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Phase Diagram Calculations in FactSage

We have already shown in the FactSage Overview that there are three modules
which are available in FactSage 7.3 for the calculation of phase diagrams:

v" Predom Module.

v" Phase Diagram Module.

In MSE302, since our focus is mainly on the non-aqueous system, the EpH
module will not be discussed. However, you should be aware that in fields of
electrochemistry and hydrometallurgy, the EpH module has found wide
applications.
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Phase Diagram Calculations in FactSage

Predom Module and Phase Diagram Module
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Predom Module



Predominance Diagram

The predominance diagrams are a particularly simple type of phase diagram
that have many applications in the fields of hot corrosion, chemical vapor
deposition, etc.

Let us discuss the construction of a predominance diagram using the Cu-S0,-0,
system.

Pelton, Phase Diagrams and Thermodynamic Modeling of Solutions, 2019 (Chapter 2.4.3) 6
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Predominance Diagram: Theoretical Basis

Predominance Diagram of the Cu-S0,-0, System at 700 °C

log419p(SO;3) (bar)

Cu,S

700°C

_4:."'. ..... [P PP 1S M I B

1 | Areas: domains of stability of
:7 various solid compounds of
7 | Cu, Sand O.

Lines (univariant): coexistence of
two solid phases (in equilibrium)

Pelton, Phase Diagrams and Thermodynamic Modeling of Solutions, 2019 (Chapter 2.4.3)

Triple (Invariant) Points: coexistence
of three solid phases (in equilibrium).

-20 -18 -16 -14 12 -10 -8 -6 2 0
log10p(02) (bar) —‘—I
— | Logarithms of the partial pressures.
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Predominance Diagram: Theoretical Basis

A predominance diagram can be constructed by calculating the lines which
indicate the coexistence of two solid compounds. The detailed procedure has
been discussed by Bale et al.

We formulate a reaction for the formation of each solid phase, always from 1.0

mol of Cu and involving the gaseous species whose pressures are used as the
axes; here, we use SO, and 0O,.

Cu + 0.50, = Cu0O; A,g = A,.g° + RTIn [(Poz)_o'sl
Cu + 0.250, = 0.5Cu0; A,g = A.g° + RTIn|(Po,) |
Cu + S0, = CuS + 0; Ang = A,g° + RTIn [(Po,) " (Pso,) |
Cu + S0, + 0, = CuSO,; Arg = A,g°+ RTIn|(Po,) (Pso,) |

At equilibrium, A,.g = 0, and log(P502)~log(P02) can be calculated.

Bale etal. Can. Metall.Q. 25,107-112 3
Pelton, Phase Diagrams and Thermodynamic Modeling of Solutions, 2019 (Chapter 2.4.3)
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https://www.tandfonline.com/doi/abs/10.1179/cmq.1986.25.2.107

Predominance Diagram: Theoretical Basis

You can repeat the above procedure for the formation of Cu,S, Cu,S0,, and
CUZ SOs
You may note that in some equilibrium equations, there is no Py, or Psq,. This

means that the equilibrium between two solid compounds are independent of
Po, or Psq,, and the lines would be horizontal or vertical.

Also, by reformulating the reaction for the formation of each solid phase, in
terms of, for example, S, and O, rather than SO, and O, a predominance
diagram with logarithms of Ps, and Py, as axes can be constructed.

Pelton, Phase Diagrams and Thermodynamic Modeling of Solutions, 2019 (Chapter 2.4.3) 9
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Predominance Diagram: Theoretical Basis

Application I of Predominance Diagram

Say we introduce a large amount of SO, and O, into a system, the gas mixture
reacts with a small amount of Cu. Because the amount of Cu is small, the change
in the gas composition is negligible. If we adjust Psp, and Pg,, different

products would result. A predominance diagram of Cu-S0,-0, can be used to
study this problem.

Gas in
Constant P, P
( 50,7 Po,) Gas out
Cu
Pelton, Phase Diagrams and Thermodynamic Modeling of Solutions, 2019 (Chapter 2.4.3) 10
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Predominance Diagram: Theoretical Basis

Application II of Predominance Diagram

You may notice from the predominance diagram of the Cu-SO,-0, system, there
is a curve shown by the crosses. Along this curve, the total (hydrostatic)
pressure is 1.0 bar.

We can fix a constant hydrostatic pressure of 1 bar by placing

Iy Weights the system in a cylinder fitted with a piston (left graph). Under
this condition, if the gas phase is present, then the gas phase
Piston consists not only of SO, and O,, but also of other species such
Gas as S,, S, O3, etc. whose equilibrium partial pressures can be
Condensed calculated.
It is noted that when the total (hydrostatic) pressure is
controlled, Psp, and Py, can not be independently varied.
Pelton, Phase Diagrams and Thermodynamic Modeling of Solutions, 2019 (Chapter 2.4.3) 11
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Predominance Diagram: Theoretical Basis

Application II of Predominance Diagram

The cross line is used to study the system'’s equilibria when we have a closed
system and the total (hydrostatic) pressure is controlled. Above the total
pressure line, the total pressure is greater than 1.0 bar even though the sum of
the partial pressures of SO, and O, might be less than 1.0 bar. Caution must
therefore be exercised using such diagrams. If the total pressure is no greater
than 1.0 bar, states above the P45 = 1.0 bar are inaccessible. In other words,
the calculated diagram for a total (hydrostatic) pressure of 1.0 bar terminates at
this line.

Pelton, Phase Diagrams and Thermodynamic Modeling of Solutions, 2019 (Chapter 2.4.3) 12
-
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Predom Module: Cu-S-0O System

The Predom Module allows you to calculate predominance diagrams. These
diagrams are calculated under quite restrictive conditions.

v" Only compound databases are accessed.
v Temperature is fixed (isothermal calculation).

The partial pressures are permitted to vary for non-metallic species, and the
total pressure which is the sum of the partial pressures of all species can also
vary.

Again, before you work on your project, check the Directory!!!

13
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Predom Module: Cu-S-0O System

Database Selection

File Units Data Search Help I

\ & Do j=——| Choose FactPS.

Datalazes - 1/14 compound databases. 0/15 solution databases

SGTE compounds only Private Databases
O 1 eINS solutions only [ EXAM

O O s&Ps no database
OFTsak [ [ S&TE
O FTmise [ [ 5Gsold Clear 4l

[ FThall

O] FTOxCN This might be the default database
O] Flite —— Ofhay el

Ol Fihelg [1ELEM ] SGnobl for examples.
O FTpulp | [1 FTdemo| [ SpMCBN  RefreshDatabases

O TDmeph ————
[ FTlite O FTnucl [ TDnucl

Information - Predom only accesses COMPOUMD databases
Fredom only accesses COMPOUND databazes

—»| The maximum number of Metals is 3.

Options - search For product zpecies

Include compounds ——— Lirnits

[ gazeous ions [plasmas) Organic species CuHy.... X[max] = |2—
Dt 03 aqueous species Minirumn solution components O 1 & 2 cpts

[ limited data compounds [25C) . : P
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Predom Module: Cu-S-0O System

Define Elements: Metals and Non-metals

& Predom
File Units Data Sgarch Help +
0 | = . .
- The maximum number of Metals is 3.
— Elements

f* 1-Metal E=ample ..
= 2-Metal E=ample ..
= 3-Metal E=ample ..

Metals: [Ty~ P Click on “Next” to activate the calculation.

Maon-metals: ||5_ ||:|_ ||_ |
Clear | Mext >>»

The maximum number of Non-

metals is also 3.

15
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Predom Module: Cu-S-0O System

Define List of Species Click on “List” to see all the species that are going to be
& Predom > considered. You could eliminate species from consideration,
File Units DataSearch Help but there is no need to do so - the program effectively does
b= 1K Pl that for us since it displays only the stable species.
Elements T T ardimelers
« 1-Metal Example .. Pressure
" 2-Metal Example .. I £ List- P(atm), T(K) = 973 *

" I-Metal Example ..

Constd File Edit Help

Metals Iﬁ +|Code |A|T]| Species | Data| A/P/M | Cprange | DG[KJ]) | DGKcal) j
Mon-metals: : Cu gases:
s o | TIKE 1 Culg) FactPS 10000E+00 298-G000 210424 50.292
Clear | Mextls > vl | 2 CuZig) FactPS 10000E+00 298-G000 321584  76.856
. 3 Cul(g) FactPS 10000E+00 298-G000 213307 50982
. 4 CuS(al FactPS 10000E+00 298-2000 145562 34790
N |F Cu liguids:
max [ |* 5 Cull FactPS | 1.0000E+00 | 293 - 4000 3617 0,865
1 [+ 8 T Cull] FactPS | 10000E+00 1673-3000  -47.933 |  -11.458
| J min [ |+ 7 Cuz0( FactPS | 10000E+00 298.-2000  75.397 | -18.020
'?l'EF'-'ﬁ . 8 Cuzs) FactPS | 10000E+00 2981500 112883 -27.219
Cu zolids:
Labeld |+ 3 Cufs) FactPS 1.0000E+00  298- 200 0,000 0,000
i & o [+ 10 Culls) FactPS 10000E+00 293-3000 68340 16334
£ 1 Cuz0[) FactPS 10000E+00 298-2000 97527  -23310
L CuS(s) FactPS 1.0000E+00  273-1273 -4BBBE 11684
 nof | . 12 CuS2(s) FactPS 10000E+00 298-1350 36167 8644
Species . 14 Cu?ss) FactPS 10000E+00 298-1500 110635 26442
+ 15 Cu?5(s2) FactPS 10000E+00 298-1500 116747 -27.902
v gaz — Calculat | = ¢ Cu25(s3) FactPS 1.0000E+00 293-9933  -117.217 28016
v liquids £ o dig |, 17 T Cu754() FactPS 10000E+00 293 295 359404  -E5E61
[ o m [FE : i . 1z T Cuds5() FactPS 10000E+00 298- 299 432104 103275
v solids e List ~oaed [+ 19 CuS04() FactPS 10000E+00 298-2000 417786 -89.845
.20 Cu2504(s] FactPS 10000E+00 298-1000 431136 1030856
.2 [Cu)(Cus D4)is) FactPS 10000E+D0 298-1500  -493600 -117.973 v
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Predom Module: Cu-S-0O System

Define Parameters: Pressures and Temperature

& Predom — pod
File Units Data Search Help
L= - TI(K) Platm) Mass(mol) » Total hydrostatic pressure.
— Elements — Parameters
o 1-petal Example .. Fressure
i 2Metal Example .. ’V lzobar: v Flatr): |-|_|:|
= 3-Metal Example .. E—
I — Lonstants > T . 700 oC
b etals: | _ emperature 1S .
= Iﬁ Temperature < I j'
Mon-metals: Ig_ ID_ I_ T |9?3— 002 I—
Clear | Mext >> | —Tr -
T -alE log10[Y] LT log O]
— Metal Mole Fractions : vI : ,I
2-Metal Diagranm T w & w
max 3 max: ([
[I ;I i |4 mir: |20
- step: |q step |4
B ~Labefs anq Display Axes: partial pressures
I— I— @ chemicst |-|2 slze I full zcreen > .
" rumber , of species.
 hone . color v titles
— Species
v gas 15 - Calculate «q: » :
i e & dagram Choose “diagram”. The triple
T aquecuz o m [ . " irrvariant point oints can be calculated b
v zolids 1€ List | " detailed paint p y

choosing “invariant point”.

4 17
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Predom Module: Cu-S-0O System

Define Parameters: Pressures and Temperature

{7 Figure  User: Materials Science, U. of Toronto - O *
File Add Edit VYiew Help
Djldal msle x| S 82 &= <] setected
Cu-S-0, 973 K +

"+" = 1.0 atm P(total} isobar

-l Bor a given total hydrostatic pressure of 1

atm, when Py, is low, Psp, is also low. This is

because that Pg, is high. As Py, increases, S,

cus,(s) wsos| is gradually converted to SO, and the

Cu,S(s.)

condensed phases go from a sulfide to oxide,

I AR AR R Al 1 T R Frata g,

o 4 T

log(P(S0,)) (atm)

and to sulfate.

Cufs}

You are suggested to perform the calculations

-4 1 1 1 1 1 1 1 1 1 1 1 1
=20 1% 18 A7 18 15 14 43 12 11 10 -5 -2

e @Oy e | AT other temperatures and use the Figure
< Module to impose these diagrams (See the

FactSage 7.3 22 449 X =-21.481481 ¥ = -3.9461538

Supplementary material). 18
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Predom Module: Cr-C-0O System

The second example we will look at is the Cr-C-0 system at 1800 K.

{? Predom — -
File Units Data Search Help
D= 6 T(K) Platm] Mass{mal]
Elements Parameters
v 1-Metal Example .. Pressure
" 2-Metal Example .. lsabar v Flatml: 1.0
i JMetal Example ..
Congtants
P etals: : l—_|
IF Temperature <
Nommetals: [c Jo [ TIKE [1500 leal 02} [T
Clear e ==
r'-awiz log 107 gz log 1 0<)
Y |alClz]) - o |PIO2) -
max: |4 max: [1
| J mir: [.5 mir: {20
step: 4 step 4

Labelz and Dizplay

Here, the maximum carbon activity is set as 10. In _ i:l':'een

reality, the carbon activity cannot exceed unity. The

program permits one to calculate the diagram under

the conditions that cannot be achieved in practice. Calculate >> |

However, we should never use ridiculously high

values for activities and partial pressures. 19
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Predom Module: Cr-C-0O System

The second example we will look at is the Cr-C-0 system at 1800 K.

A3 Figure  User: Materials Science, U. of Toronto - O X
File Add Edit Wiew Help

Digldol bl slalx | S &= o x| HEMx] seec |
Cr-C-0, 1800 K [

'+ = 1.0 atm Pi{total) isabar

1 T T -

N\

T T T T T / T T T T T T T T
*, N\CrC.s) CHCOTE]
e ]
+
+
n
+
+

L Along the curve of the total hydrostatic pressure of 1 atm, as
1 +++ . . . . .
; ; . | Po , increases, the carbon activity is dropping because of an
S . increasing amount of CO, in the gas phase (consider: C +
& 2 ’
3 CO, = CO).

|1 |

At low P, the main gas species is CO. It is therefore

Wf interesting to choose P as the Y-axis.
Cr(s)
'5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2019 18 17 16 15 14 13 12 11 10 9 -8 T -6 5 -4 2 2 -1 0 1
logy,(P(0,)) (atm) B
< >
FactSage 7.3 8 395 K = -22.133333 Y = -3.2593407 C\FactSage\Predom.FIG
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Predom Module: Cr-C-0O System

The second example we will look at is the Cr-C-0 system at 1800 K.

& Predom — -
File Units Data Search Help
0| =| & TIK] Platm] Mass{mol]
—Elements —Parameters
i+ 1-etal Example .. — Pressure
i 2Metal Example .. lsobar, W Flatr): |-|_|:|
= 3Metal Example ..
— Constants
M etals: I :
Cr Temperature < I j"
Mon-etals: ||: ||:| I TiK: [1a00 log1 0Z]: I—
Clear | Mext > | Y v
r-awis log 1 0] H-auis log 10
—Metal Mole Fractions v |P[CO] ,I = |PI02) ,“
2-Metal Diagram - Sl
max |4 max: [1
|V| LI mir: |40 i {20
: step: 4 shep: 1
Szl Ui v — Labelz and Display
I ﬁ l:her;u:al |-|2 gize [ full screen
C nmber
Choose Pq as the Y-axis. | - e W oo ot
—Species |
v gas 1€ Calculate
v liquids > i diagram
T aqueous 0 m |1_|:| : " irvvariant point
v zolids 15 List | ™ detailed point

21
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Predom Module: Cr-C-0O System

The second example we will look at is the Cr-C-0 system at 1800 K.

Q Figure  User: Materials Science, L. of Toronto = O X
File Add Edit View Help

D@ o] Bl 4@ X | 2| &[5 & x|l seectd |

Cr-C-0, 1800 K 4
e = Atlow Py, P is close to unity.
0 _++++'Eﬁéisﬁ+++++ +++H4++ +++++++++++++++++
4 +++#+
_ Cr,.C(s) *4
L ? Cr,0.(s) J‘F++++
= -4
a Cro, (%)
g \
g 6
St It is also noted, along the curve of the total pressure of 1 atm, as Py, is
sk cris) reduced, Cr,05 is reduced to carbide, but not metallic Cr. This reveals
of that we cannot hope to make pure Cr metal by carbothermic reduction.
=10 I I 1 I I I I I I I 1 I I | 1 J
20 19 18 17 -16 15 -14 -13 12 11 10 -9 -8 7 6 -5 -4 -3 2 1 0 1
log;((P(0,)) (atm)
FactSage 7.3 289 589 K =-12766667 Y = -11.498501 C\FactSage\Predom.FIG

22
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Phase Diagram Module

Phase diagrams are a graphical representation of phase equilibria, showing
the phases at equilibrium with respect to temperature, pressure, etc. We have
already shown various types of phase diagrams for systems containing
stoichiometric compounds as well as solution phases in lectures. For binary
systems, the most common type is T~Xg diagram.

The Phase Diagram Module is a very powerful module and is superior to the

Predom Module in many ways. However, it takes a lot of care to use it correctly.
The general rules of constructing single-valued phase diagrams is thoroughly
discussed by Pelton.

Like the Equilib Module, selection of databases, especially, solution database, and
selection of the phases that may exist at equilibrium are quite challenging for
high-order systems. Always consult the Documentation Module!!!

Pelton, Phase Diagrams and Thermodynamic Modeling of Solutions, 2019 (Chapter 7.5) 24
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Phase Diagram Module: H,0

Let us start with a simple example: unary phase diagram of H, 0. We would like
to know how the equilibrium between water vapor, liquid water and ice is
shifted when the system’s pressure and temperature are varied.

We would like to plot a diagram that is the similar to the graph below.

Temperature
0K 50K 100K 150K 200K 250K 300K 350K 400K 450K 500K 550K 600K 850K

1TPa 10Mbear
X| (hexégonal)

100 GPa 100 K, 62 GPa x i i 1 Mbar

Vill \ VIl
10 GPa @) V 100 kbar

\ 278 K, 2.1 GPa

355.00 K, 2.216 GPa
1GPa 218 K, 620 MPa V 10 kbar
XV I l t 72.99 K, 632.4 MPa

K, 344.3 MPa 0@ 256.164 K, 350.1 MPa s
3385 K, 212.9 MPa | \231.185 K, 209.9 MRa Critical point

100 MPa 7.096 K| 1 kbar
T =SS (373.946 °C),
Solid i Liquid e
10MPa 7 100 ber
o
5 Xl lcf ! I
g 1upa c ! h NTP 10bar
2 ' STP|: 29315k
a (ortho- 1 273115 K (0 4 20 °(
rhombic) ! 100 kPa 01,325 kPa
10kPa Freeziry pointat 1 atm | Boiling point at 1fatm o
273.15 Jf (0 £ C), 101.325 kPa : 373,15 K (100 °C), 1014825 kPa
10kPa i 100 mbar
1
i
1kPa 10mbar
Solid/Liquid/Vapour triple poii
273.16 K (0.01 °C), 611.657 Pa
100 Pa 1 mbar
Vappur
10Pa 100 poar
1Pa / 10 pber

250°C 200°C 450°C -10°C -50°C 0°C 50°C 100°C 150°C 200°C 250°C 300°C 350°C
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https://en.wikipedia.org/wiki/Ice

Phase Diagram Module: H,0

Components Window: Define Components

{? Phase Diagram - Components x
|Fi|e Edit Units Data Search Data Evaluation Help
0 EI il TIC) Platm] Energyl)] Qué —

Don't forget to check your Directory.

