE E
[FSstel] - FactSage steel alloy database: L€ = 1250 | i
[FSupsi] - Fact=age ultrapure silicon database7 = AlLH Al i Liquid
ALK AL 1150 | ]
[FSnobl] - SGTE 2007 neble metal alloy database: Al-M Al F
[SGnobl] - SGTE 2010 noble metal alloy database: AlMaZ E [
[SGsold] - SGTE solder alloy database: al-lg-cn Al 1050 - ]
[2Gnucl] - SGTE nuclear database: Al-Na Al [
[SGTE] - SGTE 2004 alioy database: AlP Al 950 | i,
[SGTE] - SGTE 2007 alloy database: Al-Sc Al [
SGTE] - SGTE 2011 alloy database: ] r
(SGTES aley _ ALS:  ALE 80 F
[BINS] - SGTE free binary alloy database: | =
[SGUN] - SGTE unary database: ALV Al [
----- AlZr  As 70
#-i{=] [TDmeph] - MEPHISTA database for new generation nuclear fuels: Au-Si B i
-5 MDinoed - NUIC FA nuclear datahage: . ] 650
‘ [ 1 | » B-M B-I r
Done 550 -,
b L
450 [ =
L <
un]
L 2
350 C ©
250 L I ! L ! ! !
0 0.1 02 0.3 04 0.5 06 07 08 09 1
Al/(Ag+Al) (mol/mol)
#age’ 43 B McGill CRCT "
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View Data

-
& FactSage 6.4 =_ll—

Slide Show  Prograrmns  Tools  About

CR.C.T. - Prof. In-Ho Jung

Calculate Manipulate

Reachion

Databazes Predom

. Phasze Diagram Yizcosity

OphSage

Thermfact QH'H‘G]:!'—TEI:M.IJIngi&s

www.facts 4ge.com

FactSage(TM) 6.4

LGactsage 44 % McGill CRCT "o



View Data

P

View Data

Enter a list of elements or a compound or ALL

Examples:

Al Ca 0 - compounds of &l Ca and/ar O

Si02 - compound

Fe2504]3 - compand

Cu[++] - cation

OH[] - anion

ALL - all compounds

ALL Fe - all compounds of Fe

ALL S04 - all compounds with S04

AlLL Fe 5 0O - compounds with Fe, 5 and O
Pressure Energy Dalae = -
* atm O 1E Compound Y
™ bar O cal fam:r v

Compound D atabazes [29]

Summary .. | Add ... Remove .. | FTlite -

[ c:MFactSage \FACTDATAMVFT iteBlbaze.cdb |
[ FTlite - FACT light metal intermetallic compounds [2013] |

’—__——---~

Elements ar Compound ar .-’-'-.LQ |I'-1g-.-i'-.I-Zn

~.--_ —_—‘

E xit | Information ... | \\ 1] 4 |

Enter the species you wish to view in the database.

Liactsag
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View Data

Available elements and compounds list in the selected database.

LYW |
S

T— ™
& Mg-Al-Zn  Units: T(K) P(atm]) E 1 Mass(mo
il— A
File Edit Units Atomic Weights Surnmary Databases Table Graph Help << Backto Menu
[12 compounds, 37 phazes| [FTlite - FACT light metal intermetallic compounds [2013] |
Compounds ordered by alphabket (3ee "Edit') - All Phases
44 21 == FTlite 51 52 53 54 55 56 57 oo - 0 T, H
L13Mg FTlite 5
L1Mg FTlite &5 I
Eglnz 3 ﬁ?te 21 & Al Units: T(K) P(atm) Energy(J) Mass{maol)
ngznn E'Ilizz g File Edit Units Atomic Weights Surnmary Databases Table Graph Help << Backto Menu
MgzZnll FTlite S 10 Phazes FTlte - FACT Iight metal intermetallic compounds (2013
M |Mgzzn3 FTlite S e e s — === -
| |sgs1zaz0 FTlite = if._;_!:ha_ses | co(T) | HmM | &M | s | Volume | Magnetic | Refs. | Trans_ [
N |z FTlite S1 M arne: Alurninum . .
i Fomuaweighe 263815385 | 1 ermodynamic properties
I Staichiometric Campaound: Al
N Phaze | Cp Bange., K | Density. g/ml | Ref. -
] 233.15- 700.00
i 51 foc_al 70000 - 533 47
933,47 - 3300.00
f 298.15 - 700.00 265822
FactSage 6.4 | chFactSagehFACT DATAMT liteB0bazgl 52 hcp_a3 F00.00 - 333,47
‘é. 933,47 - 3300.00 a01

23815 - ¥00.00

53 hop_zn 70000 - 533 47
N 933,47 - 3300.00 2702
[ 29315 - 700.00
54 chec_ale 700.00 - 933.47 ~|
FactSage 6.4 | chFactSage FACTDATANFTliteb0baze.cdb 6.4 631 compounds read-only S

LGactsage 46 % McGill CRCT "o



View Data

LL

o~ =
" .
7 Al Units: T(K) P(atm) Energy(J) Mass(mol) e = | B -
LN
File Edit Units Atomic Weights  Summary Databases | Table] Graph Help << Backto Menu
| FTlite - FACT |Ight metal ink ~1"TE|E||E (3” phESES] .
Phases | Cp(T) | HIM) | G(T) | ST K limits (298 - 2000 K] ...
= :
i amne: lurminum G Al - -y — el :_IIEH“
Formula Weight: 26.9815386 - S
T File Edit
Stoichiometric Compound: Al El} E %
Phaze | Cp R3
298 15 m Rkl - all phases -
£q foc,_al 700,00 FTlite — FACT light IF]Etal intermetallic compounds (2013) . "—
Units: K, atm, J, mol =
333.47 Standard state: pure 3olid, ligquid and ideal gas at 1 atm _ 4
238,15 - STANDARD STATE DRODERTIES / MOLE -
52 hcp_a3 F00.00
' 933,47 51 T(E) Cp (3/K) H(J) G S (3/K) H-HZ98 (J)
| 29815 —
| 53 hep_zn 200.00 Z3E_00 T4 _Z8% -3_d -5435_4 gz -3_&
qa147 338_00 Z5_766 25035 -11638_3 35_53z 5035
B 438 .00 26.953 5140.5 -15455_6 41_438 5140.5
i cd chec_al12 29315ll 538._00 28.050 TESZ & -158537.0 46471 TE5Z_&
700,00 §98.00 29260 10759.6 -24769.8 50.902 107556
i - 73800 30.75% 13757.0 -30083_3 5431 137570
| §38_00 23.007 169417 -35744.0 5z_4&7 165417
FactSage 6.4 oYFactS ageh FACT DATAN T lteflbase. odb 9%8.00 52.878 20281.0 -41730.8  &2.136 20281.0
b = 108800 32 _183 EEZE .1 -48168_5 £5.237 23528.1
115& .00 31.930 267317 -54540.1 68030 ZETEL_T
125800 21_820 235150 -81778.6 70645 235150
155500 21_.787 230956 -E8982 7 7E_004 23095 _&
145800 31.788 262772 -TE5374_3 75 201 262772
155800 31_758 33453 4 -E3938 .2 77.254 39453 _4
185800 21.754 426250 -531820.9 73_181 426250
175800 51.751 45804 .2 -95850_8 E0_9%3 45804 2
1859800 31.750 489753 -108017.3 B2_717 48975 3
135800 31.74% 521543 1163712 B4_347 52154 3 l
ThAan o onn 21 7AGQ cCTT17 O =11 £C20 4 oA 27a cCTa17 O
4 L ¥
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View Data

ViewData 0 ———

Enter a list of elements

Examples:

Caal 05  -solutions with Ca, &1, 0 and/or 5

HOFeS5 - zolutions (inchuding agueousz] of H, O, Fe and/or 5
Pressure Energy Data
{* atm {*
" bar i cal

List of solutions
1

1
& Mg-Al-Zn - gplution datasets

Solution Databazes [24]

Surarnary . | Add Renmowve . | FTlite -

[ c:\Fact5age \FACTDATANFT liteBDsoln.sda |
[FTlite - FACT light metal alloy solutions [2013] |

Elerments or ALL: |Mg-ﬁ|—Zn

! Exit Infarmatior .. | OK | I|

ESEEE)

File Edit Unitg Atomic Weights Surnmary Databases Table Graph Help << Backto Menu
[FTlite - FACT light metal alloy solutions [2013] |
Solution | Information -
FTlite Liquid rretal
[Uze [1]-option]
FTlite-Liqu Al
Mg
Zh
FTlite FCC_AT: C. M. B and H interztitial
[Lze [1]-ophion]
FTlite-FCC Al
Mg
£n
FTlite HCP_A3
[uze [|]-ophion)
FTlite-HCP Al
Mg
£n
FThte BCC_AZ2: C. M and B interstitial
FTlite-BCC N M.B. Mizcibility gap in e.g. Cr-Fe, Cr-Mo and HE-T a subsyzstems [uze [1]-optior
Mg =~
| FactSage 6.4 chFactSage FACTDATAMNFTliteE0z0ln.2da 6.4 1471 multicomponent solutions read-only

thtSage‘”
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View Data

#

{'.:,' Al Units: T(K) P(atm) Energy(J} Mass(mol)

10 Phazes

[ FTlite - FACT light metal intermetalic

PhasesT ED[T]T HIT] T G(T] T 5(T] T'ﬁl’ulum

M arne: Alurinum

Formula *eight;

Staichiometric Campaund: Al

26.9515336

File

7 Figure

User: C

File Edit Units Atomic Weights  Summary Databases  Table | Graph | Help << Back to Menu |

(= [E [
Plot (all phases) L CpvsT
TK limits (298 - 2000 K] ... HwsT
- —
Phases

Add  Edit View Help

Do bl x| 2| &= 2|

Phasze | Cp R:
29815
51 foo_al F00.00
93347
29815
52 hcp_al F00.00 )
93347 Ny
23815
) 53 hop_zn F00.00 g
93347
29815
A 54 cboo_alz 0000
FactSage 6.4 chFactSage\FACT DATAMT iteE0baze. cdb

G(KJ/mol)

FactSage 6.4

Al-Gvs

T(K)

FTlite - FACT light metal intermetallic compounds (2013)

-120

-130
-140

-150 C

730 6

298 398 498 598

K=14704889 ¥ =47.2

698 798 898 998 1098 1198 1298 1398 1498 1598 1698 1798 1898 1998

T(K)

C\FactSage\Compound.fig

Liactsag
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Compound

CR.C.T. - Prof. In-Ho Jung

Calculate Manipulate

Reachion

Databazes Predom

.-'._I_ Phasze Diagram Vizcosity

OphSage

| 219762013 4

i Th&rmfan::tEH'I‘}G]:I_'—TBI:hnnlngi&s

WWW,fElCtSRge.CDI11

FactSage(TM) 6.4
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Compound

Enter the species you wish to view in the database.

(= x’ [

{? FactSage 6.4: Compound I,
Eile Edit Units View ’Tools ViewData Help

Formia| Mol Y= el
S0 -
L B FTitzBASE » rInformation on FTliteBASE

B B FThallBASE
Read only __;_g I-_l'heIgEiASE

database

- AlMg
=@ A3y
@ AIZOMgE3 Description (79 chars max)

..... v B9 FTmiscBASE FTlite - FACT light metal intermetallic compounds (2013)

----- r 1 FTOXCNBASE |=| [|[FTlite]
v £ FToxidBASE

Read and Write |- © FTpulpBASE
r £ FTsallBASE

database B GOODEBASE

JTF =l MIMEBASE
(L= rxwg MNREBASE
" Ther£) NDCOBASE
Ty E) RICHBASE
& r B SGSLBASE -

Lq FactSage 6.4 Ch\FactSage\ FACTDATANFTLITESOBASE.CDE (vB.40) 681 compounds read-only

LGactsage 51 % McGill CRCT "o



Compound

-
{? Energy: Joules Pressure: atm Mg =N X
—
File Edit Units Yiew Tools ViewData Help
Formula|hgal ﬁl
o r B FTirtzBASE « 31 properies
___r £ FThallBASE * Heatof form. + Entropy. € Heat + Temperature of transt.
v & FThelgBASE Form. ofS1 098 (Joules) 5298 { J/fmol K}
B-r 8 FTliteBASE 0 32.6710006732676
=@ Mg [ :
2L [ Fhase Mame |:|Fieferen|:e nu:u.—J Density gfcc
o ar |hep_A3 501 | [173725
- L.Cp 3000 — Extended properies { aptional )
"'I”—" =t 3 Birch-tdurnaghan
-l 53 g B L - .
: Therm. expans. (K Compressibility (bar T Bulk mod. deriv.
L 4 5.19355E-5
&L= S5 )
L SR L |6 32646E-8 T T (T-TOIn(T/T0)
Bk 57 00016161 AT T2
CRESN /172 T3
-4 Al _
B AlMg (R TE Temperature—— | P facto
tdoment (O .
G- Aldkdg ¥ Curie IiK * 0.28
- AlS0MgE3  MNeel = 040
| -+ B FTmiscBASE -

IIFa ctSage 6.4 |

Ch\FactSage\ FACTDATANFTLITESOBASE.CDE (vB.40) 681 compounds read-only

I thtSage‘”
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Compound

-
{? Energy: Joules Pressure: atm Mg =N x
—
File Edit Units Yiew Tools ViewData Help
Formula|hgal ﬁl
r 2 FTitzBASE « Cpexpression for 31
m-r B FThallBASE LLVERLE O el
et B FThelgBASE IF S 298:32 6710006732676 Jimol k)
E-@ Mg - | 2 Cp(T) = [26 1849782 T+ |0.00
=l 51@ s 00009716 T"1.00
H O 2 "
2 cp 000 E Edltl -1574900 T -2.00
Bl 52 = 8.362014E-6 T [2.00
...E o3 T —
-l 54 .
...E SR
oL 56 L T
...E o7 T —
L L1
-4 Al
=@ Aldg
-8 Al3kg
| =@ AZOMg23
| -+ B FTmiscBASE -
llFactSage 6.4 | Ch\FactSage\ FACTDATANFTLITESOBASE.CDE (vB.40) 681 compounds read-only i
™ (X8 2] . . Montreal
LFactsage 53 ® McGill CRCT "



Compound

G FactSage 6.4: Compound

File | Edit Units View Tools ViewData Help

SR Creating own database
Open Database... ifion on TEMFEASE
Close TEMPBASE irme (4 chars)

Upgrade TEMPBASE to 5.0

Print...

Lins P S ) Y R oy e | i

..... M £1 NOCOBASE Description (79 chars max)
----- iy B RICHBASE

F-r &1 SGSLEASE

----- 1 E1 SIREBASE o
----- 61 SIRRBASE
----- iy B ENREBASE
SRIM=g TENMPEASE
- Mg

..' Al

=@ Al2Mg17
H-fige ©1 TERMBASE
I i B1 ZHENBASE

||FactSage 6.4 Ch\FactSage\Userdata\ TEMP.CDB (v5.0) 211 compounds read,/write

\< By O e O O A

Entering species b oOcopy |and

m

1
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Compound

G Energy: Joules Pressure: atm Mg ._

The «Mixer»feature permits the generation
of new compound data using simple

File Edit

Units  View | Tools

Fl:nrmula|ha1gﬁl

...
-
0@
Eﬂ'"r-"w |
FactSage b

FTOxCHBASE

FToxidBASE
FTpulpBASE
FTsallBASE
GOODBASE
MIMEBASE
MMREBASE

=iy &1 TEMPBASE

hAg
Al
AlT2Mg17

Bl 51

TERMBASE
4

ViewData Help
Scale Down

Scale Up...
Copy data to new Compound

Fuel

___———-——-.~

(._f'-.ﬂxer

-—_———-_‘—

algebra on the data of already stored
compounds.

hodified: 2008 Aug 05
Feference no.

|5m

m

-

ChFactSage'Userdata M1

152 (hop_Zn) has a4 Jimol errar (PC) relative to SGTE-2001
\

tefs \

\
\
\
<

rﬁ Compound mixer l — | (=] |_i:-?-r

Feactants | Fhase | Database |

]
K1
hel
2

+12 Al =1 TEMF

Froduct State

=1 TEMF

DTETE Solid |

‘ thtSage‘”
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Compound

ﬁ Energy: Joules Pressure: atm Al12Mgl7 = | [S] |-
File Edit Units View [Tools| ViewData Help
Farmulajkdgal Scale Du:wf___
E =1 ‘:_S_CE_hE-UE..--_-____—:; [ Scaling up compound Iﬁ
L'_" = Copy data to new Compound Ent e Factar | to 7
E =3 nter scale factor lower or equal to
| Bl 24 Fuel E
o L 55 .
-l 56 e 0K | Concel |
L 57
E =i ]

G Energy: Joules Pressure: bar Al24Mg34

FDrmuIa|MgAI

Bl 82
L 53
i L 54
-l 55
-l 56
L= 57
-..Cp G000 | L 58
-y & TERMNBASE L L

R - A1 2MGg17
..... "wE ZHENBASE I gg a1

FactSage 6.4 Modified |C\Fact5Sage\Userdata\TEMP.CDBE (v5.0) 211 ¢

—

m

——

rir--_E 52

Al24Mg3d

-y 8 ZHENBASE
Factsage6.4

BT T AT _J

rs

File Edit Units View Tools ViewData Help

=

Al24Mg 34 properties
weight: 14739269264 g/mo

Cornpound MName

bModified: 2014 Jan 17
Feference no.

