The Phase Diagram module

= Use the Phase Diagram module to generate various types of phase
diagrams for systems containing stoichiometric phases as well as solution
phases, and any number of system components.

» The Phase Diagram module accesses the compound and solution
databases.

= The graphical output of the Phase Diagram module is handled by the
Figure module.
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The Phase Diagram module
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The Phase Diagram module
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Initiating the Phase Diagram module
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Components window — preparing a new Phase Diagram: CaO — SiO,

Calculation of the CaO-SiO, binary phase diagram — T(p) VS. X;Sioz)

F Components - Phase Diagram
File Edit | Units Data Search Help

1° Click on the New button D)= ¢_!>

1-2

=101 ]

@ P(atm) Energv[J] ol(litre)

Components

l
2° Enter the first component, CaO and press the
+ button to add the second component SiO.,.

All examples shown here are stored in FactSage
- click on: File > Directories... > Slide Show Examples ...

3° Press Next >>to go to the Menu window
|

{Cal

|Si02

FactSage Compound: |FACT DSGSL | ELEM | SGPS | EXAM (Golution: [FACT D SGSL | Y

The FACT Compound and solution databases are selected.
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Menu window — selection of the compound and solution species

1° Select the products to be included in the calculation: 2° Right-click to display
pure solid compound species and the liquid slag phase. the extended menu
] =
F Menu - Phase Diagram: last system = & IDL)Q on FACT‘S LAG C
File Units Parameters Help
0 | | | T(C) Bfétm) Enerayll) Mass(moll Vollitre) ms iy 50'““@
— Components (2] - clear
v - all species
/ | Sin2 | * - tustom seleck species ...
— Products / I - possible 2-phase immiscibilitsy
— Compound species  Solution species b — Custom Solutions - possible 3-phase immiscibili
[ gas & ideal redl 0 = | + | Base-Phase | Full Name 0 fised activities Y
0 0 ideal s u!uh-_xn v - standard stable phase
0 Oty coatic “‘“ I - dormank {mefastable) phase
ali 23 Details.., e
¥ suppress duplicates ’3EE""'| — Pseudonyms
species: 23 w0 L. | ||3° Select the option possible
~ Target I include molar volumes 2_p hase immiscibil |ty
- hhe - ~Legend :
_ _ - e e V Show(* all  selected | Iotal Species([max 700] 25
Estimate T(K]: IWDU specir 5 Total Solutions [max 30 1 S e Spmeies
Massmoll. [0 soltions: 1 ocect | Default I = \+\ Base-Phas¢ | Full Hame
| g Slagiquid
—WYariables Phase Diagram
T[C) Si02/(CaD+Si02) ¥ L
£00 2600 01 2
[TIC]vs Si02/(Can+5i02]] 1 e

v Showf® gl  zelected

. c . y . . 7Legend
4° Click in the Variables’ boxes to open the Variables window
(or click on Variables in the menu bar). sousons. 2 e |
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Compound species selection - FactSage 6.4

In FactSage 6.4 there is a new default exclusion of species from compound species
selection

When two or more databases are connected, the same species may appear in more
than one database. In such cases, a species should generally only be selected from
one database. Otherwise conflicts will probably occur. In order to assist users in
deciding which species to exclude, the FactSage developers have assigned
priorities. When you initially click on "pure solids", "pure liquids", or "gas" you may
now see that several species marked with an "X" have not been selected. That is,
they have been excluded by default because of probable conflicts between
databases. The FactSage developers suggest that these species not be selected for

this particular calculation.

If you wish to select species marked with an "X" you must first click on 'permit
selection of "X" species'. This will then override the default setting and permit you to
select species as in FactSage 6.3. This will also activate the 'suppress duplicates'
button and enable you to define a database priority list as in FactSage 6.3.

IMPORTANT : For many calculations, it may frequently be advisable or necessary to
de-select other species in addition to those marked with an "X."
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Compound species selection - FactSage 6.4

{:F Menu - Phase Diaaram

Lo S |

Fie units Par e + Cr + S2 + O, using FactPS, FTmisc and FToxid databases.

R=31"~

{:F Selection - Phase Diagram - no results - l [ =] |i‘3-]
: . .
Right-click on ‘pure File Edit Show Sort
SOl |dS’ tO Open the [Selected: 25/55 | [souC | |DEUERESES | sclected. |I>< denotes species excluded by default]
. . rrrre
Selection Window | _ = — _
S —— + | Code Species | Data | Phase [T|¥| Activity | Minimum | M aximum -
+ Fel0511(z) FTmizc  pyrrhotite-11C
gas @ ideal  reall | |+ I Fe11512(s) FTmisc  pyrhoties-6C
|E — +  [HE F=Cr254s) FTmisc  Thicspinel
[ pure liquids +  HEB Cr207s) FTowid  solid
[ —E + [ Fe203s) FTosid  hematite |
+ S F=203:2) FToxid  High-Pressure-H
. + S F=203:3) FToxid  High-Pressure-H
The Species 3. ¥ SO Sis) FactPS  Ortharhombic
: 1y % S Sis2) FactPS | Monoclinic
marked with an "X + B2 503 FactPS  solid
have not been + B3 Cilz) FactPS  sclid
oo || 1+ R4 Cr02(z] FactPS  =olid
selected. —{ ||+ 55  Ci03) FactPS  solid
# - Cr203(z) FactPS  solid
* Cra0d[z] FactPS | solid
—i| |+ 58 a0 2z FactPS  =olid
The FaCtsage ﬂ + 53 Cra021(s) FactPS  solid
SN B3 EIII Crsis) FactPS | Solid4
developers SuggeSt # Cr5(s2) FactPS | SolidE
that these species F - Cr253(s) FactPS  solid
* B3 Crasd(s] FactPS | solid j
not be selected for T
. . — [ permit selection of %' species | |
this particular
] Shaw Selected | Select Al | Select/Clear... | Cear | o |
calculation.

-

‘ LFactsag:
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Compound species selection - FactSage 6.4

To override the default

setting and select species lﬂ

marked with an "X, click

on 'permit selection of "X*

species'.

=)

& Selection - Phase Diagram - no results - l
File Edit Show Sort
ICalecsed: 41/55] [SOUD ]  EEESE | sclected | [ denates species excluded by default]
- hio results -
| Data | Phaze [T|V]| Activity | Minimum | M aximum -
Fer537 =) FTmigz | pyrrhotite-4C a
EE Feas10is) FTmisc  pyrrhotite-50C o
N Fetns11(s) FTmisc  pyrrhotite-11C o
B Fet1512s) FTmisc  pyrhotite-6C o N
EE FelCr2sd(s) FTmisc  Thiospinel o
EE Ci20as) FTosid  solid
ER Fez0ds) FTosid  hematite Y
EE Fe203s2) FTosid  High-PressureH W
EE Fez0as3) FTosid  High-PressureH W
+¥ [ s FactPS  Ortharhombic
+x [ 52) FactPS  Monoclinic
+ L) 503z FactFS  zolid
+ L] Crl=] FactFS  zolid
+ R Cr02[z] FactFS  zolid a
+ Ll Cri03z] FactFS  zolid
+x | 2035 FactPS  solid
+4  BY Crad4z] FactFS  zolid
+ Lite] Cra01 2(=] FactFS  zolid
+ L] Crad21(z] FactFS  zolid
+# B0 Cr5[zs] FactFs  Saolida
+x Kl Cr5[z2] FactPS  Solid-E -
>|w pemmit zelection of *' species Help | Suppresz Duplicates | Edit priority lizt : |FactPS FTrmisc FToxid
K
Show Selected | Select4ll | Select/Clear... | Cear | ok |

You can then also set a database priority list and ‘Suppress Duplicates’.
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Variables window — defining the variables for the phase diagram

Calculation of the CaO-SiO, binary phase diagram — T(C) vs. X(SiO,)

1° Select a X-Y (rectangular) graph and one composition variable: X(SiO,)

2° Press Next >> to define the composition, temperature and pressure.

3° Set the Temperature as Y-axis and enter its limits.

F Yariables: Ca0-Si02 T{C) vs composition #1.

¥ariables

composition

logl10(a] m

Y steps:
X steps: I_l

AT [0 ]

Mext »»

Compositions (mole)

v
AT emperature

& T(0) IY-axis vl
/7K Ma’“

Pressure

* Platm)
" logP

I constant ¥ ]

)

4° Set the Pressure at 1 atm.

Cal 1 Si02
gy (L]0 - [1_]si

[ Jcao « [1 ]sio2 g

5° Set the composition
[mole fraction X(SiO,)] as
X-axis and enter its limits.

6° Press OK to return to the Menu window.
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Phase Diagram 3.3

www.factsage.com




Calculation of the phase diagram and graphical output

1° Press Calculate>> to calculate the phase diagram.

—Variables
TIC) Si02/Ca0+Si02)
600 2600 01
| TIC) vs SiD2/(CaD+5i02)]

| P[T(\

alculate >>
e

Phase Diagram

\ 4

Sz

Note the effect of
the I option: the
miscibility gap Is
calculated.

F Figure

File &dd Edt Wiew Helg

2600

Cao -

User : C.R.C.T. - Ecole Polytechnique de MONTREAL

Si0,

=101 ]

‘?actﬁage‘

—

2° You can point and click to
label the phase diagram.

2200 -

SlagHiquid + Ca0(s) \/

Ca0G)+ Casio sl

Ca0(s) + Ca=10.5)

SiagHlquid

/ StagHiqud + 056

A 4

— ]
ag-iquid + Stag-iquid; T

See the Figure slide
show for more features
of the Figure module.

]
1400
»(\ SO0+ CTO 52
Acasios(s2) + Ca3si207(s) F———
CaE)+ Cal0 2

1000 CaT0i5) + SH0M5 4 4

Ca0G)+ Cali0o i) OS2+ CaTi0 L5)

600 L L L
0 0.2 0.4 0.6 08 1

mole $i0~{Ca0+8§i0-)
»
| FactSage6.0 |11 301 |x=-0.10864198 Y = 920.81911 Slag-liquid +

I thtSage‘”
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A classical predominance area diagram

In the following two slides is shown how the Phase Diagram
module is employed in order to generate the same type of
diagram that can also be produced with the Predom module.

As an example the system is Cu-S0O,-0.,.

Note that SO, and O, are used as input in the Components
window.
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Predominance area diagram: Cu-S0O,-0O,
[ F Menu -Phase Diagram: lost system (]

File Units | Parameters Variables Help

mll= T(K) P(atm) Eneray(!) Mass(mol) Volfitre) m |B| -;\);|

— Comp ts (3)

1° Entry of the components
(done in the Components window)

> 502 + 02+ Cu

@oducts
~ Compound species - Solution species
*E gas (¢ ideal " real 19 = | + | Base-Phase | Full Name
o e - A o anueous FACT-SLAG Slag-liquid
2 Defl n Itl O n Of the Varlables- I_ pure quuids FACT-CulL Cu-liq
[+ pure solids FACT-MATT Matte

* log 10(P302) , log 10(P02) 7 uppessdsletes sl
~ -I— — 1 O O O K - custom sel ecgpogdes: 2

- Pseudonyms

apply I List ... |

—_ ~ Target ™ include molar volumes
. — i p—
P 1 at m - hone - - Legend [V Show all  selected | Total Species [max 700] 32
Estimate T(K I‘U'-"-' spacis 0 Total Solutions [max 30 0
Massimolf B solutions: 0 ._ISEIECt Default |
F ¥ariables: 502-02-Cu logl0{p{502}) ¥s logl0{p{02}} Variables Phase Diagram -
TandP TIK) log10(p(S02)) log10(p(02)) I e

=

B E Temperature————— [~ Pressure 1000 128 -200 X K\
< ; Calculate >>
log0]a) ; mnnstant = mnnstant = [10g10{p(502)) (ath) vs log10(p{02)) (atm]] [Nate: P[S02)(g) [max] > Pltotal pressure]] J)

& TIK] &' Platm]
GGCIRNTHY NPy

| FactSage | A 4

.
S

3° Selection of the products:

Chemical Potentials C g aS I d eal
— L « pure solids

gas

#2. loglOip] = IX-a:-tis 'I

-
-

_ 4° Computation of the phase diagram -
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Predominance area diagram: Cu-S0O,-0O, ; Graphical Output

F Figure  User : C.R.C.T. - Ecole Polytechnique de MDNTREAL =10 =|
File &dd Edit Wiew Help

Djejdc] w e X| o 5 8/4 x|

= Selected

Cus0,(=)

4 r CuS(s)

(Cud)(CuS0,)(s)

log,, Py

-12 . 1 . ] ] . |
-20 -1E A2 -8 -4 0

logy Ps,

| FactSage £SO 125 K = 1.4314815 ¥ = 5.1794372 [CHFACT-E11Equilib fig y
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A two metal oxygen system - Fe-Cr-O,

The following slides show how a phase diagram for an alloy
system Fe-Cr-O, with variable composition under a gas phase
with variable oxygen potential (partial pressure) for constant
temperature is prepared and generated.

Note the use of the «metallic mole fraction» (Cr/(Cr+Fe)) on the
X-axis and oxygen partial pressure log P(O,) on the y-axis.

This example combines FACT (for the oxides) with SGTE (for
the alloy solid solutions) databases. It shows Data Search
and how to select the databases.
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Fe-Cr-O, : selection of databases

F Data Search i

Databases - 2/26 compound databases, 2/23 solution datab

SGTE compounds only Miscellaneous

solutions only O copP O Fru [ FTsalt=
no data OsesL [ SGTE*

S Clear All I
O FSnobl  [[J SGnucl Select Al |
Other/ O bnuel Add/Remove Data |

O oup Oouc
O oue O oL RefreshD atabases |

Click on\a box to include (or prclude) a database in the data search. Normally databases are ‘coupled' - that is both the
compound and solution datgbase (when available) will be selected. To 'uncouple' a databases click-mouse-right-button
[note, thid is NOT recommeged).

F Components - Phase Diagram ) ;.I[_:JEJ

T(K) P(atm) EnergyJ] Mass(mol] Yol(litre] “1 I !l »;’;I

File | Edit Unit§_ Data Search Blelp

Components

1° Click Data Search to open the
Databases window.

If databas# is stored on yolur PC but not listed here then you must 'add the database to the list' - click on ‘Add/Remove ..".

— Options

F Components - Phase Diagram B ;‘gl]

File | Edit Units DataSearch Help

Dz i] T(K) Pfatm) Energyl)) Massmol) Volflire) m I g] }};l

[0 aqueous species

[ limited data compounds (25C)

Include Lirnit
[ gaseous ions (plasmas) Organic species CxHy..., X[max) = Iz_
Minimum solution components: O 1 @ 2 cpts

Components

2° Click on abox to include or exclude a
database from the data search. Here the
FACT and SGTE compound and solution
databases have been selected.
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File Units Parameters Variables Help

| | g”'l E] T(K) Pfatm) EnergylJ) Mass{mol) Yolflitre) IW | GI ;n’jl

— Components (3)

1° Entry of the components
(done in the Components window)

> FEOCIOD

ﬁloducls =

~ Compound species éolution species
[+ gas  ideal " real 9 = | + | Base-Phase | Full Name
o L 0 . [T aqueous 0 +  FACT-FeSP FeSpinel
2 Defl n Itl O n Of the Varlables- [_ pure liquids 0 + FACT-MeO Monoxide
. . ] [+_ pure solids 18 + FACT-CORU M203[Corundum]
* 1 chemical potential: P(O,) B sipmess dipkestes ) + SGIEFCCI | FCCAl T
L. + SGTE-BCC1 BCC_A2 v List
. e 3 ist ..
* 1 composition: X, secks. 1 P

™ include molar volumes

~ Target
— s = A
° I = 1573K - nohe - lfgs::::te 3 V|Show ™ all & elecied | Total Species (max 700) 39
Estimate T(K IIUL‘U Total Solutions [max 30 5

C P - 1 atm Mass{mol I[‘ szll::fti?;zz 1% ﬁl Default |

—Variables Phase Diagram
F Yariables: Fe-Cr-02 logl0{p{D2)}} ¥vs composition £1. TIK) log10{p(02)) Cr/(Fe+Cr) | (Y |

T and P 1573 200 01
composition ' [log10(p(02]) (atm] vs Cr/Fe+Crl] 2 Calculate >>
emperature———————— [~ Pressure - _—
A

—4

log10fa) P e | PR ey |FactSage | 7

AT [0 ] .
c e 3° Selection of the products:

Next >> | L gaS |dea|

L{ Chemical Potentials L Compositions [mole] L p ure so | I d S

#1. log10(p] = I;’;axis] 'I . 0 Fe + |1 Cr Weawiz T ° 5 S O I u ti O n p h aS eS
[ max, ) I1 I
gasFACT = [20(min) = s o [max)

0 [rmin]

UK 4° Computation of the phase diagram [

thtSage"‘ Phase Diagram 6.2 www.factsage.com



Fe-Cr-O,: graphical output

F Figure User : C.R.C.T. - Ecole Polytechnique de MONTREAL - |EI|E|
File add Edit %iew Help

Djzlao] =l sle X o 5 82 alx|E

Selected |[FCC_A1 +BCC_AZ

Ml lcorundurm)

FeSpinel

Ak
n_c.‘ .
- Monaxide + FeSpinel FeSpinel + MO (corundurm)
2
A2 F FaSpinel + FCC_AT \ 7
FCC_A1 + MOycarundum)
— bl.O(corundurm) + BCG_AZ
16 L
&)
r
FCC_AT +BCC_A2 BCC A2
20 . 1 . ] . 1 . ] .
] 2 4 B k=] 1
Mole Ratio Cr/{Fe+Cr) -
| FaoSage 109 424 X = 0072232222 ¥ = -13.153846 (CHFACT-E1Equilib.fig y
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A classical temperature vs composition diagram

The following two slides show the preparation and generation of a
labelled binary T vs X phase diagram.

Note: The labels are entered into the diagram interactively. Click on
the «A» button (stable phases label mode) and then move the
cursor through the diagram. Where the left mouse button is
clicked a label will be inserted into the diagram.