Components
[[H20 |

—»| We are plotting single-component phase diagram: H,0

||7 clazzical phasze diagram [default]

| aqueaus diagram with malalbes, and izo-Ek & izo-pH lines
[ reciprocal diagram with 2 cations and 2 aniohs

[ Scheil-Guliver constituent diagram

FactSage 7.3 Compound: | 1/14 databazes Solutiorn: | 0415 databazes A

26
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Phase Diagram Module: H,0

Components Window: Choose Units

& Phase Diagram - Components —
File ek Data Search  Data Evaluation Help Left CliCk

Oa + T(C) Platm) Energyld) Guantityimol] Vollire] | WS ™ 7|

|
{? Units: T(C), P(atm], Energy()], Quantity(mol), Vol(litre) bt
Temperature Freszure Energy—- — Walure
© Kelvin, K ™ bar (O % Jlitre [dm3)
& Celsius, °C & atm & cal [ ]
" Fahrenheit, *F " psi " B Walurme
" Pa " kwh units are
— > ® 7 8 s ?:;s?;}lre
i uhits, 4_
Energy:
1407 = 1/4.184 cal = 1/1055_0& BTU = 1/3.6e€ kuwh
4.134 J = 1 cal = 4_124/1055.0c BIU = 4_1384/3 _¢€ec kwh
1055.0&6J = 1055.0&/4.184 cal = 1 BTU = 1055.0&/3.€ec kwh
3.e0eg J = 2. €0ec/4.1284 cal = 32 _€eg,/1l055.0& BTU = 1 kwh

Cancel

d

Eng

™ L = } oA P UiaygranT [UETaum |

[T agueous diagram with molalities, and iso-Eh & izo-pH lines
[ reciprocal diagram with 2 cations and 2 anionz

[T Scheil-Guliver constituent diagram

FactSage 7.3 Compound: | 1414 databaszes Solution: | 0415 databazes v
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Phase Diagram Module: H,0

Components Window: Choose Database(s)

File Edit Units IDataSearchI Data Evaluation  Help
[ || 43 Data Search >

Databaszes - 1/14 compound databases. 0/15 solution databaszes

ISG TE compounds only Pﬁvata Batabases
O eius solutions anly [] EXAM

F O sGPs no databaze
[ SGTE

[ SGsold Clear Al

0#!8!’ Add/Remove Data

[ ELEM [ SGrobl

[0 FTdemo [ SpMCBN  RefreshDatabases

[ TDmeph
[ FTnucl [ TDnucl

OO000000O0

O

Information -

We are considering the equilibrium between water vapor, liquid water and ice.
Therefore, only FactPS is required.

Options - search for product species
Include compounds ——— Lirnits

] gaseous ions [plazmaz) Organic species CuHy..., X[max] = |2_

Default O :
aguenus species L )
. il Iuat [ 2 cpt:
] limited data compounds [25C) irimum solution components O 1 & 2 cpts

28
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Phase Diagram Module: H,0

Menu Window: Choose Products/Phases (Compounds and Solution Phases)

G Phase Diagrarn { Menu: Jast system — >
File Units Parameters Variable {? Selection - Phase Diagram - no results - G Selection - Phase Diagram - no results -
D& File Edit Show Sort File Edit Show Sort
Components [1]
Celected: 1/9 GAS |SE|ECtEI:| 1!"2' |L|QU|D |
| | - ng
+ | Code | Species | D ata | Phasze - [C.c ] Species IR N
—— — p = 0 HOOHig) FactPS liquid
Compound species xfm“mm:Hzm] FactPS gaz - L ) foote
3 ] FactPS | gas . .
[+ gas & ideal " real 1 1 I:I[EE[I]Q] FactPS Eas ‘j’ Selection - Phase Diagram - no results -
[ aqueous 0 5 D3g) FaclPS | gas File Edit Show Sort
* [+ pure liquids 1 E  OHg) FactPS  gas
[« pure solids 1 . 7 H20(g] FaclPS  Steam [Selected: 141] (500D |
" e el a HOO[g) FactP5  gas | -
peCies 3 9 HOOH([g) FactPS | gas + |l:ude| Species | Data | Phase
+ 12 iH20[%) FactPS lce

paraeguilionum mi 2di

Target
- HohE -

comse el | We need to tell FactSage which phases should be considered before
performing equilibrium calculations. Then FactSage will only retrieve the

|variathr[:Es] models of the selected phases from the chosen database, and then
@ | 2| perform the minimization of Gibbs energy under the conditions that will
[egioFfam) v 7iC)] | be specified later.

Factgage 7.3 Choose H,0(g), H,0(l) and H,0(s).
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Phase Diagram Module: H,0

Menu Window: Choose Variables

Ex’ Phase Diagram - Menu: last system

We are calculating log(P) ~T phase diagram.

File Units Parameters | Variables | Help
Ol = E TIC) Flatm] Energyl)] Quantityimol] Yolllitre] el | (W el |

Components [1] _ Temperature range.
{‘;l’ Varigbles: H2O log10 Platm) vs T(C) p 4

T and P

Products compositions EI Temperature Prezzure or Vaolume

Campaound species Sal v & 100 w-anis - " Platm)] |Y-axis -
3 b lng10(z) ~| |0
7~ ||log1dla
T J5c [lestoe =] ]
&

Max |300 ¢ logP Max
- Mir (i) Min

] C " logy P =1.0000E-03 to 100
=7 steps

Pressure range. We are using

* [+ gas (* ideal (™ real

1

~
[T aqueous d
1
1

* [+ pure liquids
[+ pure solids

* - custom zelection
TpECies: 3

Target
- Nane -

Estimate Tk | 1000 the logarithm scale.
Left click

¥Yanables
| TIC) | log P |

S 3z [|

[log10 Platm] vs T(C]|

FactSage 7.3
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Phase Diagram Module: H,0

Results

Q Figure  User: Materials Science, U. of Toronto

- m| *
File Add Edit View Help
¥ g H.O =]
W 2
- thtﬁage“
’E T T T T T T
]
— L
T
T
B -
F)
‘%‘ H,O
g : Triple point (please read the coordinates).
gas_ideal
gas_ideal |
_ -20 3I0 SIU 1;0 12;0 250 25;0 b
T(C) =l
< | >
FactSage 7.3 243 473 ¥ = 58.696296 Y = -2.057377 |gas_idea| C\Fact5age\Equilib.fig 4

Sustainable Materials Processing Lab
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Phase Diagram Module: Fe-Cr System

The second example guides you through the calculation of the T~Xy diagrams
for binary alloy system.

Say we would like to calculate the Fe-Cr phase diagram. We are aware that in this
system, both stoichiometric compounds and solution phases could exist.
Therefore, we need to determine which database(s) should be used. To do this,
we could either use the search function in the Documentation Module, or use
the View Data Module.
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Phase Diagram Module: Fe-Cr System

Search the Fe-Cr system in the Documentation Module.

G’ Search Results - FactSage Browser - [search_results.htm] — O X
File View About..
@|®|@| & | @| (3| IE Search phase diagramd:|Fe Cil )D + Lzt contain ; Found: 1311

|.1_-E“| [FToxid] - FACT oxide database: ~
:| lq_‘g [FTzalt] - FACT =alt database: . ~
:I |.1_‘_“| [FTmisc] - FACT sulfide, alloy, miscellaneous databases: Sea rCh I'ESU":S for' Fe Cr
:| lq_‘j [FTOxCN] - FACT high-T oxycarbonitride database:
:I I.a_‘_“| [FTirtz] - FACT fertilizer databaze: List of Phase Diagrams:
:| {1 [FThall] - FACT database for Hall aluminum process: &
:I I.a_E“| [FThelg] - FACT aguecus (Helgeson) database: Cr-Fe-N:| 5GTE2017 |
:| lq_‘g [FTpulp] - FACT pulp and paper database: -&]—Q‘-Cr -Fe -N:| SGTE2017 |
g I.q_E“| {Elrte] : F?E‘é_f\l—ﬂlh;ly azdt”tg) ﬂlltl:‘ d:;abasels st ,ﬁl_b,lcr -Fe-N:| SGTE2017 |

= [FTnuc nuclear database for the nuclear indus

_____ h‘j i Acr . Fe . N - | SGTE2017 |
:| [ [FScopp] - FactSage copper alloy database: @Cr -Fe : | BINARY | FScopp | FSstel | FTlite |
:I I.a_E“| [FSlead] - FactSage lead alloy database: SGTE2011 | SGTE2014 | SGTE2017 | TDnucl |
:| lq_‘g [FSstell - FactSage steel alloy database: SpMCBN |
:I Iq_‘_“| [FSupsi] - FactSage ultrapure silicon database: ENCr _Fe oW - | SGTE2014 |
:I I.a_‘_“| [SG=old] - SGTE zolder alloy database: ﬁcr -Fe - W | pemmmas . .
203 [SGTE] - SGTE 2011 aloy database: cr-re-W:11 These pre-made phase diagrams using the
:I I.a_E“| [SGTE] - SGTE 2014 alley database: -&-Cr -Fe-W:|
:| lq_‘g [SGTE] - SGTE 2017 alloy database: . : :
B e ﬁze : ;w i E : databases listed here are provided by FactSage

—| [3GUMN] - 3GTE unary database: r-re-W:
Acr re w- (| developers. You can choose one of them (ONLY
El‘i]ﬁ [5Gnobl - 3Gnobl noble metal alloy databaze: ﬁ/—Q\Cr Fe-V:|§ .
+- I.a_l_“| [SpMCBN] - Spencer Group carbide-nitride-boride-silicide systems A T ] One) to Calculate the Fe-cr phase dlagram
:| lq_‘j [TDmeph] - MEPHISTA database for new generation nuclear fuels: &Cr -Fe-V:|§

. )
i3 [TDnue] - NUCLEA nuclear database: &Cr-FE -v:14y However, we don’t have the access to all these
{ Cr-Fe-V:|§
List of database files stored in \FACTDATA
S Lt ofroferamnes &erre-v- 14 databases.
v ‘Qf—Q\-FE—V—CrﬂSpﬂI\,Dl‘” v

( ) ’&\f‘_ | |l: I ST A A4 | CaTETNRAT | |
Done Revised: 3/3/2019
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Phase Diagram Module: Fe-Cr System

View the model quality for the Fe-Cr system in the View Data Module.

View Data

v

Wiew zolutions - enter a [kt of elements or ALL & Databise evalution - o X
Examples: Elemems:|Fe Cr Search
Ca Al 05 - solutionk with Ca, Al 0 andfor S
H0OFes - zolutions [including EIEIUEI:IUS] of H, O, Fe and/or 5 FScopp (binaries) FSlead (binaries) FSstel (binaries) FTlite {binaries) SGnobl (binaries) Sphc 4 | v
ALL -ALL solutions

26 | 24 Ideal Bragg-Williams Treatment

Modified Quasichemical Model
Bragg-Williams Model (liquid sc

id

Q

BW

- Top quality

Fe|Cr

Pressure E ngray Data
' am g " compound

™ bar " Fal . . 26 Fe
rinimum zalubion components Good quality (maybe a missing |
f* 1 " 2cpts 24 | Cr ) L
Rough estimate, probably missi
SDIUtiDn DatabaSES [1 E] Mote that these are only for bina ry evaluations, NOble gaS SVStem (USE FACTPS E

- ternary evaluations may differ from database to database. .
Summary .. Add | Remove... | [FTite - Computed using pure substance
[ C:\Fact5 ade'\FACT DATANFT litefilsoln. sdc |
[FTlite - FACT Al-alloy and Ma-alloy solutions [2019) |
Hlements ar ALL: ||Fe Cr
Infarmation . | (1.4 | < >

The above information from the Documentation Module and View Data Module indicates

that FTlite could be used to calculate the Fe-Cr system.

34

Sustainable Materials Processing Lab FactSage Team MSE Department, University of Toronto



Phase Diagram Module: Fe-Cr System

Components Window: Define Components

Phase Diagram - Components — et
File] Edit | Units Data Search Data Evaluation Help
e A A

[ |—] Add a new Reactant] Ctrl+R ™ Energyl)) Qu
) .
T T 1. Don'’t forget to check your Directory.
1 Delete all blank reactants
| Mixtures and Streams ¥
Re-order the reactants > Components ‘
Export list of reactants > ‘? Phase Diagram - Components
Clear ' File Edit Units Data Search Data Evaluation Help
Example | ||j"| T(K.] Platm] Enerawl]] Quantity[mal] *olllitre)

1-2]

—p| 2. Add a new Component. |«

Components
|Fe

|Er

¥ classical phase diagram [default)

| agueous diagram with molalities, and izo-Eh & izo-pH lines
[™ reciprocal diagram with 2 cations and 2 anions

[ ScheilGulliver constituent diagram

FactSage 7.3 Compound: | 1/14 databazes Salutor: | 0415 databases -
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Phase Diagram Module: Fe-Cr System

Components Window: Choose Units

G Phase Diagram - Components

Left click

File : Data Search  Data Evaluation Help
O + [ TIK) Piatm) Enerayid) Quantitimal) Valtrel}
1|

Temperature

" Fahrenheit, °F

_» Universal gas constant:

Cancel | 5l

R = 8.314510 J/mol-K
= 8.314510/4.184 = 1.58722__.
= 22.4141/273.15 = 0.0820578...

fjr Units: T(K), P(atrm), Energy()), Quantity(mol), Vol(litre)

Energy—
]

i cal

i By

7 kwh

" tonne

cal/mol-EK
l-atm/mol-E

Eng

—%olume
% litre [dm3)
"3

'\-"D_Iume
uniks are

zet by
pressure

units.

ok |

v clazzical phaze diagram [default]
[ agueous diagram with molalities, and iso-Eh % iso-pH lines
[ reciprocal diagram with 2 cations and 2 aniohs
[T Scheil-Gulliver constituent diagram

Mext »>»

FactSage 7.3 Compound: | 1414 databases Solution: | 0415 databases
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Phase Diagram Module: Fe-Cr System

Components Window: Choose Database(s)

File Edit Units Data Evaluation Help
Mzl 41 T(C] Platm] Energel)) Guantitylmol] Vollitre) mz=m
G Data Search x

Databases - 1/14 compound databases. 1/15 solution databases

Gact SGTE [ compounds onﬂ Private Databases

[ FactPs [ [ Bins solutions only [ ExAM

OFToxid [ O sePs rio database
a
O

[ FTsalt [ S&TE
[ FTmisc

O SGsold Clear &
[ FThan
] FTOxCH
] FThitz ther Add/Remove Data

[] FThelg [ ELEM ] 5Gnobl

[ FTpulp [] FTdemo [ SpMCEN

[] TDmeph
FTlite [ FTaucl [ TDnucl

Infofmation -

——— Choose FTlite only.

Options - zearch for product species
Include compounds ———— |' Lirnits

[ gaseous ions [plasmaz) Orgahic species CxHw.... ®max] = |2—
Default [ aqueous species

D] imited dats compaunds (250) Minimum solution components: €2 1 @& 2 cpts

Cancel
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Phase Diagram Module: Fe-Cr System

Menu Window: Choose Products/Phases (Compounds and Solution Phases)

G Phase Diagram { Menu: Jast system — >
File Units Parameters  Variables Help
D T[C] Platm] Energyl)] Quantityfmol] Yollire] W |B‘| |
EDmPDnEntS [2] gglgtf«g Sg?gggl-w-gﬁukturbencht = A2; Pearson = ol 2; Space Group = Im-3m [229): [1]
C.H.N and B interstitial on tetrahedral sites
Fe + E-’ The compornents in FTlike-42 for the curent calculation are:
Cr. Fe-alpha
Products
Compound species Solution phazes Custom Solutions |
* | + | Base-Phase | Full Hame Htwzs ootouh
[ gas & a2 0 FTlite-Liqu Liquid . « ”
I aqueous 0 | Eri aq bt Left click on the column of “Base-Phase” or
[ pure liquids 0 FTlite-42 BCCAZ « ” . . .
™ pure solds g T - Full Name” to display the solution description.
ETlite-[15hH CSinoa Protntune-FeCr Y ;'Dligls"anll-:i Ii-anijivdsu;nli_l T
pecies. e [t
Target o o We need to tell FactSage which phases should be
- Nane - iy L - . Y. . .
Estimate T(k{ [TB000] weces| CONSidered before performing equilibrium calculations.
[utions: . .
=4 Then FactSage will only retrieve the models of the
|Variah_|l_?l:s] [ Ferrec) | | | selected phases from the chosen database, and then
L0 Ofmin) | || perform the minimization of Gibbs energy under the
conditions that will be specified later.

FactSage 7.3
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Phase Diagram Module: Fe-Cr System

Menu Window: Choose Products/Phases (Compounds and Solution Phases)
& Phase Disgram [oenaost system _ - T

File Units Parameters Veria] &7 Selection -PhaseDisgam -no) 1 There s no need to choose pure liquids because we will

D D‘-‘ E ril: I'_'.JiL SO L Choose liquid alloy.
~ Components (2 [Selected: 12412] [soLD]
| - no results - |
+ | Code | Species | Data |—Phace 1T [wl activin | biryimiom | Mavimum [0
+ 3 C FTIit :
— Products + 4 E:EZ?ZI FTI:tZ 2. SeleCt all the pure SOlldS.
- Compaund specis + 5 Crfs3) FTite . . « . . ”
_ v B Cisd e | Right click to open the “Selection Window”. All the pure
I gss & 'de‘l"“ el O 7 o) Flite . . s o
— Dils & ey = | Solids that are considered are indicated by a sign “+”. You
LTS LI + q Fels2) FTlite . .
| i pure solids 12 || T e | can remove some of solids manually. However, there is no
£ 11 FeRd] T ke : . i .
species. 12 ||+ 12 Felsf] i | need to do so in this simple binary system. Screening of
+ 13 Fe[gE] FTlite . . : 1
+ 1 Fii= | the pure solids is normally required when multiple

— Target
- hiane -

M databases are used or when we want to include some

meta-stable phases in the calculation (for example, Fe;C

—Variables 1n the Fe'C phase dlagl'am)
T[C) Fe/s[Fe+Cr)
1000 0 {rnin]
M | [T pemit selection of %' species | Help | | Suppress Duplicates | | Edit priority list - | |
Factiage 7.3 | Show Selected Select Al | | Select/Clear... |I Clear | Ok |
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Phase Diagram Module: Fe-Cr System

Menu Window: Choose Products/Phases (Compounds and Solution Phases)

0= =

Componentz [Z]

File Units Parameters

Variables

& Phase Diagram - Menu: last system = b4

Hep | Note: the [[]-option only means we are considering
the possibility of immiscibility, and it might not

v

E
p
0
5
z

Solution FTlite-Ligu

- clear

- all end-members

- possible 2-phase immiscibility

- possible 3-phase immiscibility

- standard stable phase
- dormant (metastable) phase

Help ...

- custom select end-members ...

- merge dilute solution from

- single phase

- formation target phase
- precipitate target phase

Cies;

S e s e}

12

1000

appear in the calculation results.

Solutionphazes Custom Solutions
= | 1| Base-Phase | Full Hame O fized activities
| FTlite-Liqu Liquid 0 ideal zolutions
| FTlite-&1 FCC-41 Peeudonyms -
| FTliter2 BCC-82 apply | Edit...
| FTlite-&3 HCP-&23 Waolurme data
| FTlite-Db Sigma Pratotype-Felr ¢ assume molar volumes of

golids and liquids = 0
include molar volume data
and phyzical properties data

[ paracquilibrium & Gmin  edit

Legend
| - immizcible 5

¥ Show ™ all  zelected
Total Species [max 5000 32

Caln]

- Only plot this single phase

Fe

- 5cheil cocoling target phase

- iso-activity lines ...

(|

[+]-single phase: the solution phase is included as a possible product in the equilibrium calculation.
Species of the phase will not appear the [Results Window] if their concentrations are below the Print Cut-
off lawer limit (click on Parameters in the Menu Window).

[]- possible 2-phase immiscibility: the solution phase may be immiscible. For example select this
option for FACT-SLAG when Si02 » 502, Ifthe phase is notimmiscible the results of the calculation will
be OK -the phase will appear twice with the same compositin. MNote this option tends to slow down the

speed of

the calculation.

FactSage 7.3

Sustainable Materials Processing Lab

40

FactSage Team MSE Department, University of Toronto



Phase Diagram Module: Fe-Cr System

Menu Window: Choose Products/Phases (Compounds and Solution Phases)

A Note: for the calculation of phase diagrams of a binary system which has been
optimized in the FactSage databases, we normally use the default settings when
choose phases, that is, all pure solids and all solutions (some default setting is
[[]-option). However, when calculating higher-order systems which requires the
selection of multiple databases, caution must be exercised and screening of
certain phases is necessary.
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Phase Diagram Module: Fe-Cr System

Menu Window: Choose Variables

&

File
O

Components [2]

Units  Parameters

= =

Variables

Help

» We are calculating T~Xg phase diagram.

TIX] Platm] Energyl))] Quantity(mal] Walllitre)

.& Varighles: Fe-Cr T(C)|vs compaosition #1.

Temperature range.

