The SOLUTION Module

- The SOLUTION module permits you to create, display and edit
private non-ideal solution databases using a wide variety of solution
models. — The private databases may be imported into the EQUILIB
and PHASE DIAGRAM modules and used together with other
databases.

- Before reading this slide show you should first read the “Solution
Introduction” slide show.

- Itis also strongly recommended that you read Sections 1 and 2
completely before advancing to later sections. Although Sections
1 and 2 describe the creation of a database using a simple one-
lattice polynomial model, these sections introduce in detail most of
the features and the structure of the SOLUTION module.
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DESCRIPTION OF SOLUTION MODELS IN SOLUSAGE

ONE-LATTICE POLYNOMIAL MODEL ("model 1 (QKTO)") Sections 1,2

- One lattice.

- Random mixing.

- Interaction parameters expressed as polynomials (Redlich-Kister, simple or Legendre)
in terms of either site fractions or equivalent site fractions.

- Interpolation of binary parameters into ternary systems using either Kohler,
Toop or Muggianu techniques or combinations thereof.

ONE-LATTICE REDLICH-KISTER/MUGGIANU MODEL ("model 7 (RKMP)") (Section 3)
- One lattice.
- Random mixing.
- This is a restricted version of the One-Lattice Polynomial Model.
- This is a one-lattice version of the Compound Energy Formalism.
- Interaction parameters expressed as Redlich-Kister polynomials in terms
of site fractions.
- Interpolation of binary parameters into ternary systems using Muggianu technique.

COMPOUND ENERGY FORMALISM (CEF) ("models 12/20 (SUBL)") (Section 5)
- From 2 to 5 sublattices.
- Number of sites on each sublattice fixed, independent of composition.
- Random mixing on each sublattice.
- Interaction parameters expressed as Redlich-Kister polynomials in terms
of site fractions.
- Interpolation of binary parameters into ternary systems using Muggianu technique.
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TWO-LATTICE POLYNOMIAL MODEL ("model 4 (SUBM)") Section 7

- Two sublattices

- Random mixing on each sublattice

- Specifically designed for (but not limited to) ionic liquid solutions in which the ratio R of the
number of sites on the two sublattices varies with composition when all ionic
charges on a sublattice are not the same.

- Interaction parameters expressed as polynomials (Redlich-Kister, simple or Legendre)
in terms of equivalent site fractions to take account of possible variable R.

- Interpolation of binary parameters into ternary systems using either Kohler,
Toop or Muggianu techniques or combinations thereof.

- If R is constant then this model is the same as the Compound Energy Formalism with
two sublattices, but without being limited to Redlich-Kister polynomials nor to the
Muggianu interpolation technique.

TWO-LATTICE POLYNOMIAL MODEL WITH FIRST-NEAREST-NEIGHBOUR
SHORT-RANGE-ORDERING ("model 9 (QUSL)") Section 8
- Same as the Two-Lattice Polynomial Model but takes account of short-

range-ordering between first-nearest-neighbour pairs; in a solution (A,B)(X,Y) the model

calculates the equilibrium numbers of nearest-neighbour A-X, A-Y, B-X and B-Y pairs which
minimize the Gibbs energy.
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ONE-LATTICE MODIFIED QUASICHEMICAL MODEL ("model 3 (QUAS)") Section 9

- One lattice.

- In a system (A,B) short-range-ordering is treated by calculating the equilibrium numbers of
nearest-neighbour A-A, B-B and A-B pairs which minimize the Gibbs energy.

- Interaction parameters express the Gibbs energy change
of pair exchange reactions (such as A-A + B-B = 2 A-B) as polynomials
in terms of either site fractions or equivalent site fractions.

- Interpolation of binary parameters into ternary systems using analogies of either the Kohler,
Toop or Muggianu techniques or combinations thereof.

TWO-LATTICE MODIFIED QUASICHEMICAL MODEL REVISED ("model 98 (SUBQ)") or OLD
("model 99 (SUBG)") Section 10

- Two-sublattices

- Short-range-ordering (SRO) taken into account both between sublattices
(first-nearest-neighbour SRO) and

within each sublattice (second-nearest-neighbour SRO).

- The end-members of the model are quadruplets, each consisting of two species from each
sublattice.

- Reduces exactly to the Two-Lattice Polynomial Model if SRO is suppressed, or to the
One-Lattice Modified
Quasichemical Model if one sublattice contains only vacancies, or to the One-Lattice Polynomial
Model if SRO is suppressed and one sublattice contains only vacancies.

- The REVISED model incorporates minor improvements to the OLD model and should always be
used except when editing a file created previously with the OLD version.
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IONIC LIQUID MODEL ("model 13 (SUBN") Section 13

- Two sublattices with variable ratio of sites depending upon composition.

- Random mixing.

- This is the lonic Liquid Model developed by Hillert, Sundman, Jansson and Agren
(refs. 16, 17) which is frequently used in Calphad.

UNIFIED INTERACTION PARAMETER FORMALISM ("model 2 (WAGN)") Section 12

- One lattice.

- Random mixing.

- This is the Wagner Interaction Parameter Formalism for dilute solutions corrected to be
consistent with the Gibbs-Duhem equation and other necessary thermodynamic

relationships.

PITZER MODEL ("model 5 (PIMZ)") Section 19
- Standard Pitzer model for relatively concentrated aqueous solutions.
- Interaction parameters for ions and neutral solutes as functions of temperature.
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1. Opening a New File and Entry of Data for a binary solution

with the One-lattice Polynomial Model (‘“‘model #1 (QKTO)”’)

Example: Binary liquid Ag-Cu solution

The One-lattice Polynomial Model (model #1 (OKTO))

assumes that the species (A= Ag, B = Cu) mix randomly on a single lattice
(Bragg-Williams model)

Asideal = R (X, InX,+XgInXp) where X; = molar site fractions of species

Molar Gibbs enerqy for a binary solution:

A = Ag(liq) Xew — B = Cu(liq)

g=(X, gx +X08) —TAS™ +¢* 9[
Ong
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0 . « " -
where: Ji = molar Gibbs energy of an “end-member” consisting of one mole of
species |

where: the excess molar Gibbs energy ¢F is expressed as a polynomial in either:
c . .
() Redlich-Kister form: 05 =D LeXXs(Xa—Xs)  iz0 [
E _ i N V]
or (i) Simple polynomial form: 9 _ZqABXAXIJB Lj20 [2]

or (i) Legendre polynomial form: g- ZZ%XAXBR(XA —Xz) i20 [3]

where P; is the Legendre polynomial of order i (see ref. (1))

Note: In the general case, the option exists to replace the molar site fractions X; in
these polynomial expansions by “equivalent site fractions” Y; (see Slide 1.19)

For Ag-Cu liguid solution:

gE=X, X5(17384.4 - 4.46430 T) + (1660.8 - 2.31510 T)X,Xg(Xa-Xg)! J/mol [4]
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Opening a new pair of files, SoluSoln.fdb and SoluSoln.sin

1. Click on
«File 2> New»

Note: A file may contain several solution phases
[

3,4. Enter a
description
if desired

[ atabase Description;

-Io/x
»File Edit Units Options Tools Help 2. Enter a 4-
Function Name | character nickname
Mick: Created Last Modified
m-E Solusal \
I ol 2014/06/13  2014/05/13
Documentation file
» Database description |
x

5. Click on OK

Examplez for SoluSage

|

Cancel

‘ thtSage‘”
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Creating a “Function” containing data for pure liquid Ag

1. Open the
COMPOUND
program and
enter Ag in the
formula box

2. Click on
FTliteBASE
and then on Ag
to expand the
tree view

F Energy: Joules; Pressure: bar Ag
File Edit Units Jiew Tools ViewData Help

F SoluSage (Joules)

File Edit Units ©Options Tools Help

=] 3

|Fun|:tion Namel

EHiI Solusoln
E} Functions
B Agy)

: e it {0
/Solutions {0

=10l x|

| FDrmuIalv'— ﬁl

iy

v 0 FTizBASE =L propertie
r 8 FThallBASE

% Heat ofform, + E

ntr/up/(" Heat + Temperature of transt,

7-r £ FThelgBASE

—Form. of L1 A}Kﬁ(% (Joules )

S298 [ JAmal K} )

3. Clickon L1
and then drag
and drop into
Functions

o FTliteBASE

/ﬁ 1025.0897050652

|51 4410729655716

E|. Ag
Bl 81

Phase)déme

L 52 Jigped

E 3

— Extended propeties ( optional )

Reference no.— Density g/cc
Dsm J50s ]10.1922

-l 54

o |E|irch-Murnaghan
-l SE

[

 Therm. expans. (k) Compressibility (fbar)T Bulk mod. deriv.

9.8E-5

..cp 3000

A © FTMIBASE

T2

T (T-TOIn(T/TO)

r 83 FTmiscBASE
r 81 FTOxCNBASE

T"3

r & FToxidBASE
r & FTpulpBASE
r B FTsaltBASE

M E3 LNDBASE )

|FacISage 6.4 |

Function Mame Density (g/cc)
[10.1922
Fefs (2 max)

|5m i)

[liguic

AHEIE Jfmol
[11025 0897050652
Thiin (K)

5298 Ji{mol k)
[51.4410728655716
|298.15

TMax ()
BN
Cp(T) Jimol K3

|1234.93
23.8463314 +0.0035811 7T +24022/T "2 +2.391622E-8°T"2
+4.342401E-19°T"6

Thermal expansivity [ K
9.8E5
Carmpressibility (/ bar)

Bulk modulus derivative

(Note: If you do not have access to the FTlite database, you can use FactPS or any other

database.)

- This creates a “FUNCTION” called Ag#liquid in the SoluSolin.fdb file. This “function”
contains all the data for liquid Ag found in the FTlite database (H, S, Cp, density,
expansivity, etc.) except magnetic properties. (See Section 14).

For more on creating functions, see Section 6.

‘ th-:t

Sage”
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Creating a function Cu#liquid for pure liquid Cu

=T

File Edit Units ©Options Tools Help

|Fun|:1ion Namel

50 Solusoln Function Mame Density (gicc)

& Functions [liguic | 836303

B AH298 Jfmol 5298 Jf{mol K) Rets (2 max)
Drag and drop i ) [129647440313804 |42 6319350814319 [501 509

= Ag T Thdin (1) Thda (K
o g ) 298.15 135777 E‘ 172
“ Zolutions () Cp(T Jimol K)
F Energy: Joules Pressure: bar Cu 24112392 +0.00531368%T -1 |:|4955,|{TA2 -7 7533ME-7+T"2
Fle Edit Units View Tools ViewData Help +2 45EL3BE-19T™6

‘FDrmulaICu ﬁl / Thermal expansivity (/K]

FTinzBASE | L1 pronettie

- 0.a0m
FThallBASE FHeathfoy/Entery £ Heat + Temperature of transf. ICompressibiIiiy(,"bar)

FThelgBASE ~Form. of LY 268 (Joules ) 5288 ( J/fmol K ) |
FTliteBASE [129647440313804 |/ |42 619350814319 Bulk modulus derivative
o [T}
L 51 %se MName Feference no.— Density gfcc I
L 52 liguid! Dsm N EiE j|8.8953

L~ 53 — Extended properties { optional )

: L= 54 IElirc:h—Mumaghan j

f ~Therm. expans. (Ki-Campressikility (barBulk mad. deriv,
q —

FTMIBASE 0.0001
FTmiscBASE T T (T-TOIn(T/TO)
FTOXCHBASE n
FToxidBASE
FTpulpBASE
FTsaltBASE
HGOKBASE
LINDEASE
MISCBASE
PRIVBASE )
FactSage 6.4 |* e —————————— - — —

(see previous slide)
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Creating a new solution phase within the file SoluSoln.sln

=10l x|

File Edit Units Options Tools Help

Function Namel

1. Click. =-£1 Solusoln
E Functions
B gl
B gy
2,3. Right click. =t—>=°" 7 ncton
\ Add Solution
End/Memter
Mizatle
Guadruplet
Termaty: Interpalation
add Bragg-wiliams 3
Add Guasichemical 3
add Pair Fraction expansion 3
Faste Funckion (g E
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Name the phase and choose the solution model

1. Enter a 4-
character name
of your choice
for the solution
phase (liquid
metal)

F Solusage (Joules)
File Edit Units Options Tools  Help

———.
[F Solusage Goles)

Function Namel

2. Enter the state. (This is only
for future reference.
used in any calculations)

It is not 0 x|

3. Choose the

solution model: in this
case, one-sublattice

with polynomial

expansion for gF as in

slide...