Comments

C:\FactSage\Userdatah\ TEMP.CDB (v5.0) 212 compounds read/write

I LGactsage 56
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Compound

{? Energy: Joules Pressure: atm Al12Mgl? =il l =RN X
Eile Edit Units View Tools ViewData Help
FDrmuIa|MgAI JE
L 55 - 51 properies
L= SE * Heat of form. +EW__- L o e L,
Form, pi &1~ San” Sa
: f L1 p; AHZ98 { Joules ) (xazeau,f(mm K3 )
B
L g1 \\~ |D| ’Jigiﬂﬂﬁg?ﬂ 28235 —Qimgrgy: Joules Pressure: atm Al12Mgl7 =RN X
: -— f
L 52 rhase Name""---"r@'ere”i:e i E’E;Em File Edit Units View Tools ViewData Help
m-ke 53 _
E 54 Extended properties [ optional ) FDrmuIa|MgA| JE
E =5 Birch-turmaghan E 55 - Cp expressﬂ f205;1;31ﬂ Jmol
Hk 56 . m-L 56 -y,
oL 57 Therm. expans. (K} Compressibility (fbar)TBulk mod. dg ; L S 294- 89535572128234 J,-"(mc:m}~
m-L- 58 | | 5@ A [ fonf298.150 K[700000 kN
L L | T | T L S H cp(Tf [737 5510008 o S
=@ AlZMgl7 T T2 L 52 S ~[ron N
Lsi | | > ' |0.026714668 T 1
B- 2 T3 L- 53 G -
- | | ol 54 | |4d62508 TR0 g
E - \ - U
iz Temperature P factar L 55 |0.000205346046 LY
toment (O ; :
* Curie ’7K @ 0.28 &L~ 56 \4 T /
~ Meel - 0.40 a Lo 27 S A‘F.»i
- m-L- 58 | ‘~-___——;r__
||FactSage 6.4 C\FactSage\Userdata\TEMP.CDE (v5.0) 211 compounds read/write L L | T
L =@ AlZMgl7 | T™
=L 51
L Cp B A
Cp 923 1
Cp 933
-Cp 3000
0O I I 0] _ T L.cp 3900 i
T FactSage 6.4 C\FactSage\Userdata\TEMP.CDE (v5.0) 211 compounds read/write
—y
/77N TC
—(DH L4 dT S —lSZ ST
‘o s 208 298K

-_

‘ thtSage‘”
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Compound

.
{? Energy: Joules Pressure: atm Al12Mgl7 E@g
File Edit Units Yiew Tools ViewData Help
Formula|hgal ﬁl
E-L— S5 « Gexpressionfor 51
ai-L— S8 AH 298: 0 J/maol
el LT S 298: 855 006972128234 J/(mal K
Sl A Cp ironf298150  kiof7o0000 g
m-L 51 = G(T) = [23795a 564140556 77 [0.00
B 52 S 4087 600755 T°|1.00
; o~ : :
I»-_" ar Mote: T"99 =3 In T 0014357344 T-l2.00 — GIT] from 23815 ta 700 K.
~mon G(T) = [ T~[0.00
-k 56 [3.4224341E-5 T~ [3.00 (M a—
-l 57 o 4087 600755 T71.00
il 58 cedtend M -737.5510006 T=100.00
-l LT T 0.014357344 T7[2.00
=@ AllZMgl? r T 34224341E5 T7]2.00
E‘I”—” 5T T 2231254 T7|1.00
: . - T
T .
.
.
FactSage 6.4 C:\FactSage\Userdata\TEMP.CDB (v5.0) 211 compounds read/write Ok Cancel T799=>InT
T*100=>TinT
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Compound

{'.:,' Emergy: Joules Pressure: atm Al12Mgl7

File Edit Units

Yiew Tools ViewData Help

Formula|bgal ﬁl
; -l L1 « ~ANEZMg17 properties
L 51 Compound Narme Feference no.
...E g2 |:| |
-l 53 | J
Bl 54 Comments
...|,__/ SR
...E SE
L 57
oL 58 Creating another phase
] g |

Add phase ...
Add Cp range
Add Physical property ...

Delete phase
Erase A12Mgl? froem TEMPBASE

Solid
Liguid
Gas

Agueous

H-Mhe B2 TERMNESSE -
----- e © ZHEMBASE -

FactSage 6.4

|C MFactSageiUserdata\ TEMP.CDE (v5.0) 211 compounds read/write

I thtSage‘”
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Compound

G’ Emergy: Joules Pressure: atm Al12Mgly

Lo | B

File Edit Units View Tools ViewData H{ ] P H2 9 8Cp «-S$20¢
o 1 < -
FomnulafMgal =1 =| Two ways to add Gibbs energy
|~ 62’07::?971:;-—-‘\ f d ph
-k 7 - o
L—_"SE ¢ = Heatofform. + Entropy {" Heat + Temperature of fransf. or secon p ase
\ .
Bl 53 i FD."”_D_'(E;‘?_ 98 Gifiles) 5288 { J(mal K ) \
Bl 54 0 \
L 55 , \
L 56 Fhase Mame Feference no.— Density g/fcc \
...L;- o7 | | | \
-l 58 Extended properties [ optional ) \‘
Bk L Birch-fdurnaghan r 2 7
Energy: Joules P :atm Al12Mg17 O | E] i
D‘AHEMQW Therm. expans. (K Compressibility (fbar) T Bull PMES T = < i
E‘ L’—’ =l File Edit Units View Tools ViewDal 2 q:H T
' T |7 [ | Formula]gal =T - transforamtion’ ' transformation
s pE ]
: . e
T -l 51 - [SE propeties = S
Ii T Ii o L a2 r‘“ Heatu:uffu:rm.+Entru:upy( ® Heat+ Tempearature of transf.
ML 53 Transt of 51 S ,f’
o | ||tagnetic AH trans [ Jouledy = e ke =
N = ||| Moment(py [ Jemwerature P 1z -l 54 31 ~|-»s2 o 298.15
N -Cp Enwl & Curie lil{ fe 1] Bl 55
H-he & TERMNEASE " MNeel i L~ 56 Phase Name Fieference no.— Density g/cc
My B1 ZHENBASE - . oL 57 | | | |
I|FactSage 6.4 Modified | C:\FactSage\Userdata\TEMP.CDB (v5.0) 211 compounds read/wri -l 58 Extended properties ( optional )
CREN Birch-tMurnaghan
Hg E%Tgw Therrn. expans. (K- Compressibility (fharf)—Bulk mod. deriv,
cp 700
- cp 3 T T (T-TOIn(T/TO)
- cp 933 L L
- Cp 3000 - -
72 T3
. LeCp 3900
Bl 52 =| |[Maznetic Temperatura P factor
.cp BOOD MoamentD) | &7C e M« || g0z
EH-hy &1 TERNBASE " MNeel ~ e nap
A& ZHENBASE -
l|FactSage 6.4 Medified |Ch\FactSage\Userdata\ TEMP.CDB (v5.0) 211 compounds read/write
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Compound

{? Energy: Joules Pressure: bar AIEjEIﬂi~\ I. = | (5] |_
Eile Edit Units View Ioolsl ViewData ﬁelp
= = N
Fl:nrmula|he1gﬁal _TE N
~
L= 52 ~ [ AlZdMg3d properihg
L 53 Weight;|14?3.925925wm0 Modified 2014 lan 17
-l 54 Compound Marme A Feferend : ; :
i | K owmil Same as window in Viewdata
E g? Comments {7 2124Mg34  Units: T(K) P(bar) Energy(J) Mass(mol) L= | B [
I»-_" =h File Edit Units Atomic Weights Surnmary  Databases Table Graph Help << Backto Menu
m L LT
=l EEMQW Phases | Cp(T) | H(M | GM | S(M | Volume | Magnetic| Refs. | Trans.
[

M arme; AlZ2dhd ga3d
Formula *Weight: 14739269264
Stoichiometric Compound: Al24kdg34

Phase | Cp Range, K | Density. g/ml | Ref.
29815 - 700,00
700,00 - 923,00

51 51 923.00 - 933 47 LOR2E37317ET 0

933 47 - 3000.00

300000 - 3300 00

= 52 22 29215 - RO00.00

m

FactSage 6.4 C\FactSage' Userdata\ TEMP.CDE |

FactSage 6.4 CAFACTSAGESUSERDATANTEMP.CDE 212 compounds readAwrite
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Reaction

Slide Show  Programs  Tools  About

CRCT. - Frof. In-Ho Jung

Calculate Manipulate

Flec:iun l

Databazes

F > 19762043 www.factsage.com

Thermfact ar'l'n‘}G]:I'-Tel:l_'Lﬁ ologies FactSage(TM) 6.4

e —

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

A Only accesses compound databases (no solutions) and assumes ideal gases
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Reaction

Add a product

Add a reactant
Open

New Reaction

0 |D~| + |=| +| T[K) Platm] Energyi)] Massimol] Yolflire]

Mazz[mol) Species Phasze T(K] Platm]*= Actiwvity Data

1 Icd =1 | |

[~ non standard states

FactSage 6.3 Compound: | 1/20 databazes A
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Reaction

A Calculation can be quickly performed
A In this example, temperature is being varied
A Transitions are also calculate

File Units Qutput Figure

M | B”'l El El T(E] Platm] Energy(l] Mazs{mal] Yolllie]

— Reactant[z]:

Cu
(7]

Volllime] |  SW/AK | CpllK) | A ) [T

F1240E03 33315 24,468 559501
131204 -33868.0 F1240E03 R8. 736 27481 -33868.4
1300.00 277eE49 -6R968. A 7124003 2867 3220 -BR969.4
1388.00 2965589 123650 F1240E03 T4.298 33362 12372
Cull
Cul1 mol): DH=13138.0 0S5 =9E674
1358.00 427979 F1236.5 F1240E03 83972 12372
1800.00 73149 1104934 F1240E03 93,227 -110494.1
2300.00 FETic=R: ] -189201.7 F1240E03 101.278 -159202.4
2800.00 9583 -211808.6 F1240E03 107,738 -2115803.4
284616 HE7R0 -216494.2 71240E03 108.275 -216494.9
Cufg)
Cul1 maol): DH = 3008521 05 =105.635
284616 323281 -216494.2 2.33868E +02 213910 -240158.6
3300.00 4039141 -314439.8 2. F079E+02 217 BA3 -34187TT

|3003300800 | | |

<< Back |

Calculation Syntax
[Start] [End] [Step]
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Reaction

A Phase with the lowest Gibbs energy is the most stable

1358.00 K | | 2846.16 K

Temperature

216494 2 J |-&--

Gibbs Free En

‘4

Gas (P<1) Gas (P=1)
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Reaction

A The same can be done for a reaction
A The reaction will be balanced by the software
A Equilibrium constants are also calculated

File Edit Units Data5Search Help - - -
D@ +|=]+] TIK) Platr] Energpld] Massmoll Volitre) Eile Units Qutput Figure  Help
O | D”l El Hl T(K] Platm] Energyll] Maszs(mol] Wolllitre]
1-3 I —lsothermal Standard State Reaction: Delta G® = DeltaH® - T.Delta5® = - RT.In[Keq] where [T/K]
4Cu+ 02= 2 Cu
7] T [T]
/\Mass[mnll Species Phase TIK) Platm]= Ach
i \ |Cu fmost stable ~|Ir | T(K) | DeltaH'i)) | Delta G'W) | Delta Volflitre) | Delta 5*(J/K) | Delta Cpld /K] |
------ Culs) 02(g) Cuz0lz]
* o2 |most stable =T I 300.00 37T 2956213 2 4598E +(01 152986 1822 :
£00.00 -339925 3 249958 5 -4.9215E+01 149,945 8.923 5.7581E+21
=i [cuzo [mast stable = [ 900.00 3366363 205643 5 7.3833E+01 145,545 12.414 8E087E+11
1200.00 -332624.3 1E2561.9 -3.8450E +01 141.719 14.604 1.1911E+07
1358.00 -330450.9 140311.2 1.1142E+02 140015 12.551 2.4937E+05

------ Cull) 02ig) Cu20js]
Cul mol] DH* = 131380 DG'=0 | e D5*=9675
1358.00 -353002.9 140312 1.1142E+02 178.713 14.623 2.4937E 405
1500.00 -350261.0 115060.9 -1.2307E+02 -176.800 24.076 1.0155E +04
1516.70 -379849.5 1121106 1. 2444 +02 176527 25.211 7.2603E+03

------ Cull) 02lg) Cuz0()

Cu20(1 moll | DH* = 647680 DG'=0 | e D5°=42.703
1516.70 2503135 121106 1. 2444E +02 91121 31.880 7.2603E+03
1800.00 241381.7 570857 -1.4768E +02 -85.720 31.181 3.3659E +02
2000.00 -235193.2 702744 1. E410E +02 -82.459 30.706

[~ non standard states

™ AG° = -RT InK =
<< Back | Clear |

j3002000300 | |

FactSage 6.3

Compound: 1/20 databazes
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Reaction

A Problems can also be completed with non standard states

A Standard states
I Poyg = 1.0 atm

II. aCu(S) - 1-0

File Edit Units DataSearch Help
Dl +|=|+] TIK) Platm) Energyll] Mass{mol) Yallitre)
1-3]
Mazz(mol] Species Phasze T(K] Platm]*™ Activity Data
4 [Cu fsolid T [1.0 J
+ [ |gas x0T
= |2 [Cuzo fsolid |7 o o

“ For a gaz species. Platm/bar/psi] iz itz ideal partial prezsure,
For a liquid or golid, P is the hydrostatic pressure above the phase
- miolar volume [but not compressibility] data are emplayed in the WdP" term.

[¥ non standard states

FactSage .3 Compound; | 1/20 databazes
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Reaction

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

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

F x
File Units Output Figure Help

| | D"l El EI TIK] Platm] Energyl)] Mazz(mol] Wolllitre)

— lzothermal Mon-5tandard State Reaction:

4 Cy + 02 = 2Cu20
[Tex] (T.P.g) (T.s]

T[K) |  Platm) | ActiviyX | DeltaH[J) | Delta Gl |Delta Yolflive) | Delta SH/K) | T
1.0000E-12 1.0000E +00 -336673.3 0o -7.3607E+13 7R3 T

2

a
AG =AG® +RTIn| 22— | and AG® =-RTIn K_,
Qcy 0,
I
AG =AG°+RTIn and K,,=——— whenAG=0
X*-P X*-P

| o
<¢ Back | Clear |
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Reaction

A Non equilibrium calculation (no K)
A DH=enthalpy of fusion
A Can plot results

File Edit Units DataSearch Help
Ol +|=|+] TIK) Platr] Energyld] Mass(mel) Vallitre)
1-2]
Mass[mol] Species Phase T(K] Platm]™ Activity Data
[1 Jau |most stable R RETIN |
=N Ja |most stable ~| T | |

File Units Output Figure Help
O | b"'l nl Hl TIK] Platm] Energul)] Mazs(mal] YValllitre]
— Hon-lsothermal Standard State R tion:
Bl = A
ank) (7
T(K) | DettaH'p1 | Delta G'[J) | Delta Vol(lire] | Delta S*[/K) | Delta Cpld/K]) | Delta A ] [T
T 2l[5) &l -
300.00 0o 0o 0.0000E +00 0.000 0.000 oa
400.00 2508.7 -3216.4 01.0000E +00 7207 1533 -3216.4
500.00 5141.0 7082.0 0.0000E +00 12076 2534 -7082.0
= £00.00 FATEE 114873 01.0000E +00 18.061 3644 11487.3
Facts 700.00 107245 -16359.3 0.0000E +00 72443 4853 16359.3 £
800.00 137056 -21648.4 01.0000E +00 26.427 6317 -21648.4
a00.00 16R4E.7 -27320.4 0.0000E +00 0125 &.081 273204
933.45 1759381 -29296.8 01,0000 +00 I1.315 8711 -29296.8
------ . A1)
A1 ol DH® =10711.0 DG =0 | e D5 =11.475
933,45 43 -23298.8 0.0000E +00 42,790 7505 -29298.8
1000.00 07622 341118 01.0000E +00 44.977 7505 341118
1100.00 339373 416056 0.0000E +00 48003 7505 -41B05.6
1200.00 rz4 -49380.5 01,0000 +00 50,765 7505 -49308.5
1300.00 402675 74363 1.0000E +00 53.307 7505 574363

3001300100

Figure | Help
E| Axes... | tn
a Plot
Full Screen
Save Figure ...