Yariables Tand P
Products v o~ compogitions |1 T ermperature
Compound species 5 W & 10 m
3 ‘:l b & |IDEI-I Olal ﬂ EI bay (2000
[T gas @& f“ C d ~ .
[ aqueous A ~ Mir:
[ pure liquids A
[+ pure solids 1 B C
2 steps
sPeCies: 1< - _
Compozitions Quantitp[mol]
Targe oo [0 o | [T
el W R s foo| e ]
Estirnate TIET] (1000 e+ r :
. | #T logTUcorposition)
Left click
Yarnables
| T | FedFesC | Npe
| 2002000 | 01 | ———— = XFfe
Nge + Ncr

TIC] ws FellFe+Cr

FactSage 7.3

Prezsure or Wolume

* Platm] |constant -
" logP

© Viie)

" log

Pressure, if not exceedingly
high, has a negligible effect on
phase equilibria of the Fe-Cr
system. Put 1 atm.

114

42

Sustainable Materials Processing Lab

FactSage Team

MSE Department, University of Toronto



Phase Diagram Module: Fe-Cr System

Results: Click on “Calculate” to generate the phase diagram.

ﬁ::'.f User : Materials Science, U, of Toronto - O
File Add Edit View Help
Fe-Cr
¥ . o BN
atm
P Lactsg
1 2000 T T T T Stable Phases - solutions and compounds {pure subs
| S (N N (R
1 FIlite-Liqu Ligquid metal
1800 L o i 2 FIlite-Az2 BCC-A2 Prototype-W Stru
Liquid 3 FTlite-Al  FCC-Al Prototype-Cu Str
4 FIlite-D8b Sigma Prototype-FeCr Strukturbericht
1600 g Stochiometric Phases - compounds and one-component

— 7 | e C{min C(max
.| Use this to manually add labels for - =
different regions. 7‘ This will label all single-phase regions.
1200 F< A T4 iAA1 L0 O% ROt TMOA1 d0 O
g &G ;?;ii:l:ate‘and‘ R;fresh - *
1000 | BCC-A2 clear restore | Help |
| 1abels - old | |
800 -
E | |0 values
600 |
| This will list all the invariant reactions
400 . » . .
in “Stable Phases” window (next slide)
. 02 ” 03 — | and the reaction numbers are shown
Fe/(Fe+Cr) (mol/mol) 1 on the diagram.
Note - some of the la L
FactSage 7.3 93 1 X = 0031111111 ¥ = 2280.3279 BCC-A2 C:\FactSage\Equilib.fig
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Phase Diagram Module: Fe-Cr System

Results: Click on “Calculate” to generate the phase diagram.

All the stable phases (compounds and solutions) are listed. Also
included are the structural information of these phases.

Sta]fle Phases - solutions and compounds (pure substances PS)
1l FTlite-Liqu | Liguid metal
2 FIlite-L2 BCC-n2 Prototype-W Strukturbericht = AZ2; Pearson = cl:
3 FIlite-Ll FCC-R1 Prototype-Cu Strukturbkericht = Al; Pearson = cl
4 FTlite-D8b Sigma Prototype-Felr Strukturkbericht = DEbk; Pearson = tP30; Space g1

stochiom=iric | A]] the invariant reactions (the number of degree of freedom is zero)

mole are listed.

- nong |-

—— 5

Please note the number of components for these
two equilibria is 1.

g4 C Liquid$l({0.0) <=> BCC-A241(0.0)
2 1537.81 C Liquid$l({1.0) <=> BCC-RA2#1({1.0)
3 511.94 C Sigma#l(0.486) <=> BCL-B2#1(0.1535) + BCC-RA242(0.808)
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Phase Diagram Module: Fe-Cr System

Results: 2-phases tie-lines mode
& roe

-

ile

Add Edit View Help

g
B
o
A

2000 |

Fe-Cr

1 atm

thtﬁage“

2-phases tie-lines mode|

1800 |

1600 |

1400 |

1

T(C)

<

1200

1000 |

800

600

A00 /
200

> This 2-phases tie-lines mode allows us to draw tie lines in a 2-phase region.
Please you mouse in a 2-phase region and left click.

BCC-A2

0

FactSage 7.3 0 118

1 1
0.2 0.4

K = -0.11407407 ¥ = 1848.7705

Sustainable Materials Processing Lab

06
Fe/(Fe+Cr) (mol/'mol)

BCC-A2

Ch\FactSage\Equilib fig

FactSage Team
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Phase Diagram Module: Fe-Cr System

Results: phase equilibrium mode

ﬁ Figure f T — O
File Add Edit View Help
V4
v Fe -Cr
1atm thtﬁage“
2000 . . . .
Al
1800 - Liquid T
1600 |- i
G’ Equilibrium XY coordinates * 7
1400 F . Enter the \.-'faIuT of ¥-axiz and the value X-axiz.
or a range of values enter 'minimum maximumn step’
Y-axis —
s Fochi#
;’ -
S— P [ FelfFe+Cr] (moldmal) i
800 | i
calculate all phaze diagram igmaft
r tranzitions at < = 01970
600 | -
wl s | Phase equilibrium mode can be used to quickly calculate the
/ phase equilibrium under a given temperature and composition.
200 .
0 02 The results are shown on next slide.
£
FactSage7.3 |48 2 X = -0.042962963 Y = 2276.6393 BCC-A2 C:\FactSage\Equilib.fig
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Phase Diagram Module: Fe-Cr System

Results: phase equilibrium mode

Phase compositions.

. Phase Diagram Equilibrium - O *
File Edit Format
Llals » Specified Temperature and Composition
1
III:C:I = 1712, Fe/{(Fetlr) (mol/mol) = 0.157 P
FactSage 7.3
Fe + Cr = —»| The phases at equilibrium.
0.52322 mol Ligquid#l
{27.€528 gram, 0.52322 mol)
+ U mol Liguided
{1712 C, 1 atm, a=1._0000)
{ 0.77559 Cr —>
+ 0.22441 Fe)
System component Amount /mol Zmount/gram Mole fraction Mass fraction
Fe oj11742 c.5571 0.22441 0.23708
Cr 040581 21.1ad 0_7755%5 0_.7Te252
+ 0.47&78 mol BCOC-2241
{25.097 gram, 0.47&78 mol)
T U o L BUC-EZE2
{1712 C, 1 atm, a=1.0000)
{ 0.83308 Cr
+ 0.1lces2 Fe—alpha)
System component Amount/mol Amount/gram Mole fraction Mass fraction
Fe T.5584E-02 4 4444 0_1e852 0.1770%
Cr 0.33971% 20_652 a.23208 0.222391
W
€
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Phase Diagram Module: Fe-Cr System

Save Results

{7 Figure  User: Materials Science, U. of Toronto - O *
File = Add Edit View Help
[) New Ctrl+N -l
20 Save File >
5 Save as... . - = ; I
Save all tyges Save |r|:| Exercize j = £ T
8 Close ~
S \ Mame Date modified Ty
=+ Superimpgse...
& Print... Ctrl+P \ Mo iterns match your search,
Exit
L=
T 400 - >
)
1200
-
2
=
1000 < >
Ferone: [T ———— =] S|
800
Save as type: IFACTfigures {* fig) _I Cancel |

600 | / L “ - 4 | A

5 4 oy
You can use the Figure Module to open .fig file and save it as other graph format.
Also, if you change the .fig to .txt, you can open the file using NotePad and extract all
the phase diagram data (ZPF lines).

4| D
FactSage 7.3 |3 1 [x = -0.10962963 V = 2280.3279 |BCC-A2 + Liquid C:\FactSage\Equilib.fig 4
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Phase Diagram Module: Fe-O, System

The third example guides you through the calculation of the T~Xg diagrams as
well as two-potential phase diagrams. We will use the Fe-0, system as the
example.

First, let us calculate the T~Xg diagram for the Fe-0, system.
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Phase Diagram Module: Fe-O, System

Search the Fe-O (not Fe-0,) system in the Documentation Module.

G’ Search Results - FactSage Browser - [search_results.htm]

File View About..

- O X

©|® | @| |j | ?_,j| L]_‘_“| Search phaze diagramd:|Fe O p| + st contain Found: 334
[+]- 14_1j [FToxid] - FACT oxide database: ~ ~
[+ [FT=alf] - FACT =alt database: »
[+]- 1.1% [FTmisc] - FACT =ulfide, alley, miscellanecus databases: Sea rCh rESUIts for' Fe 0
[+]- tqé [FTO=CN] - FACT high-T oxycarbenitride database:
[+]- qﬁ [FThall] - FACT database for Hall aluminum process: & ) .
4] tqé [FThelg] - FACT aquecus (Helgeson) database: Fe-Zn-0:|FToxid |
+]- 14_1% [FTpulp] - FACT pulp and paper database: Ee—Zn—0 L ETcoid
[+]- 14_15 [FTiite] - FACT Al-alloy and Mg-alley databases: E‘FE -0 - | FToxid | TDnucl |
I+ qﬂ [FTnucl) - FACT nuclear database for the nuclear industry: &FE "0 Zr- | TDnucl |
] [FE:'_“‘_ - Amboeme e . n 7r: | TDnucl |
- =[Ff' o -] TDnucl |
:g E %E‘ . | -] TDnucl |
1800 . = - . artSage . . . N

0 s o o FToxid should contain the optimized model
A 150 e ) ) . )
ﬂﬁ 5 prm— | parameters for all the possible oxide phases in the
-4 [S( 1400 - ]
TR Sl ™| Fe-0 system (FToxid database only contains the
= EEE E AMoroul de = Fals 2| N
s foo 1 models for oxide phases).
HAgE S P &
:E moo=r R ;1 | Note we do not have the access to TDnucl database.
A .l - | SpMCBN |

= Lis ) e ) 21| SpMCBN |

=| Lis a2 uimnleo.-'{m-di'x 048 08 FToxid | v
< Fe : | SpMCBN |

Rewised: 3/3/2019
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Phase Diagram Module: Fe-O, System

Components Window: Define Components

& Phase Diagram - Components — x>

File|] Edit Units Data Search Data Evaluation Help
M | il r| TIK) Platm] Energyl)] Quantitylmol] Yollire] M

1-2]

Choose units

Components

|Fe
[

— Don’t forget to check your Directory.

||7 clazzical phagze diagram [default)

| agueous diagram with molaltes, and iz0-Eh & izo-pH lines
[ reciprocal diagram with 2 cations and 2 anions
[ Scheil-Guliver constituent diagram

FactSage 7.3 Compound: | 1414 databases Solution: | 0415 databases A
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Phase Diagram Module: Fe-O, System

Before we choose the database(s), let us check the pre-made phase diagram.

Fe - O, Gas phase suppressed

Data from AToxid - oxide databases

1800 . . . FactSage v
- Note: the Fe-Liq phase i
sctagi i ASiagiq ote: the Fe-Liq phase is a
1600 | solution phase. Limited
. amounts of oxygen are dissolved
ASlagHig 4 Feis)
1400 PN VS o | vl in lquId Fe. However, FToxid
o does not contain a phase model
g 1200 - for Fe-Liq which is liquid metal.
E AMonoxide +|Fe£52;=
¥
241000 + .
g = || These Fe structures have no
& S .
2 || solubility for oxygen. However,
800 t st - -
AMonoide +[Fe(s) | £ || FToxid does not contain phase
w
500 | || models for pure metals.
Spinel +|Fe(s} :
400 L ! ! L
0 012 0.24 0.36 0.48 0.6
mole O/(Fe+Q)
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Phase Diagram Module: Fe-O, System

We use the View Data Module to determine which other databases are needed.

First, check the Liquid Solution.

We want to find the Liquid & view Data 0 3p)

This might be a suitable phase for the liquid
metal. However, no solubility limit of oxygen

View Data

: . File_Edit [sotsoiutiod iS NOted. This would make the liquid metal
viewsoliony SOlUtiON containing Fe and O. | fesguiot 9
SRS indistinguishable from the Slag phase.
Ca &l 05 - solutions with Ca, Al 0 and/or S
HOFH45 -soltions (including aqueous) of H. O, Fe andfor 5 Phase Name & End-members EMs | Information |
ALL -ALL solutions Fe 0.0 < x ¢ 050
> FTde'l“’":"m 0 0.0 < % < 010
LIQUID J n
6. FSstel-Liqu 2 EMz 2 elements] #99 Liquid steel phase
' F
Pressure Energy Data DE
(* atm * ) " compound % zolution FCC_Al m J
" bar " cal e v m—— 7 FSstel-FCC 2 EMs 2 elements|#12 Austenitic farm of Fe with B, C, N and H in interstitial site. Use J op
S Fe —
u]
. CC_A2 Frototype W82 cl2 [m-3m [229)
Solution Datab 16
olution Databases (18] 8. FSstel-BCC 2 EMs |2 elements| #12 [uze [I]-option] C, M and B interstitial
Summary | Add .. | Remove ... | Al Public Dat: - Fe
u]
&l Public Databases Fe-lig steel(l-H Jung model). Dion't use with any ather liq metal phase. Fo
[ -15 Salution Databases | 9. FTmisc-FelLQ 2 EMs 2 elements #2 Iron/Steelmaking Processes, not solidification. Fe-richlnot for stain
Fe | - thig zpecies must be pregent | h
Elements ar ALL: |Fe O
| | | | Factiare 73 |Alpubic souin dusbl NUMber refers to the type of phase
Exit oK
—» model. See the supplementary of
Solution Module.

Note: there is no need to check the FTdemo database.
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Phase Diagram Module: Fe-O, System

We use the View Data Module to determine which other databases are needed.

First, check the Liquid Metal.

View Data

Wiew zolutions - enter a lizt of elementz or ALL

Esamples:
Caal0s
HOFeb5s
ALL

Preszure
* atm

" bar

- zolutions with Ca, Al, O and/or 5
- zolutions (including aqueous] of H, O, Fe and/ar S
-ALL solutions

Energy Data
* ) " compound % zolution
" cal

minimurm solution components
T 1 Zepls

Solution Databazes [16]

Add.. | Remove..| [AIPublicDate +

This phase sets the solubility limit of oxygen in
—g liquid Fe. This is exactly what we need for a VI
rie | liquid metal phase.

Summary ... |
All Public Databazes
[ - 15 Solution Databazes |
Elements ar ALL: |Fe O
Ext |

| | 0K

Note: there is no need to check the FTdemo database.

1 E = LITLALTUT 1 A AL DAL Ot Qa2 | \JLI'IIFE
[ Salutions sarted by phaze number [see 'Sort Solutions'] |
Phase | Mame & End-members EMs | Information ﬂ
8. FSstel BCC EE
Fe-lig gteell-H Jung model]. Don't use with any ather lig metal phaze. Fo
9. FTmisc-FelLQ 2 EMs 2 elements #2 i__l,[g_r_?,{'_sl,t,@_g_l_m,@}_gj_ng Processes, not solidification, Fe-ich(not for staini
Fe | - thiz zpecies must be prezent |
u] 00 < ¥ <010
Liquid EE
10. FTOXCN-Liqu - 2 EMs 2 elements #99 [Uze |-option]
e
0
ASlag-liq oxide AlAgB BaCaCoCr.CuFeGek MagMnMaNi,PFPb5i5n5
11 FloxidSLAGA 02 EMs 2 elements #98 | dilute S and F [Mis.gap at high 5i02, use [1] option).
&
i Similar to FSstel-Liqu, no solubility limit of oxygen
i
was set.
FactSage 7.3 All public: solution databazes
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Phase Diagram Module: Fe-O, System

We use the View Data Module to determine which other databases are needed.
First, check the Liquid Metal.

The above information shows that FTmisc-FeLQ is probably the best candidate
for the liquid metal phase. Therefore, FTmisc database should be chosen.

For the solid metallic Fe phases, since the solubility is very low, you can choose
either FactPS database which ignores the solubility of oxygen, or FSstel database
which considers the dissolution of oxygen (FSstel-BCC and FSstel-FCC). Here, we
choose FactPS .

Now let us reproduce the Fe-O phase diagram before we calculate the Fe-0,
phase diagram.
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Phase Diagram Module: Fe-O, System

Components Window: Choose Database(s)

&

File Edit Units |Data Searcl] Data Evaluation Help

FactPS is chosen so that different solid pure Fe structures

can be considered when calculating the phase diagram.

compounds anly P!fl’afe Bafabases
zolutiohs only [ ExaM

no databaze

—| A must-have database based on the pre-made phase diagram
[ FTOxCM
] FTfrtz

E o shown in Documentation. This database includes the models
FThelg ELEM . . . . . . .
O freu  CIFldemo O seMcan md for Slag which is an ionic solution and other solid solutions

] TDmeph —

[ FTlite [ Fljnucl ] TDnucl Of Odee
This database is chosen because it contains the model which

Information -

describes the liquid metal, that is, Fe-rich solution.

Options - search for product species

Include compounds ———— Limnits

[ gazeous ions [plasmaz] Organic species CuHy..., X[max] = |2—
Defaul O aqueous species Minirurn solution components; O 1 & 2 cpts

[ limited data compaounds [25C) P : P
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Phase Diagram Module: Fe-O, System

Menu Window: Choose Products/Phases (Compounds and Solution Phases)

G Phase Diagram - Menu: last system

®

File Units Parameters Variables Hel
L= TIC] Platm) Enerayl)] Quantitylmall Yollitre] m |B| ¥
—C ts [2 . .
omponents 2 Select all the solutions and use the default settings
Fe + E P . . T
of immiscibility gaps.
— Products
— Compound species - Solubieph Custorm Salutions ————
= | + | Base-Phase | Full Name 0 fized activities uﬂalls"'
|_ gas % ideal & real 1] + FTrmisc-Fel Fe-lig 0 ideal solutions
|_ aqLUEUE 1] | FToxid-SLAGA | A-Slag-ig all oxides + 5 Pseudonyms -
[ pure liquids 0 + | FTouid-SPIMA A-Spinel I' apply LI
[+ pure solids 5 + | FToxid-Med_a A-Monoxide Yolume dataﬁ
aszume molar volumes o
* - custam selection ’7. solids and liguids = 0
species: 5 || g seection - Phase Diagrom -no st .
File Edit Show Sort | [~ pemit selectian of ' speciesﬂu MMI ﬂ%ntyhil |
_:rr:"DErl.:;t_ Selected: 513 soLD | NSRS [selectzd ] [ denates species exclude Show Selected | Selzct Al | Select/Clear.. | Clear | OK |
- ho results -
Estimate T(K) I-I oo + | Code | Species | Data | Phase |T|¥]| Activity | Minimum | Maximum m
+ 8 .iFels FactPS  bee 4
+ 10 Felz2] FactPS  fcc i
* il Fel(z] FactPS  ‘wustite W
Yaraties P [ FE F-z035) :
TIC) O/Fe+d] | |x  [EW Fez03s2) . . . .
: « w203 | Choose all the pure solids. FactSage 7.3 version is quite “smart”.
4001800 006 <11 [Feaots)
TIC] ve O/FFeD] S s | When multiple databases contain the data for same species,
# 18 Fe304(z4) . . . . .
. @ | FactSage will suppress the duplicates. You can edit the priority.
| FactSage 7.3 | + B Fe20as2)
+ Fe203[:3] FToxid  High-Pressure-H W
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Phase Diagram Module: Fe-O, System

Menu Window: Choose Variables

File Units Parameters | Variables | Help
W= TIC) Platm) Energyll] Quantiy(mal] Yollitre) W )
Components [2)
Fe + 0O
fj’ Variables: Fe-0 T(C) vs composition £1, p4

T and P
campasitions Temperature Pressure ar Yalume

Y -auis - * Platm] |constant -
* TIC)
log10(a] » El ~ bae (1900 " logP
Mir:  w(lire)

" log¥

b |

Composzitions Quantity[mol]

||:I | Fe + |'| | 0 |><-a:<is ﬂ
1- =
|'I | Fe + |‘I | g |QE [max]
[ #1 loglOjcomposition)]

FactSage 7.3
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Phase Diagram Module: Fe-O, System

Results: Fe-O Phase Diagram (T ~Xg Phase Diagram)

Fe-0
TH
1atm thtSage
1800 T T T T T
w0 fY | Shaglig 4  StblePhae
B & D
-
1400 Stochiometric Phases - compounds and one-component solutions
mole TC{min}) IC (max)
1200 L 1 0.0000 Fe(s) 400.00 1537.7¢
@ 2 0.0000 Fe(s2) 911.66 13584.32
g e Ma 3 0.6000 Fe203(s) 400.00 1684.45
= Phase Equilikria
T N L
s 1 1544.83 C S5lag-lig#l(0.5879) <=» Spinel(0.5815) + Fe203(s) (0.8)
2 1537.80 C Fe-lig{0.0) <=» Fe(s) (0.0)
3 1526.92 C Fe-1ig{0.005514) <=» Fe(s) (0.0) + 5lag-lig#l(0.5083
4 1430.24 C Monoxide (0.5435) <=> 5lag-lig#l(0.5434) + Spinel{0.5714)
800 + 5 1384.32 C Fe(s2) (0.0} <=» Fe(s) (0.0) + Slag-lig#l{0.51)
& 1370.50 C Slag-lig#l(0.5103) <=» Fe(s2) (0.0) + Monoxide (0.5124)
7 911.66 C Fe(s) (0.0} <=> Fe(32) (0.0} + Monoxide{0.5124)
g  563.55 C Monoxide (0.5132) <=»> Fe(s) (0.0) + Spinel{0.5714)
W
600 |
400 I 1 1 I 1 e
0 01 0.2 0.3 04 0.5
0/(Fe+0) (mol/mol)
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Phase Diagram Module: Fe-O, System

A Note on the Fe-O Phase Equilibrium: “Gas Suppression” Condition
[t is worth noting that the Fe-O phase diagram shown on Slide does not include

the gas phase. That is, the gas phase is suppressed.