=61 Salusaln Model Selection x|
E Functions Solution Mame State
B LT oLy Liguid -
B AgT) i s M
- Solutions (0)
kModel
| One-lattice polynomial j
I WMagnetic Ok Cancel |

4. This solution 5. Click OK

IS not magnetic
(see Section 14)

SOLUTION 1.6
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Since the phase
was identified as
«liquid», this

symbol appears

1,2. Enter a
description. The
first word (up to the
first space) will
appear on all
FactSage outputs
as the «full name»
of the phase. (To
show the full name
on the tree view,
click on «Options»,
then on «Show full
solution name».)

File Edit Units Opkions Tools  Help

Since this is a one-lattice model,

Functian Namel

this is generated automatically

F-81 Solusoln
EI Functions
ey,
B AgyT)
= Solutions (1)
——> T LT

Solution D escription:

Solution Mame
Ligyhd
todel Mame

One-lattice polynomial

Created Last Modified
201470813  2014/05/13

Laftice
|1 <

=olution description ...

This "Polynamial" solution description has been

automatically generated. v'ou can strip this description and replace

it by adding any number of lines of wour awn.

“'ou may also provide, in the abowe box, the name of file which contain
further information akbout this solution. It the file exists, double clicking
the abowe box will apen the file using its associated program.

Liguid alloy

‘ G’actSage‘”
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Defining the number of species in the solution (2 in this example)

There are 2 species which mix on the lattice (a binary solution)

F Solusage (Joules)

File Edit Units Options Tools Help

Function Namel

=& Solusaln
=1 Functions
Q)
B AT
= Salutions (1)
1. Click. BN W .
= Sublattices

: B
2. Left click. | Fadn afuncten

Then right QUSS Adispeces . |
click. —AEMNa End Member

- Interar [jeable

. Quadruplet

3- CI ICk- Termaty Interpolation
fdd|Bragg-yWilliams

fdd| Quasichemizal

fdd|Pait Fraction expansion

Paste Funckion IZEr{H-

2
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ldentifying the first species (Ag)

2. Enter species name. This is not
used in any calculation. Any name
IS acceptable (ex. «vacancy»)

4. This variable has no effect on solutions
with only 2 components. See Section 2 for
the case of multicomponent solutions

5 =olusoln species Name Chem. Group
£+ Functions Silver 1 =
" Lo 7/ Formula (optional) T
L B Ay Ag
= Solutions (1) _ _ : _
Eﬂs Liephd {7-7 If a chemical formula is entered the consistency of end members is checked
= sublattices
= A (2) .
1. Click > Silver (4) 3. E_ntry of a fgrmula IS
- A optional, butif entered it must
) Ed?fat‘l‘zg”?ﬂ?s o) be the correct chemical
- Temary Interpolations (| formula in FactSage notation

- Interactions (1) /

(Note: Va is acceptable
notation for a vacancy)
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ldentifying the second species (Cu)

F SoluSage (Joules)

File Edit Units Options Tools Help

Functian Namel

=1 Solusoln Species Name Chem. Group

ke

E Functi']rlﬁ Cupper 1 —
B G Farrmula (optional) _

B AT Cu

= g?gm;;;i}y If a chemical formula is entered the consistency of end members is checked
- Sublattices

o Silver

- End Meambers (0}
- Mixahles ()

- Ternary Interpalations |
- |nteractions ()
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Entering the first end-member (pure liquid Ag)

1. Click to highlightthe species which comprise
the first end-member,one species from each
lattice. (In this example there is only one lattice).

-2 Solusaln
- Functions
B Gyl
B A7)
= Solutions (1)
=B Lahd -7

= Sublattices

= A (2
> Silver (A)
] Copper
2. Left_cllck. I
Then right Termap, _Add Soluton
CI |Ck Interau:?:t Add End Member Silver

Fuadruplet

Termary: Interpolatian

&dd Bragg-Williams F
&dd Guasichemical 2

add Pair: Fraction expansion

Paste Fumction
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Entering data for first end-member

F Solusage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

= Solusoln
=+ Functions
=y
L Ay
L B Agsl)
f o e 1)
= Solutions (1)
= Lk T
= Sublattices
é--A(z)

> Silver (&)
f Cupper
E} End tembers (1)

 Mixables (0)
Ternary Interpolations |
‘- Interactions ()

4

|

»’-\.Dl Z(Sihver)

Stoic, |1 |1
Name Status
ISilver -— 2 & Mormal
Formula, " Discarded
Iqu— 3 " hain Salvent
Gibbs Energy Function m " Solvent

IAg#hqmd 4— 5
Y298, Therr- -

P o TP | P " et |

Ii ‘[Fl:nrmula] "FuncName.b. + B*[Formula] #FunciameB + .

e =

=

Click.

N

Any name is acceptable. This is not used in any calculation but will appear in FactSage outputs.
3. Ifa «formula» was entered for the species (slide..

automatically. If not, enter it here.
4. This «stoichiometry» variable is the number of moles of species per mole of end-member.

.), then the Formula for the end-member is generated

is 1.0 (default). For exceptions, see Section 4.
5. The Gibbs energy for the end-member, per mole of «Formula», as a linear sum of functions.

In most cases it

‘ G’actSage‘”
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Entering data for first end-member (cont.)

~1a| |

File Edit Units Options Tools Help

Function Namel

=+ Solusaln Al Z(Sikver)

E Ifunu:tiulns Stoic. I_1 7 _»Ii 8
B {}"f{‘y . Name Status*g;
G @Eﬁ W |Sitver & Normal
it 1) Formula " Dizcarded
E Solutions (1) IAg = Main Solvent
Epa Ligha ¢7-7) Gibhs Energy Function o O Solvent
& SubLattices [Ag#iguid
= A (2) WESE TN ’[FDrmLﬂ:a] *Fﬁ-n-d:Qam_E:E\ +B‘[F|:|rmula] #FunchameB + .
- Silver (A) Ii
- Copper T
= End bembers (1)
o Sihver
- Mixables (0) 6
- Ternary Interpolations | B ¥
- Interactions () Ii
o

6. The volumetric properties may be entered as a linear sum of «functionsx». If nothing is entered,

then V =0 in calculations. See Section 13.

7. The«coordination number» Z of the silver speciesin the end-member. In the presentone sub-
lattice polynomial modelsetZ =1 (default) if gF is written as an expansionin the mole fractions,
as is usually the case. For exceptions, see Slide 1.19.

8. Select«normal» (default). See Section 16.

9. Select«X,, ,=1» (default). See Section17.

G’actSage‘”
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Entering data for second end-member

F SoluSage (Joules)

File Edit Units Options Tools Help

Function Namel

E-E Salusaln A1
= Functions

B T

e i 137)

B A7)
o e 7

= molutions (1)
BN Lt iT-7) Gibbs Energy Function " Sokvent

= Sublattices Culicquic
298 Therm. expans..Compress ;Bulk hMod.

Stoic. |1
Mame —Status

Copper &+ Mormal
Formula " Discarded
L " Main Solvent

- End Members [£]
- Bibver

- Mixables (0 | alifl=ss
- Ternary Interpalations | 1

- Interactions (0]
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Entering the first excess Gibbs energy parameter (from Slide 1.1 Eq. [4])
~loj x|

File Edit Units Options Tools Help

Function Namel

E-£1 Solusoln
& Functions
= Solutions (1)
= LT
= SubLattices
= A2

IS - aikver (B)
- Copper [A)

End Members (2

i

- Mixahles (0
- Temary Interpolations |
- Intarac!

Add Function
Add Solution
End Member

Add Mixable Silver;Copper 3
Cuadriplek l

Termary: Inkerpolation

Add Bragg-Williams
fdd Quasichemical 4
Add|Pair Fraction expansion T Legendre

= Paste Funchion ZEr|
C e v

1. Holding down the Ctrl key, highlight the species involved in
the interaction parameter, thenright click.
2,3,4. Mouse over, then click on «Redlich-Kister.
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F SoluSage (Joules)

File Edit Units Options Tools Help

Function Namel

E-E& Solusaln
& Functions
= Solutions (1)
SR W T,
= Sublattices
= A2
- Silver (B

#- End tembers (2)

- Mixables (0)

- Ternary Interpolations |
= Interactions (1)

() SikverCopper

| qF Binary term |
‘LapYaYp(Ya—Yp)' «— 1.
i
(Y = equivalent site fraction)
A: Silver
B: Copper 3.

‘Lap [17384.4-4.46430°T
A +B*T +C*THn(T) +D*T~2 4E*T~3 +F/T

Y, and Yg are the «equivalent site fractions» of the species. Since, as is usually the case, we chose dafault

values of Zny = Zc, = 1 (Slides 1.13 and 1.14), these are equal to the molar site fractions X, and Xg.

Terms must be entered exactly in this format. (Do not leave spaces where none are shown.) (T = Kelvins).

1.

2.  The power i in the Redlich-Kister expansion.
3. The first parameter in Eq. [4].

4,

5. Click here to enter comments.

‘ thtSage‘”
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Entering the second gF parameter (from Slide 1.1, Eq. [4])

=10l |

File Edit Units Options Tools Help

Functian Namel

21 Solusoln
- Functions
=1 Solutions

BN Lo 7T
=} SubLattices
B A (2)

- End Members (2)

- Mixables ()

- Ternary Interpolations |
= Interactions (2]

(0) Silver.Capper

(1)

- Silver (B)
- Copper (&)

(1) Silver,Copper

g* Binary term

LapYaYp(Yy — Yp)
iz

(¥ = equivalent site fraction)
A: Silver
B: Copper

f|1_ _ Jeguiv
“Lyp [1660.8-2315104T
A +B7T +C*THn(T) +D¥T"2 4E*TA3 +F/T
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Saving all entered data

F Solusage (Joules)

|File Edit Units Options Tools Help 1

Mew...

Open...

3 p— [ Mick Crested  LastModified
' Add Solusalh ba database pool =0l 2074/05/13  2014/05/13
Close Solusaln Documentation file
Import. ..
Print...

Database description |

Print Setup... Solusoln solution database.
Exit
eye——
E"éﬂﬂ'ces To now include SoluSoln.sinin EQUILIB

- Silver (B) and PHASE DIAGRAM CALCULATIONS see

o earpeer @)1 the Solution Introduction slide show, slides
+ End Members (2)

- Mixables (1) 6, 7 and 11.
- Ternary Interpolations |
=h Interactions (2]

(D) silver.Copper
(1) Silver:Copper

1. Click on the file name (SoluSoln).
2.3. Click on «File = Save SoluSoln». All data will be now saved in the
file SoluSoln.sin.
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Excess parameters in terms of equivalent fractions

- On Slides 1.13 and 1.14 the “coordination numbers” Z,, and Z¢,, were set

to 1.0 (default).
In this case, the gt expressions will be in terms of the site fractions as

shown on Slide 1.1.
- In general, for a solution A-B with coordination numbers Z, and Zg:

0" =(ZXa+ ZBXB)ZI L YA Y (Ya—Ys) i>0 [1]
or  OF =(ZX\+Z5%s) ) Qe YAV iz0  [2)
or gE — (ZAXA "‘ZBXB)ZinBYAYBPi (YA _YB) 120 [3]

where Y, and Yg are equivalent site fractions:
Ya = ZaAXA(ZpXp + Z5X3) Yg = ZgXp/(ZaXa + ZpXp)

(The parameters L g, Oz or Qg are thus expressed as J/equivalent where one
mole of A or B consists of Z, or Zg “equivalents” respectively.)

- Hence in a “regular solution” (with only the quadratic term non-zero) gf =
CY Yz where C = constant, and the extremum in g& occursat Y, =Yg = 0.5
rather than at X, = Xz = 0.5

- This permits one to emulate a charge-asymmetric molten salt solution (See
Section 7) or to approximate solutions with short-range-ordering (See
Section 9).
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2. (a) Interpolating binary interaction terms into a ternary solution phase

(Kohler/Toop/Muqgdianu “geometric”’ approximations (Refs: ( 2, 3)) and
(b) Adding ternary interaction terms

In a ternary system A-B-C in the One-lattice polynomial model (“Model #1 (OKTO)™):

gE = XAXBG‘AB + XBXCG‘BC + XCXA Oca + (ternary termS) [1]
where the o;; are binary interaction functions (as on Slide 1.1 Egs. [1-3]).