The Fe-Cr system is used in this example.
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Fe-Cr binary phase diagram: input variables and solution species
o]

File Units Parameters Variables Help
0 I D“'I m T(K) Platm) Energyfd) Mass{a) Vol(l) [ﬁ :HB| | |

-Components (2]

1° Entry of the components
(done in the Components window)

> | {gam) Fe + Cr |

Products

Compound species - ~ Solution species 1 Custom Solutions -
[ gas & ideal € e 0 = | +| Base-Phase | Full Name U fixed activitie
(o] : 141 H . r liquid 0 + SGSLFCC FCC_A1
2 Defl n |t|on Of the Varlab|eS [ aqueot 0 SGSL-BCC BCC_A2 AR CORY
- . [ solid 0 +  SGSLSIGM SIGMA _ _| |
e composition: 0 < Wt,,<1 I~ suppross dipicates +_sasLuaU LiguID e :
S 500K < T < ZSOOK Species: 0 . apply L]
_ Target IV include molar volumes
C P - 1 atm - e i .L Show (" all ¢ selected | Total Species [max 632 10:
Estimate T(K} [1000 + - selected o 10 Total Solutions [max 30] 5|
i I solutions: 5 ﬂj Default |
— -Varnables Phase Diagram
F Variables: Fe-Cr T{K) ¥s composition #1. T(K) Ci/{Fe+LCr) I v [—
Tand P 500 2300 01 v ‘
Gansorin [ DM e (TR GFesc Jl e
- FactSage
log10(a) & TIK) Yeawiz ¥ & Plam Icnnstant 'l
RTlrla] P 230

14TK © logP
Mirn: [500 o 1

3° Selection of the products:
» 4 solid solution phases
1 liquid solution phase
Note the immiscibility for the BCC phase

" ElFe + Cr IX'E"‘“S ]'

1 3 = 1 [max)

4° Computation of the phase diagram
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Fe-Cr binary phase diagram: graphical output

F Figure User : C.R.C.T. - Ecole Polytechnigue de MONTREAL - | Ellil
File #&dd Edit Wiew Help
Dleia|o] B xle X o 5 85 afx|
| b g
Fe-Cr System
78 P, = 1 atm
;,-" ESDD [ T 7T 7TrT—T—rTrrTr Ty T T
A L
Al 2100
o 1a00 |
[ I ]
1700 | .
=< [ '
T S 500 |
=2 - BCC
ry B
o 1300 -
E L
2@ ; ]
1100 -
I Sigma ]
=n I -
oo B —
[ BCC, + BGC, ]
s00 [ A N B B SN S S SN S S A
] A 2 ] L) ] B T a8 3 1
Weight Fraction Cr
| FactSage 0 439 ¥ = -0.12962962 ¥ = 596,92308 |C:'IF.|5.CT-51'I,Equi|i|:-.ﬁg s
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A two potential phase diagram

In the following two slides the preparation and generation of a
phase diagram with two potential axes is shown.

The chosen axes are temperature and one chemical potential in a
binary system. Note the difference in the diagram topology that
results from the choice of RT In P(O,) rather than log P(O,).

The Fe-O, system is used as the example.
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Fe-O, system: input

F Menu - Phase Diagram: last system . o ] 4

File Units Parameters Variables Help
= E] T(K) P(atm) Enerayly) Mass(mal) Volfitre] m | a[ ;q;|

— Components (2)

1° Entry of the components

. . 2
(done in the Components window)
{ﬁoducls e \
~ Compound species -+ Solution species — Custom Solutions
[+ gas & ideal C real 5 = | + | Base-Phase | Full Name 0 J act
[T aqueous 0 +  FACT-SLAG Slagliquid :
[~ pure liquids 0 +  FACTSPIN Spinel 0
*[+ pure solids 9 +  FACT-MeO Monoxide
- c oo . . [ suppress duplisates apply +  FACTFelO Fediq )
2° Definition of the variables: e \ FAcT Fel et Pondryrs—
" . species: apply ist ...
¢ 1 Ch em I Cal pOtentI al ~ Target pp— I include molar volumes
- hone - Flostizy { T Total Speci 700 26
S 700 K < T < 2000 K Estimate T [1000 +- selected & Show_ S = seiected thZI Soi?l::smr::x 30 4
l—, species: I
Massimofl: JU solutions: gy Lasect Default |

e P=1atm

~ ¥ariables Phase Diagram
T RTIP02) |
F Variables: Fe- 02 (KN IT[K]7 ?2 222?3[,;[02;;53??00100000 [Note: PIOR)ig] (max) > Plotdl pressure]] - h _Calculate >> )
s 1l R | Z
o, O o ¢ r foreni ] 3° Selection of the products:
d - pure solids
g [ 1] 1> | * 4 solution phases

- Chemical Potentials

#_RTin(p) =  [ais |
02 ~| (100000
[ 00000 4° Computation of the phase diagram
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Fe-O, system: graphical output

F Figure  User : C.R.C.T. - Ecole Polytechnique de MONTREAL -0 x|
File #add Edit Wview Help
OlS|Elo| 4@ X o ] g2 o
Fe = 02
_,f 2000 [ T v T T T T v T T T T T T T T T T v T T
Al 1900 | Fe-lig Slag-liquid .
1800 F
t  Fefalpha)
e 1700
- 1600
= < 1500 -
T L r Fe(gamma) Wustite 1
% 1400 | ]
™ — [ ]
o L ]
E‘ 1300 :
o 1200 | .
- i
100 | Fe(s) Fe,Osls) ]
1000 .
s00 | .
s00 [ .
oo . . . . . P R
-500 -400 300 -200 100 0 100
RT InP, _
| FactSage  [2500 235 M= -300 ¥ = 1450 |C P ACT-E11Equilib fig p
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A ternary isopleth diagram

The following two slides show how a ternary isopleth diagram is
prepared and generated.

Temperature and one weight percent variable are used on the axes
while the third compositional variable (here the wt% of the second
metallic component) is kept constant.

As an example the Fe-W-C system is used.
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Fe-C-W system at 5 wt% W: input

1 E n t ry Of th e CO m pO n e ntS File Units Parameters Variables Help
1 1 = T(K) Platm) Energyl)) Mass{g) Yolflitre) ] o ¢
(done in the Components window) | Ll=ld ;i I Sie]r]
— Components (3)
[ (gam)Fe + C+ W]
o . e . .
2° Definition of the variables: (Products —— — —— :
L. - Compound species h 76Iutlon species ~ Custom Solutions
° [V gas & idealf” real O = | + | Base-Phase | Full Name i ties
2 com p ositions (m as S) [T aqueous 0 +  SGSL-FCC FCC_AT g
[~ pure liquids 0 + SGSL-BCC BCC_A2 i
e 9OOK < T < 1900K [+ pure solids 13 +  SGSL-CEME CEMENTITE |
— [7 suppress duplicates  apply 5 SGSLUQU L|QU|D it
e P=1 atm ' : + | SGSLM23C M23C6 e
species: +  SGSLMEC MBC apply ™ List.. ||
l - Target ) ; ShiSLA/ES 7y L2 ™ include molar volumes
- None - —Legend- Ol Eari TotalS > 700 )
F ¥ariables: Fe-C-W T{K) ¥s composition #1. ll Estimate T(H] 10 + - selected iz selecled Tz::l SOET;::Sm;:x 30 7
- N - species: 19 Select |
Variables — = = T and P Mass(d): 4 - solutions: 7 Default |
Ay LG Temperature———— — Pressure Variabl Phase Diagram -
i lo10(3] IEI & 1K) IY-aHis vI  Platm Iconstanl vl TIK) C/Fe+C+w) W Fe+C+w) | {Y |—
: 900 1900 00.02 0.05
A{" ATin(a) IE TR MaH' " log P % Calculate >>
B C Mir: 1 [T(K] vs C/Fe+Cow]]

| FactSage [ 4

W step
K steps: Hext >> |

ompozitions [mass 30 SeleCthn Of the prOdUCtS

O O [ [ i * pure solids

(O o CR i (Y " e 7 solution phases

@ EFE + Elc + W Icnnstant'l

Cancel = 4° Computation of the phase diagram -
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Fe-C-W system at 5 wt% W: graphical output

F Figure User : C.R.C.T. - Ecole Polytechnique de MONTREAL - |EI|£|
File Add Edit Wew Help
|__"|| E’:l El |‘=‘_‘|| | 2 | E,l }(l K"Jl El %l | | xl i Selected
£ Fe-C-W
T wtde W =5%
P 1900 —————————— —
Al 1800 LiQuiD ]
1700 .
o [
- 1600 L FCC + LIGUID ]
1” %" 1500 [ FCC + LIGUID + WC _
T [ 5 [
T 1400 [
r © [
o [
= - Foo + Wi
T 1300 _
l_ L
BCC ]
1200 -
i C+FCC +WC ]
1100} FOT +WC + C ]
! FCC + BCC +WC ]
1000 - M,C + BCC + WC ]
M,C + BCC
qoo L , , .I“*E T BE{E * F&FW , , EII:;C * WC +. C , , 1 , , , ,
0.0 0s 1.0 14 2.0
wth C
| FactSage 331 413 ¥ = 0,96EEEERT ¥ = 1007 £923 |C:'IFa-:_Sage'lPhaseDia'lFe_C_EW.ﬁg 4
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A gquaternary predominance area diagram

The following three slides show the preparation and calculation of a
predominance area type phase diagram with two metal components
and two gaseous components.

The partial pressures, i.e. chemical potentials, of the gaseous
components are used as axes variables. Note the use of the species
names O, and S, in the Components window. These are used to
retrieve the data for the correct gas species from the database.
Temperature and total pressure are kept constant.

Different from the Predom module the present diagram also shows
the effect of solution phase formation (FCC, BCC, (Fe,Cr)S, Fe-
spinel).

As an example the Fe-Cr-S,-O, system is used.
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Predominance area diagram: Fe-Cr-S,-O, System, solid solution input

F Components - Phase Diagram . =10 x|
File Edit Units Data Search Help
0 |B~I i’ T(K) Platm] Eneray(d] Mass(mol) Volll) Bl L’l
Components

|Fe

|Cr

&
IUjj

Next >>

FactSage Compound: [FACT [SGSL ELEM| | SGPS | EXAM | Solution: [FACT [SGSL 7

Note the chemical formula of the gas components.
These are used because log pp, and log ps, are going to be axes variables.
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Fe-Cr-S,-0O, System, variable and solid solution input

1° Entry of the components

(done in the Components window)

F Menu - Phase Diagram

File  Units Parameters ‘ariables Help

0| = =

2° Definition of the variables:
* 1 composition: X,= 0.5

T(k] Platn)

| Energyll] Mass[mo

— Components [4]

 Fe+ r+ 52+ 02 |

4mducts

Custom Solutions

@ Fixed Activity: 0 Speci

Ideal Solution:
#1 (Fe,Cr)3:-
53: Crsis)
72 Fes(s)

— Custarn Salutionz

[Snlution SpECIES

25

1 1 . — Compaund species
[}
2 C h emic a'l p Oten tl al S [gas @ ideal € real 0 = | +| Base-Phase | Full Mame 0 fived activities
[ liquid 0 +| FACT-FeSF FeSpinel 1 ideal salutions
P (02) an d P (82) I_ aguEous 0 +  FACT-MeO Monoxide U activity CDE”":"TNS
[+ salid 2 +  FACT-CORU M203Corundum] S B
C T = 1 2 7 3 K [ suppress duplicates +| SGSLFCC FCC_A1 ~ Psaudonyms
* - custom zelection | SGSL-ECC BCC_ A2 o T
e P=1 atm Speciess 2 + | SGSLSIGM SIGMA apply ™ List. |
¥ — Target A ¥ include malar wolurnes
- honf - ~ Legend )
F Yariables: Fe-Cr-52-02 log10{p(S2})) vs logl0{p(02)} Estimate T [T000 I-imnl'lisclibclle IV Show © all & selected IE:Z:EDE?DE;SF”;:HE?S 2;
o BEEEE species. 20
cemposition Temperature r— Pressure Variabl Ph Di
—Wariables aze Diagram
’ & T Iconstant 'I  Platm) Iconstant 'l TIK] log10[plS2]) log10[p(C2]] Crf[Fe+Cr) | v
ATl [0 ] o i g | 1273 00 2510 05 = ﬁ
1 _ [logTO[p(52]) vs loglOp0Z] —Ia culate
FactSage A A
Hext >> o 1 .
| 3° Selection of the products:

» solid (custom selection:
an ideal solution)

* 6 solution phases
(including one with a possible
miscibility gap)

#1. loglOip] = IY-a:-tis 'I

CI
10

#2. loglOip] = IX-a:-tis 'I
0z =] |10
gasFACT =] [25

52 I~
gasFACT =

4° Computation of{the phase diagram
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Predominance area diagram: Fe-Cr-S,-O, System, graphical output

F Figure

User : C.R.C.T. - Ecole Polytechnique de MONTREAL
File Add Edit %ew Help

Dj|dle| Bl ie X o 5 8|2 x|

FE-Cr-32-02

1273 K. mole Cr{Fe+Cr)=0.5

=10l x|

(Fe,Cn}s

L{Fe,Cr}S + FCC Alloy

{Fe.CrS + FeSpine

4k
CC Alloy| FCC Alloy + FeSpinel FeSpinel
[{Fe,Cn}S + BCC Alloy |, cr.0
a9 E 13 h
[BCC Alloy |BCC Alloy
Ao L ) . . + CrQ,
-25 =20 -15 -10
IDng',:,‘
| FadtSage 178 187 K=-22 T=-3 [CHFACT-ELFecrs202 fig

I thtSage‘”
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A quaternary isopleth diagram

The following three slides show how the calculation of a
guaternary isopleth diagram is prepared and executed.

Furthermore, the use of the Point Calculation option is
demonstrated. The resulting equilibrium table is shown
and explained.

As an example the Fe-Cr-V-C system is used.
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Fe-Cr-V-C system at 1.5 wt% Cr and 0.1 wt%

V:input

1° Entry of the components

F Menu - Phase Diagram .

File Units Parameters Variables Help

. . ~ T(C) P{3tm) Energyl)) Mass(a) Volfl) T
(done in the Components window) | Bl=ld =ileiEd
Comp ts (4) v
o - - - - 5 + + +
2° Definition of the variables: [ lemfe -G v-.CY
« 3compositions (1 axis) Products — ‘
Compound species 5olution species =\ 1 1 Custom Solutions
(o) (o] - Jo iy
° < < [ gas & idedl € 1o 0 | +| Base-Phase | Full Name sctivitie
600°C T 1000°C [~ fiquid 0 | SGSLFCC FCC ideal solutions
_ [7 aqus 0 | SGSLBCC BCC R
° P - 1 atm [ solid 0 + SGSL-CEME CEMENTITE _]
dupiical + SGSL-MZC3 M{7IC(3)
F ¥ariables: Fe-Cr-¥-C T{C} vs composition #1. i dnicas + SGSL-M236 M{23)C{6} EeLicmme
Species: 0 apply ¥ List . |
— TandP L
emnperatune ~ Pressure Terget P/ ki ol Vol soes
- nong : S M Show( all & iselected | Total Species[max632] 39 ‘
log1tial IE & T Tads T & Platm] I'I:':""Stf""t :I' e T(k; 100 Lm s 9 Total Solutions (max 30 7|
RTIn(a) IE ATE #1000  logP 32519 I souiom: 7 Cloxt Default |
Mir: 1 :
' Variabl Phase Diagram
TIC) Cr/{Fe+Ci+V+C) | VAFe+Ci+V4C) | CAFe+Ci+V+C) v l_
6001000 0015 0.001 p0.01
[TIC) vs CAFesCiva0)] Calcdlats >>
FactSage A
El C Iconstant 'I

[ e

p_Je_

e

hlc

[ e

= (0,01 [max)

3° Selection of the products:
* 5 solid solutions (including 2
with possible miscibility gaps)

4° Computation of the phase diagram
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Fe-Cr-V-C system: graphical output

F Figure User

: C.R.C.T. - Ecole Polytechnique de MONTREAL
File &dd Edit Wiew Help

=10l x|

Wlth the phase equilibrium mode
enabled, just click at any point on
the diagram to calculate the

7 ] Fe-Cr-\-C
YowtCr=1.5 "owtV=01
1000 . . ong o .
A ' ' ' equilibrium at that point.
FCC
P
e a00
= ) FOU + FOO#2
T 2.
a
S 5 FCO + CEMENTITE + FCC#2 + M.,
]
E 500 CC + FOC#? + BOC FCC + FCORZ + MG CC + FOC#2 + CEMENTITE]
e ]
= FOO+ BOC + FOC#2 7 e FCC + BCC + CEMENTITE
© - -
- | cC CEMENTITE
GO+ BOC + FOC#2 + CEMENTITE
oo B
| FOC+ BOC MGy FCC + BOG + CEMENTITE
FCC + CEMENTITE + BCC + MGy
E00 1 ] ] ]
0.00 0.20 0.40 060 0.a0 1.00
Yowt C
FatSage |37 265 [% = 0.5 ¥ =500 | FACT £ 11Equilib.fig

I G’actSage
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Fe-Cr-V-C system: phase equilibrium mode output

Output can be obtained in FACT
or ChemSage format. See
Equilib Slide Show.

Example is for FACT format.

F Show Results - page 1

File  Edit

=0l ]

LN[=1=]

{gram) Fe + Cr + W+ C =

0. &0411 oram

Proportions and compositions of
the FCC phase (Remember the

miscibility gap).

NOTE: One of the FCC phases

Is metallic (FCC#1), the other is
the MeC,, ,, carbide.

Proportion and composition of

{ 0.Z3050E-01 wt.% CrlcCl SG5Lo
+ 1.6702 wt. % CrlVal SG5Lo
+ 1.5583 wt.% FelCl SG5Lo
+ S5, 50Z wt.% FelVal SG5Lo
+ 0.25663E-03 wt.% VIC1 SG5Lo
+ 0.45042ZE-01 wt_ % ViVal SGELo)

(799.38 C, 1 atm, FCCHL)
Mole fraction of sublattice constituents i, FCCO#1j
0.1832232E-01 Stoichiometry = 1. T30

the BCC phase.