Say we fix a constant hydrostatic pressure of 1 atm by placing
the condensed phases in a cylinder fitted with a piston (left

Iy Weights'z'_ graph). If the total gas pressure at equilibrium (i.e., sum of the

partial pressures exerted by the gaseous species in the vapor

Piston phase generated by incomplete vaporization of the

Condensed components) is less than 1 atm, there will be no gas phase

Phases present. This condition is referred to as “gas suppression”
condition. Clearly, if we heat or cool the system, the overall
composition of the condensed phases remain constant.

Pelton, Phase Diagrams and Thermodynamic Modeling of Solutions, 2019 (Chapter 7.8) 60
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Phase Diagram Module: Fe-O, System

A Note on the Fe-O Phase Equilibrium: Fixed Oxygen Potential

Different from the previous condition under which the composition of the
condensed phases remains unchanged, another condition is to control the

oxygen content in the gas phase, i.e., constant partial pressure P, 5"

|

Gasin
(Constant Pg,)

Condensed Phases

Gas out

Note: the mass ratio of gas to condensed
phases is large enough so that the
composition of gas-in and that gas-out s
same.

When the above system reaches equilibrium, the condensed phases (solid

and/or liquid) are equilibrated with a gas phase with fixed Pg,. Say we wish to

fix Pp, in the range of 1072* to 1 atm. Now let us plot the oxygen isobars on the

Fe-O phase diagram.
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Phase Diagram Module: Fe-O, System

Back to the Menu Window (Slide)

{? Phase Diagram - Menu: last system - *
File Units Parameters Variables Help
s =] TIC) Platm] Energyl] Quantityimal] Yallire) m =™ o
. . — Componer G Selection - Phase Diagram - no results - O >
nght Clle to Open the File Edit Show Sort
Selectlon Wlndow. [Selected: 1/5] [Gas | [ denates species excluded by default|
~Products | | - no results -
T [~ Compours + | Code | Species | Data |  Phase [T |¥| Activity | Minimum | M azimum
*__h llllll (] u]} FactPS  gaz
el | 02(g) FactPS  gas
= ;3:‘: 03(a) FactPS | gas
Sl Fela) FacPs a2 | Click on OK and you will
2 02(g) Fellg] FactPs
wurgn
see “Z" appears.
- clear
w - select : :
T Right click
' - standard stable phase Isobars (atr) of 02(g)

! - dormant (metastable) phase

F - formation target phase
P - precipitate target phase
16

L - cooling calculation ...

Ideal Solution

Enter up to 10 izobars [atm)] for D2[g)

Enter 0 ar Click an [Cancel] to delete the values.

*
Cancel |

|1e-24 1e-20 1e-16 1e-12 12-8 1e-4 1|

|  Z -isobars.. |

| [~ permit selection of ' species Help | Suppress Duplicates | Edit pricrity fst: | ‘
Help ...
- Show Selected | Select Al | Select/Clear... | Clear | 0K |
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Phase Diagram Module: Fe-O, System

Back to the Menu Window (Slide)

Fe-0O
1 atm, O2(g) ideal gas isobars (atm)

You may noticed this region is different from
the case when gas is suppressed.

&ctSage‘" & D

1800 1

1600

. Stochiometric Phases - compounds and cone-com A
mole IC (min) IC (max
1 0.0000 Fe(s) 400.00 1537.7
2 0.0000 Fe(s2) 911.66 1394.3;
3 0.6000 Fe203(s) 400.00 1456.4!

1400

1 1580.04 Slag-lig#l(0.5314) <=> Spi

2 1537.80 Fe-liq{0.0) <=> Fe{(s) (0.0}

{7 Manipulate and Refresh -

— 1200 clear | restore | Help |
& labek ™| | labels - old | I
= 1]
equilibria
1000 I iso-activity il I1 e gl Bt 7 wAIUE
100
800 | |
- (v )]
T bl SR | | =
[Ehstep: o min [ max[T |l |
400 1 ! 1
02 03 04| You are allowed to add other Py, values even L
O/(Fe+0) (mol/mol) after the calculation of phase diagram.
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Phase Diagram Module: Fe-O, System

A Note on the Fe-O Phase Equilibrium: Fixed Oxygen Potential

The calculated Fe-O phase diagram with the Py, isobars can be used to study a
heating or cooling process.

Say we are controlling the oxygen partial pressure Py, = 1078 atm. From the
calculated Fe-O phase diagram, it is seen that along the line of Py, = 1078 atm,

the highest temperature is > 1800 °C, and the condensed phase should be pure
iron. Now, if we cool this system while keeping the oxygen partial pressure
constant (10~8 atm), the composition of the condensed phase will be changed

along the line of Pp, = 1078 atm because of the oxidation.

The above simple analysis shows that the variables, i.e., temperature,
composition of the condensed phases and Py, are correlated. As West and
Saunders commented that the partial pressure of oxygen is a function of both
temperature and composition.

64
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https://www.taylorfrancis.com/books/mono/10.4324/9781315087399/ternary-phase-diagrams-materials-science-west-saunders

Phase Diagram Module: Fe-O, System

Now, we have successfully reproduce the Fe-O phase diagram shown in the
Documentation. To calculate the Fe-O, phase diagram, we need to change the
component “0” to “0,”, but do not change the phase selection.

You can calculate either the condition under which the gas phase is suppressed,
or the condition of fixed Pg,. Here, we only show the calculation when the gas
phase is suppressed.
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Phase Diagram Module: Fe-O, System

Results: Fe-0, Phase Diagram (T~X(, Phase Diagram)

FE'02

1atm Lactsa

Slagliq#1

1800

1600

1400

Spinel
1200

Fe'

hoxide

T(C)
3

Fe,Q,

1000

Fa'

800

600

400

0 0.1 0.2 0.3 04 05
0,/(Fe+0,) (mol/mol)
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Phase Diagram Module: Fe-O, System

Next, let us look at two-potential phase diagrams. We will again use the Fe-0,
system as the example to calculate T~pg, (thermal potential~chemical
potential) for the Fe-0O, system.

You might ask why we want to use ug, as a variable? From the master equation,
we know,

Ho, = %0, + RTIn(Py,)
This means that, the topology of the T~ug, diagram is same to that of the
T ~RT1n(P02) diagram. Clearly, we are very interested in the effect of Py, on the
phase equilibria. However, you should note that the topology of the T~ug,
diagram is different from that of the T~ln(P02) diagram.

Pelton, Phase Diagrams and Thermodynamic Modeling of Solutions, 2019 (Chapter 7) 67
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Phase Diagram Module: Fe-O, System

Back to the Menu Window, and activate the Variables Window

,Er Phase Diagram - Menu: last system — >

FTE=R

— You don’t have to choose the gas species.
l:'.f Variables: Fe-02 T(C) vs R(T/K)ln p(02)/bar () .

File Units
0=l =

Components [2)

Parameters Variables Help

TOC1 Piatea) Ercraul Ll Clasembbuloncll wiallites]

Products
Compound species

Yariables

| e
b

compozitionz EI

T and P
Temperature

¢ TIC)

¥-awis -

[ gas -
i_ [= 8 (% (=in)

[ pure liquids

* [ pure salids

- refreshing compound
default selection -

T arget
- hioKE -

E ztimate T(K]: (1000

RTikal

= fax:
Min

:Cac
A

Prezsure or Volume

" Platm] |constant -
" logP

W (litre)

AN
B C
B steps

Chemical Potentials [J]

t R(T/K)in[p/bar) [X-axis v
02 - [0
|gas-FactF‘S j |-50EIEIDI:I

Yariables
| TIC) | RTinipi02)] »
| 400180 | Goooooo | v

[TIC] s RTinpl02] |

FactSage 7.3

Choose RTIn(a) as a variable.

Calculate »>>
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Phase Diagram Module: Fe-O, System

Results: Fe-0, Phase Diagram (Two-potential Phase Diagram)

FE'OE

1atm LGactiage”
' ' |

You may need to add labels manually.

1800

Fe-lig

1600 | Slag-ig

Fe
1400

1200 - Monoxide

T(C)

Spinel
1000 - ?

This is a very useful

800 - Fe,0,

diagram. It shows the
| stability regions of various
condensed phases.

600

400

500000 -400000 -300000 -200000 -100000 0
R(T/K)In p(0,)/bar (J)
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FactSage Practical
MSE302

Practical 3. Phase Diagram Calculation

Phase Diagram Module: Ternary System



Phase Diagram Module

The phase diagram for a ternary system requires a space model. Because of this,
we normally calculate isothermal sections and liquidus projections which are
easier to view in a 2D space.

The Phase Diagram Module can be used to calculate above phase diagrams for
ternary systems. Two examples will be presented, one is metallic system and the
other is oxide system.

A Note: most binaries have been critically assessed using existing experimental
data and therefore the binary phase diagrams reported by different accessors
(or model developers) generally agree with each other. However, this is not true
for ternary and higher-order systems. Since the amount of work in measuring
even one isothermal section of a relatively simple ternary phase diagram is
enormous, most of ternary phase diagrams and higher-order phase diagrams are
estimates extrapolated from critically evaluated binaries, and validated using
limited amounts of experimental data.
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Phase Diagram Module: Al-Mg-Zn System

Let us review the FTlite database. Go to the Documentation Module, navigate to
“[FTlite] - FACT Al-Alloy and Mg-alloy databases”, and open the PDF document of
“general description and list of optimized systems”.

Al Alloys
Ag, Al as, au, B, Ba, Be, Bi, C, Ca, Ce, Co, Cr, Cu, Dy, Er, Eu, Fe, ga, Gd, Ge, H, Hf, Ho, In, K,
La, Li, Lu, Mg, Mn, N, Na, nb, Nd, Ni, p, Pb, Pr, Sb, Sc, Si, Sm, Sn, Sr,1a, Th, Ti, Tm,V, w., Y,
Yb,Zn, Zr
Mg Alloys
Ag Al B, Ba, Be, Bi, C, Ca, Ce, Co, Cr, Cu, Dy, Er, Eu, Fe, Ga, Gd, Ge, H, Ho, In, K, La, Li,

Lu, Mg, Mn, Na, Nb, Nd, Ni, Pb, Pr, Sb, Sc, Si, Sm, Sn, Sr, Th, Ti, Tm,V, Y, Yb, Zn, Zr
Color codes

Red :AlorMg

Blue : Major alloying elements (full optimisations of binary systems with Al and Mg and with several
minor alloying elements, Al-Mg-Xx ternary systems evaluated (good for Al+Mg-rich regions), several
quaternary systems included);

Green : Minor alloying elements (full optimisations of binary systems with Al and Mg);

Black : Optimized for the Al-Zz system and few Al-Xx-Zz and Al-Yy-Zz systems;
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Phase Diagram Module: Al-Mg-Zn System

The above description shows that the FTlite database could be used to calculate
the Al-Mg-Zn system.

Note: for the FTlite database, no pre-made phase diagram for ternary systems by
CRCT (only binary systems) is available. That is, you won't be able to find the Al-
Mg-Zn phase diagrams calculated using the FTlite database from the
Documentation Module. You might be able to find a few Al-Mg-Zn phase
diagrams calculated using the SGTE (alloy) database. Unfortunately, we do not
have the access to the SGTE database.
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Phase Diagram Module: Al-Mg-Zn System

Components Window: Define Components

Phase Diagram - Components — ® ¢

File| Edit Units Data Search Data Evaluation Help

Dla| + { TIE) Plaim) Energyld] Quantivimel] vallive) | | Don’t forget to check your Directory.
1-3]

Choose Units.

Components

A

Mg
|Zn

I|7 clazzical phagze diagram [default)

| agueous diagram with malalities, and izo-Eh & izo-pH lines
[ rteciprocal diagram with 2 cations and 2 anions

[T Scheil-Guliver constituent diagram

FactSage 7.3 Compound: | 1/14 databases Saluton: | 1/15 databases -
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Phase Diagram Module: Al-Mg-Zn System

Components Window: Choose Database(s)

File Edit Units Data Evaluation Help

DI "*l L I TiCY1 Pi=teal £ (11 1 kibial AN ERE N1 TN

G’ Data Search

Databases - 1/14 compound databases, 1/15 solution databases

ﬁh‘:t SGTE compaounds only Private Databases
[] FactP§ O BINS solutions anly ] EXAM

O
O FToxid [ O SGPS nio database
OFrsat [ O SGTE —
(M

] FTmisc [J SGsold Clear Al

[ FThall

[J FTOxCN
[ FThtz Other :didfRemoveDas

[ FThelg [] ELEM [] SGnobl

[JFTpulp [ FTdemo [ SpMCBM  FgfreshDatabases
] TDmeph
FTlite [ FTnuel [ TDnucl

Infarmation -

» Choose FTlite only.

Options - gearch for product species
Include compounds ———— Lirnits

[ gaseous ions [plasmaz) Orgaric species CxHy..., ¥[max] =
Drefault |2—

L aqueaus species Minirmum solution components; O 1 (8 2 cpts

[ flimited data compounds [25C)
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Phase Diagram Module: Al-Mg-Zn System

Menu Window: Choose Products/Phases (Compounds and Solution Phases)

G Phase Diagram - Menu: last system — ®

File Units Parameters Variables Hel

O2lg TIC) Platm) Enerauld] Quantity(mall Yollitre] m =™

Components [3]

Select all the solutions and use the default settings

A a2t
of immiscibility gaps.
Products
Compound species letbiatpk Custom Solutions Add all solutions containing N
= | + | Base-Phase | Full Name - 0 fiwed activities Add all solutions from datab s
[ gas & f" 0 I FTlite-Liqu Liquid 0 ideal zolutions all solutions from database
[ aqueous 1] I FTlite-41 FCC-41 Pseudonyms - Select all solutions
[ pure liquids 1] | FTlite-t2 BCC-&2 apply [ Edi... Make all unselected solutions dormant
[+ pure solids 35 | FTlite-43 HCP-A3 Yolume data | Change all [I] to [+] {2-phase to 1-phase)
T SEELIME Ml
I FTI_Ite-A3 JEP 2 Eirt e i 2 zalids and IiF;;?ﬂ&d_’ Change all [J] to [I] (3-phaseto 2-phase)
e 5 | FTlite-812 CBCC-412 Prototype-Mn ~ include molgr volume data _ -
I FTlite-C14 C714 Pratotype-t gZng and physicd properties data Clear all solutions containing ?
| FTlite-C36 C3E Prototype-t ghi2 ﬂ B el i it [ e Clear all solutions from database b
Target egend Clear all solutions
- none - | - immiscible 9 W Show & all T selected .
. Total Species [ma= HO00] 153 Clear all dormant solutions
Estirnate T[E): (1000 +-zelected B species: 118
Il:l T 24| Select Fotakoaktoneimar 200] 24
gL uthS. P | Y I B0 El
E Choose all the pure solids. You should know that selection of some of the pure solids is not
r| necessary, e.g., Mg(hcp_A3), Mg2Zn(C36) etc., because there are corresponding solution
I H

phases which include these pure solids as endmembers. For example, FTlite-A3 (HCP-A3)
in the Solution phases, if Xz = 1, FTlite-A3 becomes Mg(hcp_A3). However, in most

cases, it does no harm if these phases are selected. 76
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Phase Diagram Module: Al-Mg-Zn System

A Note on the Selection of Products/Phases

To make FactSage more user-friendly, the developers of commercial databases
have added some key features to the databases, for example:

v [+], [1], and []] indicate the possibility of miscibility, two-phase immiscibility,
and three-phase immiscibility.

v’ All the endmembers of solution phases are included in the pure solids.

These features permit the FactSage users who do not have a good knowledge of
thermodynamics to perform relatively reliable calculations for simple systems.
However, for complex real-world problems, an advanced FactSage user always
performs screening of products to avoid the appearance of unreasonable phases
in the equilibrium calculations.
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Phase Diagram Module: Al-Mg-Zn System

Menu Window: Set up the Variables (Liquidus Projections)

&

File Units

Parameters

Variables

Help

Comg

m

O ﬁ Varigbles: Al-Mg-£n - vs -

compozitions
oallla) +] [0 ]

Compositions Quantity[mol]

& TIE)

=8
thermnal
zections

prajection -

[GEES a

For ternary systems, we use Gibbs triangle to
describe the composition (only 2 are needed).

Freszsure or Volume

* Platm] | canstant

" I P

1

kir:

Tlinc]: |50

v define rmin and max sothermns

[0 Ja

+ EIMQ

+ Zn

Ja

+ Zr'l=

i

+ [0 {]ms

+ Zh

1 [max)]

iz 2l

+ [ ]Ime

= 1 [max)

C llive) !

T log¥

This will permit the calculation of projection
diagrams. Also, the isotherms are specified
by max, min and increments.

+ [ JMg

+ Zh

+ Zn=|%|

Cancel
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Phase Diagram Module: Al-Mg-Zn System

Menu Window: Choose Products/Phases (Compounds and Solution Phases)

& Phase Diagram - Menu: last system

- x

File Units Parameters Variables Help
D2 - TIC] Platm) Enerayl)) Quantitylmal] Yollitr) m=/™
Comoonan P ] |

Right click to change FTlite-Liqu to the option of “P - precipitate target phase”.

Factaage

liquidus projection diagrams.

Solution FTlite-Ligqu
cls
el ound zpecies Solution phaszes Cuztom Solutionz
. cI;aar d b - Base-Phase | Full Mame - 0 fixed activities
- all end-members has (5 'S & P I FTlite-Liqu Liquid 0 ideal solutions
* - custom select end-members ... pOUEOLE 0 I FTlibe-21 FCC-41 Pzeudonyms -
e dilute solution fr ure liguids 0 I FTlite-42 BLCC-A2 apply [ %
m - merge dilute sclution from Lre solids 35 I FTlite-43 HCP-A3 YYolurne data o f
- it L ] < azsume molar volumes o
S _ L cTaens | cnrratrpaan || sl luks=0
~ | - possible 2-phase immiscibility FPECIZE 35 . . . . . .
J - possible 3-phase immiscibility We are calculating the liquidus projection, which
- standard stable phase . ®1 means other solids phases (primary crystallization
- imate T(K); | {1000 . .. . - .
- dormant (metastable) phase solids) are precipitating from the liquid.
F - formation target phase = =
|| ¥ P - precipitste target phase ez Phasze Diagram Projection
O - Only plot this single phase I . « . . » Zn v .univariants
S Scheil cooling target phase il The options of “univariants” and [—= . SN, isthems (g
Z - iso-activity lines ... | “isotherms” must be selected. | -no time fimit - Caleulate >>
Help ... .
They are important elements of
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Phase Diagram Module: Al-Mg-Zn System

Results: Liquidus Projection of the Al-Mg-Zn System (FTlite Database)

»| All the invariant reactions.

A=-Mg=-Zn

Zn

Four-Phas= Intersection Points with Liguid

o G481 ] FOC-A1E1 / Tau P
Beta / FCC-A1#1 / Tau
Beta / CBCC-A1Z / Tau
C1481/ Mg2Zn3 | Tau i
CBCC-ATZ/ Phi/ Tau =

CBCC-A12 / HOP-AZS1 | Phi = B
Mg12Znid / Mg2Zn3 / Tau
G481/ FOC-A181 /W
HCP-A381 / Fhi / Tau )
HCP-A3#1 / Mg12Zn13 / Tau <
FCC-A1#1 / HCP-Zn#1 / V

HCP-A3#1 / Mg12Zn13 / MgE1Zn20_DTb_prototyp(s)

A=Zn, B=Mg C=Al

XA *E) XC)

: 0.44240 015065 0.40835
07888 0.22853 0.58418

P 26000 = D 0 b G B

c14

&

10824
3241
153
158

0.