In the ternary system, o;; may be approximated as being constant along either:
() aline where Xi/X; = constant (Kohler approx.)
or (i) aline where X; = constant (Toop approx.)
or (i) aline where X; = constant (Toop approx.)
or (iv) aline perpendicularto the i-j edge of the Gibbs triangle (Muggianu approx.)
(Note: In the general case, replace X; by “equivalent” fractions Y;. See Slide 1.19)

For example, in the following figure, a,g is given by the Kohler approx., ogc by the
A Toop (constant X¢) approx., and oca by the Muggianu

approx. That is, ¢gF at point p is given in Eq. [1] by the

values of aag , Ogc and o, at pointsc, aandb

respectively. _
aca=cst.  -For every ternary sub-system in an N-component

) HI9EM) s olution, SoluSage allows you to specify the interpolation
C configuration. These are then carried over to the N-

- =

B = . .
a = oy COMPONENt system in a consistent manner (Refs. (2, 3)).
Liactsye SOLUTION 2.0 wwwfactsage com




Default interpolations

Three common ternary interpolation configurations are illustrated:

A A A
b
C C b C b
P p
B C B C 2] C
a a a
“All Kohler” “Kohler/Toop (X, = constant)” “All Muggianu”

Each component of a solution phase is assigned a “chemical group number” (1, 2,
3...). (Usually, components which are chemically similar are assigned the same group
number.)

If A, B and C are all members of the same group, or are members of three different
groups, then the “All Kohler” configuration is the default.

If B and C are in the same group while A is in a different group, then the
“Kohler/Toop (X, = constant)” configuration is the default.

If one or more of A, B or C is in group “0”, then “All Muggianu”is the default
configuration.

However, for any ternary sub-system, the default configuration can be over-
written.
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Interpolating binary interaction terms

Example: Ag-Cu-Au-Ge gquaternary liquid solution phase

The “LigM” solution for liquid Ag-Cu alloys entered in Section... has been
expanded to include Au and Ge and stored as a slide-show example.

1. Click on
«File=>0Open
SoluSoln»

2. Click on «LigM»
and then expand the
tree views

3. Binary interaction
terms for all 6 binary
sub-systems have been
entered. You can view
the parameters if you
wish by clicking on them

F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

=8 Solusoln "
" Functions
= Solutions (1)

—> B Light (1-1)

= Sublatiices

- End Members (4)

- Mixahles (0

- Termary Interpolatior

— = Interactions (15) T

= (0 SikverCopper

- (1 Silver.Copper

- 12y SilverCopper

- [3) Sikver,Gald
(4)
(3]

SilverGermar

- (8] SibverGermar ™
4] | b

| |C:\FactSage64l\Snlu50ln.sln

G’actSage‘”
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Entering the “chemical group”
JRT=TEY

File Edit Units Options Tools Help

Function Namel

=-£1 Solusoln *||Species Name Cheym{p'
) Func i =

- Functions Germanium
[} S:Dlutiurjs (1 Formula (optional)
M5 = Lig (1-1) |GE

5. N Cicrrnanium [
#- End Members (4]
- Mixables ()
Ternamlnterpulatmn
= Interactions (15)
- (00 Silver.Copper
i1 Silver.Copper
- [2) Silver,Copper
- (3] SilverGold
(4)
(5

SikverGerman

- (8] Sikver German ¥
< T

| |C:‘Fact53ge641\50lu5uln.sln A

Clickon 1, 2, 3, 4 to expand the tree view.

5. Click on the species Germanium.
6. Germanium has been assigned to chemical group «2». The other 3

species have been assigned to chemical group «1» (See slides...).

‘ G’actSage‘”
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Selecting the ternary interpolation configuration for the

Ag-Cu-Ge-ternary sub-system
-1l

File Edit Units Options Tools Help

Function Namel

=21 Solusaln |5
& Functions
=+ Solutions (1)

= Ligh (1-1)
= SublLatices
= ()
| > Silver (&)
1. »  Copper (B)
\ Gold
> L Germanium (C
B End Members (4]
- Mixahbles (0)
= Interaction  #dd Function
(0 Silvs Add Solution
(17 Silvs Emd Mn.amber . .
(7) Sibvs Add Mixable Silver;Copper;Germanium
. Guadripler
2 (3] 8!'"’; Add Ternary Interpolation Silver;Copper;Germanium
) (4) S!lw Add Bragg-Williams 4
il B Sy Duasichemical »
Add|Pair Fraction expansion 2
| |C:‘|Fac _ v
Paste Funckion el

1. Holding down the Ctrl Key, highlight three
species (Ag, Cu, Ge), then right click.
2. Click.
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=10 x|

File Edit Units Options Tools Help

Functian Namel

=8 Solusoln 21l Sikver- Copper Kohler

& Functions : :
- Salufions (1) Copper - Germanium Toop X(Germanium) constant
= Ligh (1-1) Germanium - Silver Toop #{Germanium) constant
= Sublattices Silver
= A ()

- Silver (A)

- Copper (B)

b Gold

- Germaniurn (C
- End Members (4)

- Mixahles (0

= Ternamlnterpulatmn

= Interactions (1 5

- (0) Silver.Copper
(11 Silver.Copper
(21 Silver.Copper i
- (3) Silver,Gold — o

(4 Silver.German ¥
< s
A

| |C:\FactSage641‘|5uluSuln.sln

1. Since Ag and Cu are in chemical group «1» while Ge is in group
«2», Kohler/Toop (X, constant) is the default configuration as

described in Slide 2.1. The diagram shows this.

Germanium
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o

File Edit Units Options Tools Help

Function Namel

E}EI =olusaln 21 Sikver- Coppear kMuggianu
B Functions Copper - Germanium Toop #[Germanium) constant

= Solutions (1)
=% Ligh {1-1) Germanium - Sikver Toop =(Germanium] constant

= Sublattices Silver

- Silver (A)
-~ Copper (B) 1

- Gold :

~ Germanium (C CI'Ck
- End Members (4)

- Mixahles (0) Muggianu
= Ternary Interpolation__

B ilverCopperGe

Et- Interan:tin:uns 5]

- (0} Silver.Copper
(1) Silver.Copper
- (2) Silver.Copper -
e (3] Sibver:Gold Copper o .

(1 Silver,German ™
< e

| |C:‘|FactSageG41\5uluSnln.sln

Germanium

i

1. The default configuration may be over-written by clicking on the
small circles. In this case, by clicking on the circle as shown, the Ag-
Cu binary parameters will now be interpolated into the ternary system

by the Muggianu approximation.
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Adding ternary interaction parameters

Ternary terms may be added to the expression for gt (Slide 1.1, Eqg. [1])

File Edit Units Options Tools Help

Function Namel

=1 Solusaln
B Functions
= Solutions [1)
=3 Lighd (1-1)
= SublLatices

()

- Gold (C)

- Gefrnaniurm

#- End Members (4)

- Mixahles (0]

= Ternary Interpolation__|
“ SilverCopperGe

¢ Add Function

; Add Solution

; End Member

; Add Mixable Silver;Copper;Gold

; Fuadruplet

~  Add Ternary Interpolation Silver;Copper;Gold

2 ! add Quasichemical
add Pair Fraction expansion

Paste Fumction (g

1. Holding down the Ctrl Key, highlight the three
species involved in the interaction, then right click.
2,3,4. Mouse over, then click.
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Entering a ternary gt term: 3000 )@Ag%@)(lm J/mol

File Edit Units Options Tools Help

Function Namel

=-£31 Solusoln . QE Ternary term
iy

-- Functions Gine Vi }"%Y(f‘
= Salutions (1) k=1
=3 Lighd (1-1)
El- Sublattices (Y = equivalent site fraction)
A A: Silver C: Gold
oo Tihver 1A .
Copper (©) B: Copper

- Germaniurn Uh |3|j||j||:||
B End Members (4) ERYZ
- hdinables ()
= Termary Interpolation—
“ SilverCopperGe
= Interactions (16)
[III] silver,Copper

1} Silver.Copper
[2] silver.Copper
)
)

[3 silver.Copper;

S SnTer;Gmd -|
]

1. Since the LigM solution is modeled with the single-sublattice polynomial model, ternary terms are of the

form shown here.
The powers i, j, k are entered by clicking on the arrows.
The diagram reminds you of the interpolation configuration used for this system.

Enter the parameter (in general, as a function of T as forbinary parameters).
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Quaternary Interaction Parameters

Quaternary terms may also be added to gF.

F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

= S_ull:u Lattices ﬂ
- A )

1. Click, holding
down the Ctrl key,
then right click.

- Silver (4)
- Gerrmanium (D)
& End Members (4)

- Mixakbles (0)
- Termary Interpalations (1)

=8

Sl Add Function
Add Solution

il
=il EndlMermber 2 3 .
Add Mixable Silver;Copper;Gold;Germanium

- (0)
o ]
- '
- (3) S?I Quadruplet
i 2!@
- (B)Si
(7
(
(

S!I add Quasichemical r VE F
Sil - add pair Fraction EXOAnSIan F

-9 Cc Paske Fumckicn el

e 1M T anmar i &olo lll

|C:\Fact53ge641\50lu5::ln.sln

SOLUTION 2.9

vav.factsage.com



Adding the quaternary term 1000 XAgXéJXAU)%e J/mol

=lol|

File Edit Units Options Tools Help

Function Namel

- Mixahles () ] g% Quaternary term
& Temary Interpaolations (1) 1.?“ e

= Interactions (17) qﬂfg}[i}lﬂy Y('}

- (0) Silver:Copper B b

Sikver.Copper (Y = eguivalent site fraction)
- (2 Silver.Copper A: Silver C: Gold

-~ [3) Silver.Copper,Gold B: Copper D Germanium
<[4 SilverGold

- [5) Silver.Germanium 1|1__;|_ k|1_ 3’2_ Jequiv D
~ [B) SikverGermanium ikl EDDD

1)
)
)
)
)
:I i
- (71 Silver,Germanium lApCD
- (8) CopperGald A BT +C*T*In(T) +D*T"2 +E*T"3 +7/T
|
0
1
P
3
|

- (9] CopperGold

| CopperGold
CopperGermanium
Gold: Getmaniurn
Gold; Germanium
Gold: Germanium

= (18] GDId;Germanium
& (16) SikverCopp

1
1)
12
13)
14)

o e S S o S o S - R s S - i o M e v e e

| C: FactSages41\SoluSoln.sin v
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3. The “On

e-lattice Redlich-Kister Muggianu Only” Model (“Model 7 (RKMP)”)

This modelis a

restricted version ofthe general One-lattice Polynomial Model (model#1 (QKTO)) described in

Section 1.

The restrictions are:

That is, this is a

Interaction terms expressed only as Redlich-Kister polynomials
Excessterms expressed only as polynomials in molar site fractions (not equivalent site fractions).
Binary terms interpolated into ternary systems only by the “All Muggianu” configuration (see Slide 2.1)

one-lattice version of the Compound Energy Formalism (see Section5)

F SoluSage (Joules)

File Edit Units Options Tools Help

‘Funu:tiu:un Namel

BCTH (7-1)

- Sublatices
B AL7)

- Bi
- Fh
1]
- Zh
= End Members (7)
- Bi
- Ph
- &h
~*5n
- Zn
- Mixahles (0)
#- Interactions (10)

Solution Mame
[BCTs
tOne-lattice R-K/Muggianu Only
IR—K Fuggianu

Created Last Modified
201307486 20130716

Laftice

h

Solution description ...

BCT_ASL
Solid solution based on Snwith solubility for A>LBI.Fh,Sb,.51.Ti and Zn.