Y-variable X-variable Swap Axes

—-awis - ais

Delta HJ

=S

]

rrinimLm

tick evemy

=S

300

rrinimLm

tick evemy

<¢ Back | Clear |

Cancel |

Refrezh |
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Reaction

File Add Edit View Help

Dlslus plslelx | = &= o ms

REACTION
AI(300K) = AI(T) thtSage‘"

A N

[

AH, j C,(solid) dT + AHZ,. j C, (liquid) dT

AT

Delta Ho(J)

700 800 900 1000 1100 1200

T

FactSage 6.3 162 142 K= 357.77778 Y = 40407.692 ‘ 4
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Reaction

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

A Following example considers the combustion of CH , with variable
oxygen (typical heat problem)

A Each phase must be specified

F =
File Edit Units Data Search Help
Dl +|=]+] TIK) Platm) Energyll) Mass(mal) Yollitre)
1-5]
Mass[mol] Species / Phah TiK) \Platm]J=™ Activity Data
[CHa /{gas-FactPS \ _v/{ [238 | FactPs
<A oz |gasFactPs \# EI | FactPs
= |1 jcoz |gasFactPs F [T [ [ FactPs
+ |2 |H2EI Iga&-FactF’S sheam / |T | | FactPs
| FactPS

WD) joz as-FactPS {/

[T non standard states

Compound: | 2/20 databazes A

FactSage 6.3

71 T McGill CRC

Montreal
2014




Reaction

A Can fix and two components and solve for the third

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

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

File Units Output Figure Help

0O | E,"'l El EI T(K] Platm] Energyl)] Mazs(mel] %alllitre]

— Mon-lzothermal Standard State Reaction:

CH4 + by 02 B coz + 2 H20 + A2y 02
[238K.0-FactPS] [238K.0-FactPS] [T.o-FactPs] [T.a-FactPsS) [T.aFactPS)

<Ay | T(K) | DeltaH'[) | Delta '] | Delta Volflie) | Delta 5*([J/K) | Delta CplJ/K) [T
2.0000 298.00 8023185 -300335.2 0.0000E +00 -4.978 8923
40000 298.00 -B02318.5 -g00835.2 0.0000E +00 -4.978 9923
2.0000 2000.00 -5E6283.1 2054845 8 4.1399E+02 242 441 £8.308
4.0000 2000.00 -44325.9 -2A90042.8 £.9331E+02 3EA670 85,040

4.0000 377870 0.0 5500455.9 1.4281E+03 528735 107.423 T
2530.20 L GB91566.4 1.6485E +03 717294 132503
2500.00 L H300775.7 1.6543E+03 723662 133.274
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Equilibrium

Slide Show  Programs  Tools  About

CRCT. - Frof. In-Ho Jung

Manipulate

Databazes

2 19762013 www.factsage.com

Thermfact and<GIT-Technologies

FactSage(Th) &.4

A Equilib is the workhorse of FactSage
A Calculates equilibrium based on reactants
A Best shown through examples
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Equilibrium

Comparison with Reaction

A What products can be formed from the following reaction
at 25/C?

A Mg+3Cu,O+2Fe,C+ Ar?
I MgO +6Cu+45Fe+2C+05Fe ;0,+ Ar
I MgO +6 Cu+4.667 Fe +2C+ 0.667 Fe ,05+ Ar
I MgCO;+6Cu+6Fe+1C+ Ar
I Etc
A These are all possible reactions

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

Most
F Table Reaction _ | x|
File Unte Dutpk Figure Help negative AG
0y | I}ﬁl nl ﬂl TIC) Platm) Energyld] Mass[mol] Yolll)
Reactants
Mg + 3Cu?0 + 2Fe3C + Ar = Mgl + 6Cu + 45Fe + 2C + 05 Fe304 + Ar
- T.s Ts T .51 T. T.s T.s T.sl Tzl T.s1 T.
Reaction 1 (T3] (T3] (Ts1) (Tg (T (T.s) (T.s1] (T.s1] (T.s1] (T.al ¥
T(C) | DeltaHW) | DeltaGE) | Delta Volfl) | Delta SW/K) [Delta Cp/K)|  Keq [T £ -
25.00 -693267.6 -663706.1 -1,3366E-02 -79.026 -38.225 212214117 AG" 670 kJ
Reactants
Mg + 3Cu?0 + 2Fe3C + Ar = MgD + BCu + 4667 Fe + 2C + 0667 Fe203 + Ar
> (Ts] (Ts) (T.s1) (T.g) (Ts) (T.s) (T.51] (T.s1) (Ts1) (T.gl
REACUONINZEKY >
T(C) | DeltaHW) DeltaG(J) Delta Volll) | Delta SU/K) [DeltaCpld/K)]  Keq [T
25.00 -685259.8 -658662.9 1.4253E-02 -59.206 -40.503 2.4666+115
Reactants
Mg + 3Cu20 + 2Fe3C + Ar = MgCO3 + BCu + EBFe + C + A
Reaction 3 (T.5) (T.s) (T.51) (T.g) (T3] (Ts]  (Tsh)  (Ts1)  (T.a)
TIC) | DeltaHY) I Delta G(J) I Delta Volfl) | Delta S(/K) [Delta CpJ/K)| _ Keq [T AG. ~ -621 kJ
25.00 6447554 N 6214395 N -1.3484E-02 -78.001 -46.243 7.6100+108 3
Reactants
Mg + 3Cu20 + 2Fe3dC + Ar = BECu + 4667 Fe + 2C + 0667 MgFe204  + 0333 MaD + Ar |
(T.5) [T.5) (T.&1) [T.al (T.g) [T.s1) [T.51) (T.£1) [T.5) (T.q) |
4 »
T(C) | DeltaHW) | DeltaGW) | Delta Yol(l) | Delta S[/K) [Delta CplJ/K)| Keq [T
25.00 -692539.1 BE7823 10 -4.1941E-02 -32.898 -42 565 9.9281+116

AG, ~ -668 kJ
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Equilibrium

A Mg+3Cu,0+2Fe,C+ Ar

A Similar prompt as reaction module (no product)

il = B

File Edit Table Units DataSearch Help
D|D“‘| il TIC) Platm) Energyll] Massmal) Yallitre)
1-4|
Mazz[mol] Species Phaze TIC] Pltotal]™ Stream$t Data
1 Mg | =il | I
e |Cu2n | =] | 1
* 2 |FeaC | =i | 1
* Jod | =1 | 1

[ Initial Conditions

FactSage 6.3 Compound: | 1/20 databazes

Mext >>

Solution: | 0/19 databazes

76

% McGill CRCT

Montreal
2014




Equilibrium

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

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

: G Menu - Equilib: last system = =
: File Units Parameters Help
WA= TIC) Platm) Energyl)) Massimal) Yalllitre) W |B| If|
—Reactants [4]
Summary of Reactants ] [ Mg+ 3Ca20 + 2FeiC + Al

— Compound species Solution specie — Custom Solutions

|+_ gas % ideal { real 22 E Base-Phase Full Name 0 fixed activities
0 ideal zolutions
0 activity coefficients

[T aquecus 0

. ] |_ ure liquids ]
Products to consider | s 2
¥ suppress duplicates aEE'EI

species: jat |

Details ... |

— Pzeudonyms
apply T List ... I

[ include molar volumes

Total Species [max 1500] 54

You may also set other final conditions e

J - hone - | Legend [ Show® al 7 selected Total Solutions [max 40 0
I Product H[J] vI E stimate T[K]: I'IUUU spe_cies: 0 Select |
Product H[J] Massimol]. B solutions: 0 Default |
Praduct Y(litre]
Equilibrium
& nomal ' nommal + transitions
" hansitions only

2 Final Conditions
E:ESEEE E[[j,]fr(] - \ < <B> T(C) Flatm) _~||Product Hiy) ~|
Product Cpll /K] . - _ 5 1
Final Conditions @ « 1 - e
| |

25°C and 1 atm .. |

apen
Calculate >3 |

A
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Equilibrium

A Results Menu
I Mass is balanced SHLPE S i =

Dlg”'l || @I TIC) Platm) Energyl)] Mazs(mol] Yolllitre] "Tllal:g
I Shows stable and non -stable
| FactSage &.3 ~

CompoundS Mg + 3 Cuz0 + 2 Fe3C + Rr =

e . 1 mol gas_ideal
CI tt t t I d (35_5948 . 1 1, 24_ 466 litre, 1_63ZEE-03 am/cm3)
I 0ose attention 1o molis an Szam, 1 mOl, 244G Mitra, 163285703 o
. . { 1.0000 Lr
aCtIVIty + 1_7814E-20 oz
+ 4 _00&5E-Z1 co
+ €.4338E-53 Cu
+ 2.7902ZE-g&4 Fe
+ 2_287ZE-70 C302)
+ & mol Tu solid

(381.28 gram, & mol)
(25 C, 1 atm, 51, a=1.0000)

+ 4.5000 mol Fe_boco
(251.30 gram, 4.5000 mol)
(25 €, 1 atm, 51, a=1.0000)

+ 2 mol T graphite
(24_.021 gram, Z mol)
(25 €, 1 atm, 51, a=1.0000)

+ 1 mol Mgl periclase
(40.304 gram, 1 mol)
(25 €, 1 atm, 51, a=1.0000)

+ 0.50000 mol Fe3l4 magnetite
(115.77 gram, 0.50000 mol)
{25 €, 1 atm, 81, 2=1.0000)

+ 0 mol C diamond
(25 €, 1 atm, 52, &=0.31007)

+ 0 mol (MgC) (FeZ03)_solid
(25 C, 1 atm, 51, a=0.Z&B30)

+ 0 mol Fe_fcc
(25 C, 1 atm, 52, ==0.11313)
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Equilibrium

A Scrolling down
I Reactants

i |E,"'| || El TIC) Platm) Energyl)] Maszs{mal] Yolllitre) "”l EI‘I)EI

s P d t P P 0 Pl 8 P Pl P S0 P 58 P Pl Pl PS8 Pl P S0 Pl S0 P P P 58 Pl P 58 0 P Pl 0 P Pl P S0 P S8 Pl Pl P Pl P 8 P Pl S0 P P P P P S Pl Pl 8 P Pl i P P8 PS8 P P ~
FactSage ©.3
i Fi i Final Conditi
I Final conditions = 13 L ONCois
V= 24 466 dms
STREZM CONSTITUENTS EMOTUNT fmol
Mg 1.0000E+00
Cuzo 3.0000E400 R t t
FeiC Z.0000E+00 eactants
Zr 1.0000E+00
EQUIL AMOUNT MOLE FRACTION FUGACITY
PHASE: gas_ideal mol atm
QOutput | Edit Show Pages ar 1.0000E400 1.0000E400 1.0000E+00
i coz 1.7814E-20 1.7814E-20 1.7814E-20
3 TIC] Platm) Energyll) Mass(m
e (C) Platm) Eneraytl] [ co 4_0065E-21 4_0085E-21 4.0085E-21
Plot 3 Cu 6.4396E-53 &.4336E-53 &.4396E-53 Gases
- i Fe Z.7302E-64 Z.7302E-64 Z.7302E-64
Equilib Results file ' c302 2_2972E-70 2_2372E-70 2_.2372E-70
Stream File v lar = TOTAL: 1.0000E+00 1.0000E+00 1.0000E+00
ACTIVITY
Format 4 FACT Format Cu_solid(s) €.0000E400 1.0000E400 7))
Fe_bee(s) 4_5000E+00 1_0000E+00 +—
Eact-XML , ChemSage Format C graphite (s) Z.0000E400 Stable 1.0000E+00 O
|¢| FACT + ChemSage Mgl periclase(s) 1.0000E+00 1.0000E+00 )
Fact-Optimal » | 5.0000E-01 1.0000E+00 o
ChemSage + FACT X - 3.1007E-01 (@)
s s [Mg0) (FeZ03)_solid(s) 0.0000E+00 Z.6830E-01 —
o o » -
R s s ?“ Fe_froelsZ) 0.0000E+00 1.1313E-01 a2l
P cgo“ Fe304_magnetite(sZ) 0.0000E+00 3.0146E-02
=i e 2) FeO_wustite(s) 0_0000E+00 2 _3862E-02
Cu_liguid(lig) 0.0000E+00 Z.3143E-02
Fe_liguid(lig) 0.0000E+00 1.3518E-0%
You can change the format of the FaZ03_nemecice (s
Fe3C_cementite(s) 0.0000E+00 Z_0300E-04
results but typically you will want Ty
yp y y Fe3C_ksi_carbide [s2) 0.0000E+00 1.2625E-07
CuFe0Z_solid(s) 0.0000E+00 5.1316E-03
both FaCt + Chelllsage MgC03_magnesite (s) 0.0000E+00 3_5860E-03
1 M Timaidil+dea N AannE+0n 1 4/1RE-10 ~
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Equilibrium

Qutput Edit Show Pages

TIC] Platm] Energeld] Massz(mal] Yalllitre]

D= BIE| F

| @)%

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

A Same results
I Changed format

- oIEN

'F) List - Equilib T(C) = 25, P(atm) = 1 (Page 1/1)
File Edit Help

O = TIC) Platm) Energell] Mazs(mal] Yolllitre) “‘ IBE B
+ |Code | Species | Data | Phase | Mole | Fraction | Activity | BRange [T|V =
+ 54 Culg] FactPS  =alid B.000 1.0000E +00 25- 1728
+ 40 Fefs) FactPS  bee 4500 1.0000E +00 25- 1533
+ 33 Cly FactPS  graphite 2000 1.0000E +00 25- 5728 i
+ 16 Arfag) FactPS  gas 1.000 1.000 1.0000E +00 25- 5727 Y
+ 33 MgOfs] FactPS  periclaze 1.000 1.0000E +00 2h- 327 1
+ 48 Fe304s) FactPS  magnetite 0.5000 1.0000E +00 25- 1598 b
+ 11 CO2(g) FactPS  gas 1.7814E-200  1.7814E-20  1.7814E-20 25- B728 Y
+ 9 COlg) FactPS  gas 400B5E-21  4.00B5E-21  4.00B5E-21 25- 5728 Y
+ 20  Cujg) FactPS  gas £.4336E-53 G4396E-53  6.439BE-53 25- 5728
+ 17 Felg) FactPS  gas 27902E-64  2TI0ZE64  27902E-E4 25- 5727
+ 12 [C30Z[q) FactPS  gas 22972E-70  22972E-70 22972E-70 25- 5728
+ 1 Clg) FactPS  gas 2534E-118 25- B728
+ 2 C2(g) FactPS  gas 1.108E137 25- 5728
+ 3 C3g) FactPS  gas B.583E-133 25- 5728
+ 4 C4g) FactPS  gas 4 622E-160 25- 5728
+ 5 CAlg) FactPS  gas 4 092E-161 25- 5728
+ B Ofa) FactPS  gas 94351E-86 25- B728
+ 7 02(g] FactPS  gas 1.4173E-69 25- 5728 Y j
Show Format

Species * mole

¥ gas 2 ¥ " gram

iqui " pound
F [371e g [ selected 54 'S Eﬁtf! . © activity
' { distributio
W solid 32 All/Clear v -
W ] properties Post-Calculate
[ activity 119 |

Liactsag
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Equilibrium

FactPS database

Adiabatic Combustion

This example will demonstrate a few

File Edit | Table | Units Data Search Help
O |g,’*| il TIK] Platrr] Erergyi)] Massimol] Volllire] ml Q| 1;’| featu res
12| 1. The use of alpha for two variables
2. Specifying target dH
Massz[mol] Species Phase T[K) Pltotal]™ Streamit Data . .
[T [cHa [gas | [z [1n i (adlabatlc dH=O)
+ [t [0z [gas ~| |28 [in [1
Eile Units Parameters Help
== TIK] Platm) Energul)] Massimol] Yolliire] W |a| Efl
—Reactants [2]
<1-8> CH4  + by 02
[298.15K.0.81) [298.15K.0.#1]
— Products
=+ Pltatal] iz the hpdrostatic pressure sbove the phaze. — Compound species — Solution species  Custom Solutions
For a gaseous stream this is the sum of the |+_ gas (+ ideal © real 40 Base-Phase Full Hame 0 fixed activities
partial preszures of the species in that stream. I— aqueous i] 0 ideal zalutions
I— e itk I 0 activity coefficients
v Initial C |+— i el 7 Details ..
¥ suppress duplicates agelgl ~ Pseudonyms ——————
species: 43 apply I List ... |
FactSage 6.3 Compound; | 1/20 databazes Solution: | 0/19 databazes m|
include molar volumes
i = Temmah ~Legend Total Species [ma= 1500] 43
. . H . . W Show ™ all  selected Tatal Solutions [max 40 ]
This will produce a series of temperature o el eekeete
Estirnate T[K]: Iw species: i Select
e elec |
results Massimoly [B soltons: 0 Defait_|
The expected max iS at 2/3 ~ Final Conditions E quilibrium
<A <B> TIK) Flatmn) ;I Dielta HEJ] j & nomal € nomal + fransitions
€ hansitions only
010m 1 0
2 O for .every CH, [0 Lten»: [ Table ® e Calculate >> |
Calculations are done every 0.01 step
l_-' actSage 6.3 [ y
™ [za M 'll CRC Montreal
G’actSage 81 + McGill CRCT "%



Equilibrium

G

ML

D= B 1

Multiple solutions at once

Results - Equilib 298.11 K, A=0 (page 1/101) -

tput  Edit  Show Pages

TIK] Platm] Energyl)] Maszimol] Volllitre]

-

53622 K, A=
33K, A=0.18 | 878.87K, A=0.15 | 890.99 K, A=0.2 | 902.75K, 4=0.21| 91417K, A=022 | 925.32K, A=02
TS0AK, A=c.12| 79624 K, A=n.13] 81138 K, A=n_14| SEE.Q]K:_JFE.IE] SSE.SSK:}FE.IE] 85334 K, A=0.17
653.561{:_!:.:[!.[!6] 63-1-.[!91{:_!:.:[!.[!?] ?El&.?lK:AFE.EE] T272E, _a.=c.u9] T46.1 K, _a.=c.1] 763.75 K, A=0.11
K, A=0 | 403.59K, A=0.01 | 486.72K, A=0.02 | 547.63K, A=0.03 | 593.09K, A=0.04 | 628.9K, A=0.05 |

FactSage &.3

<l-A> CH4 +

o .Y S

(£98.15,1, g, £1]

Results Processor: C\Program Files\FactSage\EquiQ.res

Easiest way to examine
results is graphically

Output | Edit Show Pages
Save or Print

Plot

Equilib Results file
Stream File

Format

Fact-AML
Fact-Optimal
Fact-Function-Builder

Refresh ...