0. £2850 028216
0.

0.

0.
0.26634
0.

0.

0.

0.

0.

0.

0.61842 0.05028
0.65448 0.18174
0.70765 0.13810 3ITT.57
069509 0.0240T7 351.21
0.
0.
0.
0.
0.

=4
3 e

201
2240
5

07581 012241 3651.19
T1357 0.06238 350.55
71236 0.03897 35019

BOBER

)

251
. 0.85152
28388

Q0BS5S 009152 14B05
T1EE2 0.00020

Pl = 9 40 00 =4 T 0 b b

LY

Projection (Liquid), 1 atm

Lactioge'

T°C

T{min) = 345.50 °C, T{max) = 880.31 °C 800

FC(

-A1

TH0

T00

B850

600

550

500

&3 Manipulate and Refresh - *
clear | restore | Help |
labels - old | | [ ]
| - | |0 values

polythernal projection
iso-therm | T step: | 50

color T-bar clear

| |("("("

You can add new isotherms here. On
the diagram, the isotherms are shown [
as non-black lines.

maole fraction
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Phase Diagram Module: Al-Mg-Zn System

Comparison with the diagrams from SGTE2017 and ASM Handbook.

Al-Mg -2Zn

Projection (LIQUID), 1 bar thtSage“

T(K)
T(min) = 613,69 K, T(max) = 93346 K I 950

Four-Phase Intersection Points with LIQUID

© ALMGZM_TAU/FCC_A1#1/LAVES_C14#1
ALMGZN_TAU / ALMG_BETA/FCC_A1#1

. ALMGZMN_TAU / ALMG_BETA ! ALMG_GAMMA
© ALMGZM_TAU/LAVES C14#1/ MG2ZN3

. ALMGZN_PHI/ ALMGZN_TAU | ALMG_GAMMA

900

: ALMGZM_PHI/ ALMG_GAMMA | HCP_A3#1
© ALMGZMN_TAU / MG2ZN3 | MGZN
ALMGZN_PHI/ ALMGZN_TAL | HCP_A3#1
. FCC_A1#1/LAVES_C14#1/MG2ZN11

. FCC_A1#1/HCP_Zn/MG2ZN11

o ALMGZMN_TAU /HCP_A3#1/ MGZN

as0

I 800

o
g Yy R NY N R Ry

A=Zn B=Al, C=Mg
K(AY X(B) KC) K

© 0.44233 0.39658 0.161090 74559
: 0.01848 0.62699 0.35453 72718
: 0.00917 0.56917 0.42166 72654
: 0.33898 0.04910 0.61192 70452
: 0.15612 0.18591 0.65797 677.59
: 016071 0.13700 0.70229 65298
0 0.27128 0.03936 0.658936 626.38
: 0.24023 0.05925 0.70052 621.66

0.82996 0.09751 0.07253 62166
: 0.85283 0.08470 0.06247 614.74
: 0.25769 0.04204 070027 614.74

700

s
g ST AT I

650

600

ALNMGBETA L. e ar ar ol

Al-Mg-Zn liquidus projection [73Wil]

Mg

I'\\'m;_v?:l Percent '.ffmrl

Don’t be surprised if you find that the discrepancy exists for the liquidus Al-Mg-
Zn projections from different sources. After all, they are all just estimates!!!
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Phase Diagram Module: Al-Mg-Zn System

Back to Variable Window (Slide): Isothermal Sections
&

File Units Parameters | Variables| Help

O t;f Variables: Al-Mg-Zn composition #1. vs composition #1,

Now we want to calculate the isothermal
section of the Al-Mg-Zn system at 20 °C.

VYariables TandP
compositions Temperature Preszure or Yallime

" constant - * Platm) E stant -
+ TIC]
log10ls) ] [2_] forrt

© Vilte)

" log¥

= steps

Compositions Quantity[mol]

o PI C [ E
1.

T A T | 1 |zn (LM

IR o [ o

Y Ja e | M - [ Jzn e ]

0 [rnin)

T Mg + [0 ]z

L R T
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Phase Diagram Module: Al-Mg-Zn System

Menu Window: Choose Products/Phases (Compounds and Solution Phases)

& Phase Diagram - Menu: last system — ®
File Units Parameters Variables Help
== TIC) Platm] Enerapl)) Quartitylmoll Yollitre] me ™

Components [3]

Change FTlite-Liqu to the option of “standard stable phase”.

"

Solution FTlite-Liqu

- clear
- all end-members
*

m - merge dilute solution from

+ -single phase
| - possible 2-phase immiscibility
J - possible 3-phase immiscibility

- standard stable phase
! - dormant (metastable) phase
F - formation target phase
P - precipitate target phase
O - Only plot this single phase
5 - Scheil cooling target phase
Z - iso-activity lines ..

Help ...

- custom select end-members ...

h |
Products
Compound species Solution phases
=| &+ | BasePhase | Full Hame -
[ ga: & ; i L | FTiieLigu Liquid
[ aquecus 0 I FTlite-41 FCC-41
[ pure liquids 1] I FTlite-&2 BCC-&2
[+ pure solids 35 I FTlite-23 HCP-43
| FTlite-A3" HCP-Zn Pratotppe-tdg
. 5 | FTlite-812 CBCC-A12 Prototype-Mn
| FTlite-C14 C14 Prototype-MgZn2
| FTlite-C36 36 Prototype-tghli2 ﬂ
e
- hane - ILjaiﬁ'uer:izcihle g ¥ Show ™ all  selected
Estirnate TIK]: ’W +-selected B species; 118
zolutionz: 24 %

Cuztom Solutions

[Desks.. |

0 fiwed activities
0 ideal zolutions
Pseudonyms -
EII:ID'_';' r Edlt
Wolume data

e aTIume ralar volumes of

solids and liquids = 0
¢~ include malar volume data
and phyzical properties data

[ paraequilibrium & Grin  edit

Total Species [max 5000) 153
Total Solutions [max 200 24
Total Phases [max 1500 59

[A=2n,B = Mg, C = All

FactSage 7.3

Sustainable Materials Processing Lab

FactSage Team

Yariables
TIC) | Znd [ grZn | Al A g+ | | |
| 20 | 01 | 01 | |

Phase Diaaram

Mg Aﬂ.

Calculate >>
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Phase Diagram Module: Al-Mg-Zn System

Results: [sothermal Section of the Al-Mg-Zn System (FTlite Database)

Al-Mg -2Zn
20°C, 1 atm &ctSage“ H & D
Zzn Stable Phases - solucions and compounds (pure

FIlite-Beta Beta Prototype-Mg2B8R145 Pears
FTlite-Cl4 Cl4 Prototype-MgZn2 {Lawe
FTlite-R12 CBCC-Al12 Prototype-Mn Struk
FTlite-21 FCC-RA1 Brotc
FTlite-A3 HCP-A3 Brotc
FTlite-RA3"™ HCP-Zn Prototype-Mg Struk
ETlite_MaZn Mol127n13 Mog-Zr

You need to manually label the regions. %

G Manipulate and Refresh

labels

e o ]
—tabetr i deiete b — SRR v 8
[ ovalues

|' uulyinzinal prujgning————

Tie Triangle

SU= NI I S U o

restore

e

Bia + FCC-A1 + Ta
CBCC-A1Zy Tau

arjuzngs diagrem————

mir; | s | [walts]

2 s ¥, i 2022-07-18 27 se
Mg as 08 a7 08 05 04 03 02 [/} A,

mole fraction
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Phase Diagram Module: Al-Mg-Zn System

Comparison with the diagrams from SGTE2017 and ASM Handbook.

Al -Mg -Zn

300K, 1 bar thtSage‘"
Zn

Al-Mg-Zn isothermal section at 20 °C [36Kos]

M g Al 10 20 30 40 50 &0 0 &0 a0

Weight Percent Zinc

mole fraction

Again, there is a discrepancy between different phases diagrams reported from

different sources.
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Now let us calculate an oxide system which consists of Si0,, Ca0O, and Al, 0. Itis
worth mentioning that the ternary SiO,-Ca0-Al, 05 phase diagram is actually an
isopleth of the quaternary Si-Ca-Al-O system along the line:

Npo = ZnSi + Nca + 1.5nA1
This relationship is met in every condensed phases. Therefore, strictly speaking,
the ternary Si0,-Ca0-Al,0; phase diagram is a “quasi-" ternary phase diagram.

You also should note that the pressure, more specifically, Py, has a negligible
effect on the phase equilibria of the SiO,-Ca0-Al, 05 system because all the
metals have only one oxidation state.

Pelton, Phase Diagrams and Thermodynamic Modeling of Solutions, 2019 (Chapter 6) 86
- - - ]
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Phase Diagram Module: Si0,-Ca0-Al,05 System

First, let us search this system in the Documentation Module.

G Search Results - FactSage Browser - [search_results.htm] — O x
File View About..

@|©|@| [ | @]| (,3| IE Search phase diagrams:|Cal AI203 Si02 S|+ must contain Found: 328
£ ﬁ_lj [FToxid] - FACT oxide database:

-2 [FTsal] - FACT salt database: Search results for: CaO g

[+]- tqj [FTmisc] - FACT sulfide, alloy, miscellaneous databazes:

-] [FTOXCN] - FACT high-T oxycarbonitide database: Al203 Si02

=+ q_‘j [FTfrtz] - FACT fertiizer database:
E [FThal] - FACT database for Hall aluminum process:

[F-H]=

- {‘_‘% [FThelg] - FACT agueous (Helgeson) database: List of Phase Diagrams:

-2 [FTpulp] - FACT pulp and paper database: . i .
[+ q_‘g [FTlite] - FACT Akalloy and Mg-alloy databases: ﬁ::ao - Al203 - 5i02 - | FToxid |
=+ q‘g [FTnucl - FACT nuclear database for the nuclear industry: Ca0 - AI203 - 5i02 : | FToxid |
----- &Cao - Al203 - 5i02 : | FToxid |
=+ u_‘j [FScopp] - FactSage copper alloy database: ; f B

+]- tqj [FSlead] - FactSage lead alloy database: lﬂﬂg ca0 - SI-OE -| TDnuel | )

[+]- h_‘j [FS=tel] - FactSage steel alloy database: rO2 - 5i02 - CaO : | FToxid |
[+]- q‘j [FSupsi] - FactSage ultrapure silicon database; &Zr(}z - 5i02 - Ca0 : | FToxid |
- &Caﬁ - 5i02 -TiO2 - 02 - | FToxid |
[+-1{=) [SGsold] - SGTE =solder alloy database: Er‘ A i - | T |

-2 [SGTE] - SGTE 2011 alloy data = * o

Three isothermal sections calculated using the FToxid database are
found. Let us first reproduce these diagrams. (In doing so, we will
find out if some phases should not be selected.)

- =| [SGUN] - SGTE unary database

+]- h_‘ﬂ [SGnobl] - SGnobl neble metal all
=+ q_‘j [SpMCBMN] - Spencer Group carb

=+ tqj [TDmeph] - MEPHISTA database x
({2 [TDnucl - NUCLEA nucear database: #5p305 - Ca0 - Si02 : | FToxid |
""" 45ca0 - Si02 - NiO : | FToxid |
-|=| List of database files stored in \FACTDATA &CaO Si02 - NiO - | FToxid |

- =| List of references
v &Cao - 5i02 - NiO : | FToxid | W
r&\f‘aﬂ CiM? MDY - | FTawid |

Revised: 3/3/2019
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Components Window: Define Components

Phase Diagram - Components — > ¢

File‘ Edit Units Data Search Data Evaluation  Help

0Ol +| T(C) Plaim) Enerae) Quantivimol vollive) [ | Don’t forget to check your Directory.
1-3 ]

Choose Units.

Components
|si0z

|CaD

|&1203

||7 clazsical phase diagram [default)

| aquenus diagran with maolalbes, and izo0-Eh & izo-pH lnes
[~ reciprocal diagram with 2 cations and 2 anions

[T Schei-Gulliver constituent diagram

FactSage 7.3 Compound: | 1/14 databases Solutior: | 1415 databases A
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Components Window: Choose Database(s)
&

File Edit Units |Data Searcl] Data Evaluaticn Help

O {3 Data Search d

Databases - 1/14 compound databases, 1/15 solution databases

Gact SGTE W‘ Private Databases
— O O BINS zolutions anly ] ExAM
O Osaps | nodatabase |
O O sGTE
O

[ sGsold Clear &l
Other :dimRemoveDats

helg [ ELEM [ SGnobl

pulp [ FTdemo [] SpMCBN RefreshD atabazes
[J TDmeph
lite O FTruel [ TDnucl

g___l:l

Choose FToxid only because we are only dealing
with oxides (solid and/or liquid).

Optionz - search for product species

Inzlude compounds —————— Lirnitz
[ gaseous ions [plasmas) Organic species CxHy.., #[max) = |2_
Fact m L] aqueous species Mirimum solution components: C 1 @) 2 cpts
[ limited data compounds [25C) P ) F
Cancel Summary ...
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Menu Window: Choose Products/Phases (Compounds and Solution Phases)

G Phase Diagram - Menu: last system — >

File Units Parameters Variables Help

= TIC) Platm) Enerayld) Quantitylmel) Yollitre] m |B| )ﬂ

— Components [3]
| 502 + Cad + A1203 |
— Products
: ) ] :
— Compound species———— | Solution phazes — Cugtom Solubions———
* | + | Base-Phase | Full Name 0 fixed activities 4|DE“5"S---
B gas 5 ideal ™ real O || FTowid-SLAGA | A-Slagliq al oxides + 5 U ideal solutions
[T aqueous a I FT oxid-tel_a, A-Monoxide Psehdonyms -
[ pure liquids 0 + | FTosidMel & AMeliite ( tppl_l,l - Edi. |
I + pure zolids 3E|| I FT awid-kull Fullite —olfme dataﬁ
SEELme molar volumes o
2 splids and liguids = 0
d e an r ifclude rr!nlar vnlumn_a data
ahd physical properties data
[ pdraequilibrium & Gmin  edit |
— Target Legend . o
nane - | - immiscible 3 ¥ Show & &l selected ¥E Zp:;i';ﬁmax o001 53
Estimate Tk I'IDEIEI + - zelected 1 species: a1 oot | PEE—— -
sul it / il TotalWhaees (rnay 1R00) a7
Variables Let us choose all pure solids and all solution phases. For solution phases,
TIC)
1200 choose the default setting of immiscibility. If the three isothermal sections
[a-soze-ca.c-4 found from the Documentation Module can be reproduced, then probably

e no phase is required to be removed.

90

Sustainable Materials Processing Lab FactSage Team MSE Department, University of Toronto



Phase Diagram Module: Si0,-Ca0-Al,05 System

Menu Window: Set up the Variables (Isothermal Sections)

File Units Parameters | '-;erieblezl Help

O ﬁ Variables: 5102-Ca0-Al203 composition #1. vs com paskk

Isothermal section at 1200 °C.

Variables Tand P
v ~ campozitiong Tenperature Pressure ar Yalurme
W & 100 constant - & Platm] |constant -
P 2 |: : . Iog1D[a]:| El " logP
1200  lire)
" log¥

Gibbs triangle.

Composzitions Quantity[mol]

|1 |Si02 + ||:| |EaD + ||:| |.&I2DS A-Cormer

[ Jsioz« [ |cad « [ |aens [(1ima
0 [rnin)

I

|sinz+ [0 |ca0 + 1 |aeng |l CrComer

[ Jsioz« | |cad « [ |aens |((ma
[rniri]

C corner: pure Al,05.

[0 Jsioz+ 1 |caD + [0 [ae0z B-Cainer

[ Jsioz« [ |cad « [ |aens |((ma
[mir)

B corner: pure CaO.
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Menu Window: Set up the Variables

G Phase Diagram - Menu: last system — x>

File Units Parameters Variables Help

Ol = E TIC] Platm) Erergpl)] Quantitymol] olllitre] Iﬁ | Bl ll

— Components [3]
| 5i0z + Cad + A203 |
— Products
— Compound species—————— — Solution phases — Cugtam Salutiohs ———;
= | + | BasePhase | Full Hame 0 fixed activities 4|D‘3ta"3
[ gas F ideal C real O | | FTosd-5LAGA | A-Slaglg al oxides + 5 U ideal solutions
7 aquecus 0 | | FTowidMed_a &M onoxide Fzeudonyms ,
[~ pure liquids 0 + | FTovidMel & AMeliite ( spply [ Edte |
|+_ pure zolids 30 | FT omid-kAuill Fullite —Yolume data————————————
o assume maolar volumes of
zolidz and liguide = 0
species: a0 inciude molar wolume data
and physical properties data
T arget L egen -.‘I,.-_'t pellraequ.ilib.rium & Gmin Edg |
- none - 1 - irifestsls ¥ Show @ al © selected LRI sladlsiss
Estimate Tk |100D +-selected 1 . Total Species [max 5000 a0
; szll:luEtEEzs 22 Select | T atal Solutions [rmax 200 7
) Total Phases [max 1500] ar
—Wanables Phaze Diagram
TIC] Si0z2¢ Al203/ 5ice
1200 01 01 o /\\mDr
[& =502, B = Cail, © = AZ03] _Calculate >> |

FactSage 7.3 |
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Results: [sothermal Section of the SiO,-Ca0-Al,05; System (FToxid Database)

Si0, - CaO - Al,O,
1200°C, 1 atm

sio,

g
i
o

IF
CaSi0,(s2) +&i0{s4) 4 Slag-lig

o

=

Cahl,0, + Ba Azlilite

L=

Ca,Si0452) + CaALO, tahl 0 CaAlo; elilite

Monoxide

PP Y TR TR I L AT PRI T o TR S T N VI TR T * AN TR

EPIL VTRV TR ¥ VR TR TR * ST EPR T TR VR

A04(s4) + CaAl0,, +CGaAlzEi0,(s2)

cao h - i o 05 s a4 a3 0z

mole fraction

Stable Phases

— solutions and compounds (pure

1 FToxid-SLAG Slag-lig oxide Al,As,B,Ba,l
2 FToxid-Mel HMelilite {Ca,S5r,Ba,Pb,Na)l|
3 FToxid-MeQ  Monoxide Rocksalt-str. Fe(:
4 FToxid-Mull Mullite [41,Fe]2([RA1,51,B,F
S FToxid (PS) Al1203(=s4) corundum(alpha)
& FToxid (P5) Ca25i04(s2) Alpha-prime
7 FToxid (P5) <Ca3Bl20€(s3) 30lid
& FToxid (P5) <Ca35i207(s3) Rankinite
9 FToxid (P5) CaBll2019(s) 3o0lid

10 FToxid (P5) CaRl204(s) so0lid

11 FTowid (DS Cafh]12Si2N8 (a2} Ennrthite

G Manipulate and Refresh —

Help

|| labels - old | delete label: | [AHZ0{3}s4) + CatiZ v |

[otios
K |

| |

restore |

|0 values

_hie ines - isnthermal diagram
all domains | 1 domain | " hi @ med( lodersity| clear

|Eh sep g riiF; T [woltz) |
= o —— =

|| T T i e
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Results: [sothermal Section of the SiO,-Ca0-Al,05; System (FToxid Database)

H Stable Phases
SIOZ - Cﬂo - AI203 auie e
(]
1400°C, 1 atm thtiage“ g & D
sio, T
2 Stable Phases - solutions and compounds (pure
| 1 FToxid-5LAG Slag-lig oxide Al,RAs,B,Ba,(
2 FToxid-Mel  Melilite {Ca,5r,Ba,Pb,Na)i|
3 FToxid-MeQ  Monoxide Rocksalt-str. Fe(:
4 FToxid-Mull Mullite [A1,Fe]2[81,51,B,E
5 FToxid (PS) A1203(34) corundum{alpha)
6 FToxid (PS5) Ca25i04(s2) Alpha-prims
7 FToxid (PS) Ca3Rl20&(s) 30lid
2 FToxid (P5) Ca35i207(s) Rankinite
%9 FToxid (PS) Ca35i05(s) Hatrurite
10 FToxid (P5) CaRll12019(s) so0lid

G Manipulate and Refresh —

e e
—
izo-activity __ 0 values

unlyihzinal urnjaeiing———

100

color T-bar m

P

2022.07- 14 pEE B EEEN T HTIT

P TR LTI |

VIR by b T R T -
as s a7 0 s 04 a3 0z al Ehstep: |p ir; M [woltz]
Ca0 ALO, [t ] I ! :I

mole fraction

pH step: ||:|
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Results: [sothermal Section of the SiO,-Ca0-Al,05; System (FToxid Database)

- Stable Phases
SIOZ - Cﬂo - AI203
1600°C, 1 atm &ctﬁage“ H & D
SIO, [ ———
I 2 Stable Phases - sclutions and compounds (pure

1l FToxid-SLAG Slag-lig oxide Al,24s,B,Ba,Ca,
2 Floxid-MeO  Monoxide Rocksalt-str. Fe(2),
3 FToxid-Mull Mullite [B1,Fe]2[R1,5i,B,Fe]
4 FToxid (PS) R1203(s4) corundum (alpha)
% FToxid (P5) Ca25i04(s3) Llpha
& FToxid (PS) Ca35i05(s) Hatrurite
7 FToxid (P5) Calkll12019(s} sclid
2 FToxid (P5) Callaod(s) solid
9 FToxid (P5) Calkl407(s) so0lid
10 FToxid (P5) 5i02(3&) Cristobalite (h)

G Manipulate and Refresh

EEETE Erw
I ] | —
Toeeway L | |0values]

nulyinziogan] nrujReiug

|_isothen il Tet=n Wlag
|_color Thar Jf  clear |

11 domin | C i & ned o donsty
ALY

cao ag a7 [iT] a5 a4 a3 az ai arjuznds iayra

mole fraction m Eh step: IEI mln:| rna:-::| [voltz]
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Comparison with the three pre-made isothermal sections indicates that choosing
all the pure solids and solution phases from the FToxid database permits one to
generate reliable phase diagrams for the Si0,-Ca0-Al, 05 system.