=

]
|C:'!FactSageﬁﬁ'}l\FSsteIESsoln.sln

As an example, the BCT5 solution phase in the FSstel database is described with this model

‘ G’actSage‘”
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Ternary interactiontermsinthe One-sublattice R-K Muggianu Only Model

File Edit Units Options Tools Help
|Fundinn Namel
(1) BCTR(7-1) ;I
= Sublatices
B AL
L Bh
1 l, - Sn (A) J
LN | IR A Zn (B)
- Ti
LAl ()]
B End Members (7)
=on
- Ti
A
- Mixables ()
oo o B
Add Function
| Add Solution 3 4 =
|C:\Fac End/ember

Add Mixable 5n;Zn;Al

Guadruplet

Ternary, Interpolation
Redlich-Kister

Add Quasichemical
Add Pair frackion expansion

kel

Paste Function

1. Holding down the Ctrl Key, highlight the three species

2,3,4. Mouse over then click.
Liactsye SOLUTION 3.1

involved in the ternary interaction (Sn, Zn, Al), then right click.
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F SoluSage (Joules)

File Edit Units Options Tools Help

Function Namel

T ] q* Ternary term

B ALapcXaXpXo[Xa+(1—Xa— Xg — Xc)/3)
L=
- Zn (X = site fraction)
T

- Mixahles (0)
= Interactions (11)

A 55T +CT=In(T) 4D*T"2 +E°T~3 +7/T

In this model, ternary parameters are expressed by the « Redlich-Kister» equation shown here.
The diagram reminds you that the «All Muggianu» configurationis used.

Click onthe A-cornerto enterthe AL,gc term as shown.

Enter the parameter (as a function of T in general).

W e
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F SoluSsage (Joules)

File Edit Units Options Tools Help

Function Hamel

T N Q.E Ternary term

o PLapcXaXpXc[Xp + (1 Xa - Xp - Xc)/3
. *Sp
:gr n (X = site fraction)
= Ti
Al

- Mixables (0]
= Interactions (11)

BI  ne pmm

1. To enter the BL ,gc parameter you must first repeat steps 2, 3, 4 of slide 3.1 (otherwise
the data entered on slide 3.2 will be lost), then click on the B-corner of the triangle.
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Quaternary interaction terms

=101

File Edit Units Options Tools Help

Function Namel

- 5h o] g" Quaternary term

All guaternary terms
gapcnXaXpXoXp < q y

are of this form.

S AN(n) (X = site fraction)
& End Members () A Sn C: Ti
- Mixahles (0] B: Zn D: Al
EH Interactions (11)
- (01 Bi:Sn Jmal U
- {11 Bi;5n
- (21 Ph:Sn
- (31 5h:5n

(

(

(

qasep I?
- [4) Sh:Sn
(5] Sl
- (6) SneTi

~(71Sn:Zn
- (B) Bi:Zn J

07 RHOM (7-1 -
1| | »
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4. The Al,O5-Fe, 05 Corundum Solution

lllustrating: (1) Use of the “Stoichiometry” (Stoic) variable

(2) Using a one-lattice model when a second lattice
contains only one species

- The Al,O5-Fe, 04 corundum solution in modeled assuming Al** and Fe3* species
mix randomly on a cation lattice while the anion lattice contains only O4 ions.
- Since mixing occurs on only one lattice, a one-lattice model can be used.

9=XaGa,0,/ 2+ X0 0,/ D+RT(Xy INXy +Xe INXe)+9"

J/mole of (Al + Fe) species

where: gE = (94642+13376-DXA|XF(9 +3970.6 ><,ZAIXFe 2]

J/mole of (Al + Fe) species

where: X, and Xy, are the molar site fractions

Note: g and gt are expressed per mole of species (ARt + Fe3*)

0 ; .
Oa,0, and g|99203 are end-member Gibbs energies where the end-member Al,O,

contains 2 moles of species Al** and the end-member Fe,O; contains 2
moles of species Fe3*
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F SoluSage (Joules)

1_ File Edit Urnits ©Options Tools  Help

Function Namel

Solution Mame Created Last Modified

=0 Solusal
niusoin J014/05/14  2014/05/14

-- Functions Coru _
= Solutions (2) Fodel Mame Lattice

2. > B0 G i) |One-|attice polynomial |1
=35 Ligh (1-1) \

Sotion description . | A ONE-lattice model is Used

Solution Coru

Solution Description:

Binary Al203-Fe203 comndum zolution

] I Cancel

1. The data have been stored in SoluSoln.sIn
Click on «File=>Open SoluSoln».

2. Click on the Coru solution phase.
- The input follows closely that of the example in Section 1.
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F Energy: Joules Pressure: bar Al203
File Edit Units Wiew Tools  WiewData Help

|FDrmuIa|AI203

IETRE] B

D¢ 01 FactPSBASE 4l
=@ AIZ03

L 51

3]

—54 properies
.+ Enfropsy

AHZE [ Jan
-1675699.9

=3
File Edit Units Options Tools Help
Function Namel
5.0 Solusoln Function Mame Density (gicc)
2 Functions corundum_alpha_ IS.BEE?DE
B 4207 AHZ38 J/mal 5298 Ji{mal K) Refs (2 max)
W ||-1675699.595624 [50.519985312 [132133
- B Cu(l) Thdin (K] Thiax (K)
B Ge (1) [29815 [2327.01 BRI
E-Ag(l) Cp(T) Jimal 1K)
B-Au(l) 155.018851 968 -3661 363.01544/T "2 528, 3669801 6/T 0.5
= Solutions (2) +409083646.192/T"3

|,._x 52 L S -7
L 53 - Lighd (1-1
L;" 24 / Fhase MName W LiaM (1-1) Thermal expansivity [ K
Bl L |corundum(alphal [4.196E-5 -8E-10°T -0.0114/T +1.0623/T "2
B-L G — Extended propetties ( of Compressibility (/ bar)
----- Y 1 FRANBASE [Birct-hurmaghan [3.8469E-7 +3.68725E-11%T +1.2898E-14°T "2 +2.36E-18°T "3
..... r £ FScoppBASE Bulk modulus derivative
~Therm. {K-C
..... ; £1 FSleadBASE R v )|3_; 12
----- r & FaliteBASE I :
----- r €1 FSnoblBASE -GE-10 T 358
H-r & FSstelBASE -0.0114 AT |1_23
----- ¢ €1 FoupsiBASE e [l | W
®-r 8 FTdemoBASE ) _ ] |c: Factsages41\SoluSoin.sin
----- r 81 FTitzBASE Mﬁg&iﬁ B Temperature———— F facto
o B FThallBASE H ’76' Cue [~ (r-‘ u.zﬂ
w-r B1 FThelgBASE € heel 1 0An
----- r & FTliteBASE
----- r &1 FTMIBASE i
FactSage 6.4 | : 4

Drag and drop data for the S4 (corundum) phase from
FactPS to create a «function» (see Slide 1.3). Do the same
to create a function Fe203#hematite.

‘ thtSage‘”
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F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Functian Hamel

Ellil Solusaln
-- Functions
= Solutions (2)

E}U LT {7-7)
E SubLaﬁices

----- m Add Function

Add Solution
Add Spedes
Emd/Member
Mizable
puadruplet
Ternary, Interpalation

fdd Eragg-iWiliams

fdd Guasichemizal

fdd|Pair fraction expansion

Paste Funchion [ gl e

ol

Create two species (see Slide 1.8)

SOLUTION 4.3
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-18/x]

File Edit Units Opkions Tools  Help

Function Namel 1

=8 Solusoln Species Name/ Chem. Group
& Functions IFE[3+] 4 |1 i’
= Solutions (2] Farmula (optional)

El[h,?I Lo yT-7) I
= Sublatices

Fe[3+] (&) 2
- End kembers () '
- Mixables (1)
- Ternary Interpalations |
- Interactions (0]

- Lighd (1-1)

1| | ¥
| | 4

Assign a name to each species. (These names are not used

iIn any calculations.)
IMPORTANT: Do NOT assign formulae for the species. (The
species are Fe[3+] and Al[3+] which mix on the lattice.)
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Entering the end-member Al,O,

File Edit Units Options Tools Help

Function Namel

E+C Solusoln

& Functions

= Solutions (2)
=LY S 77
= Sublattices

Add Function

= Mixables  pad ey tion
-~ Termary Ir

- Interactiol fieable

E}")EJ Lighd {1-17 cuadiuplet

Termaty: Interpolatinn

fdd Eraga-williams
AddQuasichemical
Gdd|Pair Frachion expansian

Faste Funckion (Zhr] -+t

| H

1. Highlight the species comprising the first end-member, then right click.
2. Click.
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Entering the end-member Al,O; (cont.)

_Ioix]
File Edit Units Options Tools Help
Function Namel -
9.
I='__'I Solusaln = Al ZiAI[34])
= Functions . I_RA
: Stoic. |2 1 I1
. = LT
- ) Mame status
FunCt|On > st siia (5 IAIZDS K/ & Normal
b FEAIRT
name 5':? ;’}J- : Formula 2 " Discarded
L SAE fT Z - _
B Cu (1) |A|2C|3 Ir'd hain Sakvent
--Geﬂj Gibbs Energy Function O " Solsent
B Ag (1) IAIZDS#CDrundum_alpha_ — 4
B Au (1) Y238, Therm. expans..Compress. Bulk Mod. ’
= olutions (£) I
B Lo 77
= Sublattices
E}A(Zj
()
& =
embers (2] — ; e
- Mixables (0 =~
« o

The name s not used in any calculations but will appear in FactSage outputs.

1.
2. The formulaofthe end-memberis used in the calculations.
3. One mole of end-member Al,O; contains 2 moles of species AI**. This is entered as the Stoic. variable.

(Seefactor «2»in Slide 4.0, Eq. [1]).

4. The Gibbs energy of the end-member as a sum of functions. Note that the function name (which was
assigned automatically by the drag and drop (Slide 4.2)) must be reproduced exactly (including the
underscores).
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Entering interaction parameters

10 %]

File Edit Units Options Tools Help

|Fun|:ti|:|n Namel ‘

L ot st T .|
S FEAER
et ()
- Cu (1)
B Ge (1)
B Ag (1)
B Al (1)
=+ Solutions (2]
B0 o 710
Er Sublattices
B A2
AN (A
~Fe[3+] (B)
- End Members (2)

1. —

- Mixables (0] 2

- Ternary Interpolations |1

""ancﬁon
LI EI--E Light (1- Add Solution / 4_
End Memter:

[ Add Mixable AI[341;Fe[34]

Cuadruplet

'ii| G Simple Polynomial
Add Quasichemical VE P Redlich-ister
Add Pair, fraction expansion Legendre
Paste Funchion (ZEr|H
1. Highlightthe species involved in the interaction parameter, then right

click.

2,3. Mouse over then click.

4. The parameters (Slide 4.0, Eq. [2]) are in simple polynomial form
(Slide 1.1 Eq. [2]).
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F SoluSage (Joules)
File Edit Units Options Tools Help

Function Namel

o conuadii sioha [T a| QE Binary term 1

E FalLid q‘*.i" Vivi «—
e hamaiie i) Iiﬁ] AT H

- Cu (1)
" Ge (1) (Y = equivalent site fraction)
- A (1) A Alf3+] 3

B Au (1) B Fel3+ .
- Solutions (2) - Fe[3+] I 2.
=0 o 7T I |1_ N |1_ Jequiv D

- S_ubLattin:es qﬂj‘

= A (2) AR
o A3+ (A
- Fe[3+] (B)

- End Members (2)

|E|4E4.2 #13.376°T

- Mixakbles (0}
- Tetnary Interpolations ||
= Interactions (1) =

(D) A[B+IFe[E] -
o

—

Simple polynomial form.

Enter powers i and j.

3. Enter the first parameter from Slide 4.0, Eqg. [2]. PER MOLE OF SPECIES
(NOT per mole of end-members).

2
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F Solusage (Joules)

File Edit Units Options Tools Help

=10 |

Function Namel

Kl

= FESOE T N

o emaiie pF
- Cu (1)
- Ge (1]
- Ag (1)
B Au (1)

- Bolutians (2)

El[uiI Lo -1
= Sublattices

A (A)
~Fe[3+] (8)
= I?nd bembers (2)

- Mixahbles ()

- Ternary Interpolations (1
= Interactions (2)

(0 Al[3+]):Fe[3+]

ST Al[B+LFe[3+]
T

q* Binary term
i 3y
dapYitp
£.j=0

A: Alf3+]
B: Fe[3+]

iz jh

(Y = equivalent site fraction)

Jreguiv

2
ELfB |39?III.E

L

Entry of second interaction parameter from slide 4.0 Eq. [2].
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5. The Compound Energy Formalism (CEF) (model # ”’12/20 (SUBL)”)

The Compound Energy Formalism permits from 2 to 5
sublattices.

- Random mixing of species is assumed on each sublattice.

- Interaction parameters are expressed only in Redlich-Kister
form (although Legendre expansions are also permitted for
binary terms).

- Interpolation of binary parameters into ternary systems is
performed only with the “All Muggianu” approximation (see
Slide 2.1).