Fe 0.921:z32
v 0. 54617E-03
C 0.13938E-01 BStoichiometry = 1.0000
Va 0.98606

+ 0.54438E-03 gram F.oAlEE wt_ % CrlCl BGELo
+ 0.88F14 wt_% CrlWal BGELo
+ 0.33369 wt_ % FelCl BGELo
+ 0.32111ZE-01 wt.% FelVal BGELo
+ 83.854 wt_% W1C1l BGELo
+ 7.68B7E wt_% WlWal BGELo)

Ly (799.38 C, 1 atm, FCCHEE)

Mole fraction of sublattice constituents i
Cr 0.73714E-01 Stoichiometry =
Fe 0.33850E-0Z
w 0.91&%0
C 083824 Stoichiometry = 1.0000
Va 0.1017&

+ 0.32E3E gram ¢ 0.33016E-032 wt.% CrlC3 SGELo
+ 1.196% wt. % CrlWal SGELo
+ 0.Z6466E-01 wt.% FelC3 SGELo
+ 23,704 wt.% FelWal SGELo
+ 0.Z0ZE3E-04 wt.% VICZ SGELo
+ 0.7E218E-01 wt.% VWlWal SGELo)

(799,38 C, 1 atm, BCCHL)

Mole fraction of sublattice constituents i
Cr 0.12842E-01 Stoichiometry = 1064840
Fe 0.926326
v 0. 79775E-03
c 0.16Z25E-02 Stoichiometry = 3.0000
Va 0.92904

+ 0.00000 gram ¢ 0.33016E-032 wt.% CrlC3 SGELo

|

‘ LFactsag:
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CaO-Al,05-SI0, ternary phase diagram: input

F Menu - Phase Diagram: last system N = ]D])S]

File Units Parameters Yariables Hel

Dz T[C) Platm) EnergyJ] Mass{g) Yol(litre) I-ﬁ | Bl -,'\,;l

— Components [3)

1° Entry of the components
(done in the Components window)

o . e . . _
2° Definition of the variables: [Clgam =0+ &R03 + 502 D
« 2 compositions (by default) Froducts ~
~ Compound species Solution species — Custom Solutions
C T = 16000C | ‘gas ¢ idealf real O = | + | Base-Phase | Full Name
[T agueous 0 | | FACT-SLAG Slag-liquid
° = [ pure liquids 0
P 1 at m [+ pure solids 44
O GI b b S trl an g | e ¥ Fsuppress duplicates_2pply - Pseudonyms
o I species: 44 apply I List .. |
F Yariables: Ca0-Al203-5i02 - vs - k-
- - Target p— I™" include molar volumes
an - hohe - clegend—————beon: e 3
— T M Show all * select Total Species [max 700] 50
compazition Temperature ~ Prassure Estirate T(K) IH'T | - immiscible N ow {3l : selected Total Soltions firan ) 5
aillle] IE & T[C] ICDnStantjv &+ Platm) Iconstant 'I Mass{a] l'i' sso'l:'j;f::zz: 2 _ISeIect Default I
AiTlrla] IE TR  logP Phase Diagram -

1600 01 01 I
[4=Ca0.B =5i02, C=41203] |

~¥Yariables
TIC) Cal/(Ca0+A1203] AI203/(Ca0+4l2 | B
i

Hext »>>
Ll Calculate >>

ompositions [masz] | FactSage l 7

o s :
Nk iizzzzj T 3° Selection of the products:

S * pure solids
O (e LR * Immiscible solution phase (FACT-SLAG)

. 4203 + sin2

zizziz& 4° Computation of the Gibbs ternary

phase diagram

0 [rmir]
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CaO-Al,05-SIO, ternary phase diagram: graphical output

F Figure User : C.R.C.T. - Ecole Polytechnigue de MONTREAL - | Ellil
File #&dd Edit Wiew Help
Dzldlol sl s X o 2| a8 afx =] selected
|7 CaO - AlLO, - SiO,
7 1600°C
L= Slag {iguid)
- Cao A= ALD,
A C=0Ca0
S =5i0,
il = hullite
CA, = Cal2AL0,
e Chs = CaeBALO,
. C,5 = 2Ca0eS5i0,
C,5 = 3Ca0e5i0,
-
T
r
Ce'lf, +L
A CA+ L
SI'O ) 2] ) VDB“ ] I:l.Tv “IZI.G ) I‘-IZI.EMI ) I:l.+v “0.3 oz =K AI O
2 welght fraction 273
| FactSage 17 407 M= 0093143148 ¥ = 0.13539744 [CHFACT-E11Equilib fig y
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CaCl,-LiCI-KCI polythermal liquidus projection

E Menu - Phase Diagram: CaCl2-LiCI-KCl liquid
File Units Variables Help

0= = T

Components |[3]

1° Entry of the components
with FTdemo database selected

Parameters window —
see next page

arameter;

2° Definition of the variables:

[

/ Products

Compound species

J

Salution species

Cusztomn Solutions

« 2 compositions (by default)

T = projection
« Step =50 °C
 P=1atm

ﬁ Variables: CaCl2-LiCI-KCl composition #1. vs composition #1,

Variables T and P
v g compozitions i 1) Temperature
B
i & T[0) "
log10(a] :" IE loo May; - calculated
& - lheftl_Tla| Min: - calculated
. sechiong -
Tl
VAV . |
[ define mirrand-masrsotherms
R elzpe Q izothermnal sections every 50C

=]

Pressure or Yolume

& Platm) [constant =]
" logP
€ Wllitre)
" logV

Compositions [mole)

- Cacz+ [0 Juoi+ [0 Jko .
- CaCl2 + L] ko Llmas]
0 [min]

¥ [0 Jeace- o+ [0 ko v

1 [max)

Callz + LI + ko

0 [min]

1 [max)
0 [min]

” [0 Jcaoe+ [0 Lo« kel

Callz + LI + kel

Solution FTdemo-5ALT

- clear
- all species
- custem select species ...

m - merge dilute solution from

+ - single phase
I - 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

[ gas & - i} | = | +| BasePhase | Full Name
[T aquecus ] P FTdemc-3ALT 5 alt-liguid
[ pure liquids 1]
[+ pure salids a

Select all species

\ species: 8/

T arget Legend
- nohe - P prealels s v Show O &l (* selected
Estirnate] T[K): JIC0C species: 3 Select
Masdimol: |0 solutions: i 250
Yanables : : |
TIC) 1 Car2y ! LiCle ! | |
| Projection | 01 | o1 [ [

[A = CaClz. B = KCI. C = LiCl]

FactSage 6.4 C:\FactSageDatatF T demotPhas1. DAT

0 fized activities
0 ideal solutions
0 activity coefficients

Pzeudonyms

apply List ...

[ inchude malar wolumes
[~ paraequilibrium & Grain  edit

Total Species [rmax 1500 11
Tital Salutions [max 40
Total Phases [max 1500 9

Phase Diaaram
catz [ univariants

A ¥ izothemns
KCi LiC!
Prajection  Calculate »>

3° Selection of the products:
* pure solids

» solution phase (FTdemo-SALT)
——option ‘P’ — Precipitation target

and liquidus isotherms

4° Computation of the univariant lines -
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CaCl,-LICI-KCI polythermal liquidus projection : graphical output

F Figure

User : C.R.C.T. - Ecole Polytechnique de MONTREAL

File Add Edit

Yiew Help

Click on Parameters in
the Menu window

F Parameters - Phase Diagram

Phase Diagram
— Display
full screen: v
color: [V
title: v
sub-title v

\4

Four-Phase Inter:
1: CaCl2_solid(s) f KCaCl3

()
10.35261 014173 0.50566 429.33
0.05602 0.42729 051669 338.5:

—Show

status: v
tie-ines: |V
warhing: |

~Labels
[13 size (5-20) [ color

IV bold " italic I™ underline
V' show '(s)'if pure solid

" chemical ¢ numerical

@ never  always

labels: ¥

( Compound Source

" only multiple data

—lIso-T Section |

erovskite(s) f LICI_solid_(nacl_rock(s) &
. KCaCl3_perovskite(s) § KCl_sylvite_(nacl_roc(s) /LiCl_solid_(nacl

CacCl, - LiCl - KCI
Projection (Salt-liquid)

cacl,

N Cacl(s)

\ —~—

G’actSage’"

T(min) = 338.34 °C, T(max) = 771.84 °C l 800
A

700

Colors 600
vV color

WV T scale 4™

™ by phase 500

— Colors

V' color

V T scale

[ byphose : i b

L~ L C

I;al:'elealue intersection # on ligur'
™ T units intersection  on figure N
[~ phase

LY A

09 03 01

A
05 05 [

mole fraction

=101 x|

FactSage 6.0

291 18 |X =0.27916667 ¥ = 1.1384615

(caClz(s) (646.9.C)

[C:\FactSage\Equilib.fig
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Al,0,-CaO-SiO, polythermal liquidus projection

1° Entry of the components

-ﬁ' Menu - Phase Diagram: Al203-Ca0-5i02 liquidus projection
File Units Parameters Variables Help

with FToxid database selected

TIC) Platm] Energ

D=

Components [3]

2° Definition of the variables:
« 2 compositions (by default)
» T = projection

* Max = 2600, Min = 1200, Step =50 °C

e P=1atm

J] Mazs(mal] Yolllitre]

[ Cad + 4203 + Si0Z2 |

Yariables
v| S
#
a b
~
= ‘:l d
A
T
B C
x7 stepe

compositions

' T[C)
logl0fa) =] [0] —

thermal

zections

T and P
Temperature

Compozitions [mole)

. [0 Jca0

+ [0 Japos+ si02

Ca0

+ [I Jaeoss I |sioz i

+ [0 Jaeoz+ 0 |sioz

+ [I Jaeoss I |sioz i

+[I Jaeoz+ [0 ]sioz

+ [I Jaeoss I |sioz i

[¥ define min ar

4? Variables: CaQ-Al203-5i02 composition #1. vs composition #1.

Pressure or Yolume

(% Platm] |constant hd

" logP

D| ¢ wire]

" log ¥

Selution FToxid-SLAGA

- clear
i - all species
- custom select species ..

m - merge dilute selution from

+ -single phase
- possible 2-phase immiscibility
1 - possible 3-phase immiscibility

- standard stable phase
! - dormant (metastable) phase
- formation target phase
- precipitate target phase
- Only plet this single phase

<

It all species

e =
ound species Solution species Cugtom S olutiohs

az (% C 0 = | + | BasePhase | Full Name 0 fined activities
quenLs ] IP | FTonid5LAGA | ASlaglia all arides + § | U ideal solutions

ure liquids i — FTond M0 T ohorie 0 activity coefficients
ure solids 30 + FT owid-kull

Pzeudonpms

apply [ List ..

speCies: i} I include molar volumes
I~ parasquilbrium & Gmin  edit
Target Legend L
- nane - 0= irmdsals 1 W Shaw &l @ selected )
E stirnate T(K): 1000 P - precipitate target species. 12 liotalls e 1500 2
+-selected 2 Lo 1 ﬂ T otal Solutions [max 40 4
Mass{mol): |0 Solens: Total Phases (max 1500] 34
Variables Phasze Diagram
| TIC) | Sinz/ | Cal/ | | | sice W univarants
[ 1202800 | 01 [ 01 [ [ s . W' isotherms (29)

[4=5i02,B=A203,C=Ca0]

Frojection  Calculate >3

FactSage B.4

C:A\FactS ageDatahF T demotPhas2 DAT

30

Selection of the products:
e pure solids
* solution phases
(FToxid-SLAGA) with

option ‘P’ — Precipitation target

Phase Diagram

13.3
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Al,0,-Ca0-SiO, polythermal liquidus projection : graphical output

WM -

[T ¥ Sy

Four-Phase Intersection Points with ASlag-liq

: Ca2AZSi07_gehlente(s) S CaN204(s) /
;. Ca2Azsio?
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CaM407(s
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"
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"
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: Mullite £ $i0Z =6) / 502
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i 0328104 alpha 53

»

2 Ca23104a %13).'
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: CazAzsil!
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Zn-Mg-Al polythermal first melting (solidus) projection

1° Entry of the components
with FTlite database selected

E’ Menu - Phase

Diagram: Zn-Mg-Al first melting projection

(== &S

File Units Parameters Variables Help

2° Definition of the variables:
« 2 compositions (by default)

» T = projection
« Step =10 °C
e P=1atm

ﬁ Variables: Zn-Mg-Al composition #1, vs compesition £1,

Variabl

v \_ < compozitions
b4

Iog10fa) | [0]

T and P
Temperature

& T[c

[, Max: - calculated

thermnal
section%

I define min and marsothemms

.
R elzpe Q izothermnal sections every 10C

Pressure or Yolume

* Plbarl |constant -
" logP

€ Wllitre)
" logV

Compositions [mole)

1 [max)
0 min)

1 [max)
0 min)

1 [max)
0 min)

Cancel

s 0 ]
f [ ] B

5 EIZH +
-Zn +

o Mg
[T Img

« [ ]
f [ ] B

o EIZH +
-Zn +

1 Mg
[ mg

s 0 Ja
f [ ] B

Solution FTlite-Liqu

- clear

- all species
* - custom select species ...

erge dilute solution from 3

+ - single phase
I - possible 2-phase immiscibility
] - possible 3-phase immiscibility
- standard stable phase
- dermant (metastable) phase

D=

Components [

TIC) P[bar] Ernergyl)] Mass(mal] Yolllitre]

m=e

3

Zn + Mg + Al

Products
Compound species Solution species Cusztom Salutions
[ o= & 9 ] * | + | Base-Phase | Full Hame - 0 fised activities
[T aqueous 0 [ Fi FTlite-Liqu Liquid g ideal _solutlofr;_s_
[ pure liquids ] | FTlte-FCC FCC_A1 activity coeffiziants
= [+ pure solids E FTlte-HCP HCP_A3
Select all species | FTll.te-LE'I 4 Laves_C14 P s
+ FTlte-Beta Beta_slMg - -
. + FTlite-Gama Gamma apply List...
* - gustom selection FTlite-PHi Phi -
Tpecies: B - - include molar volumes
Target flliteH oz 4\ Mg J [~ paraequilibrium & Gmin  edit
arge Legend

Fa

|

F - formation target phase %
P - precipitate target phase

O - Only plot this single phase

Helg ...

3° Selection of the products:

e pure solids

« solution phases

(FTlite-Liqu) with

option ‘F’ — Formation target

Note: The calculation of projections,
particularly first melting sections,
can be very time-consuming.
Therefore, | and J options should
not be used unless necessary.

4°

Computation of the univariant lines
and liquidus isotherms

‘ LFactsag:
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Zn-Mg-Al polythermal first melting (solidus) projection: graphical output

Liactsye

670
I 640
590
| 540
490

440

390

340
T°C

mole fraction
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Zn-Mg-Al isothermal section at 330 °C

G’actSage‘”

mole fraction

Note close similarity to the solidus projection of slide 13.6
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Zn-Mg-Al liquidus projection

e ' ) e e
0.7 4

mole fraction PAIMg

Al

Each ternary invariant (P, E) point on the liquidus projection
corresponds to a tie-triangle on the solidus projection of slide 13.6
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Zn-Mg-Al-Y First Melting (solidus) projection, mole fraction Yttrium = 0.05

G’actSageT”

a=Tau + ALY

b = Tau + ALY + Al,MgY

c = Tau + ALY + fcc

d = Tau + ALY + Al,MgY + fcc

T(min) = 340.89 °C, T(max) = 639.55 °C I 650

575

475

425

325
T°C

Mg 0.9 0.8 0.7 0.6 . 0.5 0.4 447 0.3 0.2 0.1 AI
mole fractions /(Zn+Mg+Al)
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When is a first melting projection not a solidus projection?

- In systems with catatectics or retrograde solubility, a liquid phase can re-
solidify upon heating.

- In such systems, phase fields on a solidus projection can overlap.

- However, “first melting temperature” projections never overlap.

- If a system contains no catatectics or retrograde solubility (as is the case in
the great majority of systems), the first melting temperature projection is
identical to the solidus projection.

- In systems with catactectics or retrograde solubility the first melting
projection will exhibit discontinuities in temperature (and calculation times
will usually be lonq).

thtSage”‘ Phase Diagram 13.10.1 www.factsage.com



Ag-Bi, a system with retrograde solubility (SGTE database)

Red lines = first melting temperature G’actSage’”
1100 T I T I T I T I T
1000 | Liquid i
900 | =
800 | -
700 -
@) .
T 600 [ fcc fcc + Liquid .
= -
500 | -
400 - .
300 |- -
200 . -
fcc + Bi
100 1 I L I L | 1 |
0 0.01 0.02 0.03 0.04 0.05

Mole fraction Bi
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Ag-Bi-Ge, First Melting Projection (SGTE database)

Note temperature discontinuities G’actSage”‘
0.01 T T T T T T . T .
fcc + Bi fcc + Ge + Bi
261.88 °C
0.008 | ) 'I
fcc + Ge
= 625
g 0.006 [ -
= 650
& fcc
= 675
o 625
§ 0.004 I
750
800
0.002 X\
\ 850
o
0 \ ! ] ! ] ! ] ! ]
0 0.02 0.04 0.06 0.08 0.1

Mole fraction Ge
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Ce-Mn, a system with a catatectic (SGTE database)

Red lines show first melting temperature G’actSageTH

1100 . , . , : , : , : ,

1050

Liquid

1000

Q —
= bee + Liquid
fcc
+ Liquid
900  fcc \ fcc + Liquid _+CUB- A13
850 I fcc + CBCC - A12 -

800 L | L | L | L | L | L | L | L | L |
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

Mole fraction Mn
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Ce-Ag, a system with a catatectic (SGTE database)

Red lines show first melting temperature G’actSageT”

1100 T T T T T T T T

1050

Liquid

1000

950

900

T(K)

850 I~ >

L fcc ]
L
800 [ + AgCe -

750 | fcc + AgCe 4

700 L | 1 | 1 | 1 |
0 0.05 0.1 0.15 0.2 0.25
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Ag-Mn-Ce, First Melting Projection (SGTE database)

Note temperature discontinuity between fcc and bcc fieldsGactSage'"

0.06 T T T T T
4 T(max)
1071.99
0.05 -
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()
0.04 % f A M
i - - 1000
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875 1.
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Mole fraction Mn
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CaCl,-NaF-CaF,-NaCl ternary reciprocal salt polythermal liquidus projection

’ -ﬁ' Compeonents - Phase Diagram (=] & |[=3] ﬁ
File Edit Units Data Search Help
N ||j"| il TIC] Platm) Energul)] Maszsmal] Yaolllitre) "1 I Bl ml
1-4|
Components Yalence
INE' |1_+ Fieu:ipru;u:al diagram :
H-awiz :|Ea |2_+ g :2::::,0”?
|EI I_I— _ - mazz [mol]
r-aniz :IF I'I_ - Swap ionz |
/]\ Default walence |
Charges on ions automatically
Components calculated provided that an appropriate
are the elements database has been connected
Eh - pH diagram
%ciprncal diagram
Click on ’reciprocal diagram’
FactSage £.4 Compound: | 1431 databases Solutior: | 1431 databases e
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CaCl,-NaF-CaF,-NaCl ternary reciprocal salt polythermal liquidus projection

1° Entry of the components
with FTsalt database selected

File Units Parameters Variables Help

G’ Menu - Phase Diagram: CaCl2-NaF-CaF2-NaCl liquidus projection

0| = =

Components [4)

2° Definition of the variables:

TIC) Platm] Energy

A

[J] tazs(mol] Wolllire)

y

Ma+ Cas+ Cle F

=] = =
= m

g Products
C 3 C O m p 0 S I tl O n S Compound species Solution species Cuztorn 5 clutions
_I_ . . [N gas 5 ) 0 = | + | BasePhase | Full Name 0 fived activities
° = p J [ aquecus ] I | FTsaltACL_A £AIKChss_rocksalt 0 ideal solutions
rojection [ pure liquids 0 I FTsaltAMIAD Ak I U elfel iy EOelifEien.
— fo) [+ pure solids [ | FTzalt-PRVEC CaMH3-Perovskite
e St e p — 50 C Seloct all species P | FTsalbtSALTA AS altliquid Peeudanyms
FTsalt-5AL27 Pliquid-REhalide -
° P - 1 at m apply [ List ...
speCies; B [ include molar valumes
‘,? Yariables: Ma-Ca-CI-F Equivalent fraction F/{Cl+F) vs Equivalent fraction 2Ca/(Ma+2Ca) [=5] Target Legend [ paraequilibrium & Gmin _edit |
- hohe - | - immiscible 3 V¥ Show ™ &l  selected

T and P
Temperature

Vanables

compozitions '

Pressure or Wolume

Estimate T(k): 1000
tass(mal; |0

e
=

oecton 2%
& Ti) . rojechion

¢ Platm] |conztant -

P - precipitate target

species: 16
solutions: 7

Select

Total Species (max 3000 22
Total Solutions [max 40 7
Total Phases [max 1500 13

2 \:l: o ||loal0f@) - E oo ¢ o @l  logP Valiah_ll_ecs e 2c,fc||: N Phase Diagram —
= = ]
& thermal € Mir: - caloulate Vi) I:l | [C) | [CI+F) I a/[CHF] I [Ma+2Cal/CI+F] | | M D:: o ym;anants
sechions Tlinck [50 | Prajection | 01 | 01 | 1 | - 2 isatharms

AN
B C

® steps

[ define min and max isatherms

igothermal sections every 50 C

" lagW

[Reciprocal: MaF - CaF2 - MaCl- CaClZ,  F/[Cl+F] vs 2Ca/[Na+2Ca]

FactSage 6.4

C:\FactS agel atahF T demo'Phas07. DAT

Frojection  Calculate >>

3° Selection of the products:
e pure solids
* Immiscible solution phases
« FTsalt-SALTA with
option ‘P’ — precipitate target

www.factsage.com
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CaCl,-NaF-CaF,-NaCl ternary reciprocal salt polythermal liquidus projection

Na-Ca-Cl-F
(Na+] +2Ca[2+]) = CI[4 + F[), Latm GactSage’"

(NaF), CaF,
(9960) 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 (14180)
T T T I A I I HL
° CaF,(s2) - T(max) = 1418.02 °C
T°C
° ° | 1450
° - 1250
LL
[ © o
o = >
=
3] I 1050
©
t wn
MF &
c
Q
< 850
= o
> o IS
o
L
o - 650
s aFG 2 450
3 / 2 T(min) = 486.03 °C
N o ] .
3 AAIKCl-gs_rocksalt VS // A s)// , T(inc) = 50
(N aCI ) 2 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 CaCI 2
(801°) Equivalent fraction Ca (7729
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CaCl,-NaF-CaF,-NaCl ternary reciprocal salt system

CaCl,-NaF-CaF,-NaCl is a reciprocal salt system because the chemistry can be defined by the

following exchange reaction: CacCl, + 2NaF = CaF, + 2NaCl and all phases are electroneutral.
That is 2n(Ca[++]) + n(Na[+]) = n(F[-ﬁ) + n(CI[-]) where n(i) = moles of ion i.