W L - A0 0= 1

The Results <
Processor prompt
appears

| T(k] Platm] Energull] Massimol] Waolllire
Plot Results ... |
Repeat Plot - T(K) vs Alpha ... I"

| ?cé.?m:'_-x:c.cs] ?2?.2K:_:L=c.c9] T461E
572K, A=0.02 | 547.63K, A=0.03 | 593.09K, A

r g EL)

=l
y 24.463 litre,
2=1.0000)

©.5578E-04 gram/cm3

~LTA

1.0000 mo]| File Help
(16-042 ar=t <1+hy CHA + <& 02 -
+ g -3 Yariables | Minimum | M aximum
+ 2.5l activity 1]
+ 1.3 mole
+ 2.5 mole fract.
+ 1.4 grarm
+ 7.8 weight 7
+ E -8 Alpha
71 TIK) 29811
+ 1_7711E-05 mo Fiatr) 1
2.12725-04 g Dielta Cpfl) 9.0431E-08
(258 Delta G -1.0B9EE +06
Wolllitre] ]
+ 0 mo Delta H[J) 0
238 Delta Vit -2 6150E-03
Dela S i
where "A" on the
- page - 1.
The cutoff conce Axes Species Graph Display
e e e e e e e e e e e e LtEIbE|S |7 calar |_ full screen
DELTZ H S elect size:[3 e [4 [v reactants  © Viewer
[ * chemical ¥ flename © Figure

e T L

0.00000E+00 Repeat

e e o o e o o e ok e e ok e ok

H
A FactSage 6.3

" integer #
" hone

C:“Program FileshFactS agehE quil.res

|

BFeb13

101 sets

‘ Liactsag

82

¥ McGill CRCT "%



Equilibrium

Press the AAxesoO button and pick the <co
—Axes - Species
TIK)
Selsct Y-variable X-variable Swap Axes
Fepeat Y- anis - anis
FREwirnLm FREwirnLm
Alpha is the <A> variable minimum (250 w0

File Add Edit View Help

Dlslale] o sle)X | 2| &2 @ x| EET] s [

4 Cancel Refresh

T _ <1-A> CH + <A> 02 4' 4'

P C:\Program Files\FactSage\Equil.res

A

- This plot shows the expected result, a

L maximum at 0.67

T

B . N .

Smaller steps in <A> will provide a smoother
curve
FactSage6.3 |0 281 [x = -0.13580247 ¥ = 936.00682
: . |

LGactsage 83 T McGill CRCT "



Equilibrium

Working with Activity

FactPS database A Consider FeSwith a given partial pressure of oxygen

Eile Units Parameters Help

NeEE 710 Pt Evek) s Ve momz  Right click gas to examine the gas

~Reactants (2) SpeC|eS
— Products
— Cafpodnd species — Solution specie: r Custom Solutions
[+ gas §* ideal ™ real 18 Baze-Phase Full Hame 0 fixed achiviiies
o/ 0 0 ideal solutions H H H
B e X 0 Sciy comticints A selection window will appear
[+ pure solids 23 Detals ..
¥ suppress duplicates agglgl ~ Pzeudo
species; 41 apply
[ incld File | Edit Show Sort
Total S p
~Taget———— | ~Legenrd——————— 108l 9P S elected: 1818 G&5
- none - = ¥ Show @ &l selected Total So | - o results -
1000 SpECies: 1] - = — n
o Select | + | Code | Species | Data | Phase [T|¥| Activity | Minimum | M aximum -~
Massimol: [3 sutons: 0 + 1. 00 FactPS  gas
= 2 02 FactPs =
— Final Conditions E quilibrium : 7 DSE} F:EtF‘S E:z
TS <E> T(K) Platm) ~||ProductH) +| | | & nomal PR Sig) FactPs  gas
- o
1000 1 0 - :s:;‘“ms + |5 57(g) FactPS | gas
10 steps [T Table + B 53] FactPS  gas
+ 7 S4(a FactPS  gas
+ g S5(g) FactFS gas
FaciSage 63 | + 3 S FactPS  gas
+ 10 S7(a) FactFS gas
+ 11 S8(g) FactFS gas
+ 12 S0[a) FactFS gas
+ 13 S02(q) FactFS gas
+ 14 S03q) Fact?S  gas LI
Show Selected | Select Al Select/Clear... | Cear | ok |

84 ¥ McGill CRCT "



Equilibrium

File Edit Show Sort

[Selected: 1818]

[Gas]

+0 f

o)

r

02(g)

and

- hio results -

e |

ecC

I G’actSage’”

85

% McGill CRCT

+ | Code | Species | Data | Phase  |[T|¥]| Activity | Minimum | M aximum -
+ 1 Ofa) FactPS gaz
+ 12 02(a) FactPS  gas E
2 02(g) + 3 03(a) FactPS  gaz
+ 4 S(g) FactFS gaz
- clear + 3 52(g)
+ -select + 8 53g
+ 7 Sd(g]
- standard stable phase + 8 58(g) )
! - dormant (metastable) phase * 3 56l itz e il przssuie i |
o 10 57(al [or for a range of walues enter 'first lazt step'] for
F - formation target phase . 1 S3ig] 2 02[g)
- ini 12 50
P - precipitate target phase : 13 Sugg[] | Presz [Cancel] if the partial preszure iz no longer fised.
5 - Scheil cocling gas phase . 14 503[31
C - composition target ... Iﬂ_ﬂ‘l|
Ideal Solution 3 ustom Solutions
- . 1 fixed activities
| a2 Acivity v activity | Selecta | Select/Clear.. | Clar | ok | 0 ideal soltions.
log10(activity) 0 activity coefficients
Help ... g — o Dietails ...
O t' 't = f' d t I t' ¥ suppress duplicates appl Pseudonyms
nce activity is fixed a custom solution o ot e ]
notification is shown Dl toe iy
_ Total Species (max 1500]
. . . Target —Legend -
- hone - ¥ Show @ al  selected Total Solutions [meax 40 a
Clicking details allows you — B
to make changes il How 0= |
— Final Conditi E quilibri
b <B> TIK) Platm) v ||PoductHU] ~| | | # nomal € nomal + transitons
1000 1 0 " transitions anly
o sheps [ Table € apen Calculate 3>
l FactSage 6.3 | Y
Montreal

2014



Equilibrium

OQutput Edit Show Pages

O ||j"| || ﬂ T(K] Platm) Energel)] Mass(mal] Yalllitre] "”lBIH

FactSage ©.3 L
Fe5 + 1.8 0Z =
Additional oxygen added to fix partial pressure
1.0101 mol gas_idezal
{66.850 gram, 1.0101 mol, 22.887 litre, 2.0&53E-04 gram/ems)
{1000 E, 1 ztm, a=1.0000)
{ 0.83757 Soz
+ 0 24 503
+ 1.5%41E-11 50
+ 1.5630E-11 q POZZO'Ol atm
+ B.7523E-15 03
+ 9 _8577E-22 550
+ 4_BZ3BE-Z22 =1
+ 1.71&83E-Z2 Fel
+ 4_7T7TH0E-27 5z
+ 1.3124E-27 Fe
+ 1.3523E-37 Fel
+ Z.8348E-41 53
+ 5_3584E-55 54
+ B.715&8E-&59 55)
+ 0._.50000 mol Feil3 _hematite
{79.844 gram, 0.50000 mol)
{1000 E, 1 atm, 51, a=1.0000)

86 ¥ McGill CRCT "%



Equilibrium

Ideal and Non -ldeal Gas

FactPS database

File Units Parameters Help

D || g TIC) Platm] Energyl)] Massimol] Yollltre) m ||3| 19|

—Heactants [1]

HZ0

First weoOl | examiul € an |+ deal gas

— Compound =p

ECiE — Solution zpecies — Custam Solutions
gas * ideal " resl O 3 Base-Phaze Full Hame 0 fixed activities
I_ aqueous 0 0 ideal sohtions
|+_ puire liquids 2 0 activity cnefflcn.ants
I_ pure zolids 0 Dietails ...
[¥ suppress duplicates Spply | -~ Pseudanyms
TPECiEs: 11 apply T List .. |

[ include malar volumes

Total Species [max 1500] 11
¥ Show & all " zelected Total S olutions [max 40] 0

Number of
tranzitions: I-"—"-" 'l ERECIEE. 0 Selectl
solutions: 0 Dataul
efau |

— Transitions - temperature ~ Legend

~ Final Conditions Equilibrium
<h> B> TIC Platm) j Product \-’[Iitrej  nomal % nomal + transitions
0150 1 " hransitions only
— (%
10 steps [ Table o Calculate >> |
FactSage 6.3 | A

Choose normal + transition

87 ¥ McGill CRCT "%



Equilibrium

Transitions are calculated
Note the difference in volume and complete change in phase

Output  Edit  Show Pages
B ||i-"| || m| TIC) Flatm] Energul)) Mass(mall Yolllire) |“||B|'H‘
oc -10035cC- | 10035¢]| 150¢C |
| FactSage ©.3 ~
HzO =
a mel gas_ideal m Edit Show Pages
(100.35 C, 1 atm, &=1.0000) Dlﬁl || |I|| TIC] Platm) Energuld] Massimal] Walllitre) "T B s
{ 1.0000 HzO = - i
4 1 3783E-21 Hz oc| 10035¢ -10035¢C- |150¢]
+ ©_3383E-Z22 0z | FactSage 6.3 =
+ 2.1382E-26 OH H2ZO =
+ 3.6636E-23 HGOCOH
+ 7.3014E-35 HCOO 1.0000 mal gas_ideal
+ 4_4771E-35 H (18.015 gram, 1.0000 mol, 30.84% litre, 5_8773E-04 gram/cm3)
+ 4_.1454E-43 o (100.25 C, 1 atm, a=1.0000)
+ 4_5B57E-5¢ 03 { 1.0000 HzO
+ 1.2793E-Z1 HZ
N o + 5.3387E-22 oz
+ 1 mol H2O_ liquid + 2. 1334E-28 oH
(18.015 gram, 1 mol) + 3.6638E-23 HOCH
{100_.35 C, 1 atm, L1, ==1.0000) + 7.49020E-35 HOO
+ 4_4775E-35 H
+ 0 mol  HOOH liguid + 4.1488E-43 o
(100.35 ©, 1 atm, L1, ==2.1885E-28) + 4.5862E-38 @3)
The cutoff concentration has been specified to 1_0000E-75 +o :10];&;5 CH";-_,—;;:H::L a=0_55333)
e e e e e e e e o e o e e e e e e e o o o o e e e e o o o e e oy e e e e e o e e o e e e e e e o o o e e + 0 mal HOOH 11q|.11d
H G v 3 Cp {100.35 C, 1 atm, L1, a=2.1B8GE-28)
(I T {litre) {(J/E) (JSE)
e ol o el el ol ol ol el okl o e ol ol e el ke o e o ol ol e el e o e e ke e e o e e e el o e o e e e The cutoff concentration has ecified to 1.0000E-T75
_‘-EU143E+05 _3-1‘ECOE+DEI -OODDDE+U 8-65534E+01 ?-GDGl?E‘I—Dl e e e e ke e ke ke e e o e ke e e ke o e e e e ke e ol ok o e e e e e e e e e e e e o o e ke e e e e e o e ke e e e e e e e e ke e e e e e
_ _ - H = w b} Cp
(T J (litre) {J/ED (J/E)
e e b o o o o ok R e o e o e e o e
—2_.35%2Z87E+05 -3_126Z0E+05 \3.06430E+01/ 1.56335E+02 3_4052ZE+01
W
I .
:
" 88 T McGill CRCT Mo
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Equilibrium

Same problem but now real
boiling point is now 100°C

&

Output

Edit Show Pages

Results - Equilib 100 C (page 2/4)

TIC) Platm] Energy[)] Massimol] Yolllire)

File
0| =

Units

Parameters Help

TIC] Platm] Energyl)] Mass(mol] Yalllitre]

m o ®

—Reactants [1)

— Products

Solution species

Custom Solutions

|_ anuUenus
[+ oure liouids

Output  Edit

Show Pages

Full Name

* Base-Phase

Results - Equilib 100 C (page 3/4)

TIC] Platm) Erergull] Mazsimol] Volllire)

0 fiwed activities

0 ideal zolutions

0 activity coeffizients
- O

FactSage €.3 ~
HzQ = Hz0 =
a mnl gas_real 1.0000 mnl gas_real
(100.00 C, 1 atm, a=1_0000) {18.015 gram, 1.0000 mol, 30.23& litre, 5.3583E-04 gram/cm3)
( 1.0000 HZOQ v {100.00 C, 1 atm, a=1.0000)
+ 1.1337E-Z1 HZ v { 1.0000 HzZQ 'S =
+ 5.9883E-ZZ 0z v + 1.1337E-Z1 HZ 'S -
+ Z_.0176E-Z¢& CH w + 5.9887E-22 oz v
+ 3.4412E-Z23 HOCH w + Z.017BE-Z& CH v
+ 7.3173E-35 HOO v + 23.4414E-Z5 HOCH v
+ 4.1Z10E-3% H v + 7.317%E-35 HOOQ v
+ 2.7T7Z1E-43 0 v + 4.1214E-33 H v
+ 3.938ZE-5¢ 03 v + 3.7725E-43 [+] v —
+ 3.8367E-5¢ 03 L'p]
+ 1 mol HzO_ligquid 7
{18.015 gram, 1 mal) + 0 mol  H2O liquid &
{100.00 ©, 1 atm, L1, a=1.0000) {100.00 €, 1 atm, L1, ==0.53333)
+ 0 mol HOOH ligquid + 0 mol HOOH_ligquid
{100.00 C, 1 atm, L1, a=2.0801E-28) {100.00 C, 1 atm, L1, a=Z.080ZE-28)
The cutoff concentration has been specified to 1.0000E-75 The cutoff concentration has been specified to 1.0000E-75
5 product species identified with "V" are modeled with an egquation of st 3 product species identified with "V" are modeled with an equation of state
R e R R Rl Rl Rl R R b b e o e ol o R o o o o e o ol ol e o e o o o o o e o o e e o e o e o
H = v g Cp H = w 5 Cp
T T (litre) (J/E) (J/E) {J) (7 ({litre) (J/E) {J/K)
Bt ettt ittt ettt ettt dd e e e e e e e e el el el e el el e e e e e el el e e el e ol o e e e e v

I G’actSage‘”
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Equilibrium

Target calculations

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

between them

700 . . . . . . . . FactSage
(b) Precipitation target: find temperature at which any other phase
begins to precipitate out from the targeted phase

/

NS
Gamma \
\ ]
(c) Formation target: find the temperature at which

the targeted phase begin to form

T(©)

0.4 0.6 0.8

mole Al/(Mg+Al)

\ Liactsag 90

To learn more, go to ??
ontreal

¥ McGill CRCT "%




Equilibrium

FTlite database

Transition calculation

{7 Reactants - Equilib

52 ]

|_:I

File Edit Table Units
D& +| &

1-2

Maszs[qg]

Data Search  Help
TIC] Platm] Energuld] Masslg] Yolllitre]

Species TIC]  Pltotal)

]

[Mg

+ |oo3

FactSage B.1

Compound:

1/22 databases

Solution:

1/25 databases

il e =

(1) Select the compositions

(2)

Set @acg $ infieadafSmor ma l

fj? Menu - Equilib: last system

File  Units
0| =|

Reactants [2]

Parameters

Help

TIC] Platm] Enerayl)] Mazz(g) Yolllitre]

Range

of

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

[ [gram)091 Mg+ 003 A |
Products
Compound species Solution species
= | + | Base-Phase | Full Name

[T gas 5 i a | FTlite-Liqu Liquid

[C aqueous i | FTlite-FCC FCC_aA1

[ pure liquids a | FTlite-HCP HCP_A3

[+ pure solids 19 | FTlite-BCC BCC A2

+ FTlte-Beta Beta al3kg2
. + FTlite-cl58 Gamma_ Al 2Mgl 7
FPECIEE 19
Tranzitions - termperature Legend
I - mmiscible 4 W Show ™ all  zelected
MHumber of
transitions; Al & + - selected 2 species: & Select
zolutions; 10

Final Conditions o T oy
[ @ | <’E/ | e NPam) v ||Product Hiy ~ |
| I TN, o700 P/ |
10 steps u -_—a - 71+ calculations

Cusztom Solutions

0 fixed activities
0 ideal zolutions
0 activity coefficients

Pzeudonyms
apply [ List ..