- The number of moles of sites on each sublattice s fixed,
Independent of composition.

- The CEF is the model used most commonly in tdb files.

Note: Before reading this Section, you should read Sections 1 to 4
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Entry of data for the “Al,;Fe,” solution phase with the

\ Compound Enerqy Formalism (CEF) (model # ”’12/20 (SUBL)”)'

Data for this phase have been stored in the file ..\FACTDATA\SolASoln.sIn
The solution is modelled with three sublattices as (Al,Zn);,(Fe,
Mn),,(Al,Si,Va), (where Va = vacancy)

1. Click on JRE=TEY
. File Edit Units Options Tools Help 3. Select the model
«File = Open _
Functian Namel /
SolAsoln» — & SoiAcol —{|Solution Name Created  LdstModified
% Functions a1 2014405115 14,“I]5f1.5
(1) IMDdeI MName Il_attn::ea 4. The CEF
3 (12-3) Compound Energy Formalism 3 .
| © SubLatices “— model perrr_uts 2
NG to 5 sublattices
i ?:1 ) solution description ...
E 5. All3Fed
2. CI |Ck on the =B Al-Fe binary phase which dissolves Mn, Siand Zn

«AL13» - Mn
nickname and =9 =

expand the tree

. va - -
Views B End Members (12) Descnpuon Of
i - *A132Fe12A17 )
- AlTZMR12AI7 the solution
- Al32Fel2Si7

AlIPMR12SI7
4| | »
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Entering the number of moles of sites on each sublattice

=l

File Edit Units Options Tools Help

Functian Namel 2 Enter the J
E}EI SolAsoln || Murmber of moles of sites number Of
(- Functions 32 / l o
= Solutions (1) maoies o1 Sites
. () ALT3(12-3)
1. Click on o _
) = Sublatt
the Symb0| for —, “:ES Elf_“l SDIA;DIH || Mumber of males of sites
] A () B Functions |1 2
lattice A 7n & Selutions (1)
=B (2) =00 ALTI2-3)
- Fa E Sublattices
- M = A(2)
= C(3) |
o B [=}] I (2]
= End Meirz'lnberg (12) EHiI Solaszaln ~||Mumber of moles of sites
%A 32F 212417 & Functions 7
- AI3ZhANT 247 = Solutions (1)
- Al3EFe12Si7 = ALTS(12-3)
- AlRMnI2SI7 T = SubLattices
4| | _rd B AL2)
' SALA)
LR
3. Repeat for = E;__FEFI'E
lattices B and C - Mn
=CE) |
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Entry of species

=1alx

File Edit Units Options Tools Help

Functian Namel

=& Solasaln ~ || Species Mame
B Functions 7n
=+ Solutians (1) Formula (optianal)

L7 ALT3(12-3) =
= SublLattices
= A (D)

/ =B (2)

s In this example,

- hn
s | formulae have been

Enter the names Al entered for all species
and formulae R
(optional) of all - End Members (12)

] - *A|32Fe1 2417
Species - AlIZMNT 2417
- Al32Fe12507

- ATZMRTZSI? v
1| i B

| | 4

e
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F Solusage (Joules) - |EI|E|
File Edit Units Options Tools Help

Functian Namel

E-£9 Solasoln & || Zpecies Mame
& Functions i

- 5_':'!}1_“':'”5 (1) Formula (optional)
00 AL13(12-3) v
= Sublaftices

= AL

En
= BIZ .
__FF:'E «Va» Is the acceptable

M formula for a vacancy
= C(3) — i
Al In FactSage

& /e (A

- End Members (12)
- *A|32Fe] 2AI7
- AlZZMNT12AI7

- Al32Fe125i7

AIZZMRIZSI? =
4] i
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Entry of end-members

1. Holding down
the CTRL key,
highlightone
species from
each lattice, then
right click.

2. Click.

F SoluSage (Joules)

File Edit Units Options Tools Help

Function Namel

e

—»

E'...

E-E1 Solisoln
B Functions
= Solutions (1)
=00 ALTE (12-3)

SublLatices
= A2

Al A
Zn
=B

~ Fa (A
Mn

= 3

e ]
=
aL (A

“4]32Fa”
- AI3ZMNT

~AlzFel
- AI3ZMn1

All (2x2x3) = 12 end-members must be entered, one
for each combination of one species from each lattice

[

Add Function
Add Solution
Edit End Member Al32Fe12Va7

Mixahle
Guadruplet
Termary: Interpolation

G’actSage‘”
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1. The stoichiometry
variables are generated

F SoluSage (Joules)

automatically

File Edit Units Options Tools Help

N\

2. The name is not used In

Function Namel

any calculations, but will

B (2) Al
FE
=T

"‘-.-"'ﬂ

- End Members (12)
- *A|32F el 2A17
- Al32MN 12417
- Al32Fe125i7
-~ Al32MN125i7
B *A|32Fe] 2var
- Al3ZMN12var?
- Zn3zFelzAl?
-~ Zn32n1 2417
- Zn32Fel2Si7
- Zn32Mn1 25i7
-~ Zn3zFel2va?
- ARAPnI M7 T

El

1| 3

A

appear on FactSage outputs

A0 B0 CE
Swic.[:2 |12 || |3 /
Name Status—————
|4I32Fe12va? r'd " MNormal
Forrmula " Discarded
|Fe12ai32 " Main Sohent
Gibbs Energy Function \ &+ Solvent

IFE1 2A32#A1L13_0004

W28 Therm. expans.;Cc}A‘press.;Bulk 1% [aTe N

3. The formula must

4. Enter the Gibbs
energy of the

Fe,»Al;,(Vay) end-
member as a sum

of «functions»

correspond to the
\\ stoichiometry As,B,,C-
Note that «Va» should
not appear in the
formula
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Automatic entry and checking of end-member formulae

F Solusage (Joules)
File Edit Units Options Tools Help

Functian Hamel

EHE Smddasady
& Functions
= Solutions (1)
SRR LT
= Sublattices
i AL2)
& B (2)
ol )]
- End Members (12)
- *A|32Fe1 2AI17
- A2 2417
- Al2Fe125i7
AISEMMESJ

AISEMrﬂ E‘v’a?
- Zn3ZFel2AI7
- ZndEMn1ZAl —
- Zn3ZFel 25V
- Zn3ZMn 2517

2n32Fe12Ta?_l;|
[

|£—\I32Fe1 a7
Formula,

1.
A B0 2
swic [i2 iz [ @ /
[Hame

Status
" Marmal
i Discarded

|[Fet2al3t
Gibhs Energy Function

i kain Solksent
f* Solvent

IFe1 Zal3z#ALl13_0004

Y298 Therm. expans . Compress.Bulk kod.

]

1. Since formulae were entered for all species (Slides..
member formulae are automatically checked to be sure that they
correspond to the proper stoichiometry. If incorrect, they appear in red.

.), the end-

‘ G’actSage‘”
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F SoluSage (Joules)

File Edit Units Options Tools Help

Function Namel

& Functions
= Solutions (1)

SRR T

= Sublattices

B A(2)
BB (2)
B C3)
- End Members (12)
-~ *AI3EFel12AI7
- Al32MNT2A17
- Al32Fe125i7
- Al32MNT1 2307
® | 30Felvar
- Al32Mn2va?
- Zn32Fel2Al7

- Zn3ZFel2siv
- Zn3ZMnl 2517

[ i Y S (=9

_|of x|
1.
A0 BO G2 /
Swoic 54 o4 14 E 3.
MName / Status
|AI32FE1 a7 » ¢ MNarmal
Formula i Discarded

" kain Solvent

|Fe24al64
Gibbs Energy Function \ &+ Sohvent

|2*Fe1 2A13244013_0004
VERNL Therm. expans..Compress. Bullk tod.

o

N\

4.

- ZndEMn1ZAIR —

- EndtFelZval bl
4| | »

2.

[ e

must be changed manually.

thtSage

3. However, the name does not change unless you change it.
The Gibbs energy of Fe,,Alg, is 2x that in the function Fe;,Al;,#Al,; 0004

SOLUTION 5.8

1. By clicking on the arrows, you can change the stoichiometry of the end-member bya factor of 2, 3,
4,.... Note that this has no effect on the model which is still based on one mole of A;,B,,C-.
2. Ifformulae were entered forthe species, the end-memberformulais automatically changed. Otherwise it

vav.factsage.com



A note on “Vacanconium?”

- If a vacancy Is one of the species on every lattice,
then an end-member consisting of vacancies on every
lattice must be entered. In this case, enter “Va” as the
end-member formula. This will be accepted as long as
formulae have not been entered for the species.

(If the end-member has a net charge, then enter it as
“Va [+]7, “Va [2-], etc.)
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Entering a binary interaction parameter

In the CEF model, binary terms can only be in R-K or Legendre form
=

File Edit Units Options Tools Help

‘Func‘cion Namel ‘

2 Soddsal
- Functions
B Solutions (1)
L) AL T
B+ Sublattices
B AL2)

| v

- End tMembers (12)
- Mixables (0)
EH

Add Function
’ Add Solution
< : End Member
Add Mixable Al ff Fe;Mn /i Al
Quadruplet
Ternary: Interpalation
2 . Redlich-+ister
Add Quasichemical 2 VE » Legendre

ki

A Fimie Fuo sl .

1. For a binary parameter, hold down the Ctrl key and highlight two species on one lattice and
one species on every other lattice. This is the parameter for interactions between Fe and Mn
on lattice B when lattices A and C are occupied exclusively by Al and Al respectively: (Al)s,(Fe,
Mn).,(Al);. Then right click.

2,3,4. Mouse over, then click.
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F Solusage (Joules)

File Edit Units Options Tools Help

1

=10 x|

Function Namel

/

(]
e
-

SRS T

Functions

Solutions (1)

=L 4727
= Sublattices

A2

N

BB (2

i i.Fa (&)

o Mn (B)

= (3

A A

'V'a

- End Members (12)

- Mixahles (0)

Eh Interactions (3)

(D) ALY Fe ff ALSIVE—

B (1) A/ Fe:hn /A S
. e

a] gF Binary term /

LapXaXp(X4— Xg)

i

(X = site fraction)
A: Fe 3.

2.
i /

Jmal

Ly p |611337.0012 +305 99399852°T

)

B w

1. Inthe CEF model, the interaction parameters are always expressed in terms of site fractions
(«equivalent fractions» are not an option).
Enter the power i in the R-K expansion.

Enter the parameter.
Note: This is the interaction parameter per mole of (Al)z,(Fe, Mn),,(Al);. That is, for 12

moles of (Fe + Mn) mixing on the B lattice.

G’actSage‘”
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Entering a ternary interaction parameter

=lolx|

File Edit Units Options Tools Help

Function Namel

T e ;'
unctions

olutions (1)

107 AL 7R
= Sublattices
= A2
A ()
R

1. Highlight 3 species on
_ = B (2)
one lattice and one on ! . Fe® Mouse over,

every other lattice. This is |4~ E__r_{;:;‘;” then click

the ternary interaction ™~ A Eg;
s

(AI)32(F6)12(A', S', Va)7, - Wa ()
then right click. T Ed?fat”;”fn?“ 12) 2.

Add Function

Add Solution

End Member

Add Mixable Al ff Fe [f Al;Si;Va
Cuadruplet

Ternarsy: Interpalakicn
Add Bragg-Williams G Redlich+ister
Add Guasichemical
Ll Pair Frackinm exmansinm
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F Solusage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

Y ;'
unctions

olutions (1)

- AL PR
= Sublatices
= A2
A
En

=+ B2

(X = site fraction)
A: Al
B: Si

q* Ternary term
ALapcXaXpXe[Xa+(1 - Xa—Xg— Xe)/3]

C: Va

1 2

- Fa (&)

Mn

= T3

AL (A

- 3 (B]

- Wa (C)

- End Members (12)

- Mixakbles (0)

= Interactions (3)
(D) Al f Fe jfAlSIVE  —

A
Lapc 100

Y,
/ Jimol
¥

N =

Enter the AL gc parameter. (See Slide 3.2).
Per mole of (Al)s,(Fe).(Al, Si, Va).

Click to enter BLgc and CLagc parameters (Important: See Slide 3.3. You must first
repeat steps 2, 3, 4 of slide 5.12, otherwise, entry of the AL g parameter will be lost).