The components are Na, Ca, F, and CI.

The Y-axis is the “equivalent fraction” F /(F + CI): Oto 1

The X-axis is the “equivalent fraction” 2Ca /(2Ca + Na): 0 to 1

where (2Ca + Na) = (F + ClI)

The diagram is not the CaCl,-NaF-CaF,-NaCl system but rather CaCl,-(NaF),-CaF,-(NaCl),

The corners and axes on the calculated diagram are:

(NaF), — CaF,

(NaCl), ——— CacCl,

thtSage"‘ Phase Diagram 14.4 www.factsage.com



CaCl,-NaF-CaF,-NaCl ternary reciprocal salt polythermal liquidus projection

- ALTERNATE INPUT/OUTPUT

ﬁ" Components - Phase Diagram EI =]
File Edit Units DataSearch Help
N ||;;.’*| il TIC) Platm] Energpi]] Massimol] Volfitre] HEY=IES
1-4 |

Components

|Na

IEa
|F

5]

- This type of alternate input may be required in more
general cases or in reciprocal systems with more
than four elements

[T Eh-pH diagram

eciprocal diagram

Mext »>

FactSage 6.4 Compound: | 1431 databages Solution: | 1/31 databases

Do NOT click
on ’reciprocal diagram’
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CaCl,-NaF-CaF,-NaCl ternary reciprocal salt polythermal liquidus projection

1° Entry of the components
with FTsalt database selected

(=] =@ =

‘3’ Menu - Phase Diagram: CaCl2-NaF-CaF2-NaCl liquidus projection

File Units Parameters Variables Help

2° Definition of the variables:
« 3compositions
» T = projection
« Step =50 °C
e P=1atm

‘?Variables: Ma-Ca-ClI-F Equivalent fraction F/{Cl+F) vs Equivalent fraction 2Ca/(Ma+2Ca)

Variables Tand P
v ~ ([ compositiors ' Temperature
® & Ti) Cormjection =P | | & Platm] |constant -
a \:l b |log10ial :l' E Teo- - - calou " log P
C d
A I

thermal € Mir: - caloulate © ilne]

. sections -
Tlincl: |50
E A C (i} " lagW

[ define min and max isatherms
P ol igothermal sections every 50 C

Pressure or Wolume

Ol = H TIC) Platm] Energpld] Mass(mal) “olllire) "1 B
Components [4] A 4
Ma+ Ca+ Cl+ F
Products
Compound species Solution species Custom Solutions

B ga: & 0 = | + | Base-Phase | Full Name 0 fixed activities

[F aqueous || FTsalaCL A AdlkCl-ss_racksal g 'des"l,solutwfr;ﬁa

[ pure liquids FT saltAXAC Calk 24 Sl EEiiEElE

[+ pure solids FTzalt-PRVKC Cads3-Perovskite

FTzal-SALTA 45 alt-fiquid

Default selection - | apply

Pzeudonyms

apply [ List ...

[ include molar volumes
[ paraequilbrium & Gmin  edit

(=2} [ e e e }
o|—|—

IpECies

Target Legend
- none - | - immiscible 3 i
o P rasioitare target Total Species [ma= 3000 22

TpECies: 16 . 7
Massimall ’D— solutions: 7 Select Total Solutions [max 40

Tatal Phases [maw 1500 13

[# Show (* all  selected

VYariables Phasge Diagram

TIC] | F/[Cl+F) | 2Cad[C+F) |[Na+2Ea]x’[EI+F]| | aF f2 W univariants
uac‘:[:.z ¥ izothermns

| Projection | 01 | 01 | 1 |
Projection  Calculate >>

[Reciprocat MaF - CaF2 - MaCl- CaCl2,  F/[ChF) vs 2Cad[Na+2Ca)l

FactSage 6.4 C:AFactS agellatahF T demaohPhas07 DAT

3° Selection of the products:
e pure solids
* Immiscible solution phases
« FTsalt-SALTA with
option ‘P’ — precipitate target

Phase Diagram 14.6
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CaCl,-NaF-CaF,-NaCl reciprocal salt polythermal liquidus projection- Alternate Output

Na-Ca-F -Cl
Projection (ASalt-liquid), (Na+2Ca)/(F+Cl) (mol/mol) =1, 1 atm GactSage'”
1 L] I T I I/ I T
/

T(max)

Can(sz) - 1418.02

T°C

0.8 1450
L
C
i
3]

E 1250
€

< 06

>

= 1050
O
(«B]
1
=3

§ 850
©

B 0.4

9 650
<L
T

CaFCl(s)
> / R q
: - ’ .’l 600 ~ Jrpe
- / - '
fon [ [ [ S
AAIKCI-ss_rocksalt 5
O 1 | 1 / 1 | 1 / |//
0.6 0.8

0 0.2 0.4 1

2Ca/(F+CD (mol/mol) = equivalent fraction Ca
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Paraequilibrium and minimum Gibbs energy calculations

- In certain solid systems, some elements diffuse much faster than others. Hence, if an initially
homogeneous single-phase system at high temperature is quenched rapidly and then held at a lower
temperature, a temporary paraequilibrium state may result in which the rapidly diffusing elements
have reached equilibrium, but the more slowly diffusing elements have remained essentially immobile.

- The best known, and most industrially important, example occurs when homogeneous austenite is
guenched and annealed. Interstitial elements such as C and N are much more mobile than the
metallic elements.

- At paraequilibrium, the ratios of the slowly diffusing elements in all phases are the same and are
equal to their ratios in the initial single-phase alloy. The algorithm used to calculate paraequilibrium in
FactSage is based upon this fact. That is, the algorithm minimizes the Gibbs energy of the system
under this constraint.

- If a paraequilibrium calculation is performed specifying that no elements diffuse quickly, then the
ratios of all elements are the same as in the initial homogeneous state. In other words, such a
calculation will simply yield the single homogeneous phase with the minimum Gibbs energy at the
temperature of the calculation. Such a calculation may be of practical interest in physical vapour
deposition where deposition from the vapour phase is so rapid that phase separation cannot occur,
resulting in a single-phase solid deposit.

- Paraequilibrium and minimum Gibbs energy conditions may also be calculated with the Equilib
Module. See the Advanced Equilib slide show.
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Paraequilibrium and minimum Gibbs energy calculations

Fe-Cr-C-N system

-ﬁ" Menu - Phase Diagram: Fe-Cr-C-N equilibrium diagram

File Units Pararmeters Variables Help

@F‘[atm] Energy[l] M Vu:ul[litre]

0= E

Comnonents (41—

Equimolar Fe-Cr with
C/(Fe + Cr) =2 mol%
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"= e
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For comparison
purposes, our first

eemsanions| CAlCUlATION 1S @ Normal

calculation
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Yarnables Phaze Diagram
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FactSage 6.4

C:AFactSageD ata'FT demohPhaz03. DAT

Calculate »>»
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Paraequilibrium and minimum Gibbs energy calculations

Fe-Cr-C-N system

-ﬁ" Variables: Fe-Cr-C-M T(K) vs composition #1,
Yariables T and P

v o compositions Temperature
W o |“r’-a:-:is -
TIK]
llog10(s) ~| [0] Mg 1600
T 1/TK
i

Prezzsure or Yolume

{* Platm) ||:|:|nstant -
" log P

© Viite)

" logt

Molar ratios:

X-axis:

C/(Fe + Cr) =0.02
N/(Fe + Cr) = 0.02

0LCr/(Fe+Cr)<1
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Output - Equilibrium phase diagram

Fe-Cr-C-N

C/(Fe+Cr) (mol/mol) =0.02, N/(Fe+Cr) (mol/mol) =0.02,
atm

G’actSage‘”
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900
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7
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Paraequilibrium and minimum Gibbs energy calculations

Fe-Cr-C-N system
when only C and N are permitted to diffuse

e

File Units
0 = =

Componentz [4]

Parameters

-ﬁ' Menu - Phase Diagram: Fe-Cr-C-M N, C diffusing

Variables Help

TIK] Platmn] Erergul)] kazs(mol] Wolllitre]

oo |
"

Cuztom Solutionz
0 fined activiies
0 ideal zolutions
0 activity coefficients

1° Click here

2° Click on « edit »

Pzeudonyms

apply [ List ...

I/

include molar volumes

v

Tatal Species [max 3000

Total Solutions [mas 40]

Total Phases [max 1500]

Phasze Diagram

TIK] ws Cr/[Fe+Cr

FactSage 6.4

C:AFactSageD atahF T demohPhaz10.0AT
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Compound zpecies Solution species
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Target L d
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5° calculate
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3° Click here

/

Enter diffusing elements ...

Help - information on paraequilibrium & Gmin ...

4° Enter elements
which can diffuse

> Calculate >>

‘ LFactsag:

Phase Diagram 15.5
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‘Window.
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OQutput - Paraequilibrium phase diagram with only C and N diffusing

1600

Fe-Cr-C-N - paraequilibrium diffusing elements: N C
C/(Fe+Cr) (mol/mol) =0.02, N/(Fe+Cr) (mol/mol) =0.02,

1 atm

1400 =

1200 -

1000

T(K)

800

600

400

200

FCC

FCC + BCC

0.4 0.6

Cr/(Fe+Cr) (mol/mol)

0.8

‘ LFactsag:
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Paraequilibrium and minimum Gibbs energy calculations

Paraequilibrium diffusing elernents [3m]

Enter the list of elements that can diffuse. These must oK
have been entered az elements in the Components -

W irdow. Cancel : - :
To calculate the phaze with the minirmurn &, enter a < |nput When Only C IS pel’mltted tO d|ffuse
blank line.

Select fror; Fe Cr C M

[
=

Paraequilibriurn diffusing elements

Enter the list of elements that can diffuze. These must 0K

have been enterad as elements in the Components
W indon. Cancel

To calculate the phase with the minirum G, enter a < Input When Only N |S permltted tO d|ffuse

blank line.

il g

Selectfrarm: Fe Cr C M
N

Paraequilibrium diffusing elements [ .
- qth < of ot t:t s Those it Input when no elements are permitted

' QK . .. .
have been entered az elements in the Components to d|ffuse (m|n|mum G|bbs energy

Windon.

Cancel | . . .
< ;|Dc€||FUIatethephasewiththe@ Ca|CU|at|On) FOI’ thIS CaICL”at'On, Only

elements must be entered in the
Components Window

Selectfrarm: Fe Cr C M
I
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Output - Paraequilibrium phase diagram with only C diffusing

Fe-Cr-C-N - paraequilibrium diffusing elements:
C/(Fe+Cr) (mol/mol) =0.02, N/(Fe+Cr) (mol/mol) =0.02, thtsage

1 atm

1500 [~
LIQUID + BCC

1300

BCC + HCP

1100

T(K)

900 \\\\\\ -

700

FCC + CEMENTITE BCC + CEMENTITE

500 -
BCC + C(s)

300 ) ] ) ] 1 ] A ]
0 0.2 0.4 0.6 0.8 1

Cr/(Fe+Cr) (mol/mol)
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Output - Paraequilibrium phase diagram with only N diffusing

Fe-Cr-C-N - paraequilibrium diffusing elements: N
C/(Fe+Cr) (mol/mol) =0.02, N/(Fe+Cr) (mol/mol) =0.02,
( ) ( ) = : atm( ) ( ) = thtSage

1500

1300

BCC + HCP

1100 FCC + BCC 1

T(K)

900

700

500

dOH + 208

300 1 ] 1 ] ) ] 1 1
0.2 0.4 0.6 0.8 1

Cr/(Fe+Cr) (mol/mol)

o
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OQutput - Minimum Gibbs energy diagram (no elements diffusing)

Fe-Cr-C-N - phase with minimum G
C/(Fe+Cr) (mol/mol) =0.02, N/(Fe+Cr) (mol/mol) =0.02,

1 atm

G’actSage’”

1500 =

1300 -

1100 -

T(K)

900

700

500

300

FCC

BCC

0.2

0.4 0.6 0.8

Cr/(Fe+Cr) (mol/mol)
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Enthalpy-Composition (H-X) phase diagrams

F Menu - Phase Diagram: Mg-Al for H-X
File Units Parameters Variables Help

D[ &

T(C) Plbar) EnergylJ) Mass(g) Vol(itre)

=101 x|

=il=3Ed

— Components (2)
{aram) &1 + Mg |
~ Products
~ Compound species —— - Solution species ~ Custom Solutions
[ lgas @ ideal € redl 0 * | + | Base-Phase | Full Name 0 fixed activities
[T aqueous 0 | Liquid 0 ideal solutions
[~ pure liquids 0 | FTlite-HCP HCP A3 0 activity coefficients
r pure m 0 + FTﬁle.Gama Gamma DE‘[&?’S’
I~ suppress duplicates_apply | i —
species: 0 apply I~ List.. |
™ include molar volumes
i 12
~ Target ~Legend
- hone - ImescbleZ [V Show C all * selected T 5
Estimate T(K]: I1000 +-selected 1 ecisr 12
M - |0 solutions: 5 ﬁ, I
asslag): Defauk
—Variables Phase Diagram
T(min) H{max) Al/(Al+Mg) | YI
300 30000 005 %
[H-H300C/ (AlsMg) ) vs AVAlMg]] Calculate >> |

| FactSage l

I thtSage‘”
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Selecting variables for H-X diagram

y-axis will be enthalpy difference (H; - H,co0)

ﬁ" Variables: Al-Mg H - H25 C ()/g) vs composition £1. (]
Variables T and P

(s compositions |1 Temperature Prezsure
) : :
=

logT0la) -] [0] ) Enthal:yznn = || € pea = Isotherms plotted
" omn B o1zl every 100°C

I =
lzo-T ztep (100
Y ztepa |11
[+ plot izo-thermnal lines
XS‘EW- ["¥-amiz: H-HIT min)/[&1+g] |

Compositions [mass]

..e.'| + EIMQ |><-a:-:is -

#1. = . .
P Jar« [1 Jmg Maximum of y-axis
-
will be 1200 Joules

x-axis plotted for 0 < x £0.5
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Calculated H-X diagram for Mg-Al system

1200

1000

800

600

H - Hyc (J/9)

400

200

Al - Mg
G’actSage‘"
| - ' ' " 825 °C
. es%

Liquid |

Liquid + HCP_A3

N\ Liquid + Gamma

Liquid + HCP_A3 + Gamma

/ HCP_A3 + Gamma

01 0.2 0.3 0.4 05

Al/(Al+Mg) (9/9)
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Compare to T-X diagram for Mg-Al

T(C)

700

650

600

550

500

450

400

350

300

Al - Mg

G’actSage'"

HCP_A3

Liquid + HGP_A3

Liquid

HCP_A3 + Gamma

Gamma

0.1

0.2

mass Al/(Al+Mg)

0.3

04

0.5

I thtSage‘”
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Isobars and Iso-activities - Cu-O — Components and Data Search

G Phase Diagram - Components

File Edit Units DataSearch Help
Dl +|

1-2|

FactSage 7.0

Compound: | 1/33 databazes Solutior: | 1/36 databazes

TIC) Platm] Energyl)] Mazs[mal] Vollitre]

Components

|Cu

[0

Mext »>»

( fjl Data Search

thl

FactP5
] FToxid
] FTsalt
[ FTmisc
O FThal
[] FTOxCH
[ FTHitz
] FThelg
[ FTpulp

[ FTlite

Information -

Options

Default

OOoOo00x

[ FTnucl

Databaszes - 2/38 compound databaszes, 1/28 zolution databazes

[ sGPs
[ SGTE

SG TE Cgmpnund3 c.n|_|r| Pﬁvare Darabases
[ Bins solutions only [ Acco

no databaze [ cokE

[ H20B

[J SGnobl Clear Al [J sGSL
[ vLAB

[ sGsold
O 5Gnucl

Add/Remove Data
Other
[ SpMBCM

[0 TDmeph
O TDnuct

Solution: C:AFactwintFACTDATANS copphdzaln. zdo
- FScopp - FactSage Cuqich alloy databaze - solutions [2011]

Include compounds

[] gaseous ions (plasmas)
[[] aqueous species
[ limited data compounds (25C)

Compound:  c:WFactwin'FACT DATANFS copphdbase. cdb
- FScopp - FactSage Cu-nch alloy databaze - compounds [2017)

[0 ALMOD
O ExaM
O MobL
O SGTE#

] ANDD
O FEFX
O eItz
[ SGTE=

Lirnits

Organic species CxHy..., ¥max] = |2_

Minimum solution components: O 1 &) 2 cpts
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Isobars and Iso-activities - Cu-O — Menu Window

i '

File Units Parameters Variables Help

== TIC) Platm] Energul)] Massimol) Vollitre] m |B‘| ]f|

— Components [2]
— Products
— Compound species——— 1 Solution species — Custom Solutions
= | + | BasePhase | Full Hame 0 fixed activities Details___l
*[+ gas { ideal (& redl 1 I FScopp-LIQU Liguim 0 ideal zolutions
I— e 0 . FScoppBCC_ BCC_A2 0 activity coefficients
. ||+: EE: I;anucf g +  FScoppFCC_ FCC_A1  Preudonyms
apply [ Ligt ... |
* - custom selection
FpECies: 4 [ include molar volumes
[ paraequilibrium & Gmin  edit |
— Target = P [
- ok - I-Ei?nerziscil:ule 1 W Show ™ &l © zelected Cotel Soeci ——
Estimate T(K): [1000 +-selected 2 species. 10 otal Species [max 3000
s 4 ml T otal Solutions [max 40]
Mass(rnol [B Faldans: Total Phases (max 1500] 8
Yariables Phaze Diagram
TIC) O Cu+0] v |
1000 7400 006 o
[TIC] vs O/Cu+]] Calculate »> |

FactSage 7.0
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Isobars and Iso-activities - Cu-O — Variables Window

{:F Variables: Cu-O T(C) vs composition #1.

Yariables Tand P

f+ TIC)
~

b -
25 (st o]
A
B C
® steps

Compositionz [mole]

EI Cu + |1 0 H-awiz v
.