[ include malar volumes
I paraequilibriurn & Gmin  edit

Total Species [max 3000 41
Total Solutions [max 40 1a
Total Phases [max 1500] 29

Equilibriuy
i i

" normal Ol

Calculate »>>»

(™ transitionz on
P

I |
LFactSage B4

A

thtSage‘”

91
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Equilibrium

F Results - Equilib 300 C (page 4/11)
Cutput Edit Show Pages

O[] 3

Joc|woc] 200c -300C- | 37726C] 400C| 4766¢C] sooc| s97.35¢] 600 | T00¢C |

TIC] Platm] Energeld] kassia) Yolllitre)

elemental ¢

| tgram) 0.31 Mg + 0.0% 21 =
— e o o - —-— . ..
0.91741 gram HCD _RA3EL InpUt COI I lpOSItlon
(0.91741 gram, 32.7518E-0Z mol)
(300.00 C, 1 atm, 2=1.0000)
{ &€.09Z8 wk.% Rl
+ 33.307 wt.% Mg)
System component Mole fraction Mass fraction
Ll 5.5212E-02 &.032BE-02
Mg 0.54478 0.593307
+ B.Z5B85E-0Z gram GCamms
(8.2589E-0Z gram, 5.8136E-05 mel)
300 00 Gl Pt o Sl o o = = = =
| 2.873L1 wi.% MglORlZ4n21Z4 I
I+ 0.338&3 wt.% MglORlZ4MgZd
|+ 8&_552 wi.% MgloMgZ4Rlid I
I+ 3.37€7 wt.% MglOMgZ4MgZd) I
IXcle fraction of sublattice constituents: I
Mg 1.0000 Stoichiometry = 10.000 l
IEl 2.9077E-02 Stecichiocmetry = Z24.000 I
Mg 0.98032
21 0.85825 Stoichiometry = 24.000 I
IXg 0.10175
— e e o o e e o e o e o o o o o e
[o= == = e
System component Mole fraction M=ss fraction
IEl 0.3878¢ 0.41234 I
Mg 0.81214 0.5870&
I e
+ 0.00000 grem HCF R3gZ
(200.00 C, 1 =tm, ==1.0000)
{ &€.0928 wt.% Al
+ 33.507 wt.% Mg)
System component Mole fraction Mass fraction
L 5.5218E-02 &.03ZBE-02Z
Mg 0.94478 0.93307
+ 0.00000 gram Liguidgl
(300.00 C, 1 =tm, =2=0.85413)

S=1Ed

mic mli

Calculation results at every 100 °C intervals

What is this complex thing ?
-> model structure in database
-> output for modeling people

omposition of gamma phase

thtSage‘”

92 ¥ McGill CRCT "
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Equilibrium

F Results - Equilib 377.26 C (page 5/11 M=

Although the amount of Gamma phase is zero,

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

form at this temperature

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

Qutput Edit Show Pages Lt .
—— - Phase transition happens at this temperature
O || &) - = =~ e ey -
_ S
oc| woc)| 20c| so0d -377.26C- |}ccc] 4766C| so0c| s9735¢]| s00c | T00C |
&
| tgram) 0.31 Mg + o.0f Al = -
1.0000 gram HCP_A3#1
1.0000 grawm, 4.0778Z-0Z2 mol)
377.28 ©, 1 =ztm, =2=1.0000)
3.0000 wt.% Bl
+ 31.000 wt.% Mgl
System component Mole fraction Mass fraction
Al 2.1802E-02 3. 0000E-02
Mg 0.31320 0.31000
+ 0.00000 gram Gamm=
(377.28 ©, 1 amm, =2=1.0000)
_________
[ &§.4114 wt.% MglOZ1Z4R124 A
+ 1.084Z wt.% MglOZlZ4Mgzd4 1
+ 73.374 wt.% MglOMgZ4R1Z4 T | |
+ 13.150 wt.% MglOMgZdMgzd)
+ 0.00000 gram HCD_R3f:
(377.28 C, 1 atm, &=1_0000)
[ 3.0000 wt.% Al
+ 31.000 wt.% Mgl
System component Mole fraction Mass fraction
Al 2.12022-02 3. 0000E-02
Mg 0.31320 0.31000
1
+ 0.00000 gram Liguidfl 1
(377.26 C, 1 =tm, ==0_.35831) _+
[ 30.37s wezal T T EmEEEEm-
+ 8% .85 wt.% Mgl
+ 0.00000 gram LigquidgZz
[377.26 C, 1 atm, ==0.35231)
[ 30.37% wt.% Bl
+ E5.8I3% wt.% Mgl
+ 0.00000 gram FCC_A1f1
(377.28 ©, 1 amm, 2=0_.308£1)
[ 30.323 wt.% Al
+ £3.071 wt.% Mgl
.000a0 gram FCC_R1fZ b

&

ctlage”

93

ontreal
2014
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Equilibrium

Precipitation target calculation

G Reactants - Equilib

(=

=3

File Edit Table Units
D|es| +| =

1-2

Data Search  Help
TIC] Platm) EnergplJ] Mazs(g) Wolllire)

Species Phase
Mg |

Jal |

Mass(a)
[0.91

+ |0.09

Mext >>

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

=
G' Menu - Equilib: last system

automatic default estimated value

For target calculation, this
temperature should remain blank

File Units Parameters Help
Ol= E TIC) Platm) Enengyll] Mazs(g) Yolllitre)
Reactants (2]
| [oram)0.91 Mg+ 009 A |
Products
Compound species Salution species
o r-ﬂgase-Phase | Full Hame
[ ga: & i~ 0 \ IP FTlite-Liqu Liquid
[T aqueous 1] —h FTlite-FCC FCC_Ad
[ pure liquids 1] I FTlite-HCP HCP_AZ
[+ pure salids 19 I FTlite-BCC BCC &2
+ FTlte-Beta Beta Al3kg2
- + FTlite-cl58 Gamma_A12Mg1 7
IPECIES: 19
s~ T s
Prdipitate Target N\ Legend
FTlite-Liqu 1 1= frmfeli A v Show( &l 7 zelected
YT LD || DI | e 2 o
~ggsla]_ o 7 solutions: 1
—
Fimar Londitions - — ~
Lo | < | 1O [P v ||Product Hy) |
' | ol ) |
seps [T S o P
-

[ Facsage b.4

Cusztom Saolutions

0 fised activities
0 ideal zolutionz
0 activity coefficients

Pzevudonyms

apply [ List ...

[ include malar waolumes
[ paraequilibriurn & Grain~ edit

Total Species [max 2000 4
Tatal Solutions [max 40 10
Tatal Phazes [max 1500] 23

Eq
o
~
~

Calculate »>>»

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

I thtSage‘”

94

¥ McGill CRC

Montreal
2014



Equilibrium

-——

s S
[ & Resutts - quii ) (= | E
esults —{qmllh 59731 C /J
- rg —
Output Edlt\ghmﬂ:'ag.esf
D RIE @ TIC] Platm) Energyl)] Masslg) Vollitre) m B‘l e
m FactSage &.4 -
lgram) 0.91 Mg + 0.09 Al = M
1.0000 gram Ligquidgl
{1.0000 gram, 4.07T7eE-02 mol)
(537.31 C, 1 atm, ==1.0000) T T T T T T FaCtsaqe
5.0000 wt.% Al
+ 51.000 wt.% Mg) |
J Liquid /
System component Mole fractiom B /
a1 E.1802E-02 Yy
Mg 0.31820 //
' Liquid + FCC_AL // ]
+ a0 gram Ligquidg2 N
(537.31 C, 1 =tm, a=1_0000) AN
{ S5.0000 wt.% Rl FCC_AL
+ 31.000 wt.% Mg)
— Gamma
= . (@)
Syatem component Mole fractiom D &
Rl B.180ZE-0Z amma + Al Mgl (s)
Mg 0.31BZ0
+ 0 gram HCP R3§Z HCP_A3 + Gamma
(537.31 C, 1 atm, &=1.0000) FCC_AL +Beta_AMg
{ 2.5231 wt.% Rl
+ 57.477 wt.% Mgl
Gamma + Beta_AMg
+ 0 gram HCPE AR3g1
(537.31 C, 1 atm, 2=1.0000)
1 | ] [
. L — B "R .. = I . 1 s 1 s 1 s 1
0 0.2 0.4 0.6 0.8 1

mole Al/(Mg+Al)

95 ¥ McGill CRCT "%
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Equilibrium

. ™y
iy Reactants - Equilib % s gl o0 e * LRSS B GBS ﬂg‘%‘g

File Edit Table Units DataSearch Help
0O |@| il TIC) Platm] Energyil] Masslg) Yollltre) ml a| y|

1-2]

Mass(g) Species Phase TIC] Pltotal]™ Streami#t Data
[<a> Jel | I |\ i i I
GRS i | =1 T 4 Menu - it st ortem. g o s B . e P Sy
Eile Units Parameters Help
W Ol = E T([C] Platm] Energy(]] Mazs(g] Volllitre) I'“ |B| :@:l
L —HReactants [2]
| |
[ fgram)chr A+ <140 Mg |
I — Products
| — Compound zpecies——— 1~ Solution species — Cusztorn Solutions
= | + | Base-Phase | Full HName 0 fixed activities
I [ gas & ideal & real O IP FTlite-Liu Liquid 0 ideal solutions
[ aqueous 0 | | FTiteFCC FOC_A1 0 activity cosfficients
[~ pure liquids 0 | FTlite-HCP HCP_g3 _Detais .|
[+ pure solids 13 I FTlite-BCC BLCC_&2 ~ Pseudanyms
+ FTlite-Beta Beta AldMg2 W ™ List
— apply ist ...
FactSage 6.4 Cormpound: | 1/29 databases Salution: | 1/24 databazes FpeCies: 13 & FUltE B Allelz)
T I O aaS—aS"S  aaaaa—" — 0000 0w e e ] I- include mDIaf VDIUmES
ilibrirmn & Grni dit |
~Precipitate Target Legend [~ paraequiibriom & Gmin  edi
FTlite-Liqu | - immiscible 4 WV Show® all " selected otal Sonc o0l
I Estimate ALPHA: IEI.S P - precipitate target species: 22 iz DEC_'ES i I 10
o +-zelected 2 solufions. 10 ml Tatal Salutions [max 40)
| Massla: | ' Total Phases max 1500] 29
I| - Fipal Conditions E quilibrium
17 <A N\ B TIC] Platrn] v ||PoductHl ~| | | & nomal € nomal + transiions
P / Fo7 31 1 " transitions anly
N
'm- EEnim T~ Table " open Calculate >>» |
Fact5age 6.4 | A

LGactsage 96 B McGill CRCT "oz



Equilibrium

—_—
e ~

& Results - Equl\nh 597.31C, .&:G.UQ\I

o | B |-

Qutput Edit SMwlages _ . 7

D || B8 @

TIC) Platm] Energell] kass(g]l “olllitre]

i di=al=3 Fv2

(537.31 C, 1 atm, 2=1.0000)

1| ]

~
\\\‘
\‘\ FactSage &.4 .
{gram) <A> A1 + <l-A» Mg = \\ |—|
\\ =
1._0000 gram Liguidgl S
(1.0000 gram, 4_0776E-02 mal) S
(597.31 C, 1 atm, &=1.0000) \\ FactSage
{ 5.0001 wt.% Rl 103 y T T T T T y T T
+ 31.000 wt.% Mg) \\
System component Mole fractiomn Me —_— e e e e e Liguid_
Bl §.1803E-02
Mg 0_3lazo 560 \\
AN
+ 0 gram Ligquid§z L + HCP_f0 AN
{537.31 C, 1 atm, &=1.0000) \\
{ 3.0001 wt_% Al
+ 31._000 wt_% Mg) Fee_m
System component Mole fraction Me G Gamma
Bl g.1803E-02 [=
Mg 0.31820 amma + Al Mal.()
+ 0 gram HCP R3§Z
(537.31 ©, 1 atm, ==1._0000) HCP_A3 + Gamma
.: 2_5231 Wt.% Al FCC_A1 + Beta_AlMg
+ 87477 wt.% Mg)
+ 0 gram HCP R3gl Gamma + Beta_ AV

mole Al/(Mg+Al)

0.8

I thtSage‘”
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Equilibrium

G Menu - Equilib: lasi - e
Eile  Units
=21

Reactants [2)

PBarameters

Help
TIC) Platm) Energyid] Masz(g) Yolllire)

[gram] <A> AL+ <14 Mg |

’_———

Products

Compound species Solution zpecies

Output  Edit~ ShoyPages . = =

Dle| B8 1

B gas & o
[T agueous

[ pure liquids

[+ pure solids

oo oo
n
=

700 T
|

species: {gram) <A» Rl + <1-i

Precipitas T " 1.0000 gram L:
recipi armet m— ; L
< Flielia [~ Gumtserill & +-0000 by 3f -
fstimateALF’HA: [iR:] P - precipitate tarng i
\ ,_ / +-selected 2 { BB.81Z
o Masslar I, + 11.388

——

Final Conditions System com

< | B> | T[] a1
| | |557.31 Mg
10 steps N
+ 0 gram L: _
(597.31 C, g,
| FactSage 6.4 { BB_&61Z2
— + 11.388

System com
21
Mg

+ 0 gram Fi{
{597.31 C,
38.325

+ 3.8745

System comg

HCP_A3 + Gamma

Gamma

amma + Al, Mg|

@

FCC_AL + Beta_AlMg

Gamma + Beta_AMg

L FCC_AL

] de - 0 I ofe I 0!8 1
mole Al/(Mg+Al)
LGactsage 08 % McGill CRCT "o



Equilibrium

Formation target calculation

G Reactants - Equilib

(=

=TT

File Edit Table Units DataSearch Help 'G M Eauilib: last svsh — E A
Ol ﬂ TIC) Platrn] Erergyi)] Mass(g) Volllire] e a5 B -
_— File Units Parameters Help
D2 T[C) Platm] Energyi] Mass(g) Vollite] W ™| 7
Mass(g) Species Phase 1 R tant 2
05 Mo | J M eactants [2]
+ o9 &l | = I [ [gam]0.91 Mg+ 0094 |
Products
Compound species Solution species Custom Solutions
;’ jﬁase-Phase | Full Name 0 fiwed activities
! [ gas & ideal 0 \ el Liquid g 'dj‘?'.fﬂ'u“ﬂf??. :
[T aqueous 1} hl P 4 FTlte-FCC FOC_ AT activity coefficients
[ pure liquids 1] I FTlite-HCF HCP_A3
[+ pure solids 19 I FTlite-BCC BCC &2
- Pzeudonyms
+ FTlite-Beta Beta Al3kg2 b T
~—y apply it ...
e 19 + FTlite-cl58 Gamma_ Al12kMagl 7
— [ include molar volumes
= =~ [ paraequilibrium & Grin  edit
Foefhation Target N Legend F
I FTlite-Liqu | e W Show ' al 7 selected Total Sonci S
FactSage 6.1  Compound: | 1/25 databases  Solution: | 1/22 databases \ Estimate T[C]: |1000 F - formation target species: ) oA DEC_IES [ma ]
| ~ / +-zelected 2 e Select Total 5 olutions [max 40] 10
Massfgp 10~ selufions: 10 Total Phases [mas 1500) 29
1 H L . -
automatic default estimated value ——
Conditions —” ~ E quilibrium
L& | & A T0 PR -|[PoductHp] ~| || * nomal
| | -l i} | -
. . steps [ S > Calculate >>
~ =
For target calculation, this -
temperature should remain blank 64

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

I thtSage‘”
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——

~

-
&~

L7 Results - fquilib 47656 ¢ )
P Z

=) 5 [ |

CQutput  Edit - MomPagee =

0| e @

TIC) Platm] Energull] kaszs(g]l Yolllitre]

M o

[

FactSage .4 S

{gram) 0.91 Mg + 0.0% &1 = |_|
1.0000 gram HCP A3g1
{(1.0000 gram, 4_0776E-0Z mol)
{476.56 C, 1 atm, ==1.0000) 00 . . . . . . . FaCtSaqe
{ 9.0000 wt.% Rl
. + 31.000 wt_% Mg)
System component Mole fraction M Hauid /
a1 &_1802E-02 /
Mg 0.318z0 / ]
' /
+ 0 gram HCP_RA3g2 N Liquid + FcC_AL ]
(476.56& C, 1 atm, a=1.0000) AN
3.0000 wt.% Rl \\ -
+ 51.000 wt.% Mg)
Gamma
System component Mole fraction M
B2l B.1802E-02 s AL VL)
Mg 0.5%18z0
+ 0 gram quuld#l HCP_A3 + Gamma
(476.5¢ C, 1 atm, 2=1.000a) FCG_AL+ Beta_ANg
| 2@.3913 wt.% Al
+ 73.087 wt_% Mg)
System component Mole fraction M Gamma + Beta_AMg
2l 0.z24508
4 1 |
. L 8 "1 . i S
1 . 1 . 1 . 1

0.4
mole Al/(Mg+Al)

0.6 0.8 1

I thtSage‘”
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Equilibrium

Variation of phase fraction with temperature

G Reactants - Equilib

|_|:|

723”

File Edit Table Units

D|&| +| @

Data Search  Help

TIC) Platm) Energyll) Mass(g) Yol fjr Menu - Equilib: Equilibrium phase fraction (phase fraction / temperature diagram): Mg-Al

File Units Pararneters Help
Mass(g) Species 2 TIC] Platm] Energull] kaszs(g] “alllitre] B T
= o D =] b mee
+ [oog [l Reactants [2]
| lgram)0.91 Mg+ 009 Al |
Products
Compound zpecies Solution species Custarm Solutions
[[ gas ¥ . a = | + | Base-Phase | Full Mame  « 0 fixed activities
[ aqueous a | | FTlite-Liqu Liquid 0 ideal zolutions
I pure liquids 0 | FTfite-FCC FOC_AT 0 activity coeffizients
[+ pure zolids 15 I FTlite-HCF HCP_A3
v I FT!lte-BEE BCC_A2 R —
| FTlite-LC14 Lawves_C14 i
FactSage B.1 Compound: | 1/25 databazes  Solution: | 1/22 databazes SpECiES: 15 | FT||tE.L|:1 5 LEVES_E1 5 EII:II:I'_',' I_ LlSt
T arget * e Beta AlMg j [ include malar volumes
- NONE - Legend g
I W Show it all  zelected Tatal Species [max 1500] &3
: |- ble &
Estimate T[C]. (1000 . _T;?éiﬁ:ede 2 _ ” Total Solutions [max 40 14
species;
Mazs(g) |0 alrtore a0 | 2R D efault
Final Conditions E quilibrium
| L <Bx | TIC] || Platm] ﬂlF‘deuct HIJ] ﬂ " riormal ¥ tranzitions
| | Foozoo1o |1 | < e
100 steps T 51+ calculations Calculate >> |
FactSage 6.1 c:hFactSagetln-Ho\EquiEx3.DAT