Now, we can calculate the isothermal sections at other temperatures using the

same selection of the phases. Please try to calculate the isothermal sections at
1800 °C, 1500 °C, and 1100 °C.
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Before we calculate the liquidus projection of the Si0,-Ca0-Al, 05 system, let us
think about the following question:

Who critically assessed the Si0,-Ca0-Al,0; system?

The development of CALPHAD databases (e.g., FactSage databases) is based on
numerous thermodynamic assessment work for binaries, ternaries, etc. These
work was either published in journals or communicated internally.

For FactSage, the references of thermodynamic assessments are complied as
“List of references” in the Documentation Module. Then the next question is
how can we find the references which were used to build the FactSage
databases?
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Phase Diagram Module: Si0,-Ca0-Al,05 System

What are the references used for the Si0,-Ca0-Al,0; system?

{,:r' Phase Diagram - Menu: last system
File Units

0| = =

Parameters  Variables Help

TIC] Platm] Energyl)] Quantitea) olllitre]

s

me®

Components [3] Solution Phase FT oxid-tull

Replaces MULL and MulF. Use 1] option.

bullite [ Fel2[al 5.8 Fell0 Wa)h, accounts for non-stoichiomety.

—» The components in FTosid-kull far the current calculation are:;
Products Al241108[-1], Al241Ya5[+3], AlFSHOS0 SRS YEsF ]
Compound zpecies
Information...

[ gas ¢ - n I FToxid-SLAGE | A-Slaglig all oxides + 5

[T aoueous 0 I FTowid-ted_A A-tonoxide

[ . . 1] + FTawid-tel A A-Melilite

m Right click L — FlomdMul Mulite

One way to find the references of assessments
for a given system is to look at the “Information”
of solution phases. It is recommended to choose
the solid solutions which are unique to the
system of interest. Here, we use Mullite.

The references numbers are shown at the
bottom.

Cuztom Solutions
0 figed activities l
| ] L1

&F Froxid-Mull — O *
File Edit

LE &S

[FToxid-Mull] Muflite
OXIDE solution - mullite with borate in solution

Solid solution of non-stoichiometric mullite with B2O3 and Fe203 in solution.
Replaces former FToxid-MulF and FToxid-MULL.

|[ALFe]2[ALSiB Fe][O.Va]s

Possible miscibility gap. (Use I 0pti0n.)|

End-members in pure compound database FToxidBase cdb: AlsSiz013 solid.

Puafarea"lcesl2004= 2025, 2044, 2047, 2055, 6009, 6020'
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Phase Diagram Module: Si0,-Ca0-Al,05 System

What are the references used for the Si0,-Ca0-Al,0; system?

G’ FACT reference list - FactSage Browser - [FACT _reference_List.htm]

File View About...

@|@|@| |j | @j| @| IE Search phase diagrams:|<chemical farmulas ):"

:| h_‘j [FToxid] - FACT oxide database:

:| h_‘_“| [FT=alt] - FACT =alt database:

:I I.a_‘_“| [FTmizc] - FACT sulfide, alloy, mizcellaneous databases:
:| h_‘j [FTO=CN] - FACT high-T oxycarbonitride database:

Iq_‘:“| [FTfrtz] - FACT fertilizer database:

[FThall] - FACT database for Hall aluminum process:

— [FThelg] - FACT agueous (Helgeson) database:

[FTpulp] - FACT pulp and paper database:

Iq_‘g [FTlits] - FACT Al-alloy and Mg-alloy databases:

:| hﬂ [FTnucl - FACT nuclear database for the nuclear industry:

:l
:|
:l
:I
:|

:| h_‘j [FScopp] - FactSage copper alloy database:
:| h_‘_“| [FSlead] - FactZage lead alloy database:

:I I.a_‘_“| [FSstel] - FactSage =teel alloy databaze:

:| q‘j [FSupsi] - FactZage ultrapure silicon database:

Hu_‘ﬂ [SG=old] - SGTE =older alloy database:
:| lq_‘g [SGTE] - SGTE 2011 alloy database:

:I hij [SGTE] - SGTE 2014 alloy database:

:| h_‘j [SGTE] - SGTE 2017 alloy databaze:

El-- i=] [BINS] - SGTE free binary alloy database:
‘|| [SGUM] - SGTE unary database:

Ell{‘% [SGnobl] - SGnebl nokle metal alloy database:

:| I.a_‘j [SpMCEN] - Spencer Group carbide-nitride-boride-gilicide systems
:| lq_‘j [TDmeph] - MEPHISTA database for new generation nuclear fuels:
:| IqL“| [TDnucl] - NUCLEA nuclear database:

=| List of database files stored in \FACTDATA
iwe|=| List of references

[2002]

[2003]

+ must contain | <es CaD>

Dx:de Binary Sistems" J. Alloys and Compomld& 179, 259-
287(1992).

P. Wu, G. Erksson and A D. Pelton, "Cntica Evaluation and
Optimization of the Thermodynamic Properies and Phase

Diagr

MeO.| A complete thermodynamic assessment for the

Soc., |

P. Wy

Diagra

Si0,-Ca0-Al, O3 system was detailed in this paper.
Optmf Also included are the calculated phase diagrams.

Ceram. Soc.. 76. 2059-64 (1993).

[2004]

G. Ericsson and AD. Pelton, "Critical Evalmation and
Optimization of the Thermodynamic Properties and Phase

Diagrams of the Ca0-ALO,. ALO,-Si0, and CaO-ALO,-
Si0, Systems", Metall. Trans., 2B, 807-816 (1993).

[2005]

G. Erksson and AD. Pelon, "Cntical Evalnahon and
Optimization of the Thermodvnamic Properties and Phase
Diagrams of the NInO—TiDZ MgU—TiUzz FeCI—TiDzz Ti203—
Til:]2= I\Tazl:l-'I'il:]2 and Kzl:]-Til:)2 Systems’, Metal. Trans.
24B. 795-805(1993).
>
Revised: 3/3/2019
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https://link.springer.com/article/10.1007/BF02663141

Phase Diagram Module: Si0,-Ca0-Al,05 System

What are the references used for the Si0,-Ca0-Al,0; system?

si0,
(1728)

This liquidus projection calculated by the
accessors used wt.% as compositional
scale. Now let us use FactSage - FToxid to
reproduce this phase diagram.

Al 05

1754 1838
CaAlz0, CaAl,0y Cakz0p * 2 7

5 (1604) (1785)
CasAl,04 Q'= CaySi0,

Weight 7%

Fig. 5—Optimized Ca0-Al,04-SiO, phase diagram. Temperature in °C.

CazAl,0¢

Eriksson and Pelton, Metallurgical Transactions B, Vol.24, No. 5 807-816(1993 100
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https://link.springer.com/article/10.1007/BF02663141

Phase Diagram Module: Si0,-Ca0-Al,05 System

Back to the Menu Window (Slide): Change the mass unit to gram.
47 Phase Diagram - Menu: last systerr _

File Units Parameters Variables Help

D2l T[C) Platm) Energyll] Quantitylg) Vollite] = 1
Components. (3 | »| Mass unit: gram
[ [gram) Si02 + Cal + A03 |
Prody—;: - i i
By ﬁ Units: T(C), Piatm), Energy(J), Quantity(g), Vol(litre) X bolutions
Temperature Prezsure Erergy Clusantity Walume :;E_T{il.t::ﬁz
T " Eelvin, K " bar * ] " mal * fitre [dm3]
T ¢ Celsius, °C * atm " cal g i3 'I'Imli Edit .
F " Fahrenheit, *F " pai ™ B b "Wolume Lt
* " Pa " kwh " ka unis are eariu:ular wviolures of
™ GPa " tonne set by and liquids = 0
RIS e ralar volure data
urits. hyzical properties data
T uiIibrium&Gminw
_:;5"_ Fies: E
£ ieg [maw SO00 a0
iohs [maw 200] 7
Coee ; tr e T
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Back to the Variables Window (Slide)

G

File Units Parameters I'-;arial:lea IHEIp

0 {?‘-{ariables: 5i02-Ca0-Al203 compaosition #1. vs conppe

Choose the projection option and set the isotherms.

WYariables T and P

compositions Temperature
jection -
& 10 projec
loal0la) +] [0 ] M [2000
thermal Wi |B00
zechions )
T
Iv define min and max izotherms

ions Quantitelgl

" [ Jsoz+ [0 Jcao + [0 |ae03
[ Jsioz+ [ Jca0 + [ ]aio3

A-Corner ]

T 11 (max)

o mzug

A ARO3
]

+ [0 ]aeos

+ [ Jae03 "

s [0 |sioz+ [0 |can
) 5i02 + Cal

v [0 ]sioz + CaD
) 502 + Call

Sustainable Materials Processing Lab

Frezsure or Volume

* Platm] |constant -
T logP
|

" W(litre]
A corner: pure SiO,.

Msio,
Msio, T Mal,0, T Mcao

= mass fractiong;g,

Note: mass fraction is not wt.%.

FactSage Team
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Menu Window (Slide): Choose Liquid (Slag) as the precipitate target phase.
&7 Phase Diagram -[Menu]comments — X

File Units Parameters Variables Help

== TIC] Platm) Enerayl)] Duantityla) Yollitre] m =™

Components [3)

[ [gram) 502 + CaD + ARPO3 |

Solution FTowad-SLAGA )
Solution phases

Cuztom Solutions
- clear = | + | BasePhase | Full Hame 0 fixed activities
IP | FToxidSLAGA | A-Slagriq al osides + 5 0 ideal zolutions
~ - all end-members : =
| FTowid-tel_a A-bonoxide Pseudonyms -
* - custom select end-members ... + FT orid-td el_d A-p elilite apply [ Edit ..
m - merge dilute solution from I FT awid-kull Mullite Yaolume data

- azzume molar volumes of

) zolids and liquids = 0
+ - single phase i

» | - possible 2-phase immiscibility

We are calculating the liquidus projection, which
e ctable o o] means other solids phases (primary crystallization
- standard stable phase - precipitat

ket solids) are precipitating from the liquid.

1 - possible 3-phase immiscibility

- dormant (metastable) phase { - selected

F - formation target phase

. Phasze Diaaram
+ P - precipitate target phase IEES | | | sioz W univariants

0 - Only plot this single phase —l 01 | | v izotherms [13
. . cao A1203

5 - Scheil cooling target phase Frojiection  Calculate 33

£ - iso-activity lines ...

Help ...

sagetPhazSCA DAT
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Results: the Liquidus Projection of the Si0,-Ca0-Al,05 System

SiO, - Ca0 - AL O,
Projection (A-Slag-lig), 1 atm thtﬁage’"
sio,

You may notice there are lines which cross with
each other. As the equilibrium state shown on a
phase diagram must be uniquely defined, the
crossing of lines is not permitted.

If you manually label the phase regions, you will
find that there is a region which is labeled both as
Melilite and Ca,Al, SiO-.

Cao 08 08 07 08 05 04 ik} 02 a1 A,}Og

mass fraction
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Phase Diagram Module: Si0,-Ca0-Al,05 System

The issue of having crossing or redundant lines when calculating the liquidus
projection is usually because we choose both the solution phase and its
endmembers from pure solids.

[t is worth mentioning that the topology of the space model for a ternary system
like the SiO,-Ca0-Al,05 system is quite complex. When FactSage is performing
the “Gibbs energy minimization” calculation, if there are two Gibbs energy
functions of which the values are close (e.g., the Gibbs energy of a solution phase
and its endmembers), the calculation which gives single-value solutions might be
challenging. Furthermore, the algorithm of the “Gibbs energy minimization” is
based on numerical methods (not analytical!!!). Because of this, if we rearrange
the A, B, and C corner,; the complexity of the “Gibbs energy minimization” might
be different, and the diagrams might look slightly different. Actually, one strategy
of resolving the issue when the calculated phase diagram contains crossing and
redundant lines is to switch the components at the A, B, and C corner.

Hack, FactSage Tech (FactSage\Information\FactSage-Tech) 105
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Results: the Liquidus Projection of the Si0,-Ca0-Al,0; System

SiO, - CaO - Al,O,
Projection (A-Slag-lig), 1 atm &ctsage“'
sio,

After we swapped Al, 05 and CaO, crossing and

intersecting lines still are present.

AIEOJ 04 a8 a7 0.6 _' a4 0.3 02 at Cao

mass fraction
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Results: the Liquidus Projection of the Si0,-Ca0-Al,0; System

Si0, - CaO - Al,O,
Projection (A-Slag-lig), 1 atm thtsage“'
AL,

After we swapped SiO, and Al, O3, crossing and
intersecting lines still are present.

mass fraction
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Results: the Liquidus Projection of the Si0,-Ca0-Al,0; System

SiO, - CaO - Al,O,
Projection (A-Slag-lig), 1 atm &ctﬁage"'

Ca0

After we swapped SiO, and CaO, crossing and
intersecting lines still are present.

S'!"O2 T L':u ] IIL:':II ] v;.’" ] "Jiv ] "Li" ] “L:" ] "LZ' ] ;2" ] u;'" - Algog

mass fraction
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Results: the Liquidus Projection of the Si0,-Ca0-Al,0; System
Si0, - Ca0 - Al,O,

Projection (A-Slag-lig), 1 atm thtﬁage‘"
Al,O,
A > After we swapped SiO, and Al, O3, then SiO, and

CaO, crossing and intersecting lines still are present.

S."OQ a9 08 a7 a8 as . 0.4 - = o Cao

mass fraction
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Results: the Liquidus Projection of the Si0,-Ca0-Al,0; System
Si0, - Ca0 - Al,O,

Projection (A-Slag-lig), 1 atm &ctsage"‘
CaoO
A > After we swapped SiO, and CaO, and then SiO, and
AN Al, O3, crossing and intersecting lines still are present.

AIEOE a9 04 a7 8 0.5 04 03 a2 a1 Si’oz

mass fraction

110

Sustainable Materials Processing Lab FactSage Team MSE Department, University of Toronto



Phase Diagram Module: Si0,-Ca0-Al,05 System

The above phase diagram calculations show that the process of “Gibbs energy
minimization” might be impeded when both the solution phases and some pure
solids which are the endmembers of these solution phases are selected.

How to resolve the issue of having crossing and intersecting lines? The solution
is very simple: remove all the pure solids which are the endmembers of the
solution phases.

111
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Find the endmembers of solid phases

ﬁ’ Phase Diagram - Menu: comments - >

File Units Parameters Vanables Help

D | g TIC] Plat) Enerayld) Quantitylg) Vollitre) m =™
Components (3] Salution Phaze FToxid-Me0

M onoxide Rocksalt-str. Fe[2_],Ea,Sr,B a Mg Mi,CoMn2):dilute £n a4l CrFel3) Mn[3].
CuzZr, Ma. Miz, gapif Cal, S0 or Bal iz present [uze | option]. Replaces MOMO.

FTosid-tel_A sub-system +
Products . ) )
Compound species E:E::irrnggents in FToxid-te0_aA for the current calculation are: £y FToxid-Me0_A _ O %
File Edit

[T gas & f" Information. .

[ aquecus 0 I | FToxid-Mel_A A-tMonoxids

[ pure liquids 0 + FTomid-bel_a A elilite .
* [+ pure solids 23 [ FT owid-Mull Mullite [FToxid-MeO_A] A-Monoxide

OXIDE monoxide (rocksalt structure) soltion
* - custom zelection
Approved sub-system of FToxid-MeQO _

. . Note that the former phase FToxid-MONO has now been combined with F Toxid-MeO and merged into it.
1. Show the Information of a solid phase.

2. Click on “Information”, and find the
section which describes the Endmembers in

Fe(I[)O,Ca0 MgO,5r0,BaO Mn(I[)O,NiO.CoO at all compositions + (Al Fe(IIT),Cr(III).Na, Ti(TV).Zn,Zr :
Mineralogical names: Wustite (Fex(Q).|Lime (CaQ), Periclase (MgO). Magnesiowustite (MgO-Fex0), Mang:

End-members in pure compound database FToxidBase.cdb:@gQ 5r0, BaQ, MnO, NiO, and CoO :
pure compound database.

The endmember of FToxid-MeO_A for the
current SCA system is CaO.

+

Evaluated and optimized at all compositions.

Can be used for wustite (FexO) solutions at all oxygen contents | However, Mn(III) is not included in FToxid- ,,
< >
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Find the endmembers of solid phases

{? Phase Diagram - Menu: comments - *
File Units Parameters Variables Help
= TIC] Platm) Energyi)] Suantitig] Vollitre] m |B| y|
— Components [3] Solution Phase FToxid-Mel_

-Melilite {Ca,51.BaPbMaj2[Zn MaMiFe2+ Fed+ ALB){Fe3+ .41 B 5207

Mever uze Mel_?

FToxid-Mel_a& sub-zystem

[ Products The components in FToxid-bMel_a for ¢ wrreatcalanlatiop-aps:
Compound species ; - mooton: |
Ca2al307[1-], CazZansSi207[1+] o activiis | Detals . | ¢
B o= & ideal € real Information._. ||« S
|_ AquUECLIE 0 | FToxid-Mel_a Atonowide &7 Floxid-Mel A — O %
[ pure liquids 0 + [ FlomdMel & A-helite f—j || File Edit
* |+_ pure zolids 28 | FTorid-rull

[FToxid-Mel A] A-Mellite

OXIDE solution melilite
The en dm emb er Of FTOde_ M el_A for the |Di5tr1buﬁon of cations over the three cation sites are taken into account as follows:

current SCA system is CaZAlz Si07. (CaPb)a[Me. Fe(IT) Fe(TIT). Al Zn] {ALFe(ID).Si} 207

Mineralogical names: Akermanite (CaxMgSi207), Iron-akermanite (CaxFeSiz 0?)] Gehlenite (Ca2AlL SiO “)l ITron-gehle

|End—member5 in pure compound database FToxidBase.cdb: CazMgSizQ7, CazF eSizD_“-l Ca:AleiCl?I CazZn5i207, ]

Evalated and optimized at all compositions where data are available.

L N N R L T R A

< >
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Find the endmembers of solid phases

{? Phase Diagram - Menu: comments - *
File Units Parameters Variables Help

= TIC] Platm) Energyi)] Suantitig] Vollitre] m |B| y|
—Components [3] | Solution Phase FT oxid-Mull

Mullite [ Fe]2[4l5L8 Fe]l0 a5, accounts far non-stoichiometry.
Replaces MULL and MulF. Uze [I] option,

The components in FTozid-Mull far the current calculation are:

— Products AIZANDE[], AZANVES[+3], AFSTOSOL AZSTVasMT0] +
Compound species Custorn Solubing:
[Tnformation. |——— | & Froxd-mul - o X
[ o2z & ideal € 12al O | FTomid-5LAGA | A-Slaglig all oxides + 5 File Edit
|_ aqueaLs 0 FTosid-tel_s A-Monoxide
|_ pure liquids 1] FTomid-tel & A-Melilite
* [+ pure solids & L itz End-members in pure compound database FToxidBase cdb: AlsFezSisO015 and AlsMgzSisOqg solids. »

* - cugtom zelection

[FToxid-Mull] Mullite
The endmember Of FTOXid'Mel A for the OXIDE solution - mullite with borate in sohrtion
current SCA System IS A16 Slz 013 . Solid sohition of non-stoichiometric mullite with B2Os and Fe2Q3 m solution.
A Replaces former FToxid-MulF and FToxid-MULL.