1 tu o+ N D=D.E[ma:-c]
e

v o compositions Temperature
=

'-anis -
Max:

kin:

Prezsure or Yolume

* Platm] |constant - |

" logP
" W(litre]

" log W
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Isobars and Iso-activities - Gas Species Selection Window, option Z

i '
ﬁ Phase Diagram - Menu: last system e
File Units Parameters WVariables Help
Ol = E TIC) Platm] Enenguld] kazsimol] Waolllitre] "1 B
Components [2]
Products
Compound zpecies Solution species Custarn Salutiong
= | + | Base-Phaze | Full Hame 02[g) izabars Details ... |
* 7 gas O ideal &% real 1 I FScopp-LIOU Ligui
[ zquecus o ™
™ pure liquids &7 Selection - Phase Diagram - no results - l (=] ﬁj
*|+ puresalids | ['Eie  Edit Show  Sort
-8 o 2 02
Z-woaetivly || B olocted 175 GAS (9)
| - clear
Femdlan Jaes + | Code | Species | Data | + + -celect m | M aximum
G Al FactPs
£ 2 02[a] FactPS - standard stable phase
3 03(a) FactPS
M azsmal) | 1 Culal FactPS I - dorman‘.c (metastable] phase
5 CuZ(g) FactPs F - formation target phase ¢ —
3 Iso-activities of 02
\Janah_:?ts] B CuO(g] FactPs P - precipitate target phase s)
1000 1400 O - only plot this gas phase ... | | Enter up to 10 izobars values for 02[g) :
[ permit selection of %' species ]
T vs DT —_— L - cooling calculation ... Enter 0 or Click on [Cancel] to delete the values. Cancel
Show Selected | Select Al Ideal Solution
i FactSage 7.0 L v Z -isobars.. |1]'_1]-I]'1
Help ... \, J
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Isobars and Iso-activities - Phase Diagram — P(O,) 0.0001 atm isobar

Cu-0

1 atm, O2(g) isobars (atm) &ctsagem
1400 . . - . - ' ' ' ' ' '

B .-

1350 - LIQUID \ 1

1300 b -

1250

[ gas_ideal + LIQUID 7

1200

T(C)

1150 LIQUID + "Cu,0'(s) 1

1100

1050 .
FCC_A1 + 'Cu,0(s) CuO(s) + Cu,0'(s)

1000 . L . ! . I . I .
0 0.1 0.2 0.3 0.4 0.5

0/{Cu+0) {(mol/mol)
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Isobars and Iso-activities - Cu-O Phase Diagram — O,(g) isobars

Cu-0

1 atm, O2(g) isobars (atm)

1400 l

1350

1300

T
—

1250 -

1200

T(C)

1150

1100

LiQuio

T 004

0.do1! !

|: T
P
0.p1]
1011
]
|
[

LIQUID + Cu,0(s)

Lacting'

Iso-activities of 02(g) [ S

Enter up to 10 izobars values for 02[g)
Enter 0 ar Click on [Cancel] to delete the values. Cancel

0.0001 0.001 0.01 01 1.

10580

1000

FCC_A1 + Cu,0(s)

u,0(s) + Culi(s

0/(Cut+0) (mol'mol)

0.4

0.5

‘ LFactsag:
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Isobars and Iso-activities - Fe-S Phase Diagram

Fe-S

1atm $actiog

1600 y T y T y T ¥ T

1800 F LIGQUID + gas |

Liguin

1400 I piguip + BCC

1200 |

1200 F

T(C)

1100 -
LIGUID + FCC_AA1

1000 |

00
L LIQUID = BCC_A2
200 . 1 . L . ! . 1 , I

] 0.1 02 03 0.4 05

S5/(Fe+8) (mol/mol)

thtSage”‘ Phase Diagram 17.7 www.factsage.com



Isobars and Iso-activities - Fe-S Phase Diagram — S,(g) isobars

T(C)

1600

1500

1400

1300 |

1200 F

1100

1000

a00

200

Fe-$S
1 atm, 52(g) isobars (atm)

L T T T T T T

LIQUID T
'Eumum +BCC_

LiauD + FCC_A1

Liguin + BCC_AZ2

0 01 0.z 0.3 04
S/(Fe+5) (mol/'mol)

‘ LFactsag:

Phase Diagram 17.8

www.factsage.com



Isobars and Iso-activities - C-Cr-Fe Phase Diagram — C(s) iso-activities

C-Cr-Fe
Cr(C+Cr+Fe) (mol/mol) = 0.2, 1 bar, C(s) iso-activities thtﬁa g'Em
! T . ; I ; T ; I ; LI
1900 1" 001 505 0.1 A5 |
! / LIQUID rs

1700
0.4

1500 {

1300

T(K)

1100

* .
BCC_A2 + M7C3 +/Cricfs}

900 |~

[ -

700

BCC_A2Z + C(s) + Cr,C(s)

500 |
BCC_A2 + BCC_A2 + Cr,C(s

300

0 0.05 01 0.15 02 0.25
CNC+Crt+Fe) (mol/mol)
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Isobars and Iso-activities - Polythermal Projection — C(s) iso-activities

Fe-Ni-C
Projection (LIQUID), 1 atm, C(s) iso-activities thtﬁage‘"

C

T°C
I gl
4000
3500
| 2000
2500

2000

1500

1000

oy

Y RN\
bW w e W w o w W w oy oy W w ow oy v'u'l."u"T.-f'I.‘:.';"-:-"';Bﬂ';'W'J';'J'\J';'u“u}‘\

a1 N"

mole fraction
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Isobars and Iso-activities - Isothermal FeO-Fe,O,-Cr,0,

Gibbs Section — O,(g) isobars

1300°C, 1 atm, 02(g) isobars (atm) Gh ctSage‘"

Cr,0,

" Fe,0Oq

mole fraction
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Isobars and Iso-activities - CaF,(s) iso-activities in

CaF,-NaCl-CaCl,-NaF at 1000 K

Ca-Na-F-ClI
(2Ca[2+] + Na[+]) = (F[-] + CI[-]), 1000 K, 1 bar, CaF2(s) iso-activiti thtiage“
caCl, - ~ (Nacl),
/ T T T T ’ |-'i'_:_'_| I']'I'::I-_Iglf:ﬁ:
al LBt D e e =
E- T T ":'-"- oy
N 037 ol @ gy
Eb.~7 s - nd B
— [ - - L
"5 [ - ,f‘ui"’# t}x e
Foop e o A e
LL =1 - "?:\ .lllr" II- -
= |- B P e
= Lo ‘2) .Illlul:llll ']
O =F ASalt-liquid + CaF_(s) Ry J,'.*I' ,’ =
o I B P
S &
= al © Y ]
o =1 ’#J n I-' s ] kn
& @P 1A
g 3 oL E
= Asaltliquid + CaF(s) & % 3
':g_ 3 » v 1 HE
g L
o ] E
it
5 ASalt-liguid + NaF(s) + CaF (s) \IE g
o
PR [ TN S SN S SN S [N TN U N N TN S N SN T S ANV TN T ST T T AN T S S [ ST SO S Y
CHFP a1 02 03 04 15 a6 17 0% a4 (NEF)’?
Equivalent fraction Naf2Ca+Na)
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Isobars and Iso-activities - Fe-Cr-C-N Paraequilibrium — C(s) iso-activities

Fe-Cr-C-N - paraequilibrium diffusing elements: NC

C/Fe+Cr) (molimol) =0.02, Ni{Fe+Cr) (mol/imol} =0.02,
1 atm, C(s) iso-activities thtﬁagem

1500
. FCC_A1

1300

BCC_AZ + HCP_A3 + M23C6
FCC_A1+BCC_AZ + M23C6

1100

T(K)

500

Fa

SO AL + GEMENTITE C_A1+M23C6 + SIGM;

700

300

0 0.2 04 0.6 0.8 1

Cr/(Fe+Cr) (mol/mol)
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Scheil-Gulliver Constituent Diagrams

During cooling of an alloy from the liquid state at complete
thermodynamic equilibrium, all solid solution phases remain
homogeneous through internal diffusion and all peritectic reactions
proceed to completion. Such conditions are generally approached only
when the cooling rate is extremely slow. In practice, conditions often
approach more closely to those of Scheil-Gulliver cooling in which
solids, once precipitated, cease to react with the liquid or with each
other, there is no diffusion in the solids, the liquid phase remains
homogeneous, and the liquid and surfaces of the solid phases are in

equilibrium.
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—> (continued)

With the EQUILIB module [see the EQUILIB Advanced
Features Slide Show, Section 13] Scheil-Gulliver cooling can be
simulated, but only at one composition at a time. By analogy
with equilibrium phase diagrams which apply to equilibrium
cooling, the present section shows how the PHASE DIAGRAM
module can be used to calculate and plot “Scheil-Gulliver
constituent diagrams” which permit one to visualize the course
of Scheil-Gulliver solidification as temperature and composition

are varied.
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—> (continued)

A Scheil-Gulliver constituent diagram shows the
microstructural constituents which are formed as the system s
cooled under Scheil-Gulliver conditions from temperatures above
the liquidus. The fields on a Scheil-Gulliver constituent diagram
are labelled not with the names of phases but with the names of the
microstructural  constituents  which  may be stoichiometric
compounds, inhomogeneous solutions, or eutectic constituents.
Hence, Scheil-Gulliver diagrams are more properly called
“constituent diagrams” rather than phase diagrams.

An article describing the theory, calculation and applications
of Scheil-Gulliver constituent diagrams can be found by going to
the main FactSage menu and clicking on Slide Shows. Then click
on “Article — Scheil-Gulliver constituent diagrams” (pdf).
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Scheil-Gulliver Constituent Diagram of the Binary Al-Li system

=151 ]

File Edit Units Data Search Help

[ ||j"| il TiK] Plbar] Energyi)] Massimal] Yalllite] "1 I Bl ]’l

1-2]|

Components Scheil-Gulliver constituent diagram -
I"é"l £PF: zero phase fraction lines
ZCF: zero compaszition fraction lines

ILi I the Menu wWindow you must
gpecify a Scheil cooling

target phase - option '3 CI | C k here |n
mMost cases.

I

For large systems,
¥ “Scheil-Gulliver constituents diagram - ZPF + ZCF . . .
| ScheiI-GuII?ver u:u:uns.tituents !:I.iagram - 2F'F4— CalCU |atI0nS WI ” be faSteI‘ |f
™ agueous diagram with molalities, and iso-Eh & izo-pH lines on Iy Z P F I|neS are

[ reciprocal diagram with 2 cations and 2 anionz

B ez s calculated. However, the
diagram will then be
incomplete.
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—> (continued)

If the gas phase A Scheil target phase
Is selected it will _i=f, must be selected.
be assumed to  [F This will almost
always remain in 18] Pl Enerayl) Hassmal Tollte) [R=il-1E5 always be the liquid
equilibrium with . solution. (Left click,
the liquid. then select S).
_l—: 'I:';:;Clsnd;pmes — Solution phases — Custom Solutions ——— :I
| - [ + | BasePhase | Full Name 0 fixed activiies 020\ (| Scheil-Gulliver
[F gas = ideald™ real O S 4 FTlite-Liqu Liquid 0 ideal solutions : )
[~ aqueous 0 , FTlite-FCC FCC ~Pseudonyms —— 1 dlag.rams involve a
e e 2 . AL _ualfﬁi'ﬁﬂ——l relatively large
© i amdiaids ||| amount of computer
species. 2 T mnepedpene i || time. If you know that
el S gt | Show sl & selected Etupael":;:;:!::rm\ the | qr J options
Coding#ep:]5 4 | - selected 3 pecs 10 g | roaSeeskelnas I ) (pOSS|b_Ie 27 or ?_>-_
saltions: 4 Tasl Phases mex 1500 25 || Phase immiscibility)
-Varsbles — | Phasle_magmm— are not required, it is
R = = best not to select
(TR v LA Caleulate >> | || them.,
|

——— See Slide Show on Equilib Advanced Features, Section 13. A smaller step
gives a more precise diagram, but the calculation time will increase.
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Choice of variables for a Y-X binary Scheil-Gulliver constituent diagram

Such a diagram can only be a T-Composition diagram at constant P

F Variables: Al-Li T{(K) vs composition #1.

T can only be
the Y-axis.

Tand P
compositions
log10(al *| [0]

o Tk
TR

Cannot be
selected.

Hext »» |

— Temperature N

/

IY-a:-:is j
Ma:

ki

r-\-

— Pressure or Yolume
¥ Plbar| Il:l:unst
" logP
£ Wlitre]

i

ant j

Compositions Mass[mol]

" El'ﬁ'l + | Li IK-a:-:is "I

#1 log [composition)

...........

...........

The X-axis can only
be composition.

............

............

——— (or log P) must
be constant.

V (or log V) can
not be selected.

The maximum temperature
should be above the
maximum liquidus
temperature on the diagram.

‘ LFactsag:
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Calculated Scheil-Gulliver constituent diagram of the Al-Li system

Al - Li
Scheil (cooling step 5 K), 1 bar &ctsage'"
1000 T T T T T T T T T
) ) | | The microstructural
oo L L L | | constituents in each
| | field are labelled by
ol | | pointing and clicking in
| | the same way as for
equilibrium phase
700 [ 4 .
- diagrams.
% L+D
&.
600 | -1
L+C+D+E L+D+E
500 | -1
400 L C+D+E+F D+E+E ExF i
(Calculations below the red line are extrapolated) Fhle
A
300 L 1 1 1 L 1 . ] L
0 0.2 0.4 0.6 0.8 1
Li/(Al+Li) (mol/mol)

Below the red line, the liquid phase has disappeared. At lower temperatures it is assumed no
further reactions occur (such as eutectoid, peritectoid, phase separation, massive, martensitic
and spinodal decomposition reactions.)
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|dentification of stable microstructural constituents and phases

This table is automatically displayed along with the calculated diagram

Scheil-Gulliver Cooling from 1000 K =10 x|

File Edit

N[ =1E=]

Hames

Summary of Scheil Constituents and Fhases .:J

Labels - Molten Phase and Scheil Constituents:

L - 2 : Liguid

2 - 3 - FCC

B - 345 - FCOC + 2114

C:- &5 : BRITI

oD - 21 : A12Li3 _hR5-R3mis)

E - 25 > R14Li% anlidis)

F - 4425 > BOC + R14LiS solidis)

=z : 4 : BCC

H - Z1+25 : A12Li3 hR5-R3mis) + A14Li39 sclidis)

Steble Phases:
Liquid
FCC
- BCC
- s
: R1ZLi3 hR5-R3m(s) —
: Al4Li5 scolidis) ;I

[T T B S Y I ]

S 8]

For example, constituent F is a eutectic
consisting of the phases (BCC + Al,Liy)
while A is a primary FCC constituent.
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Calculating details of Scheil-Gulliver cooling

At a selected composition from the liquidus down to a selected final temperature

Al - Li
Scheil (cooling step 5 K), 1 bar thtsagem
1000 , , ,
Enter the final Scheil temperature and composition
L
~Y-a
TK]
- Lo I
S00 L+A 365.2
L+C
—X-axis R
LiZ(Ak+Li) [maldmeal)
800 - \
o A |-
4° Click > |
700 | A 8rC Lep -
e
e L+D
S
j
600 -
L+C+D+E L+D+E
500 -
L+E
C+D+E+F
400 k D+E+F e H
(Calculations below thie red line are extrapolated)
FHG
s
300 1 1 1 !
0 0.2 04 0.6 0.8 1
Li/(Al+Li) (mol/mol)

1° Select phase equilibrium mode (see Slide 11.2).

3° Table showing

coordinates
of the point is
generated.
This table may
be edited. (For
example, you
could change
the final T to
298 K).

20

Place cursor
at a selected
composition
and final
temperature
and click.

‘ LFactsag:
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Output showing details of Scheil Gulliver cooling

At the selected composition (mole fraction of Li = 0.6000) from above the liquidus
down to the selected temperature

hiK) = 355.2, Li/ {21+4Li) i{mol/mol) = 0.8

SCHEIL-GULLIVER COOLING

COMPONENTS -
21 AMOUNT /mol = 4_0000E-01
Li AMOUNT /mol = &.0000E-01

COMSTITUENTS AMND EHASES AT 452 .05 E

This is the same output as in generated
by the Equilib module (See Slide show for
Equilibrium Module Advanced Features,
section 13).

(temperature of final disappearance of Liguid)
COMS. EHASE TOTAL AMT/g.stom TOTAL AMTI/gram
1 1 21Ti 7.4408E-01 1.15%79E+01
2 1 212Li3 hR5-R3mis) 1.2502ZE-01 1.8€33E+00
3 1 214Li5 sclidis) Z2.303ZE-0Z 3_.8053E-01
4 1 BCC 1.00%32E-01 7.1434E-01
4 Z R14Li5 sclid(a) 3_.T1z0E-04 1.2730E-02

SUMMRRY OF REACTICHMS

Cooling
5935 to 334.53 K (DELTA H = -1.44&3E+401 J)
Liquid cooling

Constituent 1
934 .53 to 7932.01 E (DELTA2 H = -1.2&31E+04 J)
Liguid -» R1TLi

Constituent Z
T7932.01 to &e04.35 E (DELTA2 H = —-2_83%23E+03 )
Liguid -> R1ZLi3 hR5-Ri3mis)

Constituent 3
&e04_35 to 45Z.05 E (DELTA2 H = Z_.93%43E+03 )
m—— Tigquid -> RAl4Li9 solidis)

Constituent 4
452 .05 E (isothermal) (DELTA2 H = —-3_.1854E+02 J)

18.10 www.factsage.com



Calculation of a ternary T-Composition

Scheil-Gulliver constituent diagram

=101 ]

F Phase Diagram - Components
File Edit Units DataSearch Help

N ||;;,'*| il TIC] Pibar) Enerayil] Massig) Wolllire) mic = x|

1-3 |
Components Scheil-Gulliver constituent diagranm -
; ZPF: zero phase fraction lines
. Mote: - on th? phase I'ﬁ'l ZLCF: zero composition fraction lines
-:Il_agram the units of mass
bl o2 e 1 e iz Mg v the: Menu window you must
formulas _u:uf the componentz specify a Scheil cooling
remain maolar walues. Izn tatget phase - option 'S

¥ Scheil-Gulliver constituents diagram - ZPF + ZCF

[ Scheil-Gulliver constituents diagram - ZFF

[ agueous diagram with malaliies, and iso-Eh & izo-pH lines
[ reciprocal diagram with 2 cationz and 2 anionz

™ none of the above

Hext »>
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—> (continued)

R =EY
File Units Parameters Variables Help
. O = TIC] Plbar] Energyi)] Massg) Yalllitre) "1 B iy
Mass units of I |8 7]
— Components [3]
rams wer
ga = ee . :| [gram] Al +Mg+Zn|
selected in this
— Products
exam ple ) — Compound species————— — Solution phazes — Custom Solutions —————
= | + | Base-Phase | Full Name 0 fiwed activities Detalls...l
[0 gas & idealdTieal D g FTlite-Liqu Liquid 0 ideal zolutions
] ] [T aqueous 0 + FTlite-HCP HCP_A3 ~Pseudaryms—
Scheil-Gulliver [ pure liquids 0 v Fliteal2 CBCC_A12 opply - __Edt |
; ) [~ pure solids 0 + FTlite-018e ototppe_Mg32(al Zn)45-0 Wolume data——————————
diagrams involve a | v+ FliteBeta Beta_Al3MaZ (e BSSUmE MOlAr Vlumes of
£ - rd i FTlite-Phi Phi %Dcllusdear:nnllgru{fju_me data
r9|at|Ve|y |arge SpECV + FTlite-tan MolZ5n13 and phuzical properties data
+ FTlite-mC11 [ P N . :
amount Of Computer _F%ﬁreil_.hrget Legend- S w s I paraequilbrium & Gmin _edit |
time. If you know that > - 5 -Gl et _ Totsl Species [max 3000] 31
h - Coplig step - |3 +-selected 7 species: 31 o T otal Solutions [max 150] 8
the | or J options " soins 8 592
T otal Phagzes [mawx 1500] 2
(pOSSIbIe 2- or 3- —Yariables Phaze Diagram
phase immiscibility) TIC) [BZndeMae ] AlZn | ¥ \_
t . d t g 300 750 0020 1 [rnir) 0
are not requireaq, It IS
9 ’ [TiC] vs (BhZni/Eltgezn]] _Calculate >> |
best not to select
them.
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Variables to calculate a diagram of T versus weight fraction of Zn