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

thtSage‘”
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Equilibrium

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

(3)

Click to select X, Y axes

[oWi:=Ti @ Edit Show Pages
Save or Print * TIC] Pfatm] Energ] I[litre) "T B o7
Plot v| PlotResults ... ( 1) Y-variable X-variable Swegp Axes
Equilib Results file Repest Plot - gram ve T(C) ... -
q i ? : | 3s0c| 4n0c ] activity -
Stream File 3 1 1 1 1 g v
Format v |30c| 200c] 25 male A A
. L1 [gram] TIC
,===- Click to plot the results [z moe fact. e
- -
CD_n3 —r I mrakimLm
M m e mmuao gsman, 7O05E-02 mol) o o
(200.00 C, 1 =tm, &=1.0000) minimum minimum (200
+ 97.054 EEEN- NN, EEN I @ EEE EEE IS EEE EEE BSOS (e - —> v tick BVELNY tick. Bvery
System c::l:nent, Mole fraction Mass fracticon CD{J"
21 2.9463E-02 o
Mg 0.37054 G{J)
I Cancel [I]:4 ‘
+ 0.15401 grem Gamma -
(0.15401 geam, 1.QEE7I-04 mel) H{T)
(200.00 CIl atm, =2=1.0000)
( .44-3 ¥T.% MglOAlZ4alis )
- page -
v
-
0,51 Mg+ 0.03 41 log 10(Y)
i In{)
i | explY)
activity 1] 1. 1y -
| mole 0 40776602 N —— Selection of phases
hase distr Species Selecti
mole fract. 1] 0937159 P
File Show
I e D L | # [ Species [ Mole (min) | Mole (max) [Fract. (min)|Fract. (max) [ Act. (min) | Act (max) =]
. - + pecies ole [min;| ole [max ract. [mmn ract. [max, cL |min CL |max -
waeight % o 93635 ® A2 0 0 0 i ITEEMZ | 0120087
47| Als3) 0 0 0 0 217/ED2 | 0120987
l TIC) 200, F0o0. 43 Al[s4) 0 0 0 0 21730E-02 | 7.8878E-02
49 |Alls5) 0 0 0 0 21732602 | 7.9883E-02
50 | Alls) 0 0 0 0 1.7562E-02 | 6.0956E-02
I Cell) 1.1703 7.6335 51 |Als7) 0 0 i i 2173E02 | 7.88R3E-02
Gl] 1323 -B36.85 52 Als8) i 0 i i 1.4023E03 | 7.2759E-03
I 53 AIBOMg2is) | 0 0 0 0 1.0405€-30 | 1.5845E-05
Hil SOLUTIONS
" | Select the phase to plot L B T S N
— — P 55| Liqui 0 40776E02 | O 0 0.786577 1. =
I E B T 56 Liqub2 0 0 0 0 0.786577 1.
- pad 1. B4 57 | FCCHT 0 0 0 0 0.63085 0.806615
. (4) 59 FCCH2 0 0 0 0 0.63085 0.806615
Species Graph = L) + 53 HCP#1 0 40776E02 | D i 0.658R23 1
Labels fEpiay 60 HCPHZ 0 0 0 0 0889623 | 1
] v colar full sereen 61 |BCCH 0 0 i i 0.576241 0.832059
i ,E'_-W I?— [+ i Wigwer 62 |BCCH2 0 0 0 0 0.576241 0.832059
F chemical ol femme  (© Fam 63 |LCl4M 0 0 0 0 2320602 | 0133143 7l
' - " integer # Mass DOrder
Y[ e ) Ferea | W oo e [ 2 e | sassrnfe ]
" gram mass [mas]
" fraction [max]
. Clear I~ source | © activiy max) | OK |
CIICk to Setup axes [Click_on the "+ column to add or remave species]
tS ™ 102 @ M ll R Montreal
w
c€tage W cGill CRC 2014



F Species Selection - EQUILIB Results: gram vs T (|

Equilibrium

Special care is required for the phase selection

File Show
+| i | Species | Muole [min] | Mole [max] |Fracl_ [min]| Fract. [ma:u]| Act. [min] | Act. [max]j
Pure | Solids
39 Mals) 0 0 0 0 0.86449 0.977389
40 Mals2) 0 0 0 0 0.856589 0.955729
41 Mol 0 0 0 0 0.560354 0.760444
42 Malsd) 0 0 0 0 0.570093 0.819871
43 Mals5) 0 0 0 . ]
4 Mgiss) 0 0 0 Pure compounds such as Mg, Al, intermetallic compounds
45 Al 0 0 0 S —
4 A2 0 0 0 0 FA7IE02 | 0120987
47 Al 0 0 0 0 FA7IE02 | 0120987
48 All4) 0 0 0 0 21730E-02 | 7.8878E-02
49 AlE) 0 0 0 0 21732602 | 7888302
B0 AlE) 0 0 0 0 1.7562E-02 | G.8O5EE-I2
Bl A7) 0 0 0 0 217
B2 AllS) 0 0 0 0 1.402 T|p for
53 ABOMg23: | O 0 0 0 1040 .
SOLUTIONS hphase fraction vs. templer
B4 | GAS 0 0 0 0 0
+ 55 Liguitl 0 40776602 O 0 0.788
56 | Liqui? 0 0 0 0 0,755 )
57 FCCHT 0 0 0 0 el Al | phases whi ch have a mo u
58 FCCH2 0 0 0 0 0.630 ~ R
+ B9 HCPHT 0 SOFFEEDZ | O 0 wel @ N d NSOLUTI ONSO shoul d b e
B0 HCPH2 0 0 0 0 0,885
E1 BCCH 0 0 0 0 0576241 0.832059
B2 BCCH2 0 0 0 0 0576241 0.832059 -
B3 LC1an 0 0 0 0 23220E-02 | 0133143
B4 LCT4#2 0 0 0 0 23220E-02 | 0133143
E5  LCIGH 0 0 0 0 20RI0E-02 | 118837
BE  LCI5H#2 0 0 0 . ..
57 | Bela 0 0 0 Solutions such as liquid, hcp, fcc, gamma phases
+ | 63 Fama 1] 1.0467E-04 1] u) TR T
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]

‘ Liactsag
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Equilibrium

1.00

0.80

0.60

gram

0.40

0.20

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

Solidus Liquidus

200 300 400 500 600 700
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Equilibrium

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
[52] A GAS a 1] 1] 1] 1] 1]
I e v Y T RO
| 71 A Liquil a 3.3386E-03 1] 0244631 1] 1] |
L 72 kg Liguitl 1] J744E-02 1] 0318193 1] 1] I
- s - -=--T-=-=-"T"rCr=-=-T7T=-=T5r === ==
74 g Liquit? 1] 1] 1] 1] 1] 1]
7h A FCCHT a 1] 1] 1] 1] 1]
Fi kg FCCHT a 1] 1] 1] 1] 1]
i A FCCHZ a 1] 1] 1] 1] 1]
va big FCCHZ 1] 1] 1] 1] 1] 1]
______ 7 A HCPH1 a 3.338EE-03 1] 2.1802E-02 1] 1]
Lian kg HCPH1 a A 744E-02 1] 0973333 1] 1]
a1 A HCP#Z 1] 1] 1] 1] 1] 1]
a2 bg HCPHZ 1] 1] 1] 1] 1] 1]
a3 A BCCHT a 1] 1] 1] 1] 1] J
a4 kg BCCH1 a 1] 1] 1] 1] 1]
a5 A BCCHZ 1] 1] 1] 1] 1] 1]
a6 kg BCCHZ a 1] 1] 1] 1] ] j
Mazz Order
* male i* irteger # Select Top ||FH
i aram . I " . . - - .
Cloar — |y If we want to plot the compositional variation inside of solution
[Click on the "+ column to add or remove species) p h ases ' we h ave t 0 S € | ec t t h €
pECIES.
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.

Liactsag 105 T McGill CRCT "



Equilibrium

Converting reactant mass units (mol, g or Ib)

Fi Pomt the arrow in the mass input box to view the mass conversmn

J J TICT Flatm] EnergylJT Maszs[a] ¥alllitre] | |
1-3] Point the arrow in the species input box to view the molecular weight.
ICu: 999 = 1.55793mal = 0.218258 |k TOTALS: 3 reactants, 1.56275 moles, 100 grams, 0220462 Il:ns|
Maszs[q] Species Streamit
L s T (s pull 7 I il f
+ i Pb [ Cur Mol Wt = 63.546] =] | i
* |aax ar | =l | "

For example you may wish to specify the matte component in grams.
1. Right-click on the matte mass input box to open the mass menu.
2. Select: Convert this reactant amount to > g

" IniialCo Ui 990 = 1.55793mol = 0.218255 b

Caonyett Ehis reackant amaunt ko

|
|—
g

b
Set all reactant masses to 99

Help ... |

Convert ALL reactant armounts to

Mext »>>

1/19 databases

2/19 databases Solution;

FactSage 6.3 Compound:

LGactsage 106 T McGill CRCT "



Equilibrium

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

F' Reactants - Equilib

File Edit Table Units Data Search  Help
TR 2 TIC] Platm
If the default mass units is g, the D|| +| = e
following is equivalent to the above 1.3
system:
Masz[g] Species
1557527 mol Cu
+ |1 Fh
* aps ar

F Reactants - Equilib
File Edit Table Units DataSearch Help

O +| 5 TIC) Platm;
Or if you like, you can always explicitly specify
the mass units for each reactant amount to 1.3
make your reactants data entry independent of
the default mass units. Mass{g) Species
|1,557927 mol U
* ig Pb
* laazg A

LGactsage 107 % McGill CRCT "o



Equilibrium

Creating new stream : Fe-0.1G1Mn-1Si at 1600°C
& recers o T e

FI|E Edit Table Units DataSearch Help

| sl +| = TIC) Platm] Erergyid) Mass(g) Volliire) ™ %

FTmisc database (FeLQ): liquid steel

Mazz(g] Species TIC)  Pltotal)]™ Stream#t Data
|57.3 IFe | =l | I
* joa Ic | =l | i
* [htr | =l | [
* I1 |Si I LI I I Gr Menu - Equilib: save stream file : Fe-Ig at 1600C E@g
File Units Parameters Help
== TIC) Platm] Enerayl] Massig] Volliire) m ||3| )g,r|
—FReactantz [4]
[ [wam]3789Fe + 01 0C + Mn+ Si
~ Products
— Compound species—————— 1~ Solution zpecies — Cuztom Solutions
|_ gaz  ideal (¥ real 1] 5 | + | Base-Phase | Full Hame 0 fived activiies
[ Ini [T aqueous ] = FTmisc-FeLQ Felig 0 ideal solutiors
I— e s 0 ALite-Lig 0 activity coefhcn_ents
|_ pure solids ] CFTmiscLML0? Details ...
[~ suppress duplicates agglgl _
FactSage 6.0 Compound: | 3/20 databazes  Solution: | 2/17 databazes B —
= = TpECies 0 apply [ List . |
— Target T " [ include molar volumes
- hone - ~ Legen )
. Total Species [max 700 4
) selocted W Show (¢ all  zelectad
Estimate T[K): |1EIEIEI * - sEletlE . 4 Tatal Solutions [max 30 1
species; |
Mass{gl: ID zolutions: 1 STl Default |
— Final Conditions E quilibrium
<A <B> TIC] Piatrmn) ~||ProductHYl =] || @ nomal 0 hansitions
1600 1 " predominant € open
| j1a deps [ Table 1 calculation ml
FactSage 6.0 | Cohamork i g-38 eazestudyEquibia. DAT -

LGactsage 108 T McGill CRCT "



Equilibrium

{3 Results - Equilib 1600 C

Output | Edit Show Pages

Save the liquid FeLQ phase as

a stream

Save solutions 4 ALL sclutions

Save pure solids... ~ f------ -

The cutoff concentratiocn has been specified to 1.0000E-75

e e e e e e e o e o o e o o e ok e o ok o o e e ok e e e e o e e e e e e e e e o e o o o e o o e ok e e ok e ke

H G v 5 Cp
{Jl J {litre) {J/E) (J/E)

e e e e e e e e e e e e e e e e o e o ok e o e e o e e e o e e e e v e e e o e e e e e e o e o e o o e o e e o e e

1.33714E+05 -2.1459453E4+05 O0.00000E+00 1.868137E+4+0Z2 8.26470E+01

Total mass/gram = 100_.00

_—

|_T| I FTrmisc-Fel

Save or Print 3 TIC) Platrm] EnergylJ] Masz(g] Wolllitre]
Plot 3
Equilib Results file L M. g
Stream File 4 Recycle all steams ... l I
Format » Save stream file » Save gas phase ...
Fact-XML 5 Stream file properties ... Save pure liquids ...
Save aqueous ..
»
Refresh . Summary of streams
= Directory (Chworki\Mg-3ANcasestudyl]) ..
System component Mole fraction Mass fraction
Fe 0.98577 0.97500
Mn 1.002BE-02 1.0000E-02 G Results - Equilib 1600 C
5i 1.9816E-02 1.0000E-02 -
c 4_SBEBE-03 1.0000E-03 Output Edit Show Pa

0 | Dq.l ﬁl Sawve File in C\work\Mg-3Al\casestudy\Mixt®.dat

FTmizc-Feld Fe-lig
(gram) 37.5% Fe + Enter a gtream file number
[1-9339)
100.00 gramn
(100.00 gram, or enter a stream file name [up to 26 characters), for
(1800 example
{ 97._9i M i 3 isc
+ 010 v very favante stream =
+ 1.00 5 . o isc
- avoid the special characters @™, 8+
+ 108 p @, et o)
Felig
System
Fe
Mn 1.00Z8E-02 1.0000E-02
5i 1.59eleE-02Z 1.0000E-02
C 4. 5888E-02 1.0000E-02

The cutoff concentration has been specified to 1.0000E-75

e e e e e e e e e e R R R R e R R R R R R R R R R o e e e e e o e e e e e e e e e

H [= v s cp
{(J) (J) {litre) {J/K) (J/E)

e e e e e e e e e e e e e e e e o e e e e e o o o ok e e e e e e oo e o e e e ok e o o o o o o o o e o e e e o e

1.33714E+05 -2_143%45E+05 O0_.00000E4+00 1_86137E+0Z B_Z6470E+01

Total mass/gram = 100.00

thtSage‘”
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Equilibrium

Import stream : Fe-0.1CG1Mn-1Si at 1600°C

A3 Reactants - Equilib

/22 databazer  Solution:

FactSage 6.0

Compond:

2/18 databazes

File | Edit | Table Units DataSearch Help
O Add a new Reactant Ctrl+R
Insert new reactant before ...
Delete reactant ...
Delete all blank reactants TIC) Pitotal)* Stream#t Data | @p .~~~ ooty
Mixtures and Streams k Import a mixture ¥ : :
Re-order the reactants - Import a stream (or single-line mixture) r 1 FTmisc-FelQ Fe-lig stream
Export list of reactants » Edit a mixture or stream 4 Feliq Feliq stream
Import list of reactants 4 Direct| 47 Reactants - Equilib =l =
File Edit Table Units DataSearch Help
Clear E@l ﬂ TIC) Platm] Energyl)] Massig) Yolllitre] =
Example -

Species Phasze TIC] Pltotal]*™ Streamit Data

|[FTrisc-Fel@_Fe ~| [[Stream]

[1600 [1 [1

FactSage 6.0 Compound:

[

3122 databazes

|snlidFACTSS

| [1o0 [1 [z

FALCTS3

[v Initial Conditions

Solution: | 2/18 databazes

110
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Equilibrium

Heat balance: Fe-0.1G1Mn-1Si(1600°C) + Al (25°C)

{? Menu - Equilib: adiabatic cale. (dH=0)

=nlsl=l !!Ei!d

Adiabatic calculation :

File

O

—Reactants [2)

Units  Parameters Help

= -

TIC] Platm] Energwl)] Mazzlia) Volllitre]

m =@

Delta(H) = 0

[gram] 100% [FTmizc-Feld_Fedig) +

5 Al
[100C,s-FACTE3.H2)

[1600C.#1]

~ Products

r— Custom Solutions

Calculated adiabatic
temperature = 1605.5 °C

— Compound species — Solution species
|_ gas { ideal {F real il = | + | Basze-Phase | Full Hame 0 fived activities
|_ aqueous i} + | FTmisc-Felld Fe-liq g 'ded,SU'U“Uf?_S_
[~ pure liquids 0 FTmiscFOC_ | FCC_lie_metal el el
[ pure solids a FTrmisc-LMLOA ALite-Lig Details ...
; Pp | FT rizc-LMLO Y TLite-Lig § -
] sz dlplaces el - Pseudonyms &3 Results - Equilib 16055 C
e Iy [~ List..
EECCE u SR £ Output Edit Show Pages
— Target [ include molar volume 0 ||;"'| iﬂl TIC] Platm] Eneragyl)] Mazz(g] Yellltre)
“hang - | Legend W Show & e Total Species [max 700
’ + - selected ow fe 4l selected
Estimate T[C): |1DDD . 5 Total Solutions [max 30
species:
Mass(g): [ solaions 1 _ooeet | Default | | (gram) 100% [FTmisc-Fel{ Fe-ligl + 5 &1 =
-— (1600,1,stzream, £1) (100,1,s-FACTSZ, £2)
— Final Conditions ~ ~ E quilibrium
b <B> TIC - -\~ I Lol 105.00 gram Fe-lig
() Platm] I—I DelaHiJl - = narmat. - = (105.00 gram, Z.0004 mal)
1 ‘ i predominant €7 op _
{1805.50 €, 1 atm, ==1_0000)
0 steps [ Table -~ Calculate >> { 93.z38 wt.% Fe
— v + 4_78l5 wt.% Rl
FactSage B.0 |E:'\work\Mg-}’-‘«l'\casesludy\Equi5b.DAT + 9_S5I38E-07 wt. % C
+ 0.552Z38 wt.% Mn
+ 0.55z238 wt.% 5i