‘ G’actSage‘”
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Entering a reciprocal interaction parameter (Ref. (4))

X

File Edit Units Options Tools Help

Function Namel

olutions (1) |
1) AL
= Sublattices
= AL2)

= %a
F- End Members (12)
- Mixahkles (0)

Add Function
: ) Add Solution
[ANESTE R e o
|
)

AlE add Mixable Al;Zn jj Fegvin jf Al
Al Zuadruplet

—| Ternary Interpolation

Add Bragg-Williams Redlich-Kister

_— fdd Quasichemical
1. Highlight 2 species on one lattice, 2 species on another lattice, and
one species on every other lattice. This is a reciprocal interaction (Al,
Zn)3»(Fe, Mn),,(Al); among species on lattices A and B when lattice C is

occupied exclusively by Al.
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=10/ x|
File Edit Units Options Tools Help
Function Namel
alutions (1) A Q.E Reciprocal term 1.
1) AL TR 2j ' /
& SubLatices XaXpXcXp| J.LAB:(_.'D (X4 — Xp) +
B (2) % 'Lapep(Xe — XpY] j=0
-~ AlA) (X = site fraction)
~Zn (B) A Al C: Fe
=Bl B: Zn 2 D: Mn
- Fa (&) / .
- Mn (B) 27 or 2j-1 I'I_ Jmal U
= C(3 .
(,.-:-:.IJ (A 23 ILAB;(.-'D |1 DD'
"".'"Iﬂ
#- End Members (12)
- Mixahles (0)
= Interactions (4)
- (0 Al Fe ff AlSiva
STV ALY Fexbn 4 Al
-~ (2) ALY FeMn 4 va |
M ALZn FeMn Al ~
4 | *
I | 4

This is the form for reciprocal terms in the CEF (See Ref.(4)).
Enter a positive integer equal to either 2j or (2j-1). Even values
specify an entry of a 4L parameter, while odd values specify entry of

a 2-1L parameter.

2 =
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F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Hamel

olutions (1)
7 AL TR A
= Sublattices

= A2

o )

- Zn (B)

= B (2)

- Fe (&)

= Mn (B)

= G

o )

"‘1.-"'El

F- End Members (12)

- Mixables ()

= Interactions (4)
(01 Al Y Fe jf AlSiva
(13 ALY FeMn 4 Al

(21 ALY FerMn i va

=]

ALZn i FemMn Al v

4 | o

q" Reciprocal term
XaXpXeXp[¥Lapeop(Xa— Xp)+

2 apep(Xe — Xp)|

(X = site fraction)
A Al
B: Zn

Zjor2j-1f

C: Fe
D An

J=U

Jimol

2 Lapcoo IEDDl

The parameters entered in this and the preceding slide together define

the term X, XaXcXp(200(X, — Xg)! + 100(Xc — Xp)Y)

SOLUTION 5.16
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- Quaternary interactionterms (4 species on one lattice and
one on every other lattice) can also be entered in the CEF.

- These are of the form

Oreco XXX Xo
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6. More on Entering and Using “Functions”

- Entry of functions by copying from a COMPOUND database has been
illustrated in Slides 1.3 and 1.4.

- In this Section we illustrate the direct entry of functions and the use of
sums of functionsin specifying the Gibbs energy of an end-member.

Example: In an orthosilicate solution Ca,SiO,-Mg,SiO,, we wish to
specify the Gibbs energy of the end-member Ca,SiO, as:

0 _ 90 0 0
gCaZSio4 — 2gCaO T gSiOZ +Agform [1]

where: Ag%m: Gibbs energy of formation = -93000 - 30.0 T J/mol

This is illustrated in the following slides.
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D%

File Edit Units Options Tools Help

Functian Namel

=8 SolBsoln Solution Name Created  LastMadified
% Funclions Orthos 2014/05115  2014/05/15
5 Solutions (1) todel Mame Laftice
=i Ry, Folynomial 1
= Sublaftices
= AR
Mag ) solution description ..

- End Mermbers (0) Orthosilicate Ca2=i0d-tMg2Si04 solution

- Miahles (1)

- Ternary Interpaolations

- Interactions ()

< | B

The solution and species are defined
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: : 0
Entering a new function Ak

=10l £I|
File Edit Units Options Tools Help

2. Enter the
function name as
«formula#name»

Function Namel

1. C“Ck T ; :'. Add Function

Add Solution

End Member <
o x
uadrplet Enter Function e.q. Si02#0uartz, #duFunc

& S_':'!}J_ti[ Termarsy: Interpolation
E}--[Z:_,:' Add Braga-iwiliams s

B ichiei ' l
Add Quasichemical i 0K, Cancel

Add Pair Fraction expansion

|ca25in41¢de|ta|3 /7

Paste Funckian ZEr( -4

=L

- End Members (0

- Mixahles (1)

- Ternary Interpolations |
- Interactions (0}
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F Solusage (Joules)
File Edit Units Options Tools Help

=10l x|

Function Namel 2
58 SolBsoln Function Mame Density (g/cc)
= Functions deltaG // &
E} SR T f_‘aHEBB Jfrnol =298 Jimal K) Fefs (2 max.)
o Clsitn £ ) I -93000 3E| A I
B R Thdin (K] TMax (K .
o Lime ) [298.15 [3000 BN 3.
1. E =- {F?ﬁﬁ’.ﬂ'{?‘f{'ﬂ Cp(T) Ji{maol
g o ey

= Solutions (17
2L has 77}
- Sublattices
= A2

Ca

My (4)
- End Members (1)
- Mixables (0)
- Ternary Interpolations |
= Interactions (0)

Jd | B

© Y/

Thermal expansivity [ K

Compressibility [ f bar)

Bulk modulus derivative

as a sub-heading.

)

1. The formula appears as a main heading, and all names with the same formula

Enter AH,g5, Sy98, C, for the function. In this case, C,= 0.
3. Temperature ranges for C, may be entered as in the COMPOUND program.
(See COMPOUND slide show). (Density, expansivity, etc. can also be entered.)

‘ G’actSage‘”
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Entering the end-member Ca,SIiO,

=10lx|
File Edit Units Options Tools Help
Function Name I
E}--I:I SolBsoln Adl Z{Ca)
= l—:uncﬁl:l}rlsl Stoic. I_2 2. |71
E ‘?”"i =47 MName / Status
1 Y Guar
. El LTS ICaESiD4 &+ Mormal
~a Lime 1) Formula " Discarded
B RIS ICaZSiEH ¥ " Main Solvent
s Gibbs Energy Function 0 " Solvent
= S_u:u!_u_tin:uns (1 IE*CaG#Iime +Si02#quartz + Ca2Si0dtdeltad)]
E'}--[Z:_;‘ Chphas (7T W2l8; Therm. expans Compress :Bulk Mod. \
- Sublafices I 3
= A2) :
= End Members (1)
- Ca2Sind
b
- Mixahles (0} P
- Terary Interpolations |
- Interactions (0}
1 | i

1. Functions for pure SiO, and pure CaO have been entered by dragging and
dropping from the FactPS database.

2. The end-member is Ca,SiO,.
3. The Gibbs energy is given as a sum of functions as on Slide 6.0, Eq. [1].
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Alternate method of naming a function

=10l ]

File Edit Units Options Tools Help

Function Namel

E- EI =olBsaln
m
E ‘j Add Sulutmn
" End Member
- B L iahle
Cuadruplet x|

=- solu Termary Interpnlat

EHCD Add Brago-wiliam: Enter Function e.g. Si02#0uartz, #iyFurc
B Add Iasichemnica I#deltaﬁ
Bdd Pair Frackion

Paste Funchion ] I Cancel

=
= End Members (1]
- CaZSiod
- Mixahles (0)
- Ternary Interpolations |
- Interactions (0}

A
=

1 | B

1. See slide 6.2. Alternatively, a function can be
named «#name» without a chemical formula.
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File Edit Units Options  Tools  Help

Function Namel

EEI SD|BS-D|I"I Al Z(Ca)

s F:””S',?‘f,? Staic. [2 I

¥ Ej{{‘;j;.rf P Name Status

o oy |Ca2si04 & Narmal

L L S /) Formula ; hDdis.caSrdnlad
ain sokwent

g o1 |r:,_a25i04 |
1. > L R ) Gibbs Energy Function o | O Sobvent

=g S_D!_u_tiuns (1 IZ*CaD#Iime +5i02#quarntz +#deltas
EHL Ot ¢7-7) %298 Therm. expans. Compress.Bulk M:m 2

- Sublattices I
= A2

Ca (&)

by
= End Members (1)

~ Cazsiod

- Mixables (0] RaES
- Ternary Interpolations |
- Interactions (0

1 | B

1. In this case, the main heading is not a chemical formula
but rather it is the first letter of the name.
2. The function is called simply #deltaG
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Entry of a function directly as an expression for G

- Inslide 6.3 was illustrated the entry of a function by specifying
values of AH,gg, Sy and C,,.

- If you wish to enter an expression for G

(G=a+DbT +cTInT + ...) directly, this cannot be done
at present in SOLUSAGE. You must first convert the
expression to AH,gg, Sy9g and C,,.

- However, you can avoid having to do this as follows:

- See the COMPOUD slide show, Slides 6.1.

- Create a private COMPOUND database.

- Enter data for a “compound” phase using the “G edit”
option. (Any formula can be used).

- Drag and drop to create a function as in Slides 1.3 and 1.4.
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7. Two-lattice polynomial model (“Model 4 (SUBM)”) (Refs. (5 ,6)

This is a Bragg-Williams model: - Random mixing of species on each
lattice is assumed.

- Itis an extension of the one-lattice polynomial model (Section 1).

- It is specifically designed for ionic liguid solutions in which the ratio
R = (number of A lattice sites)/(number of B lattice sites) varies with
composition. For example, in LiCI-Li,SO, solutions, (Li)(Cl, SO,), R
varies from 1.0 in the end-member LICl to 2.0 in the Li,SO, end-member
(i. e. the “Temkin model”.) (However, if R is the same for all end-
members, then the model can also be used for solid solutions.).

- For each species, a “valence” q; is assignhed. For ionic salts this is the
absolute charge, but in general the valence is defined as the (number of
“equivalents”) per mole. For example, one mole of Li* ions or F- ions
are equal to one equivalent, while one mole of SOE{ lons equals two
equivalents.

- We define “charge equivalent site fractions” Y, for each lattice as:
Yi = giX/Z0X;
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where X; = molar site fraction and the summation is over all species
on the lattice.

For example, in (Li, Na, Ca)(F, SO,) solutions:

Yna = Xnal (XLt Xnat2Xca)s Yea = 2Xcof (Xt Xnat2Xca), Yii = Xl (Xt Xnat2Xca)

Ye = Xe/(Xet+2Xs04), Yso, = 2Xs0/(Xe+2Xs0,)
(Note that, by charge balance, (X, i+ Xn.t2Xca) = (Xg+2Xg0,))

N. B. Excess properties are expressed as polynomials in the
charge equivalent fractions in J/equivalent (see Slide 1.19)

- If R is the same for all end-members (i. e.: if all A lattice species have
the same valence and all B lattice species have the same valence),
then the model is very similar to the Compound Energy Formalism
(Section 5), the main difference being that a choice of
Kohler/Toop/Muggianu interpolation is available in the two-lattice
polynomial model.