At constant weight ratio Al/Zn = 1.0 in the Mg-rich corner of the Mg-Al-Zn system

F Variables: Al-Mg-Zn T({C) vs composition #1. x|
T and P
. compozibions — Temperature — Preszure or VYolume
. - &+ Plbar] Iu:u:unstant j
ot =] [0] :  logP
A Hir " Wllitre)
log
Wy steps Hext »» | \
Composzitions Mazz[g]
[ Jar + [0 ] -
| M= T e . Ina Y-X _dlagram,
In a Y-X diagram [ #1 log {composiion) the Y-axis can only
the X-axis can only L [ be temperature
be composition 0 J4 o+ [P Mg i

[T #2loa compazition)]

In this ternary system a constant must be specified. In this
example this constant is a composition. It is also permissible to

select loga,; (or logP;) as a constant.
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—> (continued)

Table identifying the stable miscrostructural constituents and phases on the
diagram. This table is automatically displayed along with the calculated diagram.
=10l.x]

Fil= Edit

R =]E=]
=

Summary of Scheil Constituents and Phases

Labels - Molten Phase and Scheil Constituents:

L - 2 : Liguid

A 3 : HCD Rz

B : 3+8 : HCP_A3 + MglZinls

C : 3+5+8 : HCP A2 + Prototype Mg3Z(R1l,Zn)45% + MglZZnl3
D : 347 : HCP_ 22 + Phi

E - 345 - HCP_A3 + Prototype Mg3Z(Rhl, Zn)45

F : 3+4 : HCP_A3 + CBCC_R1Z

Stzkle Phases:
:  Liguid
: HCP_R3
CBCC R1Z
Prototype Mg3Z (21, Zn)435
: Phi
> MglZinl3i

=1 O s L R

o
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Calculated diagram with labelling

Al -Mg -Zn
Scheil (cooling step 5 K), Al/lZn (g/g) =1, 1 bar &ctsage'"
750 T T T T T T T T T T T T T T T T T T T
700 | . -
650

600

550
—
5}
2 L+A
500 -1
450 -1
400
L+A+F
350 ﬂ;/[’: LATDER it ]
A C+D+E (Calculations below the red line are extrapolated) A+C+D+E+F
300 N 1 L 1 L 1 N 1 N 1 L 1 L 1 N 1 L 1
0 0.02 0.04 0.06 0.08 0.1 012 0.14 0.16 0.18 0.2

(AH-Zn)/(A+Mg+Zn) (g/g)
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Calculation of an isothermal ternary Scheil-Gulliver constituent diagram

=131

File Edit Units Data Search Help

[ ||j"| il TiK] Pibar] Enengyi)] Massimol] Yalllitre) "1 I Bl :.frl

1-3]
Components Scheil-Gulliver constituent diagram -
I"ﬁ"'-‘ ZPF: zemo phaze fr_e!n:tiu:un Iin!as _
£CF: zero composzition fraction lines
IE' I the b enu window you must
zpecify a Scheil cooling
ISb target phase - option 'S",

¥ Scheil-Gulliver constituents diagram - ZPF + ZCF

™ Scheil-Guliver constituents diagram - ZFF

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

™ hone of the above

Mext »»
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—> (continued)

Scheil-Gulliver
diagrams involve a
relatively large
amount of computer
time. If you know
that the | or J options
(possible 2- or 3-
phase immiscibility)
are not required, it is
best not to select
them.

F Phase Diagram - Menu: comments

File Units Parameters Variables Help

D= E

T(k] Plbar] Energyll] Mazs(mol] Yolllire]

=101 x|

==

— Components [3]

A+ Bi+ 5Sh

— Products
— Compound species

|- aqueoLs
I- pure liquidz
I- pure solids

[T gss 65 idealdT redl

IpECiEs:

— Solution phazes

= | + | Baze-Phaze | Full Hame
0 5 SGTE-LIGU LiGuiD
0 + SGTE-FCCT FCC_A1
0 + SGTE-HCP1 HCP_&3
10 e SGTE-RHOT RHOMEOHEDRAL_A7
+ SGTE-ALZT ALUZE_C15
+ SGTE-AUST ALSEZ

[4=5b, B =Au, C =Ei

— Scheil Target — Legerd
SGTE-LIN 5 Gabel target ¥ Show " all & selected
Coaling step : |5 +-selected 5 species: 14 o
solutions: E i‘ztl
—¥ariables
TIK] SbAdu+Bi+Sh] | BifAu+Bi+5h]
300 01 01

— Custarn Salutions——
0 fived activiies _DSHals . |

0 ideal zolutions

—Pseudoryms ———————
apply ¥ Edit ... |
—Wolume data———————

o assume molar volumes of

zalids and liquids = 0
include malar volume data

and phyzical properties data

[T parasquilibrium & Gmin  edit |

Wirtual species; 1]
Total Species [max 3000] 14
Total Solutions [max 150] B

Total Phazes [max 1500] G

Phasze Diagram
So

Au Aﬁi
Calculate »>>» |

‘ LFactsag:
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Variables to calculate an isothermal ternary Scheil-Gulliver constituent diagram

x
Yariables Tand P . .
v \_ e compozitiong — Temperature — Pressure or Yolume—————————— Wlth trlanQU|ar
constant € 1+ P[Bar | constant = Coordlnatesv T mUSt be
% &g | = (Bar] | =
a b
[ 5e oo = © logP constant.

A e  ilitre)
B A C " log¥
Wy Steps Hext > > |

Compositionz Mass[mol]

[0 Jau +« [0 Jei
[ e+ [ e

Isothermal Scheil-
[ st . :
o [ Gulliver diagrams can
only be plotted on

o triangular coordinates.

1 ch = [ [max]
—

(With 4 or more
0 Jso LBone] components, compositions
Sl:l 1 [max]

or loga, (logP,) values may
be constants.)

+

+

+

[0 Jau « 1 Jei
[ e o+ [ e

+

[ Jau « [0 Jei
[ Jae o+ [ e

+

+

i Cancel 1]

calculation time may depend upon which component is chosen as component A at the
summit of the triangle. (See also the suggestion on Slide 18.5).
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—> (continued)

Output with labelling of microstructural constituents.
Au -Bi-Sb
Scheil (cooling step 5 K), 300 K, 1 bar thtsage”"

Sb

(Details of Scheil-Gulliver
cooling at any composition can
be calculated by pointing and
clicking just as on a Y-X
diagram. See Slides 18.9 and
18.10.)

A+B+C+D

mole fraction
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—> (continued)

Output identifying stable microstructural constituents and phases on the diagram
(Table automatically displayed along with the calculated diagram)

Scheil Phase Diagram

File Edit

=101 %]

Labkels — Molten Phase and Scheil Constituents:

L - 2 : LIQUID

L 3 : FCC Rl

B - 347 : FCC_21 + RAUSRZ

C - &+7 > RUOZBI _Cl5 + RUSRZ

D - 5tet? : BHCOMBOHEDRAT. A7 + ARUZBI Cl5 + RUSEZ
E - 7 : RAUSBZ

F: &5 : RHOMBOHEDRAT A7

G - 547 : BRHOMBOHEDRAT. A7 + RUSBZ

H : 5+& : BHOMBOHEDREL A7 + ARUDZBI_C15
J - & : RUZBI C15

E - 3+& : FCC_21 + RUZBI_C15

Steble Phases:

2 - LIQUID
FCC_R1
RHOMBOHEDRAL BT
RUZBI_CI15
RAUSEZ

=1 @y s R

I thtSage‘”

Phase Diagram 18.20
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Agueous Phase Diagrams

The Phase Diagram module treats aqueous solution phases like any other phase, and
the full flexibility of the module can be exploited to calculate a wide variety of types of
phase diagrams involving agueous solutions.

In FactSage 7.1 we have added the options of plotting iso-Eh and iso-pH lines and of
entering compositions as molalities.

A classical E-pH (Pourbaix) diagram of the Cu-H,O system when m(Cu) = 107 (where
m = molality) is shown in Slide 19.2. This diagram was calculated with the FactSage
EpH module (see EpH Slide Show). This is not a true phase diagram, but rather a
“predominance diagram” showing the regions where various Cu-containing agueous
jons or solid compounds predominate. For example, the regions labelled Cu[2+] and
Cu[+] taken together form the single-phase field where the aqueous solution is stable.
The boundary between these two regions is not a phase boundary, but is the line
separating the region in which Cu[2+] is predominant from the region where Cu[+]
predominates.

Classical E-pH diagrams of this type generally do not take non-ideality of the aqueous
solution into account. In the calculation of Slide 19.2, the aqueous phase is assumed to
contain no anions (apart from those containing Cu, O and H). Hence, ionic interactions
are not taken into account.
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Classical E-pH (Pourbaix) Diagram of the Cu-H,O system

m¢, = 107 calculated with the FactSage EpH Module

Cu-H20, 298.15 K
m = 1.0e-7, "+ = 1.0 atm Pftotal) isobar &ctﬁage"’

16 F

E(volts)

pH
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H,O - O, — HCl — NaOH - Cu Phase Diagram with iso-Eh (volts) and iso-pH Lines

log P(O,) versus molar ratio NaOH/(HCI + NaOH) at constant molalities m(Cu) = 10/
and (m(HCI) + m(NaOH)) = 0.1
An aqueous phase diagram calculated with the Phase Diagram module is shown in Slide
19.4.
The y-axis is the oxidation potential, log P(O,), which is related to Eh as described on Slides
19.14 to 19.21.
The diagram is calculated at a constant total overall molality m(Cu) = 10" mol/kg H,O and at a
constant total overall molality (m(HCI) + m(NaOH)) = 0.1 mol/kg H,O.
The x-axis is the total overall molar ratio NaOH/(HCI + NaOH).

The aqueous phase diagram (Slide 19.4) and the classical Pourbaix diagram (Slide 19.2) can
be seen to have similar domains and topologies.

The diagram in Slide 19.4 can be considered to be that of a system of constant mass
containing 1.0 kg H,O, 107 mol Cu and 0.1 mol (HCI + NaOH). The region labelled simply as
“Cu,O” on the predominance diagram in Slide 19.2 is, on the true phase diagram of Slide 19.4,
labelled as “Cu,O + aqueous” because the aqueous phase is still present when Cu,O
precipitates. The total amount of Cu in the aqueous solution and the precipitated Cu,O taken
together is 107 moles. The molality of Cu in the aqueous phase is thus equal to 107 only in the
single-phase aqueous field (see Slide 19.13). The boundary between the Cu[2+] and Cu[+]
regions of Slide 19.2 does not appear on Slide 19.4 because this is all one single-phase region.
(See, however, Slides 19.10 to 19.12.)

The input to calculate the aqueous phase diagram of Slide 19.4 is shown in Slides 19.5 to 19.9.
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—> (H,0 - O, — HCI = NaOH - Cu Phase Diagram continued)

H,O - O, - HCI - NaOH - Cu

(HCI+NaOH)/H, O(mo.-Vksé) =0.1, Cu/H,0(mol/kg)=1.0e-7, &
C, 1 bar citiage”
I I I " ! I ! Lo Ve L —————— 7T
I [ [ e !
| AT |
I [P I
1o ! .Eh:o.s___aff//iy I ! ]
- Eh=08 _ _ 4 — - —— I i
i ' GH':EHTC ' Eh=04 ,__—;f— —————— -
oH=4 RN !
20 ‘I A | .
i . /GW | G:Ju(OH);(SJ +aqueous
| Eh=06 _ —— " Col |
- ——— —— | ,clﬁ=BHl=9 IcHltfo
-30 - ' ' " I Eh=02 Jf:LF—— “““““ -
[ [ IR [
5 i P i
= . P .
S i AW I
“a i Eh=0d _ —— " | |
g Hor T e ; T
=1} aqueous X R /F__H—H’” |
S . Vo .
- | [l f/ Cu;O(s) + agueous
50 | ; _ T en ; -
e mme—— T S .
T | i [ ——
: s gy —— ]
-60 - ! A ! .
! e !
! h=0 ____,,_F// ! ”rl ! Cu(s) + agueous !
T g |
' o | 0 g o Emel -
Max and min Eh | e
of I [ TR |
and pH values | 44 .
| e |
. -80 . . 1 . 1 e — T . b 1 1 1 1 .
On the dlagram 0.499 0.4992 0.4994 0.4996 0.4998 05 0.5002 0.5004 0.5006 0.5008 0.501

NaOH/(HCI+NaOH) (mol/mol)
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Initiating the calculation of a phase diagram with an aqueous phase

With the options of plotting iso-Eh and iso-pH lines

and entering compositions as molalities
=10l

File Edit Units DataSearch Help
10 CIICk — [ ||=,"'| il TIC] Plbar] Energul] kasz(mal] Yolllire) "'I !l I’l

1-4]|

Components Aqueaus phaze diagram:
{H20
Component 1 must be H20
02 Component 2 may be anything Please
I - but we recommend 02 or HZ . < .
- Components 3, 4 are optional and read th IS.
|[a|:||:| or baze| may be anything.

I[species] Mare components may be added.

[T Scheil-Gulliver constituents diagram - ZPF + ZCF

[ Scheil-Gulliver constituents diagram - ZPF o .
¥ aqueous diagram with molaliies, and izo-Eh & izo-pH lines <€— 2 CIle.
[ reciprocal diagram with 2 cations and 2 anions

/r nione of the sbove

Mext >>

If you click here you can still calculate a phase diagram with an aqueous phase. You just will not
have the option of plotting iso-Eh and iso-pH lines or of easily entering compositions as molalities.
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Entry to generate H,0O — O, — HCI — NaOH - Cu aqueous phase diagram of Slide 19.4

Components window

(i
File Edit Units Data Search Help
N ||j"| + | TIC] Plbar) Erergeld] Mazz(mal] Yalllire] "T I !l M|
1-5|
Components Aqueous phaze diagram:

IHED Component 1 muzst be H20

B Component 2 may be anything

I - but we recommend 02 or HZ .
Enter com ponents Components 3, 4 are optional and

> IHEI may be anpthing.

as Shown 0 INE'DH tare components may be added.

ICd

[ Scheil-Gulliver constituents diagram - ZPF + ZCF

[ Scheil-Guliver constituents diagram - ZFF

¥ agueous diagram with molaliies, and iso-Eh & izo-pH lines
™ reciprocal diagram with 2 cations and 2 anionz

™ none of the above
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—> (Entry continued from previous Slide — Data Search window)

The FactPS pure substances database is used for the aqueous solution in this example.
(This database assumes an ideal dilute solution.)
]

Databases - 1/30 compound databases, 0/31 zolution databases

$act SGTE [wmrsoy| Private Databases

1° Click. FactPs [J O BiNs solutions only Oexad [ FssT [ NOV_
OFToxid [O O sGPs nodatabaze ] RecS O sGTEa [J SGTEb
O
O

[ FT=al O SGTE [ SPEC [ TESP [ TEST

O FTmisc O SGsold Clear & |
O FThall O sGnucl

O FToxCM
O FTktz Other sddFRemove Datal

O FThely [ ELEM O 5Gnobl

O FTpulp [ FTdemo [] SpMCBN HefreshDatabasesl
O TDmeph

O FTlite O FTnuel [ TDnucl

Information -

Options - search for product species
Ihizude compounds —————— Limitz

B O gaseous ions [plasmas) Organic species CrHy..., ®[max] = |2_
Elaul |
aqUEOUS SpECies
A

Minimumn solution components O 1 &) 2 cpts

2° You must check this box in order for the aqueous solution to be active on the menu window.
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—> (Entry continued from previous Slide — Menu window)

F Phase Diagram - Men: m{cu)= e-7 _|EI|5|
File Units Parameters Variables Help
0| = E TIC] Plbar] Energull] kaszimol] Yalllitre] I "1 | Bl I’l
— Componentz [5]
[ H20 + 02+ HCl+ NaOH + Cu
— Products
— Compound zpecies — Solution phases — Custarn S alutiohs -
= | & Baze-Phaze Full Hame 0 fixed activities 4II:JE':E“IS
,|+_ gas (% ideal © real 33 0 ideal zolutions
A _ -
/’*F afqueLs 19 Pzeudanymz -
Select é: [ pure liquids 1] apply Edit .. |
i} ™[+ pure salids el —Wolume data—————————————
- azzume malar volumes of
solids and liguids = 0
species: 71 include molar wolurne data
and physical properties data
[ paraequilibrium & Grin~ edit |
leee: ~ Legend Yirtual species: 1]
- NORE - V¥ Show @ &l € selected = '
: Total Species [max 3000] 3
E ztimate T[K]: |1EIEIEI -
stimate TIK) sz?ui;zﬁz: g Select | Taotal Solutions [max 150] 1
i Tatal Phases [max 1500 23
—¥Yariables Phasze Diagram
TIC) loglQp(02)] IMNalOHAHCHM a0 | (HC+M a0H] kg CufkgH20 | v
2h -80 -1 0,453 0.501 0.7 [min] 1.0e-7 [min] v
[log10 pi02] vs NaDHAHCHNa0H]| _Calculate >> |

Even if the gas phase is never a stable phase in the calculated diagram, it
must nevertheless be selected if iso-Eh and iso-pH lines are to be plotted.
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—> (Entry continued from previous Slide — Variables window)

F Variables: H20-02-HCl-NaOH-Cu logl0 p(02)/bar vs composition

X

T and P
cormpaozitiong — Temperature — Preszure or Valume

& 70 In::u:nnstant "I ¥ Plbar] In::n:nnstant j
= Wlitre]

i lag¥

Click to plot iso-Eh Nest>> |
and iso-pH lines.

Aqueous diagram compositions Mazs[mol]

EIHED + EIHU + NaEIH +|0 Cu IX-a:-:is vI

.
[0 JHzo « HCI NaOH +[0_Jcu (0501 ima
[~ #1 log [composition) [~ #1 molality

EI H2O + HClY + MalH +E| Cu Iu:u:unstant TI
#2. tatal male / kglH20 =
[T 82 log[composition) v 2 molality
3 EI H2O + Cl + EI MalH + Cu Iu:u:unstant TI

tiptal mate ¢ kg-H20

I #2 Iog (copfpeition] W #3 malality

Enter steps.
Upper and
lower limits
are selected
automatically.

Default limits which can be
edited. (The upper limit

should not be greater than
the total pressure.)

Click (optional) to enter compositions
as molality (total moles per kg H,O).