System component Mole fraction Mass fraction

Fe 0.87631 0.93238

Mn 5_03%1E-03 9 _5238E-03
5i 1_7733E-02 9 _5238E-03
Al 9._.2635E-02 4.7613E-02
c 4.1613E-03 5.5238E-04

The cutoff concentration has been specified to 1.0000E-75

e e e e e e e e e e e o e e e e e e e e e ok e e e e e e e e e ok e o e e e e o e o o okl o o e e e o o e o o e

DELTA H DELTA & DELTA WV DELTAE 5 DELTA Cp
7l I (litre) (J/E) (JFED

B L R R R R R R g L S E k& ]

0.00000E+00 -3.78783E+04 0O.00000E4+00 1.45308E4+01 1.1&730E+00

FTmisc
FTmisc
FTmisc
FImisc
FTmisc)

1

I G’actSage‘”
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Equilibrium

Open Calculation

B

47 Reactants - Equilib

=

File Edit Table Units DataSearch Help

0Ol ﬂ TIC) Platm] Energyl)) Mass(g] Yollitre)

1-2

Maszz[g) Species Phaze TIC] P

- off-gas removal

M &%

RH T Vacuum degassing process

[total)* Stream#t Data

[1003%

|[FTmisc-Fel0_Fe »| | | [

+ [eay B [

Next »>>

FactSage .0 Compound; | 3/22 databases  Solution: | 2/18 databaszes

F Menu - Equilib: open calculation : RH simulation

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

File Units Parameters Help
O = 6 TIC] Platr) Energyll] Mass(g] Wolllitre) "1 B
Reactants [2]
|
[gram] 100% [FTmizc-FelO_Fe-liq] b 02 |
Products
Compound species Solution species Cuztam Solutions
* [+ gas &+ ideal " real 23 = | + | Base-Phase | Full Hame
[ 0 + | FTmizc-FelQ Fe-liq
[ pure liguids a | FTomid-SLAGA A5 lag-liq
= [+ pure zolids T + | FTowid-5PIME BSpinel
[v szuppresz duplicates apply i3 FTD”i':!'ME_D_B BM':"_"?”idE Pseudonyms
# - custom selection + | FTosid-Olise, A0 lvire = .
species: Ll +  FTowd-CORU | M203[Corundum) apply M
T arget [ include malar volumes
Legend — Total Spaci o0 125 K
|- imomiscible W Show " all ™ elected otal Species [max 700]
+ - selected . Total Solutions [max 30 i
l— ZPRCIEE 45 Select
solutions: 7 Drefault
efau ,
al Conditions Equilibrium
= REE v ||ProductHi ~| ¢ nomal O
01 | [E00 o0 | " predominarf *_open |
10 steps B 10 calculations Calculate >>
FactSage 6.0 cWFactSagehcazestudyhE quib DAT

I thtSage‘”
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Equilibrium

F Results - Equilib Step 10 (page 10/10)

Qutput Edit Show Pages

0| 7

Open Calculation

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

Step 1| Step 2] Step 3| Step4| Step 3| Step | Step 7| Step 8| Steps -Sraplﬂ-]

M e =

+ 4.5753E-23 k] FACTS3 L
+ 1.837ZE-31 C4 FACTS3 1
+ 4_0453E-33 Fe(CO)5 FACTS3
+ 2.4483E-35 Cs FACTS3)

+ 95.835 gram Fe-lig

(38.83% gram, 7785 mol)

(le00.00 C, 1.0000E-0Z =tm, =2=1.0000) y
{ 58.9592 wi.% Fe FTmisc
+ 2_21353E-03 wt_% C FImisc
+ 0.&5413 wt.% Mn FImisc
+ 7.5786E-03 wt.% 0O FImisc
+ 0.34Z:5 wo.% 51 FImisc
+ 1_50&£3E-04 wt_.% S5i0 FImisc
+ 8.3388E-04 wt.% MnO EFTmisc)
System component Mple fracticon Mass fraection
Fe 0.598821 0.58533
Mn 2.8317E-03 &.5483E-03
5i &_.T813E-03 3_4Z35E-03
v] Z2_.T7153=-04 T.8214E-05
C 1.0Z8ZE-04 2.2158E-05

+ 1.0285 gram A5lag-ligfl

{1.02585 grem, 1.5850E-0Z2 mol)

(1€00.00 C, 1.0000E-0Z &tm, =2=1.0000)
{ 52.051 wo.% S51i0Z FToxid
+ £.822¢ wt.% Fel FToxid
+ 4.Z505E-03 wt.% Fei(3 FToxid
+ 41.318 wt.% MnO FToxid
+ 4_1180E-03 wt_.% Mnzo3 FToxid)
Meole fracticn of sublattice constituents:
5i 0_56215
Fel+ 5.9815E-02
Feld+ 3.4544E2-05
Mnz+ 0.37737
Mn3+ 3_3852E-05
o] 1.0000

results

Carbon content decreases due
to the reactions:

Cc+0,=C0,

C +0.50,=CO

New slag formed due to Si and

Mn oxidation:

Mn + 0.50, = MnO
Si+ 0O, =SIO,
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Equilibrium

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

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

|
Save or Print L) TIC] Platm] Enﬁ]] Mazs[g] m
Plot 3 . 1
Equilib Results file  ¥|  RepeatPlot - log 10{weight ) vs - page - ... L
Stream File b lizc-Fell_Fe-lig] + <& 0 = logpes B>
Format ¥
gas_idezl \ ] -
Fact-xML » | £.52205-02 mel, 101.17 litze, 1.23125-0% g/m
00 C, 1.0000E-0Z atm, =2=1.0000)
Refresh ... 408 co
T 2.EToSE-0z M 100% [FTmizc-FelO_Fe-lig] — 3
+ 8.7458E-03 5i0
+ B.0364E-03 Fe F A osi
+ 4.35122-04 coz |
+ z.10722-07 Fe0 —
+ 4_0440E-08 51 achivity
+ 4.5311%Z-03 o EICti"‘r'it'!." /
+ 3.7484E-12 oz 1 — 1
+ 4.57332-13 czo male Iﬁ:-:llt-l D’. - H-ais —
+ 1.§675E-13 C oq1 dfweight = nag
+ 1.40842-14 siz mole fract.
+ 1.86862-15 c302 gram ) )
+ 2.3331Z-1& sizc v weight % z 1a
+ Z.58BZE-1% 5icC . .
+ 1_89822-18 c3 . .
+1 513 tick, evemy tick, every
+ 2 GE!
+5 ce
I 4 o I Cpi:l:l
G(1)
Cancel Refresh N | S
o
AL} o449 To7r.99
V(itre) 1. 10.
B s
HES :
E - page - " Display
0 selected v v calar [ full zcreen
| - 3 naf4 W reactants O Wiewer
2 ~ ~ —|v'd I\D‘ ! hemical v file name ™ Figure
’ \ In(¥) teger &
.
Axes exp(Y) e
1

FactSage B.0 chFactS

220 ap09 10 zetz

LGactsage 114 % McGill CRCT "o



Equilibrium

2.00

1.00

o

Ioglo(wgight %)

Open Calculation - log(wt%) vs page

LD

100% [FTmisc-FeLQ_Fe-liq] + <A> 02
c:\FactSage\casestudy\EquiO.res 21May09

—

G’actSage‘"

Y | Y

| Lol
e

| - L
LS A e T

= Cal
T MO I

| L
ML i i e

-2.00 |
I CFelQ———ecFet— cFeto
-3.00 |
-4.00 ] ] ] . ] ] ] ]
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
- page -
LGactsage 115 T McGill CRCT "5

2014



Phase Diagram

Slide Show  Programs  Tools  About

C.R.CT.-Frof In-Ho Jung

Manipulate

Databazes

i 2 o76-2043 ||
L]

www facts age.com

Thermfact aﬁ'n‘.fG[_r—TecI_'l-ﬁ ologies FactSage(TM) 6.4

I ——

Phase Diagram is a generalized module that permits one to calculate, plot and edit unary,
binary, ternary and multicomponent phase diagram sections where the axes can be various
combinations of T, P, V, composition, activity, chemical potential, etc.

LGactsage 116 T McGill CRCT "



Phase Diagram

Binary phase diagram: CaO-SiO2

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

F Menu - Phase Diagram: CaD-5i02 binary phase diagrara FTOXId database =100 x|
File Units Parameters Wariables Help
O el i TIC) Platm) Engfayl)] Mass(g) Volllire) m |B‘| 1”
— Components [2]
[ [glam] CaD  + 5i02 |
— Products /
— Compound species T Snlutiunlyéacies — Cugtom Solutions
[C gz &) ideal T el 0 = |-¥{ Base-Phase | Full Hame 0 fived activities
[ agqueous 0 ASlag-lig 0 ideal solutions
I— == e 0 0 activity l:l:ueffu:u_ents
|+_ pure zolidz 16 Wetails .
[ | suppress duplicates aEElEI — Pseudorgms ————
TpEeCies 16 apply I~ List ... |
— Tanget ™ include molar volumes
- nane - _IL-Ei?nErzigcible W Show i all  selected | Total Species [maw 700] 20
Estimnate T[K): |'| ooo ; q Total Solutions [masx 30 2
SPECIES:
Mazz(g]: ID solutions: 2 _|SE|E':t D efault |
—¥ariables Phasze Diagram
TIC) 1005i02/ | v
1000 2000 0100 o
[TIE) vs 100502/(Ca0+512]] _Caleulate 5> |
| Fact5Sage £.0 | d: W ork \CRCTYFactS age_Workshoph2009_PohanghPhaz1-3.04AT o

I thtSage‘”

117

¥ McGill CRCT "

ontreal
2014



Phase Diagram

2000

1800

1600

T(©)

1400

1200

1000

CaO - SiO,

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

Ca;SiOg(s) + CaOo(s)

ASlag-|

g + Ca,Si0,(s3)

?s«ﬁ

ASlag-liq

Slag-liq + ASlag-lig#2

ASlag-lig + SiO,(s6)

Fe%a

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

SiO,(s4) + CaSiO4(s2)

20

40

60

mass 100SiQ(CaO+Si0,)

80 100

‘ Liactsag
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Phase Diagram

Ternary phase diagram: Ca0O-SiO2-Al203 isothermal section

F Menu - Phase Diagram: comments
File  Units
0| =

Components [3]

Pararmeters Mariables Help

TIC] Platm]) Energyll] Maszsg) Walllitee)

[ jgram] CaD  + Si02 + A203 |

Products

Compound species Solution species

[ g r 0 = | + | Base-Phaze | Full Hame
[ 1] | FT owid-5 LG, A5lag-iq all oxides + 5
[ pure liquids 1] | FTowid-bde0_a, A ohioxide
[+ pure solids a0 + FT awid-cPynd, AClinopyroxene
[’ FToid-bd el hd elilite

| FT owid-kuill Mullite

SPECIES a0
T arget Legend
| - immizcible 3 [v Show @ all  zelected

l— +-zelected 1 -
FPECIES! 20
l— zolutions: 7 %

Yariables
| TIC] | 502/ | A203/ | | |
T 01 [ 01 | |

[ =502 B = CaD, C = 4203

FactSage 6.3 C:AFactSagehPhazEx1-1.DAT

mE e

F Variables: Ca0-5i02-A1203 composition #1. vs composition #1.

TandP
Temperature

Yariables
compasitions |:|

loglfa) | [0]

Prezzure or Volume

% Platm] |constant -
" lngP

conztant hi
1550

T

" Wlitre)

T steps:
* steps:

Compositions [masg)

" [0 Jcao + [ Jsoz« [0 ]ae03
[ Jean 502 + [1I__ | AR03

" log¥

A-Cormer

pury

[max)

C-Corner

" [0 Jcao + [0 Jsoz« [T ]ae03
' Cal + 502+ [1_ Japny L0

B-Corner

" [T Jcao + [0 Jsoz« [0 ]ae03
[ Jean « I ]sioz « [1|aens

mna

=
=

0 [miin)

Cancel

‘ Liactsag
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Phase Diagram

CaO - SiO, - Al,0,

1550°C
_ FactSage
SiO,
ASlag-lig + CaO )\
v v vMy v AVARVERY) AVAAY AVARY) \{\/ \/ \/
CaO Al O,

mass fraction

Liactsag 120 T McGill CRCT "



Phase Diagram

Ternary system: section in ternary (isopleth)
S — SE Sio,

File LUnits Parameters “ariables Help
L= TIC) Platm] Enerayl) Mass(a) Yolilive) mem
Components [3) 1 l
[ [gram) CaD + SiD2 + 4203 | )
Products
Compound species Solution species Custom Solutions
[ ] + F o = | + | Base-Phase | Full Hame AI O
o o | FTowd-5LAGA | ASlaglq all oxides + 5 CaOo 2~3
[ pure liquids 1] | FTaxid-Mel_g Atdonoxide : : . eee
I+ |pure solide a0 . FTosid-cPy: Y r— F Yariables: Ca0-Si02-Al203 T(C) vs composition #1.
" FTowmid-k el I elilite Variables T and P
. 0 FT crid-hul Mullte v (¥ compositions Temperature Freszure or Volume
species:
W & T(0) r-aris - * Platm) |constant -
A ~ log10fa] + IE ~ Max [1800 " logP
Target L d A -
| iscible 3 W Show & &l O selected B C Min: {1000  llne)
+-gelected 1 e .
SDE!:IE.'S: 20 Selact Ysteps. ™ log¥
zolutions: 7 02 e
Yariables Phasg
| T[C) | cs01sioz/ | 1o0e03 | | | . _
| 1oo0o01g00 | i | o100 | | : - : El e e
1 = i
[TIC] ws 10041203/ Cal+5i02+41203]] i ,.f_-.,|2|:|3 ]
FactSage 6.3 C:4FactS agehPhasEx1-2.0aT

. . / i ,.f.-._|2|:|3 . H-awiz -
CaO 1 S|02 ) i [ Jaens " [100ima ]

-0
CaO + SiO, + Al,O4

\ — CaO = Sio,
Liactsag 121 B McGill CRCT "oz




Phase Diagram

1800

1640

1480
ASlag

T(C)

1320

1160

1000

Ca0O-SiO,-Al,O4 Vertical section
at (wt%CaO/wt%SiO, ) =1

CaO - SiO, - AlLO,
mass (CaO-Si0,)/(Ca0+SiO,+Al,0,) =0

GactSage‘"

iq+C

i04(s2)

T T T T T

ASlag-liq

ASlag-liq + AlL,O4(s4)

lag-lig + CaAl;,0,4(S)

ASlag-lig+ Ca,

| s | s |

20 40 60
mass 100AJ0,/(CaO+SiO,+AlL0,)

80

100

‘ Liactsag

122

¥ McGill CRCT ™

ontreal
2014



Phase Diagram
Dhase Diagara E =

File Units Parameters “ariables Help
02 g TIC) Platm) Energyld) Mass(g] Vallire) me® SiIO 2

Components [2)

[ fgram] (Ca0)0.017632(5I020.016643 | + AR203 |

FProducts 1 " 1
Salution spegies

Compound species Cuztam Solutions

|| o i a = | + || Base-Phase | Full Name

| ] 1] | FToxid-SLAG ASlag-hg all oxides + S

[ pure liquids 0 | FTowid-Mel_A Abonaoxide

[+ pure solids 30 + FT omid-cPyré AClnopyraxens Al O

v FTD:-:I!j-ME.'L Melll_lte Pseudanyms Cao 23

FTorid-bull tuillite .
species: e apply [ List ...
[ include malar volumes
Targel le ] [ L[] [l
| - Tt sl 3 ¥ Show & &l selected T bles: (Ca0)0.017832(5i02)0.016643-A1203 T(C) vs composition #1.
+- selegted 1 .
SRECIES. - Select WYariables T and P
zolutions: ¥ .
compositions Temperature Preszure or Yolume
Variahles Phase & 1) -amiz - { Platm] |conztant -
[ T [ 1ooeeos | | | | 1y & | leatotel ~ [0] - Mg 1800  logP
T [ o || | | 3 VAN i [1000 - Vil
[TIC] ws T00&Z03L+AI203] - L=[Ca0)0.f1 7E32(5i0210.016643 | Ysteps: © logy
thepx:
FactSage B.3

* Compositions [mass]
[L=[Cab0.017832(5i02)0.01 6643 |

L + [100 |ago3 |Heads v
(Ca0)0.017832(Si02)0.016643 " e [T ]

_________ O v
1 1

" 56.0774 (g/mol) _ 60.0843 (g/mol)
Liactsag 123 T McGill CRCT "oz




Phase Diagram

CaO - SiO, - Al,O,
mass (Ca0-SiO,)/(Ca0+SiO,+Al,0,) =0

Gactig'

)
/

ASlag-liq y

/

ASlag-liq + AlL,O5(s4)

/

/
}E/Iag-liq +C

aA&m(s)
)

1480 |
ASlag{iq + Ch§i03(52)

4

T(©)

>

1320

\ \ ASlag-li Cz;’ 10
NZa
RN

1160

100

1000
40 60

mass 100AJ0,/(CaO+SiO,+Al,0,)

20

Exercise SiO,

1.