[ALFe]2[ALSi B Fe][0.Va]s

Possible miscibility gap. (Use [ option_)l

End-members in pure compound database FToxidBasc.cdb:Es Si2013 so]id_l
< >

L
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Remove the endmembers of solid phases from pure solids

& .

File Units Parameters  Variable 3 Selection - Phase Diagram - no results - O X
Ll=E File Edit Show Sort
Components [3]
[Selected: 28/30] [sOoLID ]
| - nio resulks -
+ | Code | Species | Data | Phase |T|¥| Activity | Minimum | M aximum -
Products + 13 Si02(z6) FTosid  Cnstobahte(h) W
Compound species + 14 Si02(=7) FToxid  coesite W
+ 15 Si02[=8) FTowid  stizhowvite W
B gss & idesi O o | Lk 1B Apsien7s Floxid _solid v
[T aquecus 0 17 Cal[z] FTowid _ Lime I
™ pure liquids o |+ 18 Cablznggs) FTowid  solid v l
FT ous solids ||+ 19 cassom FTosid  solid W
+ 20 Catl12019(z] FToxid  solid i
" custom selection + 2 CalAR06() Fowid  sold ¥ | Remove these two pure solids.
species 28| 1L 23 CasiDafs) FTowid  ‘Wollastanite W
+ 23 CaSi03fz2) FTosid  Pswollastonite W ] 1+ 1
— e o fonaesonte ¥ | (Ignore AlgSi; 013 because it is not found.)
- hohe - + 25 Ca25id4[z2) FTowxid  Alpha-prime W
: ) + 2B Ca25i04[z3) FToxid  Alpha i
Estmate TK]. 11000 + 37 Ca3SiD5[s) Al | el y
+ 28 Ca3si20 (s FTorid  Rankinite L
i + 29 Cad/25i06(=) FTorid  Ca-Tschemak L
Ll : + W Cabi25i208() FTowid  Hewagonal o
_To | siod » |31 |caaPszaiz)l |FTerd |Anofhie v
| soozoo0 i 32 Ca2al25i07(s) FTosid | Gehlenite | 4
+ ] Cazal25i3012g] FTosd  Grossulante W =
(5 =502, B = AR03,C =Cal |
r | | |
FactSage 7.3 C:\Fact54
Shaw Selected | SelectAl | Select/Clear.. | Crar | ok |
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Then, perform the phase diagram calculation again.

SiO, - CaO - AL, O,
Projection (A-Slag-lig), 1 atm &ctSage“'

The issue of having crossing and intersecting lines is

» resolved. You can try other component arrangements
at the A, B, and C corner.

" Ca0

mass fraction
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Phase Diagram Module: Si0,-Ca0-Al,05 System

Results: the Liquidus Projection of the SiO,-Ca0-Al,05 System.

Si0, - Ca0 - ALO,

Projection (A-Slag-lig), 1 atm

Foour-Pherse Intersacion Pants with A-Slag-liq

o Ca2S08 Alpfel=d) [ Ca3S05 Hatrurite]s) | Moroasidei]

ARROS edrundumi{aiphals4) | CRARS208_Anariite]=2) | Mulied
Cal2Dd solid]=) F Catl407 =didi=) / Medilite

2508 Alphal=d) [ Cani204_sdid=) | Madiliee .
 Mulitell] P 502 Cristobalitedhis6) / 502 Tnd}'rnl e Fi =) S k)

Sio,

corundunialiphalsd) | Cafl 12019 salid{s) | Cad25208_Anarfite?)
< Cafi3019_sdid{s) | CarS0T_salid]=) M efilise
| Ca2S04 Alpfhe(sd) [ CAIN206 salid]s) ! Ca3505 Hatnurite]s)
| Ca?SO8 Aphalsd)  CaZ2504 Bpho-pime] <2 Wil
: Ca2S0d Alphalsd) [ CalS08 Alpherprime=2) | CalA208_sdid{s)
1M1 Ca2S04 Alpfa=T) [ Ca2Si0d Alpfeyprime=2) / Ca35207_Rankinite|=)
Ca2S08 Alphal<T) | Ca2Si0d Alpfeprime <2} / CaAl204 Saiid{s)
Ca12079 solid{=) | CaN25F08 Anorfule]=2) | Meilite
14 CaM25208_snorfisel=2) | Mullisel | S02_Tndymisalhi=4)
c Ca2S0d Alphorprimes|=2)  Ca3S207 Rarkoride)=) / Medilie
: c.uzsm’npm-mquzucmm‘sd <) / CaA20d malicd<)
© CalSRoT | CaSi0l_Pe-wollastoni{=2) | Mediffie -
| Cal2S0R Anorfite=?) / CaSi00 Ps-wallasion|=2) / Meilite =
: Caf25200 Anorfite]s2) | CaSi00 Pe-wallasioni =<2} | 500 _Tricymitekl{s4

HE P ol B P

A=502 B=A203, C=

WA WHE)  WIC) T
10 019022 Q47277 Q63701 172655
2 04041 04202 017557 1596.35
A (08557 QL57178 OUIE6T 1528.66
4 01243 03772 0457788 147368
S 074708 019023 QO0EMS 148537
[
7
a
9

]

O

Q31938 040852 027410 184649

035092 0.16142 (L2A168 183685
009582 130935 0.53563 1436.85
11: 043963 Q0365 053672 143685
(U0E7S1 0.84362 0458888 143884
0‘321£ 037149 030705 139195

=

003079 084979 051943 1331.59
020710 015801 043289 127344
041896 0.18043 040255 1257.43
Q61465 013411 025124 118429

Stable Phases +
Lactigd—
This allows you to remove all :
< | the labels and isotherms.
Tiemin) = 1184.29 °C, T(max) = 2572.00 °C 20m T TUE T T TTTTTITT TR T T
3 E'onid—HEO: Monoxide Rocksalt-str. Fi
4 FToxid-Mull Mullite [RA1,Fe]2[Al,5i,]
1800 5 FToxid (FS) R1203(s4) corundum (alpha)
14 & FToxid (P5) Ca25i04(s2) Alpha-prime
7 FToxid (P5) Ca25i04(s3) Rlpha
1600 8 FToxid (P5) Ca3BRl20&(s) sclid
W L=} FTowid (BSY C=35i207 (g Panlkinits
G Manipulate and Refresh —
% T4 I (TEr—
. ] - F ]
labels - old | delete label
Cr 1o 4 1200
’ EE I
100D
. e
- =N

|V m (™ hi &% med{T o density m
arjuzny

m Eh step: | it | ma:-:| [walts)

L]

2022-07-200 12

a8 a7

mass fraction

rH step: | mln.| ma:-:.|_

a2

ad

CaO

replot as Eh = Figure

full
= Wiewer [

ECTeEn
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Phase Diagram Module: Si0,-Ca0-Al,05 System

A Note on the Phase Selection:

Although the selection of CaO and Ca,Al,SiO- from the list of pure solids did not
produce any redundant lines when the isothermal sections were calculated, it is
still recommended that all the endmembers of the solutions phases be removed.

Comparison with the phase diagram reported by Eriksson and Pelton:

You might notice that the liquidus projection of the SCA system calculated by the
current FToxid database is not exactly same to the one reported by Eriksson and
Pelton (CRCT Team). This is because FToxid is being constantly updated by CRCT
to improve the accuracy of models and to include other oxides.

Eriksson and Pelton, Metallurgical Transactions B, Vol.24, No. 5, pp807-816 (1993) 118
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https://link.springer.com/article/10.1007/BF02663141

Phase Diagram Module: MgF,-CaF, System

From previous examples, it is seen that the FactSage databases (e.g,, FTlite,
FToxid) always contain a model for liquid solution. The model usually gives a
quite accurate description of the interactions between solution constituents. In
most cases, the model is non-ideal solution model. However, the Phase Diagram
Module permits one to choose instead of non-ideal liquid solution from the
FactSage databases, an ideal liquid solution.

Say we are looking at a simple eutectic system, MgF,-CaF,. Let us calculate the
phase diagram of the MgF,-CaF, system using both the ideal solution model and
the non-ideal solution model for the liquid MgF,-CaF, solution.

Note: for these two scenarios, only the liquid phase is different.
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Phase Diagram Module: MgF,-CaF, System

First, find the FactSage database that can be used to calculate the phase diagram
of the MgF,-CaF, system.

G Search Results - Fact5age Browser - [search_results.htm] — O x
File View About.

@|@|@| E |@j| @l ’E Search phaze dlagramsl MgF2 CaF2 I p| + MLt conkain | Found: 51

1.1_15‘] [FToxid] - FACT oxide database: ~
::I [FT=alt] - FACT =alt database: - ~
] [FTmizc] - FACT sulfide, alloy, miscellaneous databases: sea rc h res u Its fo r' M g F 2
[+ [FTOXCN] - FACT high-T exycarbonitride database: C a F 2
+ [FTfrtz] - FACT fertilizer database:
+] [FThall] - FACT database for Hall aluminum process:
] [FThelg] - FACT agueous (Helgeson) database: List of Phase Diaarams:
£ [FTpulp] - FACT pulp and paper database: E‘ i
- [FTite] - FACT Akalloy and Mg-alloy databases: EMQH -CaFZ: | FThall|
-2 [FTnuel] - FACT nuclear database for the nuclear industry: CaF2 - MgF2 : | FTsalt |

..... . EXCaF?2 - MgF2 - NaF : | FTsalt |

:I--'-‘E [FScopp] - FactSage copper alloy database: . .
] *ﬁ_l] [FSIeaF;I;- FﬁctSagge Iea:zlluy d;abase: %Ciﬂ:z - LiF - MgF2 - | FTsalt|
-+ [FSstel] - FactSage steel alloy database: NaF - MgF2 - | FThall |
[+-1{2) [FSupsi - FactSage uttrapure silicon database: E‘NaF _C
P— %ﬂgﬁ Two databases can be used, and both of them contain the
H-4{=) [SGTE] - SGTE 2011 alley database: - . .
2003 [SGTE] - SGTE 2014 aloy database: Eugr2- optimized model parameters for the MgF,-CaF, system.
8 U - SOTE wrety e @mcm. Here, we choose the FTsalt database.
MgO - Sfor=rmgrz=—TTroxrmT
[SGnobl - SGnobl noble metal alloy database: &Mg{} - Si0? - MZFZ - | FToxid |

[SpMCEBN] - Spencer Group carbide-nitride-boride-silicide systems & . 3 .
[TDmeph] - MEPHISTA database for new generation nuclear fuels: MgO - 5i02 - MQFZ 2| FToxid |
#1-42) [TOnucl - NUCLEA nuclear database: El'|-||§]25i0“'1 -MgF2 : | FToxid |

..... &mgo - MgF2 - | FToxid |

&LiF - MgF2 - | FThall | FTsalt|
v SSLiF - MgF2 - $F2 - | FTsalt | v
1LiE m=FE2 -1 EThall |

----- =| List of database files stored in \FACTDATA
=| List of references

Revised: 3/3/2019
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Phase Diagram Module: MgF,-CaF, System

Components Window: Define Components

{E’ Phase Diagram - Components

File Edit Units Data Search Data Evaluation

[ TIC) Platm] Energpi] Quantityfmol) Volllive] }ﬁ ml !| )|r|

Di&| +|

1-2 |

Help

Choose the units.

Components

[MaF2

[

v classical phase diagram [default)

[~ agueous diagram with molaliies, and iso-Eh & izo-pH lines
[ reciprocal diagram with 2 cations and 2 anions

[ ScheilGulliver constituent diagram

FactSage 7.3 Compound:

1/14 databazes

Solut

ior: | 1/15 databazes
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Phase Diagram Module: MgF,-CaF, System

Components Window: Choose Database(s)

&

File Edit Units DataSearch Data Evaluation Help

O G Data Search

Databases - 1/14 compound databases, 1/15 solution databases

G‘hct

[ FactPs

FTzalt

|| FTmisc
[ FThall
[ FTOxCMH
] FTintz
] FThelg
] FTpulp

[ FTiite

Information
Click. or a bos b
compound and

SGTE GOmpaUnds anly Private Databases
O [ BINS solutions orily [ EXAM
= O s6Ps | nodetabass |
O

E

Clear &l

' Add/Remove Data

[ ELEM
] FTdemo

] FTnucl

Choose FTsalt only.

MHarmally databazes are 'coupled' - that iz bath the

T T

[nate, thiz iz NOT reconmmended).

If database is stored on wour PC but not lizted here then you must ‘add the database to the list' - click on Add/Remove ',

Options - search for product zpecies

Inzlude compounds

[ gaszeous ions [plasmas]
Default [ aqueous species

[ limited data compaunds [25C]

To 'uncouple’ a databagzes click-mouze-right-button

Lirnits
Organic species CeHy.., Xmax] = |2_

Minimurm salution companents: O 1 (8 2 cpts

Sustainable Materials Processing Lab

FactSage Team
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Phase Diagram Module: MgF,-CaF, System

Menu Window: Choose Products/Phases (Compounds and Solution Phases)

ﬁ' Phase Diagram - Menu: last system

File Units Parameters Variables Help

Choose all pure solids and all solution phases
TIC) Platm) Energyld) Quantiv(mal) vollive) | (use default immiscibility settings).

Note: FTsalt-SALTA is the non-ideal solution

| Mar2 b Caf2 | model for the MgF,-CaF, liquid.

D= =
— Components [4]
— Products
— Compound species - Solution phazes 1
= | + | Base-Phaze | Full Hame
B gz 6% idepl ¢ real 1] I FTzalt-SALTA A5 alt-liquid
[T aqueous 0 I FTzalt-C1 Fluarite
pure liquids 1] J FTzal-C4 Futile
| |+ pure solids 3 | FTzalt-C23 Cotunnite
spECiEs: 3
— Target ~ Legend
- noneE - - il 3 W Show ™ all  selected
Eztimate TIK]: I'IDEIEI J - JHmmizcible 1 ook il ol
zolutions: & iﬂl
—Wariables
TIC] bgF 2/ |
A00 2000 01
[MgF2/MaF 2+4CaF2) vs -|

— Custam Salutions ————
0 fived activities _DEtals - |

0 ideal zolutions

Pzeudonyms -
’7 apply [ Edit ... |

—Wolume data
< aszume molar volumes of
solids and liquids = 0
include malar vaolume data
and phyzical properties data

[ paraequilibrium & Gmin  edit |

Total Species [max S000] 21
Total Solutions [max 200 3
Tatal Phazes [max 1500] 12

Phaze Diagram

y W univariants
™ v izotherms [13]

Frojgction  Calculate 3> | ‘

FactSage 7.3
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Phase Diagram Module: MgF,-CaF, System

Menu Window: Set up the Variables

&
| File Units Parameters |Varnables | Help
L= TIC) Platm) Energyld) Guantity(mol] Vallite] = Ean

Comnonents [21

1 We wish to calculate T~Xg type of phase diagram.

compositions Temperature Pressure or Yolume

-anis hd + Platm] |constant hd
= TIC)
log1Ofa) :I" El ~ Max 1500 " logP
M [0 e

" logh
# steps

Compositions Quantity[mol]

. MaF2 + [0 | a2
' MaF2 + CaF2

[~ #1 logl O[compoazition)

MaF2/MaF 2+CaFd] ws - S

FactSage 7.3
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Phase Diagram Module: MgF,-CaF, System

Menu Window: Calculate

ﬁ' Phase Diagram - Menu: last system

File Units Parameters \Variables Help
Ol = E T(C] Platm] Erergyll] Quantity(mol] Yolllitre)
— Components [2]
[ MgFz + CaF2 |
~ Products
— Compound species — Solution phases
= | + | Baze-Phase | Full Name
B gz (% ideal  real 1] I FTzal-SaLTA A5 alt-liquid
|_ agueous 1] | FTzalt-C1 Fluonte
|_ pure liguids 1] J FTzalt-C4 Rutile
|+_ pure zolids 3 | FTzalt-C23 Cotunnite
IpECies: 3
— Target ~ Legend
- hOneE - ] - el 9 W Show all  selected
E stimate T[K]: I'IEIEID J - 3-immizcible 1 species: 10 o
zolutions: 9 iﬂl
—Wariables
TIC] MgF2/ |
{11500 01
[TIC] ws MaF2/MaF2+CaF2]|

— Custom Solutions ———
0 fived activiies _DEtals - |

0 ideal zolutions

Pseudongms -
IV apply [ Edit ... |

—Yaolume data

e AsEUME rnolar volumes of
golids and liguids = 0

e iciude molar volume data

and physical properties data

[ paraequilibrium & Gmin  edit |

Total Species [max 5O00] 21
Total Solutions [max 200 3
Total Phagzes [maw 1500) 12

Phaze Diagram
4
><
Calculate > |

FactSage 7.3 |
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Phase Diagram Module: MgF,-CaF, System

Results: the MgF,-CaF, Phase Diagram

Mng - CﬂF2

1 atm

Lactig'

1400

Cotu
1200

I"II"IItE

Cotunnite + Salt-ligui

Fluorite + Salt-liquid

Salt-liguid

Rutile + Salt-liquid

Stable Phases

B & D

Stable Fhases

- solutions and compounds {pa: A

1 FTsalt-5ALT Salt-liguid (main ions : Li,HNa
2 FTsalt-C23 Cotunnite Strukturbericht : ¢
3 FIsalt-Cl Fluorite Strukturbericht : |
4 FTsalt-C4 Rutile Strukturbericht :

1000 | B
restore
g 80 r labels - old Fluorite + Futile
= Rut
Ejjofte# S E— 1
. . nulyiiizz)] ,JIJ]:L'IJIJ
Fluarite + Rutile iso-therm -
s ]
iz linz: J-urn—-mul elizie)ren
[ [3 coman|
200 | ar|Uzuus diara
Eh step: Iu_ 38 l_ ma:-::l_ [wealtz]
pH step: [ : B
0 | | | | 2022-07-20 1 sec p_— -
+ Figure
0 02 04 06 0.8 replot s Eh W viswer . sereen
MgF,/(MgF,+CaF,) (mol/mol)
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Phase Diagram Module: MgF,-CaF, System

Results: Invariant Reactions

Stable Phases

mole TC {min) TC (max)

1 1418.05 C Salt-ligquid#1(0.0) <=> Cotunnite#l{0.0)

2 1262.35 C Salt-ligquid#l(l.0) <=> Rutile#l{l.0)

3 1150.85 C Fluorite#l (0.0002255) <=> Cotunnite#l(0.0002255)
4  974.01 C Salt-ligquid#1(0.5047) <=> Fluorite#l{0.0003127)

HE &€ D

Stable Phases - solutions and compounds (pure substances PS5)
1l FTsalt-5RLT Salt-liguid (main ions : Li,Na,K,Bb,Cs Mg, Ca,5r,Ba,Al,Fe[2+,3+],Mn,Co,Hi,Zn, Pk, L
2 FTsalt-C23 Cotunnite Strukturbericht : C23; Pearson : oPl2; Space group : Pnma (62); Prot
3 FTsalt-C1 Fluorite Strukturbericht : FCC Cl; Pearson : cFl2; Space group : Fm-3m (225);
4 FTsalt-C4 Butile Strukturkbericht : C4; Pearson : tPé; Space group : P42/mnm (136); Pr

Salt-liquid#1{0.3109)
Butile#l (0.9997)

G Manipulate and Refresh —

clear restore

labels labels - old delete label:

The invariant reaction labeled as “4” is the eutectic reaction.

pH step: ID

replot as Eh f% Figure full
™ Viewer T soreen

127

Sustainable Materials Processing Lab

FactSage Team

MSE Department, University of Toronto



Phase Diagram Module: MgF,-CaF, System

Now, let us choose the MgF,-CaF, liquid which is modeled as an ideal solution.

Back to the Menu Window.