Note: If mass units of grams or pounds are selected, entry of
compositions as molalities will not be permitted.
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Calculating the equilibrium state at a point on the diagram

rd
b H,0 - 0, - HCI - NaOH - Cu o :
A) (HCI+NaOH)/H,0(mol/kq)=0.1, Cu/H,0(mol/kg)=1.0e-7, 3 Table ShOWIng
) setbar | coordinates of the
- : e point is generated.
1° Click phase | o 4 ; The table may be
equilibrium © e ———| edited.
mOde' 20 G:IL])/ G?)u(OHJ;(sMaqueous ]/
ol ﬂHLQ HL@ |
30 e T e e W
5 N, ee—point C
S 4 . é L
Eﬂ |:: :///# Cu;O(s]+;aqueous
-50 CHIET | |
2° Place cursor / _ s ;_ M
at a selected . ol e T T -
point and click. AT 4° Click to
b L generate
-70 [ Eh=04 _—— ————— T
B ; output of
nE | -y |Slide 19.11.
0.499 0.4992 0.4994 0.4996 0.4998 0.5 0.5002 0.5004 0.5008 0.5008 0.501

NaOH/(HCI+NaOH) (mol/mol)
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Equilibrium state at point A on Slide 19.10

In the single-phase aqueous region

Since total pressure is
1.0 bar, these are the
equilibrium H,0, O,

At this oxidation
potential, the Cu is
almost entirely in the
(2+) oxidation state

logl0 p(o2)/bar = -20, NaoH/(HCI1+NaOH) (mol/mol) = 0.4995
H20 + 02 4+ HC1 + MadH +
+ 8.9915E-10 02
Gas phase ,
. —> 0 ma ] as_ideal
IS not stable. (25 ¢, 1 bar, a=2.1710E-02)
{ 2.1710E-02 H20
+ 2.5576E-12 HC 1 \
+ 1.0000E-20 -:3.11;
+ 9.3341E-26 c :
+ 3.2818BE-28 H':_'TIC'I and H, partial
+ 1.0871E-31 C
+ 2.8454E-32 H2 pressures.
T
+ 1.0009 mo | agqueous
(18.052 %Egm, liDgDQ mal) 1 . 0000)
C, ar, a=1.
1.0 kg H,O > ( 55.508 H20_Tiquid
’ + 5.0005E-02 c1[-
contains 55.508 + 4.9905E-02 NEI:I[-:Il-:l
+ 9.9711E-05 H+
moles. These + 9.9911E-08 Cul2+]
concentrations of +3-8934e-11 - :
the ions are + 0.1044E-17 Cul+] (cf: Slide 19.2).
F o e
therefore their (Eh= “-?‘-"E vV, pH= 4.001)
molalities. .
Eh and pH at point A.

‘ LFactsag:
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Equilibrium state at point B on Slide 19.10

In the single-phase aqueous region

logl0 p(02)/bar = -60,

NaoH,/ (HCT+NaoH) (mol/mol)

= 0.4995

HZO0 + 02 + HC1 +

cu =
+ 4.4969E
0

+ 1.0009
(18.052

MadH +
-10 02
mal as_ideal

(25 ¢, 1 bar, a=1.1710E-02)
{ 3.1710E-02 HZ2O

+ 2.8454E-12 HZ

+ 2.5601E-12 HC

e e e e e e e

+ 1.0000E-60 o2

e e e e e e e

mo | agqueous

ram, 1.0009 mol)

25 ¢, 1 bar, a=1.0000)

( 55.508 H2o_liquid
L.O005E-02 C1[-]
.94a05e-02 Na[+]
LOE11E-0O5 H[+]

+++++++
Fud L3 P D LS e LN

. 9640E-0B cuc12[-]
.4430E-10 cul+]
.8835e-11 oH[-]
.6573E-11 cul[2+]

At this oxidation
potential, the Cu is
almost entirely in the
(1+) oxidation state
(mainly as CuCl,[-])
(cf: Slide 19.2).

Eh and pH at poi-nt B.

I thtSage‘”
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Equilibrium state at point C on Slide 19.10

In the 2-phase (Cu(OH), + aqueous) region

[fogld p(o2)/bar = -35,

NaoH,/ (HCT+NaoH) (mol,/mol)

= 0.5001

H20 + 02

=

+ B.9B14E-

0

+ 1.0009
(18.052

1.0 kg H,0.

»
»

+ 1.7942E-
(1.7505E-07 g

+ HC1T + MNaDH +
10 o2
mo as_ideal
(25 ¢, 1 bar, a=3.1710E-02)
{ 3.1710e-02 H20
+ 1.2647E-17 HC
+ B.0997BE-25 H2
+ 1.0000E-35 02
o
mo agqueous
ram, 1.0009 mol)

25 ¢, 1 bar,
{ 55.508

. 99a5E-02
. 994 5E-02
.9983E-05
.93a6E-10
L2442E-10
.5154E-13
.27BBE-13

++++++ +
L own R ke R e

a=1.0000)
H20_liquid
Na[+]
C1[-]
oH[-]

H[+]

cucl2[-] 7
Cul+]
Cul2+

09 mol

(25 C, bar,

=51,

Cu{oH)2_solid
m, 1.7942E-09 mol)

a=1.0000)

Virtually all the Cu
has precipitated as
Cu(OH)..

(55.508) (1.7942 x 10°) = 1.0 x 10-” moles Cu.

I thtSage‘”
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Relationships Among Oxidation Potential log P(O,), Reduction Potential log P(H,), Eh&pH

H*+e =%H,
(Eh) =AG/F=-(RT/F)(InR, - Ina_.)
(Eh) = (2.303RT / F)(-1/ 210g,,P,, - pH) [1]
where: a_.= activity of H* = m (H*)
F = Faraday’s constant

pH =-log,.,a .
Also:

H,0 (lig) = Hx(g) + ¥2 O, (9) K=P, P, /2,
where a, ,~1.0
substituting into Eq. [1] gives:
Eh=(2.303RT/F)(1/ 4logP,, -pH-1/2logK+loga,,) [2]

Eqgs. [1,2] are illustrated on Slides 19.18, 19.19 and 19.21.
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Entry to illustrate relationships among log P(O,), Eh and pH

=10 x|

File Edit Units Data Search Help
M |E,’*| il TIC) Pibar] Energyi)) Massimal] Yalflitre) T ERSIE S

1-4 |

Components Aqueaus phaze diagran:
|H2D Component 1 must be H20
07 Compaonent 2 may be angthing
I - but we recommend 02 or HZ
Hol Componentz 3, 4 are optional and
I may be anpthing.
{HaOH]

Mare compaonentz may be added.

[T Scheil-Gulliver constituents diagram - ZPF + ZCF

[T Scheil-Gulliver constituents diagram - ZPF

v agqueous diagram with molalities, and izo-Eh & izo-pH lines
[ reciprocal diagram with 2 cations and 2 anions

[ nhone of the above

Mext >»

thtSage‘” Phase Diagram 19.15 www.factsage.com



—> (Entry continued from previous Slide — Menu window)

Choose only gas
and aqueous.

F Phase Diagram - Menu: NaOH = 0 just agueous phase p{02) axis

File Units Parameters
0| &=
— Components [4]

Variables

Help

TIC] Plbar) Energull] b azz(mal] “olllitre]

mSl®

[log10 p[02] ws logl OHEK kg-H201]

=100 x|

[ H20 + 02+ HCl + MaOH |
— Products
— Compound zpecies — Solution phases — Cugtom Solutions———
= | & Baze-Phaze Full Name O fixed activities 4““3':'?'IIS
_yl+ 033 ¥ ideal (" real 28 0 ideal zolutions
v+ agueous 15 — Peeudorpms —————
[ pure liquids 0 apply T Edi... |
|_ pure zalidz ] —Yolume data————————————
{o AISLME rnolar volurmes of
zolids and hguidz = 0
species: 44 r inzhude molar wolume data
and phyzical properties data
T arget L ogend Et p.alnraequ.ilih.rium & it edli:lt |
- hohe - ¥ Show @ al " selected iUl e are=:
: Total Species [max 3000] 44
E ztimate T[K]: I'I o0o .
stimate TIk) szllzlu‘i;?::ﬁz: g Select | Tatal Solutions [max 150] 1
' Tatal Phases [max 1500] 2
—¥Yariables Phasze Diagram
TIC) logl O[p(02]) HCl/kg-H20 MNalH/kg-H20 | v
20 -80 -1 le-7 1 0 [min] o

Calculate >> |

thtSage‘”

Phase Diagram 19.16
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—> (Entry continued from previous Slide — Variables window)

F Variables: H20-02-HCI-NaOH log10 p(02)/bar vs composition

Vanables T and P
v = compozsitions — Temperature — Preszure ar Yolume

n & T Iu:u:-nstant * Plbar Iu:u:-nstant j

3 flogt0ia) =]  logP

A, = Wilitre)
B
SN steps Next »>» |

" logW
Izo-Eh[voltz] and pH lines Aqueous diagram compositions Mazs[mol]

W izoEh  step: EIHED . HI:I . EINaEIH % amis =

total mole 7 kg HZ0 - X-axis is log of
- - [+ #1 log10 [composition) - #-asis W #1 molali mOIallty Of HCl
Chemical Potenhals

#1 log10[p/bar) I"r’-a:-:is vI DHED + DHE' + HEDH In::n:nnstant vI
= | 2 tatal male / kg-H20 )
~| a0

:I [T #2 laal 0 Carmpesition) [ #2 molality _ Ze ro amou nt N aO H c

v izo-pH  step:

thtSageT" Phase Diagram 19.17 www.factsage.com



Single-phase aqueous diagram illustrating relationship among log P(O,), Eh&pH

This slide illustrates Eq [2] of Slide 19.14

H,O - O, - HCI - NaOH

G’actSage'"

0, 25°C, 1 bar

NaOH/H,0 (mol/kg)

T T T T T T T T T o
H 7 / 7 7
/ / /
/ j /
/ / /
/ / /
/ / /
“““““““““““ S ¥ S Y S ] [
,.\ / 7 / / /
E / / / / /
i / / / / /
/ / / / / /
/ / / / / /
/ / P J / /
“““ e S S S S i St B
/ i L N L /

N 3 s/ 3 5 /

if i} i i i /

9 / / / / /

/ J / / / o/
P o P ;o vy -
[~/ i E A / j 7
/ / / / /

/ / / / /
/ g / / /
g / / /
& / / /
.......... Y S O SR S SRR
5 / /
/ / /
/ / / / / /
2/ 2/ 3 3/ / /
& & & & / /

1eq/(*0)d "'3o)

log, (HCI/H, O (mol/kg))

Phase Diagram 19.18
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Single-phase aqueous diagram illustrating relationship among log P(O,), En&pH

G’actSage'"

4

-

o))

i

)

O

)

(V-

o

q Q

w =%

M O

L T

C 58

L .O

@ o=

= T8

2 |

w

a -

Q O

2 | I

« c

R >

c @)

— &
@
(@)
| —-—
(¢D)
N

— T T A AU _\‘\‘A‘\‘\_ \\\\\\\ TN
i Y Y \ 4
Y \ \ \ i
§ i i \ Y
4 4 4 | \
Y Y L \ 4
||||||| r.|.|.|.|.|.|/|.|.|.|.|.w.V.|.|.|.|.|.|L/|.|.|.|.|.|..ﬁ.|.|.|.|
i Y S \ My
Y § § \ i
y 4 4 \ Y
Y Y i | §
i Y Y \ |
| | N Y \ 4
T pomrmm oo | A 3T FA Sk
i 4 4 Iy Sy
n,,au i 2 "\ \
- wh Yy wh | 4
§ i i Y \ i
Y Y Y \ \ Y
N [ Voos I o i
I Y VO i \ T
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1eq/(f0)d "Sog

X-axis is now log m(NaOH). ———> 1og,(NaOH/H,0 (mol/kg)

‘ LFactsag:

www.factsage.com
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Entry to illustrate relationship among log P(H,), Eh and pH

F Phase Diagram - Components

File Edit Units DataSearch Help

Dl=| +

1-4 |

TIC] Pibar] Energull] kaszimal] Yalllitre]

I =
W EN=AEA

component |
instead of O,.

Hz
/ [HC
Enter H, as a o

Components

{Hz0

Aqueous phaze diagram:

Component 1 must be H20
Component 2 may be anything

- but we recommend 02 ar HZ .
Componentz 3, 4 are optional and
may be anything.

kore componentz may be added.

The unitg of mazs must be moles.

[ Scheil-Guliver constituents diagram - ZPF + ZCF

[ Scheil-Guliver constituents diagram - ZPF

¥ agueous diagram with molalities, and iso-Eh & iso-pH lines
[ reciprocal diagram with 2 cations and 2 aniohs

[ mone of the above

I thtSage‘”
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Single-phase aqueous diagram illustrating relationship among log P(H.), Eh&pH

This Slide illustrates Eq [1] of Slide 19.14

H,O - H, - HCI - NaOH

Y—aX|S |S Now the NaOH/H,0 (mollkg) = 0, 25°C, 1 bar &ctsage"‘
reduction potential i RN % % //:/:I'h' |Sl'd :
B | | 7T IS Slide Is
IOgP(HZ)- 5| erepz ; | o Em T . : :
Pt | i T i . | essentially Slide
' | | b | 1 19.18 inverted.
ST | T |
E e pr!i=c“ L Ea:Q.E//:Hj:‘// 'GHLS aqueous ? ?:2 /pf'i;?//// T
PSS ! | EoTE | !
,//’3// 5%=9ﬁ////
i P S S 0
When logP(H,) is the axis, a lower limit 108 FHCVILO (mell®)
of approximately -30 is recommended. log m(HCI).
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H,0-0,-HCI-NaOH-Cu Aqueous Phase Diagram

logP(O,) versus molar ratio NaOH/(HCI + NaOH) at constant molalities m(Cu) = 0.005
and (m(HCI) + m(NaOH)) = 0.1 (Aqueous phase of FactPS was used)

log,, p(O,)/bar

-10

-20

-30

-40

H,O - O, - HCI - NaOH - Cu

(HCI+NaOH)/H,0(mol/kg)=0.1, Cu/H,0(mol/kg)=0.005,

G’actSage'"
' T |

This diagram is like Slide
19.4 but at a higher Cu

containing solid CuCl now

25°C, 1 bar

T T T T T
— |

| | |

. ! En04 _ _ ——
e e —— -

| =

oo 5 concentration. Fields
[ &queous | Cu(OH)(s) + aqueous ! .
— | [ |

Lo ok En=02 _ . —

| i Em-06 __ __ __ _ __ En=06 __ - T T

. | ./

" ol | appear.
- // | N .
- | | | |

L | B

!  Eme04 =St !

i - = |

| ; : _

e L = \ : T T
CuCHs)t+ Cu;0(s) + aqu At Cu0(s) + aqueous Eh=02 |
T L en L B2 ————— : ]
p_ —

L
50 F - |
=3 Iy ER :
) ¥ CilCis) » aaueons (7 |
. | |
''''''''''''' s . Cu(s) + agueous 5
-80 lu lf -1
\ il FHT” Eh=0.4 — 7_§d_@4{,_'w;‘27__~__
R I i
| e :
70 | ! I ! i
! Eh=0 __ —— - /I( I ! !
- I !
T L B
] i it b — ! | L
0.48 0.5 0.52 0.54 0.56
NaOH/(HCI+NaOH) (mol/mol)
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Using the non-ideal Pitzer aqueous solution in the FTmisc database

Input to calculate a diagram like Slide 19.22

F Phase Diagram - Meme: (NaOH+HCI) = 0.1 Cuo=0.005 Debye - |EI|£|
File Units Parameters Variables Help
] = E TIC] Plbar) Energull] b asz{mol] Yaolllitre] Iﬁ |B| )jl
— Components [5]
| H20 + 02+ HCl+ MaOH + Cu |
— Products
—Compound zpecies—————— — Solutioh phazes — Custarn Solutiohs —————
Never select ] T — 0 fed acivitee | D5 |
more than one [+ gas (& ideal  real 33 +  FTmisc-PITZ Pitzer 0 ideal solutions
r anqueoLs 1] —Pzeudoryms ——
aqueous phase I pure s 0 ol - Edte |
. . |+_ pure =alidz 21 —%olume data———————
N a CaICUIa'“Oﬂ . (e @ssume molar volumes of
golidz and liquids = 0
species: R include molar volume data
and phyzical properties data
Taget L r [ paraequilibrium & Gmin  edi |
= id e alected 1 ©oshow al @ gkl o e
ure sollds are E shirnate T[K): |1EIEIEI . otal Species [max
stimate T(K) Szll:lui;ﬂﬁzz 'IE Select | Tatal Solutions [max 150] 1
taken from FactPS ' Total Phases [max 1500] 23
database —¥Yariables Phasze Diagram
TIC) log10[p(02)]  |MaOHAHCH+M a0 | (HC+Ha0H] kg CufkgH20 | v |
25 -80 -1 0.44 0.56 0.7 [min] [0.005 [rwir) o7
[log10 p(02] vs NaDH/HCIN0H]] _Calculate >> |
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Using FTmisc non-ideal Pitzer aqueous solution

Compare to Slide 19.22

H,0 - 0, - HCI - NaOH - Cu
(HCI+NaOH)/H,0(mol/kg)=0.1, Cu/H,0(mol/kg)=0.005,

log,, p(O,)/bar

25°C, 1 bar G’actSage'”

Eh=02__ — ——

NaOH/(HCI+NaOH) (mol/mol)

Some phase
boundaries are
displaced from
their positions
in Slide 19.22
because ionic
interactions are
now taken into
account.

Phase Diagram 19.24
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Using FThelg non-ideal Helgeson agqueous solution

Input to calculate a diagram like Slide 19.22

The Debye-Davies
F Phase Diagram - Menu: (NaOH+HC) = 0.1 Cu = 0.005 Helgeson AQDD VarlatIOn IS Selected
File Units Parameters Variables Help . .
Dl2lg TIC) Pibar) Energyl)] Massimall Yolfitre] in this example. (See
—Componentz [5] DOCumentathn on
[ H20 + 02+ HCl+ NaDH + Cu] FThelg.)
P |
~ Products ~
N ever se I eCt — Compound species———— [~ Solution phaseas — Cugtom Salutions ————
= | + | Base-Phaze | Full Hame fised activities Dietals . |
more than one *[+ gas (% ideal (" real 33 FThelg-A0ID Aqueous 0 ideal solutiors
F AQUEDLIE 0 FThelg-A00H Agueous — Pzeudompms ———————
agueous phase [~ pure fiis 0 + FrhelgAQDD haueous sply [ Bt |
. . * |+_ pure zolidz 21 —Wolume data———————————
N a Ca|CU Iat|0n 0 5 @saume malar volumes of
7/- custam selection zolids and liguids = 0
SPECIES: R4 include molar volume data
/ and phyzical properties data
. [ paraequilibrium & Gmin  edit |
~ Target ~legend | = . e
SOl IdS taken - NIOKE - +?iz:3,:ted i W Show ™ 5 selected T otel Soesiss - -
. tal Species [max
Estimate T[K]: |1 Qoo o o
from FaCtPS ATEEIS szllju‘i;i:ﬁz: 31 Select | Total Solutions [mas 150] 1
(See next ' Total Phases (max 1500] 23
SI |d e) —¥ariables Phaze Diagram
' TIC] logl0(p(02)] |MaOHAHCHMa0 | [HC+Ma0H)kg- | Cudkg-H20 | v
25 -80 -1 0.44 0.56 0.7 [riiir] 0.005 [rnin) »
[log10 pl02] vs NaOHAHCHNaOH]] Calculate >> |
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Non-ideal Helgeson agueous solution — Selection window «gas»

- Right click on «gas» in Slide 19.25
- Then de-select all species that are duplicated in the FactPS and FThelg databases.