Note: before reading this Section you should read Sections 1, 2 and 4.
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Entry of data for a liquid (Li, Na, K)(F, SO,) solution

with the Two-lattice Polynomial Model (“Model #4 (SUBM)”’)

Data for this phase have been stored in the file ..\FACTDATA\SolCsoln.sIn

8 F SoluSage (Joules) =10l =|
1 _CIICk 4lFiIe Edit Units Options Tools Help 3. Select model
«Fllee Open Function Namel /
SolCsoln» (B0 Sodsab ﬂSulutiDn MNarme Created Last Modified
- Functions |SALT 2014/05/15  2014/05/16
=+ FLi (1) Model Name Lattices
5----Ii|::|uid|:2]| Two-latti | ial (4 5
. B NeF (1 | wo-lattice polynomial (4) |
2. Functions for each - liquid (2)
= . - 50402 1
end-member IIqUId 5----Ii|::|i;id|:|:z-lﬂlj Solution description 4. Selected
have been Copied > B SNa204 (1) (Li.Ma.K)(F. S 04) liquig solution ' ‘ icall
o legquid (2 automatiCa
from a COMPOUND L e @ y
o liguid (2)
database B K204 (1) L 5. Enter a
= Solutions (1) descrlptlon
=3 I
- Sublatiices
CEAQ)
~ Na
N Y 4 (-“f‘-:' j
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Entry of species

F SoluSage (Joules)
File Edit Units Options Tools Help

Function Namel

3. Enter valence

=10l x|

1. Click to
enter Li
species

= Solutions (1)
B 84T
- Sublattices
A )
T

=B (2)
-~ F

/
= ?NIT:&U'Z[[IZJJ +| Species Name Walghce  Chem. Group
: e [
E KF I:_” _ Farmula (optional)
o ligquid (2 :
2 K2S04 (1) |Li
liquid 2)

2. In this example
we have chosen to
enter formulae for
species

4. Enter chemical group
number (see Section 2).
There are separate sets
of group numbers for
each lattice

In this example, Li, Na and K are all assigned to group “1”
(all-Kohler default) on lattice A

‘ G’actSage‘”
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F SoluSage (Joules)

Function Namel /

=10l x|

1. Click to
enter SO,
species

- SMa204d (1)
e lkeguid (29
= KF (1)
e liguid (2)
= K2504 (1)
o ligguied (29
= Solutions (1)
= SALT (4-2)
= SublLattices
= A3

Fle Edit Units Options Tools Help 2. Enter valence
_«| Species Marne Walehce  Chem. Group
304 M= =
Formula (optional) T / o
=04

3. SO, and F have both been
assigned to lattice B group «1»
(although this is of no consequence
in this example since there are only
2 species on lattice B)

‘ G’actSage‘”
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Entry of end-member Li,S0O,

1. Highlight
one species for
each lattice,
then right click.

2,3.Click.

F SoluSage (Joules)

File Edit Units Options Tools Help

=101 x|

Function Namel
: e )
= Solutions (1) [
=B SALT (4-29
= Sublattices
= AL3)
Ly - L (A
. Na
K
= B i)
- F
- 504 [A)
=t
- LiF Add Function
/ - LiPs0 .ﬁ.dd Solution o |
. b= Edit End Member Li2504
- Nars Mizable
KF Guadruplet
Termary Interpalation
K230 Add Braga-Williams
- Mixables Add Quasichemical 3
- Temary &dd Pair Fraction expansion F
fal. s i
b I Faste Funckion L
| [ i ——————

Note: All (2x3) = 6 end-members must be entered, one
for each combination of one species from each lattice.

‘ G’actSage‘”
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F Solusage (Joules)
File Edit Units Options Tools Help

=10l x|

Function Namel 1.
TETTTEUAES -
= Salutions (1) [ Al B1
5 SALT (42) o E 2.
= Sublatices Marne /
EAl [Liz504 P4
b Forrrula
| ::Ea [Lizs04
EI B2 Gibbs Energy Function
" F SO4LiE#liguid
- 504 (A) 298, Therrm. expans.;CDmAesa.;Eiulk hod.
= End Mermbers (B) S04LE#liguid
- L2304
NEI.F 4-
- Na2304
- K2504
- Mixables (0]

rxl..
Jd

- Termary Interpolatior—,

|n+ﬁr-=n—v+;nwlﬁ Y

\ - | ¢ Solvent

tatus

* Marmal

" Discarded
" dain Solvent

sl

s,

[ 5 mE

1. The stoichiometry variables are generated automatically from the entered
valences.

2. The name is not used in any calculations but will appear on FactSage outputs.

3. The formula is entered automatically since formulae were enterd for the species.

4. Enter the Gibbs energy of end-member Li,SO, as a sum of «functions».

G’actSage‘”
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F SoluSage (Joules)
File Edit Units Options Tools Help

=10l x|

Function Namel

al

T L=

& Solutions (1]

AL TR
- Sublattices
= A ()
LA
- Na
=B (2)
- 204
= End Members (B)
-~ L2804
- MaF
-~ Na2304
- K2304
- Mixables (0]

. In+nr=ﬁ+in»r- R

- Ternary Interpolatior—

-] Al B
Swic [o [3 3.

Mame

otatus

|u2504
Formula

i Marmal
i~ Discarded

|s3012LiB
Gibbs Energy Function

N

" kdain Solvent
i~ Salsent

0 2.

FS04Liz#liquid
298, Therm. expans.;.Compress..Bulk Mod.

|#E04Liz#iuid

4.

-

R s

3.
4

By clicking on the arrows you can change the stoichiometry of the end-member
by a factor 2, 3, 4, .... Note that this does not change the valences of the species.
If formulae were entered for the species the end-member formula is changed

automatically. Otherwise, it must be changed manually.

However, the name does not change unless you change it.

The Gibbs energy of Lig(SO,); is 3x that of the function SO4Li2#liquid.

G’actSage‘”
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Editing ternary interpolation configuration for

the LiF-NaF-

KE system

1. Holding down the
Ctrl key, highlight
three species from
one lattice and one
from the other, then
right click.

2. Click.

File Edit Units Options Tools Help

Function Namel

= Solutions (1)
=2 sS4 TR
= Sublattices
B A(3)
LA
 “Na (B)

- Mixables (0)
= Termany In'

\ &- Interaction
4] |

|c:\Fact

F SoluSage (Joules) - |EI|5|
»| Species Name “Walence  Chem. Group
F = =
Formula (optional)
|F
Add Function
Add Solution
Add Species r
End Member

Add Mixable Li;Ma;K /f F

Cuadruplet

Add Ternary Interpolation Li;Na;K /f F
Add Bragg-Williams

Add Guasichemical
Add Pait frackion expansion

Faste Funchion (2] Y
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F SoluSage (Joules)

File Edit Units Options Tools

Help

=10l x|

Function Namel

= Solutions (1)
BN B4 T
- Sublattices

EH End Members (B)
- Li2504

- Ma2s504

- K2304

- Mixahkles (0}

= Ternary Interpolatior—

2|l LiF-NaF Kohler
MaF - EF Kohler
KF - LiF Kohler

LiF

HaF

o

KF

The default configuration is shown. Since Li, Na and K

were all assigned to chemical group “17, the defaultis “All
Kohler” in the LiF-NaF-KF system.

G’actSage‘”
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F SoluSage (Joules)

File Edit Units Options Tools Help

=10l %]

Function Namel

B S:Dgingiiﬂg . 2l LiF-NaF Toop %(LF) constant
: = IS_ubLa{tticjs NaF - K Muggianu

El A (3) KF - LiF Toop =LiF) constant

L (A LiF

~MNa (B)

K@

=B (2)

“F @)

- 504

= End Members (8)

- LiF

- Liz504

- MNaF

-~ MNa2s04

- k2504

- Mixables (0

= Ternary Interpolatior—

MaF KF

— | !

| | 1.

1. By clicking on the circles you can over-write the
default, in this example to a Toop/Muggianu (X =
constant) configuration.

SOLUTION 7.10

vav.factsage.com



Entering ternary interpolation configuration for the

REE

File Edit Units Options Tools Help

Functian Namel

By ST | Lizs04-Na2504 Kohler
& Sublatices Na2504 - K2504 Kohler

) K2504 - Li2504 Kohler
a (B) Li2504
(

- Mixables (0}
2- » =+ Ternary Interpalatior

3. E

1,2,3. Clicks.
4. The default configuration is «All Kohler» because Li, Na and K have all beenassigned to

chemical group «1».
Note that changing the configuration for the (Li, Na, K)(F) system in the previous slide has

not changed the configuration for the (Li, Na, K)(SO,) system.

thtsage‘“ SOLUTION 7.11 www.factsage.com

Lo’

NS Na2504 T k2504




Entering binary interaction parameters

JRT=IEY

File Edit Unit= Options Tools Help

‘Funl:ticln Namel

S

(B)

- Mixables (0)

= Ternary Interpolatior
- LiNaK #F

“ LiNagK ff S04

i Add Function

=0 Add Solution 3 o 4 o
End Member

Add Mixable Na /f F;504
puadriples

Ternaty: Interpolation
2 . Add Bragg-Williams Simple Bglynomial
add Quasichemizal

add Pair Frachion expansion Legendre

Paste Finching Chrl

1.

For a binary parameter, highlight two specieson one lattice and one species on the
other. This is a parameter forinteraction between F and SO, on lattice B when lattice A

is occupiedsolely by Na. Thenright click.

2.,3. Mouse over, then click.
4.

Choose the form of the polynomial (see Slides 1.1 and 1.19).

Liactsye SOLUTION 7.12
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File Edit Units Options Tools Help

F SoluSage (Joules)

=10l x|

Function Namel

(A LiNaygF A
~(MLi:MayF
{4 Li:Ma jf F:304
(B Li:MNa # 504
- [B) Li:Na /f 504
= (P LMak f F
- (8) LiN=K ff 504
(LK F
10y LK ff F
LK HF
12)LiKHF
13) LK. 4 F:504
14y LK # S04
15 LicK ff 504
- [1B) Na /{ F;504
® (17) e/ F504
(1B NaK 1 F
= (19) Nagk 4 F:50-
- (20 NaK 504 —

0
1
Z
(13
4
B
b

(
(
(
(
(
(
(
(
(
(
(
[
{
(
(
(

1| [ 3

(2K F-soq_lﬂ

¢* Binary term
-"Lﬂlamrsm ~Yp) «— 1.

(Y = equivalent site fraction)
A F
B: S04 2

ifie—

7

Jequiv

"L yp [217.00000108-2.04399398045*T

/

3.

Enter the Redlich-Kister power.
Enter the excess parameter.

W e

solution containing Y moles of

The excess terms are polynomials in the equivalent fractions (defined in Slide 7.0).

NOTE: The parameter is in Joules PER CHARGE EQUIVALENT, that is for a

NaF and Ygp, moles of Na(SO,)q,.

G’actSage‘”

SOLUTION 7.13

vav.factsage.com



Entry of a ternary interaction parameter

=10l ]

File Edit Units Options Tools Help

Functian Namel

| - l\_:II:Il_II_Ll.l.l.ILpE-D :I
1. Highlight 3 species on = A':HLJI (A]

one lattice and one species L - Na (C)
on the other lattice. This is < K®

. . . 4 E--Ei 2
the ternary interaction (Li, B ':F:' (A)

Na, K)(F). Then right click. . 504
= End Members (B)

- Ligs0d

- NaF

- Mad504 —

/

- Mixahles (0
= Ternary Interpolatior 2. Clicks
o LiMak i F

- Li:Mak ff 504

=g .
T Add Function

4| Add Solution
| |C_ End Member y
Add Mixable Li;Ma;K ff F
Duadruplet

Edit Ternary Interpolation Li;MNa;K /f F

Add Bragg-Williams Simple Palyriomial
fdd Quasichemical

add Pair Fraction expansion

Faste Funckion Zhr] 4

SOLUTION 7.14 www.factsage.com




=10/
File Edit Units Options Tools Help :
Functian Namel / -~
= SubLafices ] QE Ternary term
B A () k" yrivrivk
BRI dapcYa¥pte 3. Enter the
B O parameter
. KB (¥ = egquivalent site fraction)
=B A: Li C: K
oF A B: Na
504 -
- End Members (5) JlequivD
i + Ir's
- Lizs04 TRyere el
= | A )
- Na2504 1 2. \
- K2504 4.The parameter
~ Mixables (0) IS in Joules PER
Eh Ternary Interpolatior
- LiNaK{F EQUIVALENT
v LiNak 4 S04
= Interactions [25) - 2 3 - ) 1 4 «— 2
} rectons @5) &l 23 4, = .

1.