2:1

CaO Al,O4

80

Exercise SiO,

2.
1:2

CaOo Al, O

ontreal
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Phase Diagram

F Menu - Phase Diagram:

Quaternary diagram: iso-composition section

F Variables:

Me0-Ca0-5i02-A1203 composition #1. vs composition #1.
Tand P

composzitian Temperature Prezsure
lag Ofa] E & T constant & Platm] constant -
ATl [0 ] © logP

[ i

File Units Parameters Variables Help Varnables
=31 = TIC) Platm] Enerqul] Massial Valllire] m = m - .
Components [4) b

A
[ (oram) Mg + Cal + Si02 + &203 | i ol
B C
Products Y steps
Compound species S olution zpecies Cusztom Solutions b
[ gas & - 1] = | + | Base-Phase | Full Hame Xsteps:
= 1] | | FToxid-SLAGA A5lag-ig
[ pure liquids 0 + | FToxid-SPINA ASpinel 1 C i
= [+ pure golids 71 | B
v suppress duplicates apply 1 N!go Cao SI02 AIQOS
- custom selection 1 1600°C, mass ALO/{(MyO+Ca0+Si0y,) = 0.1
IpECies: 1 |
Target I
Legend
I— | - i
+ - zele
Yar
kgl Ca
n1 n

ASlag-lig + AMonoxide |

o

i
ik

|

i __.T_::r:x e
J
|

Ca0

tions AMgO+Ca0+Si0,)

Ladl T Il

jons [mass]
|Mad + [ Jcs0 + [[_ sz« [0 Japos

F 1. Show Besults
File Edit

This is NOT 10% Al203 section !!
o |

Mgl s (Mg0+Cal+3i02) (gfg) = 0.

w

FactSage &.3

TL{E) = 1873.15, PLibar) =
{gram) Mg0 + Cal + Zioz 4

1.0000 gram ASlag-lig#l
(1.0000 gram, 1.7787E-0ZF mol)

- 418000, 1 atm, - - - -a=1.0000)
| { 9.0309 wko% ALZOZ
CFTEEIETS T T WEIY BIOT T

+ 19,463 we.% Cal

+ 18.772 wk. % Mgl

125
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Phase Diagram

How to calculate 10% section exactly ? — —
C&O+MgO+SI02 = 1.0 (100%), A|203 ShOUId be 10% Ya\"l‘:f campozition Taerl:ﬂperature
CaO+MgO+SiO2 = 1.0, Al203 = x ><

Iy

gl [0 ] & 1) comstant v

X/(1+X) = 0.1 (:10%) BAGE RTIn{a) E

X= 0.11111 Ysteps:
So, if we give Al203 = 0.11111 - AI203 = 10% xaepsi] M|

Compositions [mass)

[0 IMgn + [0 Jcao + [0 sz + 1

[ IMao + i Jcan + I sz + [0

|apoz

\ MgO - CaO - SiO, - Al,O;
\ nmnfs ' T fiMgO+Ca0+5i0,) = 0.11111

. 1) Equilib calculation mode 40

Compogition #

Wﬂ mas = 4

Cancel

= 0.3115

mzss MgO/ (MgO+Cal+51i02)

= 0.184,

mass Cal/ (MgO+Cal+51i02)

lgram) Mgl + Calet™SIilz™ &lics =
e N

F Variables: Mg0-Ca0-5i02-Al203 composition #1. vs composition #1.

Prassure

* Platm]
" logP

| tiz03

constant ¥

. X 1.0000  “gram ASlag-ligel N\
2) Clickhere ] “osfmvtsn= o
. ( 59338 we.% 21203
/ \ Q '\ reas msse ) = 10% Al203
e N | s s .
y y Vs om0 This is 10% Al203 section !

Sfo oE 0E a7 05 os }_ff&le fraction of sublaglice C?l’.
2 nass fractions /M gi Sea__~- < ;i;zi;
ca 0.24842
Mg 0.22083
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Phase Diagram

Quaternary system: CaO-Ca2SiO4-MgAl204

F Variables: Mgal204-CaZS5i04-Cal composition #1. yvs composition #1. E

F Menu - Phase Diagram: last system

File Units Parameters Mariables Help Variables T and P
0Ol= E TIC] Platm] Energul)] Mazz(g) Wolllite] W B ETS compositions |:| Temperature Pressure or Yolume
- + Platm] |constant -
Components [3) T constant
[ (arom Mgilz0d o508 + a0 | g0 ~| [0] C logP
aram +  CalSi + Ca _
Wllitre)
Products " log ¥
Compound species Solution species Cusgtom Salutions
[ gas & . ] = | + | Base-Phase | Full Hame -
= 0 + FSstel-LIGU LiguiD Compositions [mass
[ pure liquids ] + FSstel-FCCT FCC_AT |_=M 1204 M=[I:a28i;4
[+ pure solids + | FSstebBCCT BCC_A2 L« 8 M « I Jca
[V suppress duplicates|: * FSstelHCPT HCP_A3 Pzeudongms . =
* - custom selection + FSstel-LaY1 LAVES_C14 . Lt l:l Lo+ Mo+ Cad
species; 70 + | FSstelay3 LAVES_C15 apply B
* Egs:ell-glc-gg BSLNl L [ inclide molar wolime:
+ e H [ C-Comer ]
Targel Legerd MgALO, - CaO - Ca,SiO, [ Jea0 [ |
|- mmiscitle 5 W Show @ al 1600°C Gbcl:Sage" [ can
+-selected 16 species: MaAlO
solubians: gAal,U,
e
Yariables =
1
TiC) | L/[L+t+Ca0) | M[L+M-+Cal) | | ] Cal
it
[ 1600 [ a1 [ 01 | | )

[& =Mgh?04, B = Cal, C = Ca25i04 - L=Mghl204 M=Ca25i04 |

FactSage 6.3

CaOo

Sio,

MgO
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Phase Diagram

AZ31 1 Sr phase diagram

ﬁ Components - Phase Diagram

= 2 ]

FTlite database

File Edit Units

D|@| +]
1-2

Data Search  Help

(

TIC] Platm] Energul)] Mazs(g] Wolllire)

- e
-~ Components

|MgD.E|EiBS?.ﬁ.ID. 027277 2nl

=~

~
o

Mext >>

il EY- 1R

G’ Variables: Mg0.96897A10.027277Zn0.0037517-5r T(C) vs composition #1.

compozition
logiol) [0 ]

M ake:
- oh the phaze diag
unitz of mass will b
the chemical formulg
compohents remait
values,

TandP
Temperature

VYariables

s
v Pressure
#

¥-anis A
Max

@ T[C) {* Platm)

" logP

&
AVRAE [N

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

Cancel

conztant -

Fa

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

‘ Liactsag
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Phase Diagram

Mg 0.96897A|0.027277zn0.0037517 - Sr ;
G’actSage
700 T T T T T T T
Liquid
560 Liquid + HCP_A3 -
uid + HCP_A3 + Laves_C1
420 + P_A3 + Laves_C15 + Mg,4Sr,(s)
O
= HCP_A3 + Al,Sr(s) \
Laves C15
280 N -
HCP_A3 + Laves_C15 + Al,Sr(s)
140 s
.
MgZn + HCP_A3 + Gamma + AI4Sr(s)\ HCP_A3 + Al,Sr(s) + Laves_C15 + SrZn,(s
0 . 1 . 1 . 1 . 1 .
0 0.01 0.02 0.03 0.04 0.05

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

AZ31 71 Sri Ca isothermal section

ﬁ' Menu - Phase Diagram: Complex phase diagram calculation in multicomponent system : AZ3- ... | =

!

0| =

Components [3]

TIC] Platm] Enerayll] Mass(g] Yolllitre]

mo e

[grarn) Mal.96837AI0. 02727 77n0.0037517 +

Sr+ Ca|

Products
Compound species

Solution species

Custan Solutions

-

[CaflL+5rCa) vs SrAL+5r+Ca) - L=hg0.95837AI0.0272772n0.0037517 |

FactSage 6.1 c:hFactSagehln-Ho\PhasEx11.DAT

[C gas ¥ & 0 = | + | Base-Phase | Full Mame - 0 fived activities
[ aqueous 0 T FlhteLiqu Liquid g 'det_a'.ts”'umff;?. r
[ pure liquids ] | FTlite FCL FCC AT activity coefficien
[+ pure solids 64 | FTlite-HCP HCP_&3 —
i | FTlite-BCC BCC_AZ Peeud
| FTieLC14 Laves_C14 = °|”_Pms
species: B4 | | FThite-LC15 Laves_C15 ol 10|
Target | FTlite-LC364 Alaves C36 j [ include molar
. . L d ;
nnnet I-eigrlner:iscible g W Show (* all " selected | Total Species m:
Estimate Tik]; 1000 . . Total 5 olutions [r
+ - zelected 10 g - 146
) PECIE: Select
Mazs(g): |0 solutions: 26 4 Defau
VYariables Phasze Diagr
| TIC) | swiLsetal | Cadl+Sica) | | | v
| 300 | oonz | nooz | | >

Variables

(v
L
b

compozition

log10[a)

Tand P
Temperature

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

constant -

Y steps:

A

VAN
E C

RTlInla]

 steps:

Compositionz [mass])

o]
o]

& Tig)

[L=bg0.95897410.027 27 72n0.003751 7 |

0 L 1
gy L v |

|Sr +

|0

H-ais -

L + |'|

|Sr +

|1

|Sr +

[

- = [0.03 [max]

-awis -

|Sr +

[

- = |0.03 [max]

Cancel

)

Pressure

constant -

" Platm]
" logP

Liactsag
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Phase Diagram

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_AS3

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

Laves_C15 + HCP_A3 + Mg ,Sr,(s)

0.006 0.012

0.018 0.024 0.03

mMass Sr/(Mg).96897A\I 0.02727'Zn0.0037517+8r+ca)

A
=
[0 g )
o
oQ
D

™
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Phase Diagram

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

& Menu - Phase Diagram: Complex phase diagram calculation in multicomponent system : Mg—f-\l...ldl]

— ,, — i GP Variables: Mg-Al-Zn-5r compesition #1. vs composition #1. |

0| = H TIC] Platm] Energpl)] Maszs(a) Volllite]
Components (4] VYariablesz Tand P
S —
[ lgaml Ma + Als Zn+ o] v compozition . Temperature Pressure
o laq10ia IE congtant v congtant v
Products 2 2 [ ] fe! TIC) fe! Flatrn]
Compound species Solution species i IE ~
[ I e o A R -
[T aqueous 1] | FTlite-Liqu Ligquid B C
[ pure liquids il | FTlite-FCC FCC_A1 -
[+ pure solids 43 | FTlite-HCF HCP_A3 T steps.
i | | FTite-BCC BCC_A2  steps: E
| FTlite-LC14 Laves C14 -
pecies 43 | FTlite-LC15 Lawez_C15
Tems: | FTlite-LC3IEA ."'-\'\LBVBS_E:BE ﬂ Eumpusitiw hm]

- none -

Estimate T(K]: |00

Legend
| - immizcible 7
+-zelected 8

v Show ™ al  selected

/

é-

O EH+D5,

—

sio: [N ahioes 15 [5%e
Yaniables
| TI[C) | Mg/ [Mg+al+Zn) | Al Mg+AHZn) | Sr/Mg+al+Zn) |
[ 500 [ 01 [ 01 | oolmim |
FactSage B.1 chFactSagein-HoWPhazEx12-1.DAT

= e e 2Lompositiop =

Iﬁﬂ max = 4

Cancel

~
-
[0 a0z e s { AL ]

For the triangle phase diagram of more than 4 component system, special care is
needed to set correct composition.
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Phase Diagram

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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Phase Diagram

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] | L ‘ |
Components [4) & Variables: Mg-Al-Zn-5r composition #2. vs composition #1. L 2E

[ igram) Mg+ Al+ Zn+ Si |
Products
Compound species Solution species Custom Sol
B gas & 9] 0 *| + | Base-Phase |  FullName = 0 fived ac
[T aqueous i | FTlite-Liqu Liquid g ideal sl
[ pure liquids 0 | | FTiteFCC FOC_AT =D
[+ pure salids 43 | FTlite-HCP HCP_&3
F | FTlte-BCC BCC_A2 Pseud
| FTielCl4 Laves_C14 sEu °£m
species: 43 | FTiteLC15 Laves_C15 aply ||
Tem : ll FTlite-LC3RA Alaves 36 ﬂ [ include m
Ry I-eiﬁ-?r:iscible 7 W Show ™ all " selected | Iotal Species|
Estimate T(K]: | 1CO0 Tatal Solution,
+-selected 8 species: 118 I—
Masslg) | solutions: 22 % Def
VYanables Phase Dia
TIC) |AIH[Mg+AI+Zn+Sr]| Zn? |Srf[Mg+A|+Zn+Sr]I

TN

500 [ ool [
[Zr/Mo+ril+ZreSn) ve AlYMo+bl+Zn+5i]

FactSage 6.1 c\FactSagetln-Ho\PhasExR12-2 DAT

00.05 [ 0o [

Yanables

o
L
b

composzition
logitia [0 ]
o]

RTIn(a)

Y stepa:
¥ steps;

Compositions [mass)

T and P

Temperature Pressure

constant

constant

 T[C) ¥ Platm)

" logP

H-amiz

[ Mg « 1

yp Mo

0.1 [max)
0 [rnin]

-amiz

[ Imo

0.05 [rnax]
0 [rnir)

constant

T
Mg
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Phase Diagram

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

0.05 . : ,

0.04 4
(,/): Liquid + HCP_A3
+
N
+ 0.03 |
<
+
— /
= / Liquid + HCP_A3 + Al,Sr(s)
g 0.02 y i
%)
N
@©
S

0.01 -

i HCP_A3 + Al,Sr(s)
H(
0 | L ] . ] . ] .
0.04 0.06 0.08 0.1
mass Al/(Mg+Al+Zn+Sr)
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Phase Diagram

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

ﬁ' Menu - Phase Diagram: Projection calculation (Liquidus projection): Mg-Al-Zn

O = E T[C] Platm] Energuld] kaszz(g] Volllitre)
Components [3]
| [gram] Mg+ Al+ Zn |
Products -
Compound species Loltion speci@
[C ga: & @ 0 l = | + | Base\Phase | Full Hame  «
[T aquecus 0 0 FTIif—Liqu Liquid
[ pure liquids 0| N | | BliefCC FCE_A
[+ pure salids 2 N = FTite-HCF HCP_43
v | FTlite-BCC BCC_AZ2
| FTlite-LC14 Laves_C14
FpECies: 28 | FTlite-LC1S Laves C15
Target ) CI| FTlite-LC3R4 Alaves C36 ﬂ
“nans - I-lai?ner:iscible 7 [ Show ™ al  zelected
Estimate T(K): [1000
+-gelected 8 species: 95
Mass(gl: |0 solutions: 22 %
Yariables
| TIC) | Ma/Mgralzn) | AliMg+tlezn) | | |
| Projection | 01 [ 01 |
A=Mg,B=2n,C=Al
FactSage 6.1 c\FactSagehn-HoWPhasEx7 DAT

Cuztom S olutions

0 fired activities
0 ideal solutions

0 activity coefficients

Pzeudonyms

apply [ List ...

[ include molar volumes

Total Species [max 1500] 1
Total Solutions [max 40

- —
# Detault

Phase Diagram

N

A W univariants

¥ izotherms

- L Calculat
Proie&tion Y

=

Step: interval of isothermal
temperature liquidus lines

AO0 option f
(Liquid in most of cases)

or

t he

t

‘ Liactsag

Gl Variables: Mg-Al-Zn composition £1, vs composition £1.

Yariables
i
v

=

A
VAN
B C
' stepa;
* steps;

compozition

log10[a)

RTIn(a]

Compositions [mass]

1 |Mg

#1.

T and P
Temperature / \

& 10 / projection *

aH - calculated

Fressure

]
]

* P[atm)

lﬁ log P

|0~
thermal |n - calculated

zections
M
[~ define min andYeaxdeatHEms

isothermnal sections every 100 C

[ ug

.4

LT

= 1 [max]

#3.
Mg

= 1 [max]

Cancel

constant  *
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Phase Diagram

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) C
0.35365 0.18471 0.46164 467.78
0.04094 0.37786 0.58120 447.57
0.04248 0.36009 0.59743 446.26
0.33110 0.60810 0.06080 428.12
0.16296 0.66052 0.17652 385.07
0.16267 0.69979 0.13755 364.35
0.80148 0.07683 0.12168 360.17
0.25899 0.69007 0.05094 353.59
0.85034 0.05789 0.09177 347.54
0.28328 0.71522 0.00150 345.23

o

0.23357 0.70211 0.06432 342.67 I
0.24168 0.70263 0.05570 340.89 N "
ON

Al - Mg - Zn
Data from FTlite - FACT light alloy databases &ctSagem

Zn

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

- Mg2Zn11

Univariant line
(phase boundary)

BN

Isotherms
(liquidus)

Lo

FCC_A1l 3~

&9

Gamma
e N\ v oo BetaPAIMa e v

0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 Q I

mole fraction
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FactSage Advanced in Equilib
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J option (3 possible miscibility gaps): Fe-Nb-Ti-C-N system

FSstel database:
solid and liquid steel phases

oy,

i B

AJo option is needed for a phase which h
Most well known example is Fe FCC phase in steel with (Ti,Nb)(C,N) phase formation.
Since Ti(C,N) and Nb(C,N) have FCC cyrstal structure, we describe both FCC metallic
phase and carbonitride phase using the same FCC phase model. Thus, in order to do
proper calculations, J option should be applied to FCC phase in this case.
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