G Phase Diagram - Menu: last system — *
File Units Parameters Vanables Help
O = I TIC] Platm] EnergylJ] Quantitymol] Yolllitre) I"T |B| M|
— Components [2] |
MoF2 + CaF2
—» Remove FTsalt-SALTA.
~ Products
— Compound species Solution phazes Cuztom Solutions -
* | + | BasePhasel | Full Name _ 0 fived activities D=3 |
W 0as (% ideal " real O FTsall-54LTA -5 alt-iquid | 0 ideal solutions
F=La[N1=e10 1] | FTsalt-C1 Fluarite Pseudonyms -
{_ [ pure liquids 1] J | FlsahCd Rutile ( apply T Edt.. |
+ pure solids 3 | FTsalt-C23 Cotunmite |—VD|UITIE dataﬁ
G Selection - Phase Diagram - no results - O
File Edit Show Sort
 Tanget| [Selected 1/1] [LIguiD |
- hohe
) | - no results -
E stin
+ | Code | Species | Data |  Phase |T|¥]| Activity | Minimum | M aximum
pf L+ 1 M gF 2{lig) FTsalt  liquid b
~ ¥ariabls
T
01
TIC] ws
FactSage 7

Sustainable Materials Processing Lab

FactSage Team

To define an ideal liquid MgF,-
CaF, solution, we need both
pure liquid MgF, and pure
liquid CaF,. However, the FTsalt
database does not include the
model for pure liquid CaF,.
Therefore, another database
(normally FactPS) must be
used.
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Phase Diagram Module: MgF,-CaF, System

Bac to Components Window: Add FactPS

File Edit Units Data5earch DataEvaluation Help
Ol +] TIC) Platm] Energyf)) Quantiyimol) Vollitre] HETLY

{7 Data Search >

Databases - 2/14 compound databases, 1/15 solution databases

QCt ISG TE compounds only Pﬁvare Darabases

: B olutions only D EXAM
O scPs no datablse

| P

1 Jare

[ 5Gsold Clear Al

[ FThall

FTOxCN
H FTh:z Other Add/Remove Data

[] FThelg [] 5Gnobl
1 FTpulp [] SpMCEBN

[J] TDmeph J
[ FTlite [ FTnucl [ TDnuel

\ 4
Choose both FactPS and FTsalt.

Information -

Options - search for product species
Include compounds ———— Lirnitz

[ gaseous ions [plasmas] Organic species CxHy..., X[max) =
Drefaul: ’2_

[ aqueous species . . )
[ limited data compounds (25C) Minimumn solution components; O 1 (& 2 cpts
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Phase Diagram Module: MgF,-CaF, System

Pure Solids: Remove all the pure solids from the FactPS database

{? Phase Diagram - Menu: last system — >
File Units Pararmeters Variables Help

W= A7 Selection - Phase Diagram - no results - O *
—Components [2)]——— File Edit Show Sort
[5elected: 7/10] [SouD] |DENEESES [sclected | [ denat .
o === Because we included the FactPS database, more
Produets | |l ode | Species_[_Dato |__phase TV | pyre solids were added to the selection list. We
“ [ MaF2s) FactPS | Sellaite [TiDZ_n % .
g @ ideal O e 0| [EDECRIEE Faips sad e © v | can manually remove all the pure solids from
[T aqueous o+ 20 Cal=2] FactPS  Solid_Beta W
* [ pure liquids RES - CaF2(z) FactPS | Solid-alpha W the FaCtPS databaSe. HOW@V@I‘, y0u don,t have tO
* |+ pure solids 7= - CaF2[:2] FactPS | Solid-beta W
. + 23 Mg2Calz] FactP5  Lawves C-14 W dO SO.
" - custom selection + B vorzs) FTsalt  Sellaite (TiDZ_n %
species: 101, S CaFors) FTsal  alpha_Fluorte C
+ CaF2(s2) FTsalt  beta [23 P12 Wi

— Target
- nAng -

Estimate T[K]: I'l Qoo

Add all species containing

Add all species from database

—Wanables
TIC) MgFzy Remove all species containing
071500 01 Remaove all species from database

[TIC] vs MoF2/MaF2+CaF2)|

FactSage 7.3 | | [~ pemit selection of %' species  Help | Supprezs Duplicgtes I Edit priority list: | |

e selectall | [ Select/Ciear. | Bzt ok |
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Phase Diagram Module: MgF,-CaF, System

Pure Liquids: Define Ideal Liquid MgF,-CaF, Solution

G’ Phase Diagram - Menu: last system - >

File Units Parameters Variables Help
O g TIC] Platm] Energuld) Quantitmal] Yollitre) m |B| )f|

— Components [2]

{3 Selection - Phase Diagram - no results - O *
File Edit Show Sort

S [Selected: 2/5] [Couin] | EEEESES [selected | [ denates species excluded by default]
— Compound species | - o results - |
+ | Code | Species | Data |  Phase |T|V]| Activity | Minimum | M aximum
[ gaz (% ideal € real 12 baflial FactPS  liguid Y
aqusoy +¥__ [N MaF 2liq) FactPS | liquid f———7
* [ pure liquids | 14 Lallial Fa% . .
=+ pure soids +X_ 15 CaF2(ig) FactPS_ liguid » Choose pure liquids of MgF, and CaF,.
MgF2(liq) FTzalt  ihiquid L

* - cugtom gelection
species.

— Target
- NONE -

E stirnate T(K]: |1DDU

Permit selection of “X” species.

—Yariables
TIC) M « . . .
07500 0 Note: “X” species are those with a lower priority.

[T(C] ws MgF2/MgF2+CaF2

A

FactSage 7.3

I v permit zelection of ' speciesl Help | Suppress: Duplicates | Edit pricrity list: |FactPS FTzalt ‘

Show Selected | Select All | Select/Clear... | Clear ak. |
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Phase Diagram Module: MgF,-CaF, System

Pure Liquids: Define Ideal Liquid MgF,-CaF, Solution

{7 Selection - Phase Diagram - no results - O e
File Edit Show Sort

Selected: 2745 LiguID _ [selected. | [ denates species excluded by default|

| - i sl -
+ | Code | Species | D ata | Phase |T |V| Activity | Minimum | M azimum

12 Mallig) FactPsS | liquid Y

.r + X rdgF2(lig] FactPS | liquid Y
14 Callig) FactPS  liqui L . .

. #
% 15 CaF2(lia) FactP5 G’ 13 MgF2{liq) dissolved in Ideal Solution #1 X
taF2(lig] FT zalt iqui 13 MaF2lliq) - Henrian activity coefficient, gamma

log10[garirma) = A/ TK + B

13 MgF2{liq)
a- |E
- clear Ideal Solution £1 ... B= |0
«  + - select Ideal Solution #2 ... I
el ot ; Mew mixing particles P = [F>0)
v - standard stable phase saloelumen =2 I
|deal Solufion £4 ... #1 Ideal Solution name: |/d2ak1 [max 10 chars)

' - dormant (metastable) phase

Ideal Solution #5 ...

F - formation target phase - -
Ideal Solution #6 ... |_For ideal behaviowr 4 =0, B=0, P=1. |

P - precipitate target phase

|deal Solution #7 ... Click on [Help] for an explanation of P.

16 L
Ideal Solution #8 ... Click on [Cancel] to remove this species from the ideal
. . . . solution.
L - cooling calculation ... Ideal Solution #9 ...
Ideal Solution i Ideal Solution #10.... Cancel | Heb | _ o |
Z - isobars ... Clear
Help | ¥ permit selection of % species Help | Suppress Duplicates | Edit priarity list - [FactPS FTsal |

Show Selected | selectall | Select/Clear... | Cear | ok |
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Phase Diagram Module: MgF,-CaF, System

Pure Liquids: Define Ideal Liquid MgF,-CaF, Solution

{7 Selection - Phase Diagram - no results - O e
Repeat for CaFZ File Edit Show Sort
Selected: 2745 LiguID _ [selected. | [ denates species excluded by default|
| - i sl -
+ | Code | Species | D ata | Phase | T |V | Activity | Minimum | M azimum
12 kgfliq) FactPS | liquid W
+v [T oF2ia) FactPS  liquid W
14 Calliq) FactPS | liquid W
+»% 15 CaF2(lig) FactPS  liquid
kA gk 2[li FTzalt | liquid

G 15 CaF2{liq) dissclved in Ideal Solution #1

15 CaF2(ligl - Henrian activity coefficient, gamma
log10igamma) = A/ TK + B

15 CaF2({liq)
o=
- clear Ideal Selution #1 ...
. B= ID
W+ -select Ideal Selution #2 ...
|deal Solution #3 ... Mew mixing particles P = I [FP>0)
w - standard stable phase

Ideal Solution #4 ...

#1 Ideal Salution narne:; Ildeal-‘l [max 10 charz]

' - doermant (metastable) phase deal Solution £5

F - formation target phase Ideal Solution £6 ...

P - precipitate target phase |deal Solution 7 ...

For ideal behaviowr &4 =0, B=0, P=1.

Click on [Help] for an explanation of P.

16 Ideal Selution 28 ..,

Ideal Soluti :q Click on [Cancel] to remove this species from the ideal
. . eal Solution #9 ... i
L - cooling calculation ... solution,

|deal Salution #10 ... . —
Ideal Solution 3 = een ies  Help | Supg _ Cancel | Help ok |

Z -isobars .. Clear

e selectall | Select/Clear... | Cear | ok |

Help ...
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Phase Diagram Module: MgF,-CaF, System

Menu Window: Calculate when the liquid solution is ideal

ﬁ' Phase Diagram - Menu: last system

File Units Parameters \Variables Help
Ol = E T(C] Platm] Erergyll] Quantity(mol] Yolllitre)
— Components [2]
[ MgFz + CaF2 |
~ Products
— Compound species — Solution phases
= | + | Baze-Phase | Full Name
[ gas (% ideal € real 1] FTsalt-Sal TA -5 alk-liguid
| | AgUE0US 1] | FTzalt-C1 Fluonte
* |+_ pure liguids 2 J FTzalt-C4 Rutile
* |+_ pure solids 3 FTzalt-C23 Cotunnite
* - custom selection
IpECies: A
— Target ~ Legend
- hOneE - ] - el 2 W Show all  selected
E stimate T[K]: I'IEIEID J - 3-immizcible 1 species: 14 o
zolutions: 7 iﬂl
—Wariables
TIC] MgF2/ |
01500 01
[TIC] ws MaF2/MaF2+CaF2]|

1 ideal zolutions

—Yaolume data

o assume malar volumes of
zolidz and liquidz =0
iciude molar volume data
and physical properties data

— Cuztam Solutions ———
0 fiwed activities Deetails . |
Pseudongms -

IV apply [ Edit ... |

Total Species [max 5O00] 19
Total Solutions [max 200 8
Total Phagzes [maw 1500) 12

[ paraequilibrium & Gmin  edit |

Phaze Diagram

=

Calculate »> |

FactSage 7.3 |
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Phase Diagram Module: MgF,-CaF, System

Results: the MgF,-CaF, Phase Diagram (when the liquid solution is ideal)

MQFZ - Can Stable Phases
1atm thtﬁage“‘ g & D

T T T
2 FTIsalt-Cl Fluorite Strukturbericht : FOI A
1400 F i 3 Ideal-1 Cotunnite 2227
4 FTsalt-C4 Rutile Strukturbericht : C4
) |deal-1 - missing stored phase names and descriptions.
12%0[}“?””9 Cotunnite + ldeal-1 | Stable Phases you must first calculate the phasi
Fluorite + Ideal-1 ldeal-1 + Rutile
1000 - —
~~ 800 -
Rutije# il labels - old | delete label: | |Fluorite + Rutile
EAHU lite1 i
Fluarite + Rutile
nnlyinzinal nrujzsiny————
a00 | - [00
e ]
200 ~ b ’7
0 2022-07-20 1 sec Eh step: ID mir: | max:l [wolts
1 1 1 1
0 02 04 06 08 1 pH step: o
replot as Eh [ Figure ful
MgF,/(MgF,+CaF,) (mol/'mol) B  Viewer ¥ coren
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Phase Diagram Module: MgF,-CaF, System

Results: Invariant Reactions (when the liquid solution is ideal)

Stable Phases

B & D

1l FTzalt-C23 Cotunnite Strukturkericht : C23; Pearson : oPl2; Space group : Pnma (62); Pr™
2 FIsalt-Cl Fluorite Strukturbericht : FCOC_Cl; Pearson : cFlZ; Space group : Fm-3m (221
3 Ideal-1 Cotunnite 2727

4 FTsalt-C4 Rutile Strukturbericht : C4; Pearson : tPé&; Space group : P42/mnm (13&);

- missing stored phase names and descriptions. To list all the
Stable Phases you must first calculate the phase diagram.

mole TIC (min TC (max
0 ) ( :I G Manipulate and Refresh —

- none - clear restore m

Fhase Equilibria labels labelsilold
1 1417.86 C Ideal-1{0.0) + ({1.0) <=> Cotunnite#l(0.0)
2 1262.85 C Ideal-1{0.0) + ({1.0) <=> Rutile#1{0.0)
3 1150.85 C Fluorite#l(0.0004005) <=> Cotunnite#1(0.0004005) + Ideal-1{0.3274)
4 1045.02 C Ideal-1(0.467€) <=> Fluorite#l(0.000483) + Rutile#l(0.9995)

* 0z ling z - zuinzngal diagray——————"""-

allicvoins ] 1 domain [J° 1 @ neC ocens ] olear ]

pH step: ID

replot as Eh f% Figure full
™ Viewer T soreen
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Phase Diagram Module: MgF,-CaF, System

Comparison: Open the Figure Module

& FactSage 7.3 . .
| . We will use the Figure Module to
nformaticn  Programs  Tools  About

superimpose the two phases
ctiage 7.3

diagrams of the MgF,-CaF,
Calculate Manipulate

Méaterials Science, U, of Toronto

system.

Results

Run Figure

Yizcoszity

© 19752019 www.factsage.com

Thermfact a ﬁ'ﬂ‘G}_‘_[—Tﬂn:hﬁ ologies

FactSage(TM) 7.3
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Phase Diagram Module: MgF,-CaF, System

Comparison: Open the first phase diagram

dF Figure  User: Materials Science, U, of Toronto - O >
File |Add Edit View Help
0 = El iIEI_ ﬁ Figure  User: Materials Science, U. of I 'Iﬁ Selected I
/ File Add Edit View Help a
1;’ [ Mew Ctrl+M N
= Open... Ctrl+0: &ﬂL
-~ ! & Save Ctrl+S 7 T ' '
Save as...
= 8 Save all ty E
pes
B2 Close
k] E
= = Superimpose...
= T & Print... Ctrl+P 1 v
T . W\..\Exercise\MgF2-CaF2_FTsalt.fig {7 Open File *
T Euit Look ir1:| Exercise j = EF Ed-
B ) ~ -
Mame Date modified Ty
P %] Fe-Cr_FTlite fig T/B/2022425PM M
£ MgF2-CaF2_FTsalt.fig 212022 805AM M
3 £ MgF2-CaF2_|deal Liguid fig 72172022 06 AM M
2
A < >
0 ! ; ! ! ; Fle name:  |MgF2.CaF2_FTsalt fig | | Open “
2 3 4 3 6
Files oftype: | FACT fiqures (" fig) Cancel |
v
< >
Fact5age 7.3 718 X = 0.016666667 Y = 1.1384615 | A
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Phase Diagram Module: MgF,-CaF, System

Comparison: Open the first phase diagram

{3 Figure  User: Materials Science, U, of Toronto - O X .
File Add [Edt | View Help Before we superimpose the second
= T Cirl+ C 5 )
TDJE' ot e 2l &l | phase diagram, let us change the
B3 Paste Ctrl+V MgF, - CaF, . .
3 Il N 1 aum Eactige color of lines on the first phase
o ' ' ' diagram (FTsalt-SALTA) to red.
Al T Labels
IEZE- Frame and Scale... o Style
- é‘ _ Width
e S]ct d_ e Color
L ElECTE! ng N Color b4
Fig file... Ctrl+E Use sfmbols > Basic colors:
T R | EmeeE dml B 8 |
o ange Scale...
ale W -EEEE.
1 EEEEEE
e BN
EEEEEEEN
00 | P EEEEET N
Custom colors:
200 | EEEEEEEN
EEEEEEENR
0 1 1 1 1 Define Custom Colors > |
0 0.2 0.4 0.6 0.8 I
MgF,/(MgF,+CaF;) (mol/mol) o £
Fact5age 7.3 39 502 X = -0.042592593 Y = -192.30769 |W:\MSE3’Dj y
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Phase Diagram Module: MgF,-CaF, System

Comparison: Superimpose the second phase diagram

dF Figure  User: Materials Science, U. of Toronta - O > ¢
File JAdd Edit VYiew Help G
~ ; 3 &F Figure User: Materials Science, U, of
Ol elo| =/ slel x| |[=] 8l ol ’
/ File | Add Edit View Help
MgF,; - CaF, [ New Ctrl+N
T 1am thtSage" = Open... Ctrl+0
P T T ; ; & save Ctrl+5
1200 Save as..
Al Save all types
& Close
Cotupnite Salt-liguid =
o = | [ C—m—
e &) Print... Ctrl+P
T 1ooe ¢ ] Wi\...\Exercise\MgF2-CaF2_FTsalf.fig
T o @0 {3 Open File ot
@~ Look ir1:| Exercise j - 5 EE-
gyt Mame Date modified Ty
# Fe-Cr_FTlite fig T/8/2022 425 PM M
0 b £ MgF2-CaF2_FTsalt.fig 7/21/2022 8:05AM M
%] MgF2-CaF2_ldeal Liquid.fig 7/21/2022 8:06 AM M
200
0 1 1 L4 >
0 0.2 0.4
MeE,/(MgF +CaF,) (mo 15" |MgF2CaF2_Ideal Liquid fig - Open |
Files of type: | FACT figures (" fig) - Cancel |
FactSage73 370 423 [X=0.57037037 V = 11153846 | IWAMSE30; 7
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Phase Diagram Module: MgF,-CaF, System

Comparison: Superimpose the second phase diagram

d? Figure  User: Materials Science, U. of Taronta - O >
] et It is seen that the real liquid solution
D dlol flsle x| | = &2 ox|Em q
model (FTsalt-SALTA, labeled as red)
MgF, - CaF,
1.9 LFactsag gives lower liquidus lines and eutectic

1400 | ] temperature than if ideal liquid

b et solution model is used.

1200 -

This means that liquid MgF, and

N ’ liquid CaF, exhibit negative deviation
T wl l from ideality. (Reason?)
B = Ruthes#1

éEIHDEeﬁ

400

200 -

0 1 1
0 0.2 0.4 0.6 0.8 1
MgF,/(MgF +CaF,) (mol/mol)
FactSage 7.3 14 3 X = -0.088888889 Y = 1726.9231 WAMSES0
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In-Class Exercise

Question 1.
Calculate the predominance diagram of the Mo-C-0 system at 1400 K. Use
loglo(Pco2 /1 atm) as Y-axis, and log;(Pco/1 atm) as X-axis.

For a total hydrostatic pressure of 1 atm, what are the pressures of CO, and CO
when metallic Mo is stable with its carbide phase at 1400 K?
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In-Class Exercise

Question 2.

Calculate the Al-Mg phase diagram. Label all the liquid and all solid phases. Then
answer the following questions:

(a) What is the lowest melting point in the system?
(b) What is the maximum solubility of Mg in solid FCC Al?
(c) What is the maximum solubility of Al in solid HCP Mg?

(d) At 350 °C, what is the solubility limit of Mg in solid FCC Al? What is the
solubility limit Al in solid HCP Mg?

(e) Over what range of temperature is the Al;yMg,; phase stable?

(f) What is the non-stoichiometric range of the gamma phase (CBCC-A12)?
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In-Class Exercise

Question 3.

Calculate the phase diagram for the Fe-Cr-0, system at 1300 °C.

Use loglO(Poz/l atm) as the Y-axis which varies from from —20 to 0, and use the
mole fraction of Cr X, as the X-axis which varies from 0 to 1. For an Fe-Cr alloy
with the composition of X¢ = 0.18, what is the maximum Pg, that will permit
this alloy to remain free of oxidation at 1300 °C?
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In-Class Exercise

Question 4.

Calculate the “quasi-" binary phase diagram of the Mg0O-Al, 05 system. Find the
temperature and specify the co-existing phases and reactions at all the invariant
points.
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In-Class Exercise

Question 5.

Choose FTlite database to calculate the liquidus projection of the Al-Mg-Si and
isothermal sections at 500 and 1000 K (1 bar). Then compare them with the
diagrams calculated by SGTE2017 database (available from Documentation).
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