_iBix
File Edit Show Sort
[Gelected: 33/3E] [GaS| [HEiEsee =clected |
| - hio resulks - |
+ | Code | Species | Data | Phase [T|¥| Activity | Minimum | Maximu « |
+ 16 Clig] FactPS gas
+ 17 CIZ[g] FactPS gas
+ 13 HCl{g] FactPS gas
+ 19 CIO[g) FactPS gas
+ 20 CIO2[g) FactPS gas
+ 21 CIO3g) FactPS gas
+ 22 CI200g] FactPS gas
+ 23 Cl202(g) FactPS  Gas_[CIOOCH
+ 24 Cl202[g2] FactPS  Gas_[CIOCIO)
+ 25 ClI202[g3) FactPS  Chlonine_chlarite
+ 26 HOCl[g) FactPS gas
+ 27 MaCllg] FactPS gas
+ 28 [MaCl2[ag) FactPS gas
+ 29 Culg] FactPS gas
+ a0 CuZ[g) FactPS gas
+ 1| Cul[g] FactPS gas
+ 32 CuClig) FactPS gas
+ 33 [CuCl)3[g] FactPS gas
_y  [E Hzlg) FThelg HZ2.g
De-select. > B 02(g) FThelg 02.g _l
~ - H20(g] FThely H20.g =
[T permit selection of %' species Help | Suppress Duplicates | Edit pricritw it ; |
Show Selected | Selectall | Select/Clear... | Coar | ok |

‘ LFactsag:

Phase Diagram 19.26

www.factsage.com




Non-ideal Helgeson aqueous solution — Selection window «pure solids»

- Right click on «pure solids» in Slide 19.25
- Then select species from one database or the other.

F Selection - Phase Diagram - no results - o w4

File Edit Show Sort

Selected: 21/26 soun | (e

| - hio results - |

+ | Code Species | D ata | Phase |T |"|F'| Achivity | Minimum | Haximu:l
+ Ma20[=2] FactFS  Solid-B L
+ [ Ha20(s3) FactPS  Saolid-C W
+ s Ma02z] FactFS  zolid L
+ 73 Ma202(z2] FactPS  Saolid-2 Y
+ 4 MalH(=] FactFS  zolid L
+ Fi] MalH[=2] FactFS  zolid L
+  [FE MaCls) FactPS  Halite_[rock_sal
+ i MHaCloa(s] FactPS  Salid_| o
+ 78 MaCl04[s2] FactPS  Solid Il 0
+ [ Cus) FactPS  solid W
+ - Cul[=] FactPS  Tenorite W
+ [ Cuz0s) FactPS  solid W
+ a2 Cu[dHI21=] FactFS  zolid L
+ a3 CuCl[=] FactFS  zolid L
+ a4 CuCl2[=] FactFS  zolid L
+ g5 CuCI2[H20)2(=] FactPS  zolid Y
P4 BB 0haziz) FThely MaZ0 W
= DEE FThelg  MaCl W
De-select. —> BB Cuis) FThelg | Cu Y
—> [BE 0Cus) FThelg  Cul W

\;- OCu2(s) FThelg  Cuz0 Y Tl

[T pemit zelection of =" species  Help | Suppress Muplicates | E dit priority izt |
Show Selected | Selectall | Select/Clear... | Cear | ok |
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Using FThelg non-ideal Helgeson agueous solution

Compare to Slide 19.22

H,O - O, - HCI - NaOH - Cu

(HCI+NaOH)/H,0(mol/kg)=0.1, Cu/H,0(mol/kg)=0.005,

25°C, 1 bar

GactSage'"

-10

-20

-30

Some phase
boundaries are
displaced from
their positions
in Slide 19.22

E because ionic
S interactions are
3 | now taken into
" g account.

-60 I.

i
.70 :
-80 . i '
0.44 0.46 0.48 05 0.52 0.54 0.56
NaOH/(HCI+NaOH) (mol/mol)

thtSage“‘ Phase Diagram 19.28 www.factsage.com



Input for an aqueous H,0-0O,-HCI-Cu diagram

log m(HCI) as x-axis and oxidation potential as y-axis
at constant m(Cu) = 0.01

F Variables: H20-02-HCI-Cu logl0 p(02)/bar vs composition £ il

T and P
compazitiong — Temperature — Preszure or Valume

I conztant ¥ Plbar] I conztant j

% TIC)

[log10(a) =]  gp

Sy steps Hext »» |

lzo-Eh[voltz] and pH lines Aqueous diagram compositions Mazs[mol]

v izoEh  step: EIHED . HI:I . IEI_|I:u IK-a:-:is vI

= Wlitre]

i lag¥

v izo-pH  step:

total mole / kg H20 = |0 (max)
- _ [ #1 logl0 [composition] - ¥-akis W #1 molality
Chemical Potenhals

#1 log10(p/bar) I"r’-a:-cis "’I DHW + DHE' + .;;u Icnnstant "I
#2 =

0z - total mole / ka-H20 -
gas EI IED—I [T H2 lagi 0 [Carmpestion] [v #2 molality
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Aqueous H,0-0,-HCI-Cu diagram

log m(HCI) as x-axis and oxidation potential as y-axis at constant m(Cu) = 0.01

log,y p(O,)/bar

-10

-20

-30

-40

-50

-60

-70

-80

H,0 - 0, - HCI - Cu
Cu/H,0 (mol/kg) = 0.01, 25°C, 1 bar

G’actSage'"

Cu:0(s) + agueous

| T T .
. I
| K | '
; P !

—— [ I

T T 08 P T i
I T : X T
| T |
; o |
; Cu{OH):(s) + agueous h, ! !
; P! !
o R '
_ | ~Eh=0.8 |
T —— s o e
1 e . e
i Gil:“‘ ,cH|=2 'CH.:T
' | ! |
I B 0
. ! |
! [ |
— I . .
—_—— ! |
! - ! L
! [ |
I N 0
. ! |
[ i
I
'

pH=4 - =~

]
o - —-—

log, ,(HCI/H,O (mol/kg))

I thtSage‘”
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H,0-0,-HCI-Cu diagram

log m(HCI) as x-axis and reduction potential, log P(H,), as y-axis

This diagram is,

essentially, Slide 5

19.30 inverted. '

;j -15

When log P(H,) is the |
y-axis, a lower limit of
approximately -30 is
recommended. =

H,O - H, - HCI - Cu
Cu/H,0 (mol/kg) = 0.01, 25°C, 1 bar

G’actSage'"

log, ,(HCI/H,O (mol/kg))

[— T T T T T T
I I T
| | k= — I
. . e |
[ g !
I = | |
- . - . . -
I ERsQ-— I [
. . .
o~ I [
T I I I —
B _— v 0 -
— I Cu(s) + agueous I !
I | //f‘*./
i | pH=1
IcHIZS o = |
-t . CuC\}(s] + AqUeous
X Eh=02 —— 7 T '
\ = I
T I
\ — . .
— - .
~ T - i -
“ — - - .. !
| = ' -
- - - o
"ot
3
—
f’ﬂ-‘d",
e
- —— aqueous
—
H( Eh=08 ——
oH(r -
o 18—
]
-4 0.5 0

‘ LFactsag:

Phase Diagram 19.31

www.factsage.com



Calculating an aqueous phase diagram with a non-ideal Cu-Au alloy

Components window

F Phase Diagram - Components ;IEIEI

File Edit Units Data Search Help

[ ||j"| il TIC] Pibar) Energyil] Massimol) Yalllitre) "1 I !l Irl

1-5|
Components Aqueous phasze diagram:
IHED Component 1 must be H20
B Compaonent 2 may be angthing
I - but we recommend 02 or H2 .
Hol Companents 3, 4 are aptional and
I may be anpthing.
I':” tare componentz may be added.
|4

[T Scheil-Gulliver constituents diagram - ZPF + ZCF

[T Scheil-Gulliver constituents diagram - ZPF

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

[ none of the above
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—> (Input continued from previous Slide — Menu window)

0= =

TIC] Plbar]l Energull] kaszimol] aolllitre]

F Phase Diagram - Menu: with Cu-Au alloy from FTlite

File Units Parameters Variables Help

=101 ]

=il

— Componentz [5]

[ H2O + 02+ HOl + Cu+ Au |

— Products
Compound zpecies

— Solution phases

— Custorn Salutione——————
0 fived activities D EEIS .. |

FThelg non-
ideal
aqueous
solution has
been selected.

FCC Cu-Au
alloy solution
selected from
Ftlite
database.

x | + | Baze-Phaze | Full Hame _ |
=, gas v ideal  real 27 + | FThelgAQDD Aqueous [0 ideal zolition
T [ aqueous ] I FTlite-FCC FCC_A1 — Peeudaryms ———————
[~ pure liquids 0 apply T M
* [ pure zalidz 14 alume data———————————
G as from I_ (o EEEUME rnolar volurmes of
* - Eustom selection solids and liguids = 0
FaCt P S ] species: 41 olar volume data
| properties data | |
[ paraequilibrium & Sgin | edit
T arget — Legend . _I
- NOne - | - imrizcible 1 M Show O all & iselected T otal Species [ 3000]
E stinate TIK] I_“:":":I + - selected 1 " okal Species [max
stimate TIK) sz?ui;zﬁz: 43 Select | Tatal Solutions [max 150] 3
i T atal Phases [max 1500 18
—¥Yariables Phasze Diagram
TIC] log10[p[O2]) HCl/kg-H20 Cukg-H20 Audkg-HZ0 | ¥
25 -80 -1 Te-41 0.07 [min) 0.07 [mir] v
[log10 p(02] vs logl OHCVkg-HZ0]] _Calculate >> |
Pure solids

from FactPS.
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—> (Input continued from previous Slide — Variables window)

F Variables: H20-02-HCl-Cu-Au logl0 p(02)/bar vs composition # il

Yariables T and P

v ~ compositions — Temperature — Preszure or Yolume
*

& T I-:I:unstant &+ Plbar Il:l:unstant j

A 1b - [logidia) 7] " lgP
[
e " Wltre]

B C

" log¥
Wy steps Hext »> |

Iso-Eh[voltz] and pH lines Aqueous diagram compositions Mazs[mol]

W isnEh  step: ;
Hz20 1 HCl C 1] I H-amis -
oo o o0 [ oo s FJou « f_Jaw Fioe

stem:

tatal male # kg-HZ0 = |0 (max]
i - [V #1 logl0 [composition] - =-asis v 81 molali
Chemical Potentials

#1 logl10[pfbar] I‘r’-a:-:is vI 4 EIqu + EIHU + Eu + EI"E"” Il:l:unstant "’I

0z =l total mole / kg-H20

.
gasFactP's jv [T #2lag] 0 [Compasition] [v 2 molalit MOla“tleS Of

- EIHEEI + EIHI:l + Elﬁu + ,e.'u _ Il:l:unstant "I CU and AU

tatal mole / kg-H20 held constant.
[T #3 lagl 0Compesition] [ #3 molality
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Aqueous phase diagram involving a non-ideal alloy of Cu and Au

H,O - O, - HCI - Cu - Au

Cu/H,0(mol/kg)=0.01, Au/H,0(mol/kg)=0.01, 25°C, 1 bar G’actSage'"
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i
-80 L
-4 -3 -2.5

log, ,(HCVVH,O (mol/kg))
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Calculation of an H,0-0O,-HCI-Cu aqueous diagram

log m(HCI) versus log m(Cu) at constant oxygen potential — Variables window

F Variables: H20-02-HCl-Cu composition #2. vs composition # 5[

T and P
compositions — Temperature — Pressure or Volume

& T(0) | constar (* Pibar) [constant ¥

£ W[litre]

" logy

HNext »» |

Izo-Eh[voltz] and pH lines Aqueous diagram compositions Mass[mol]

¥ izoEh  step: ” EIHED . HEI s 0 e Ix-axis vI

i : =
I opH  step: total mole / kg H20 A ]

i - v #1 logl0 [composition] - #-axiz v 81 molaliy
Chemical Potentialz

#1 log10[p/bar] In:u:unstant "I EI Hao + EI HCl + |1 Cu IY-a:-:is TI
12 =

0z - tatal male / kg-H20 -1 [max]

gas-FactPs EI IE'D—I v #2 log [composition) v #2 molality
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H,0-0,-HCI-Cu aqueous diagram
m(HCI) versus log m(Cu) at constant oxygen potential

H,0O - O, - HCI - Cu

10 bar, 25°C, 1 bar
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Using Zero Phase Fraction lines in graphs

Zero Phase Fraction (ZPF) lines are essential for the calculation and
Interpretation of the resulting phase diagrams.

ZPF lines constitute the set of phase boundaries in a phase diagram that
depict the outer edge of appearance (zero phase fraction) of a particular
phase. When crossing the line the phase either appears or disappears
depending on the direction.

The following three slides show examples of calculated phase diagrams
with the ZPF lines marked in color. Slides 15.1 and 15.2 are easy to
understand since they both have at least one compositional axis.

Note however, that it is also possible to mark ZPF lines in a predominance
area type diagram (slide 15.3) although no phase amounts are given in this
type of diagram. As a result the phase boundaries are marked with two
colors since the lines themselves are the two phase «fields», i.e. each line
IS a boundary for TWO phases.
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Zero Phase Fraction (ZPF) Lines

Fe - Cr -V - C System

T=3850°C, wt.% C = 0.3, P,, = 1 atm

< * \N*(* >
0_05....,....,....,....,....,....,....,F.A.C.:T
r | @ —fcc + M,,Cq — MC
r [@ —fcc + M,C,; + M,,Cq — fcc
r [® —bcc + fecc + M,C, + M,,C, bce
r [® —bcc + MC + M,C, + M,,C,
0.04- — MG -
>
c b bcc + MC
O 0.03¢f
S i
(&
@
p —
(-
" I
g % / bee + MC + M,C,
E bcc + fcc + MC
0.01 + -
I S |
fcc + MC fCC+MC+M7C3 2 bCC+M23C6 1
i fcc + M,C, w ]
O0 0 C—————JCC ., . v~ 04y ..®|...+|M23C.5..
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16

mass fraction Cr
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Zero Phase Fraction (ZPF) Lines
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System CaO - MgO

T vs. (mole fraction) P = constant = 1 bar
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Fe - S - O Predominance diagram (ZPF lines)

log,, Ps, , atm

10

-10

-15

-20

-25

-30

-35

-40

Fe - S- O System

Predominance diagram T = constant = 800 K

T T T

FeS,(s)

Fe,(S0,)s(s)
- FeS(s3)

Fe(s) Fe,0,(s) Fe,O4(s)

1 1 1 1 1 1
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Generalized rules for phase diagrams

The following two slides show the rules for the choice of axes variables
such that proper phase diagrams result from the calculation.

The basic relationship for these rules is given by the Gibbs-Duhem
equation which interrelates a set of potential variables with their
respective conjugate extensive variables.

Only one variable from each pair may be used in the definition of the
axes variables. If extensive properties are to be used ratios of these
need to be employed in the definition of the axes variables.
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N-Component System (A-B-C-...-N)

Extensive variable Corresponding potential

ouU

Gi @ :[5—j
i /g,

S T

Vv -P

Na Ha

Ng s

NN eN

dU =TdS-PdV + ) udn, =) ¢dq

Gibbs-Duhem:  SdT +VdP +» ndu =Y qdg =0
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Choice of Variables which Always Gives a True Phase Diagram

N-component system

(1) Choose n potentials: ¢, ¢, ..., ¢, (N<N+1)

(2) From the non-corresponding extensive variables (Q,.1, Onips --- ),
form (N+1-n) independent ratios (Qp.1s Qnips ---» Qnag)-

Example:

Qi:% (N+1<i<N+1)
2.9

j=n+1

(61, &5, ..., & Qrity Qress ---» Qnsql @re then the (N+1) variables of
which 2 are chosen as axes and the remainder are held constant.
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Using the rules for classical cases

The following four slides show how the rules outlined above are
employed for the selection of proper axes in the case of

the T vs x diagram of the system CaO-MgO
and
the log P(S,) vs log P(O,) diagram for the system Fe-Cr-S,-0.,.

The calculated phase diagrams are also shown.
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MgO-CaO Binary System

S T ¢=T y-axis
V -P ¢, = -P constant
nMgO lul\/lgO q3 — nMgO
n
>(23 — CaO
=N (nMgO + nCaO)
Ncao Hcao 4s = Neao | Axis
X-axi
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T vs x diagram: CaO-MgO System, graphical output

System CaO - MgO

T vs. (mole fraction) P =constant = 1 bar — (L
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Fe-Cr-S5S, -0, System

S T =T constant
V -P ¢,=-P  constant
No, Ho, 0y = Lo, X-axis
-axis
Ng Hs, 0, = Hs, Y
Nke Hre .
q5 = r]Cr n
=S  constant
r]Cr Hcy >Q5 nFe
q6 — nFe)
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Predominance area diagram: Fe-Cr-S,-O, System, graphical output

F Figure User : C.R.C.T. - Ecole Polytechnique de MONTREAL
File Add Edit %ew Help

Dj|dle| Bl ie X o 5 8|2 x|

FE-Cr-32-02

=10l x|

(Fe,Cn}s

& F

L{Fe,Cr}S + FCC Alloy

1273 K. mole Cr{Fe+Cr)=0.5

{Fe.CrS + FeSpine

CC Alloy| FCC Alloy + FeSpinel FeSpinel
[{Fe,Cn}S + BCC Alloy |, cr.0
a9 E 13 h
[BCC Alloy |BCC Alloy
a0 [ . . + Cnl,
-25 =20 -15 -10
Iﬂng',:,‘
| FadtSage 178 187 K=-22 T=-3 [CHFACT-ELFecrs202 fig y
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Breaking the rules: Diagrams but not phase diagrams

The following three diagrams will show how the «wrong» choice of axes
variables, i.e. combinations which are not permitted according to the rules
outlined in slides 14.1 and 14.2, leads to diagrams which

(1) are possible but not permitted in the input of the phase diagram module,
and

(2) which are not true phase diagrams (because a unique equilibrium
condition is not necessarily represented at every point).

— A simple one component case is the P-V diagram for the water system with
liquid, gas and solid (Slide 16.1).

— A more complexe case is shown for the ternary system Fe-Cr-C where one axis
IS chosen as activity of carbon while the other is mole fraction of Cr. The case
shown is not a true phase diagram because of the way the mole fraction of Cr is
defined:

The total set of mole numbers, i.e. including the mole number of C, is used.
Thus both the mole number and the activity of carbon are being used for the
axes variables. This is NOT permitted for true phase diagrams.
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Pressure vs. Volume diagram for H,O

This is NOT a true phase diagram.

The double marked area can not be

uniquely attributed to one set of phases.
P / AN
A \\
L+G \
N — \
f— \
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Fe - Cr - C System

S T

Vv P

Nc Hc

Nke Hre

Ner Her
Requirement: ?:I(;ij

=T constant
¢, = -P constant
nCr
Q, = (NOT OK)
(nFe T nCr T nC)
n
Q, = Cr (OK)
(Nee + ey ) y-axis
0 for 1<3

I thtSage‘”

Phase Diagram Appendix 4.2

www.factsage.com



Fe - Cr - Csystem, T = 1300 K, X, = ng/(Ng, + Ng, + Ne) VS ac (carbon activity)

This is NOT a true phase diagram.
The areas with the «swallow tails» cannot be uniquely attributed to one set of phases.
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