2. Choose the powers i, |, k by clicking on the arrows. This is the term

In this model, ternary terms are expressed in this form in terms of the

equivalent fractions.

o YAYSYE

G’actSage‘”
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Entry of areciprocal interaction parameter

=101 x]

File Edit Units Options Tools Help

Function Namel

= Sublattices ]
= A3
L)
1. Highlight 2 mTE

i = B ()
species f_rom 4 ey
each lattice. -804 (B)

= End Members (B)

- Lizs04
-~ MaF | .
- Na2504

- K2804 2,3,4. Mouse
- Mixahles (0) :

= Ternary Interpolatior over, then C“Ck'
- LiMak 4 F

- Li:Mak g S04

i
( = Add Function I
Add Solution

| |-' End Member A
Add Mixable Li;Na /f F;504

Ruadruplet

Tetnaty: Interpalation

Add Bragg-Williams G Simple Palynomial

add Quasichemical

Add Bair fraction expansian

Paste Funchion (sl
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T
File Edit Units Options Tools Help
Function Namel |

() LiNa fF:304 QE Reciprocal term Reciprocal
(5) Li:Na // S04 " ikl <
(B Li;Na jf 504 qEB:{?DK;YéYC}JD parameters are
(7) LiNaK //F ik 21 of this form.
() LiMack /i 504 (¥ = equivirent site fraction)
() Lk i F A: Li C: F
(o Lks e B: Na D: S04
(1) LiK 4 F

2 LKYF ile jle k[ o

- (13 LK Y F504 ijkl |1 500

~(14) LiK 4 504 9aB:CD

~ (15 LiK 4 504
(16) Na i F:504
(17) Na /f F:504 Enter powers. All powers = 1.
(18) NagK # F
(19) MaK 4 F:504
(20) NauK jf 504
(21) K./ F:504
(22) K /f F:504 |
(23 LiNa i F:504 =

1| I B
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8. Two-Lattice Polynomial Model with FNN-SRO

(First-nearest-neighbour Short-range-ordering)(“Model 9 (QUSL)”)
(Refs. 7, 8)

- This model is the same as the Two-lattice Polynomial Model
(“Model 4”) described in Section 7, but taking account of short-
range-ordering between first-nearest-neighbour pairs. In a
solution (A, B)(X, Y) the model calculates the equilibrium
numbers of nearest-neighbour A-X, A-Y, B-X and B-Y pairs which
minimize the Gibbs energy

- Inputisidentical to that for the two-lattice polynomial model
(Section 7) with 2 exceptions described in the following slides.
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Entry of a nearest-neighbour coordination number

=10[]

File Edit Units Options Tools Help

Function Namel

Solution Name Created  LastModified
-3 SolDsol
e SALT 2014/05/17  2014/05/17
E Solutions (1) todel Mame Lattices 1
T A Two-lattice pokynomial with FNMN-5R0 2 / )
Sublattices i P
2 AQ) 5~
----Nla =olution descriptian ... |
K (LiNa k) iF.504) iquid solution with first-nearest-neighbour short-range:
= B (2)
- F
#- End bembers (k)
- Mixables (0)
-~ Ternary Interpolations |

= Interactions (1)
S0y Licka g F S04

1 | B

1. The model requires a FNN coordination number.
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Entry of areciprocal interaction parameter

1. A reciprocal
interaction
parameter is
entered

j=EY

File Edit Units Options Tools Help

Functian Namel

=21 SolDsoln
Functions
= Solutions (1)
B S TR
= Sublattices
B A
b LA

- MNa (B)
= B (2
> P A

- 304 (B)

& End bembers (B)

- Mixables ()

- Ternary Interpolations |

(0; Add Function

" Add Selution
Ernd Member
Add Mixable Li;Ma ff F;504
Duadruplet
Termnary: Interpolation
Add Bragg-Wiliams
Add Quasichemical
Add|Pair Fraction expansian

Simple Polynomial

Paste Funckion Ly
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File Edit Units Options Tools Help

F SoluSage (Joules)

=101 %]

Function Namel

= Solutions (1)
B S4 T
- Sublattices
= A
- Li (B
= B (2)
- 504 (B)
= End bembers (6)
(L4 F

Li 4 504
Ma g S04
- (B K S04
- Mixahles (0)
- Termany Interpolations (1)
= Interactions (1)
() LiNa ff F:504

A ¥ Reciprocal term
gkl yi
ii=lor k21 «—
{Xmn = pair fraction)
A: Li
B: Na

i gl & 1

g k !
YArxy-*AX Xy XayXpyx

-

¥: S04

Jimol U

ikl 300
f Jap. xy I

2.

2. Enter powers.

1. Reciprocal parameters are in terms of the pair fractions X,

3. Note: i and j must both be =1 or k and | must both be = 1.
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9. The One-lattice Modified Quasichemical Model (“Model #3 (QUAS))

Refs. (9-12)

Short-range-ordering (SRO) is treated by calculating equilibrium among
nearest-neighbour pairs. In a binary system A-B:

(A'A)pair + (B'B)pair = 2(A'B)pair; AgAB [1]

AQ,g IS the Gibbs energy of this pair-exchange reaction to form 2 moles of
(A-B) pairs. (If Agag = 0, the solution is ideal.)
In a binary system, Ag,g is expressed as a polynomial in either:

(i) Redlich-Kister form: Agys = 'Lig(Ya—Ys) (i=0) [2]
[or] (i) Simple polynomialform: Ads =) QlzYAYd (i,j=0) 3]
[or] (i) Legendre polynomial form: AQus :Zq,iABFi)(YA_YB)i (i20) [4]

where: P;is the Legendre polynomial of order i (Ref.(1))

. . . 0
(Note: the firstterms in each of these series may also be called AQAB)
where: Y, and Y are coordination-equivalent site fractions:

_ 5

Ya=Z YAl (X0 +25%5) &

where Z, and Zz are “coordination numbers” of Aand B and X, and X; are

the site fractions. .
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- When Apgis small, the model approaches the One-lattice Polynomial
Model (Section 1) (random mixing) with

0" z(XAZAJZrXBZBjYAYBAgAB (ct. Slide 1.19, Egs. [1-3])

(Note: Z, and Zgz are model parameters which are not necessarily the actual
physical coordination numbers

- In a solid solution, Z, and Zg; must be equal. However, this is not
necessary in a liquid solution.

If AQ,z <<Q the solution is highly ordered, and the minimum in g& will occur
near the composition where the number of (A-B) pairs is a maximum, i. €.
near X /Xg =Zgl/Zx (i. €. near Y, = Yg = 0.5).

Ternary Interpolations (cf. Section 2)

In a ternary system A-B-C, there are three binary functions: Agag, Aggc and
AQca-
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Ag; may be approximated as being constant along either:

() aline where Y;/Y; = constant (Kohler approx.)
(i) aline where Y; = constant (Toop approx.)
(iii) aline where Y; = constant (Toop approx.)

(iv) a line perpendicularto the i-j edge of the Gibbs triangle (Muggianu approx.)

Note: Unlike Slide 2.0, itis the functions Ag; which are constant along these lines, not
the binary a;; functions.

- Input for this model is similar to that for the one-lattice Polynomial Model
(“Model #17), Section 1.

- Before reading this section, you should read Sections 1, 2, 4 and 6.
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Entry of data for aliquid Cu-Ni-S solution with the One-lattice
Modified Quasichemical Model (“Model #3 (QUAS)) (Ref. (13))

Data have been stored in the file ..\FACTDATA\SolEsoln.sIn

1. Click >. Enter a 4- =1olx|
) File Edit Units Options Tools Help
: character name
«Flleeopen Function Namel - 4 S I I d
SolEsoln» N o Solution Name " Craated Last Modified . o€ eC_te
2 Functions MATT &7 201410517 20140517 automatically
} El 5 (2) Model Mame Lattice
2. FunCt|0nS licguica (1] IDne-Iattiu::e modified guasichemical |1 4
for each pure e AN
liguid end- E " ;Euid (1) T 3. Select model
member have  liquida 01 Matte Liguid CuNi-5
been entered  liquid (1)
= Solufions (1) e
B 6. Enter a description. (The
= SublLattices . ey . . .
B A () first word will identify this
B phase on FactSage outputs.)
i (A
B EndMembers (3}
- Mixakles (0]

- Ternary Interpolation™
1| | *
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Entry of species

Enter species as described in Section 1.

=10 x|

F SoluSsage (Joules)
File Edit Units Options Tools Help

Function Namel

=& SolEsaln Species Name Chem. Group
B Functions IS |1_il

= Solutions (1) Formula (aptional) /

= MATT (3-1) |
£ Sublattices
= A3

[
= =[]

- End Members (3) In this example, Cu and Ni are
~ Mixables (0) assigned to chemical group «1»,

- Ternary Interpolations | ] ) .
- Interactions (10) while S is assigned to group «2».
(See Section 2).
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Entry of end-member S

Enter end-members as described in Section 1.

=10/
File Edit Units Options Tools Help
Function Namel
=8 SolEsoln Al £
- Functions . [
= Solutions (1) ﬁ:&h 18306 Siatie
E}E MATT [_3_” IS = Marmal
E..;eiL;TCES Formula  Discarded
B (A B % Main Sobvent
Cu Gibbs Energy Function o | O Sobent
N [S#licuidA +S#liquidB
=- I?nd tembers (3) w288 Therm. expans.Compress. Bulk Mod.
*Cu
..... *N|
e Wixahl . - .
o) wios | Each end-member is assigned a
B~ Interactions (10) «coordination-number». (See
Ref.(13) for an explanation of
this choice for Zs).
1 | ©
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Entry of end-member Cu

T
File Edit Units Options Tools Help
Function Namel
=0 SolEsoln A Z(Cu)
#- Functions .
= Solutions (1) ﬁta'j,',r'féh |0'9294<__5tat: L
BN MATT (3-1) c ~ N |
El Sublattices I Y !:rma
B A ) Formula " Discarded
S (A Cu  Main Sahvent
Cu Gibhs Energy Function 5 &+ Sokvent
M [Cutliquids, +CuliquidB
El I?nd tembers (3) Y298 Therm. expans. . Compress. Bulk Mod.
|
- Mixahkles ()
- Tarnary Interpolations |
B Interactions (10) e
1
1 ool
1. Zg, = Zs/2 so that the composition of maximum SRO is close to the
Cu,S composition in the Cu-S binary solution.
2. Zyi (not shown) = Zg so that the composition of maximum SRO is

close to the NiS composition in the Ni-S binary solution.

SOLUTION 9.6
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Ternary interpolations
=10l x|

File Edit Units Options Tools Help

Function Namel

E}EI =olEsaln = - Cu Toop <(=) constant

- Punctions Cu - Ni Kahler

- Solutions (1)
BN MATT (3-1) Mi- = Toop %(5) constant

= Sublattices 5

1. Highlight gu@?}a |

3 species NI (D)

- Mixables (0
2, C||Ck > = Ternary Interpolations |

& Interactions (10}

Cu Mi

1 | B

Since Cu and Ni are in chemical group “1” while S is
in group “2” the default configuration is “Kohler/Toop
(Xg = constant).” This may be over-written as
described in Section 2.
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Entry of a binary Ni-S interaction parameter

=10| x|

File Edit Units Options Tools Help

Function MNarme

B MAT T (3T) "
= Sublattices _I
= A (3
1. Highlight 2 S A
species, then NI (B)
right click. = End Members (3)
-y
]
- Mixahles (0}
- Ternary Interpolatior

E..
Add Function 2. Mouse over,

Add Solution ]
End Member then C“Ck
Add Mixable 5;Mi

Ruadruplet

Termary: Interpolation

Add Braga-Willians 3

Simple Polynomial

4 | Add Pair frackion expansian 3 VE » Redlich-Kister

i Legendre
Faste Funckion (Zhp| 4!

A
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o/
File Edit Units Options Tools Help
U0 S| . 1. This is the energy
=6 Soltsalr A g Binarytem Agyis to form 2 moles
-- Functions ‘-?ABY }f’.r - . -
& Solutions (1) 20 {400 also called AgS, of Ni-S pairs via Eq. [1]
5 MATT (1) - on Slide 9.0
- Sublattices (Y = equivalent site fraction) T
A A S
S (A B: Ni
NI (B) II'I__} ID_ Jegquiv
= i
=] I?rjcgdembers (3 q:iTB |_42995.5
..... *Cu
..... *Nl
- Mixables (0
- Ternary Interpalation_
= Interactions (10)
(0] S:Cu
(1) S:Cu
(21 5:Cu
(3 S _ILI
4| | b

In the binary Ni-S solution (see Ref.(13)):
AQys =—96826.9—42995.8 Y5 Yy +2411860.0 Yo Yy

In this slide we show the entry of the second term.
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Entry of a ternary interaction parameter

File Edit Units Options Toaols Help

=10l ]

Functian Namel

=-E1 SolEsaoln
B Functions
= Solutions (1)
= MATT (3-1)

= Sublattices

|»

1. Highlight 3
species, then
right click.

= A3
RN
L - Cu (B)
- Ni(C)
- End Members (3)

- hixahles (0}
#- Ternary Interpolatior—

Add Function

Add Solution

Emd Member

Add Mixable 5;Cu;Mi

Quadruplet

Edit Ternary Interpaolation 5;Cu;Mi

m ra rn oA

2. Mouse over,
then click.

fidd Pair Frachion expansion ¥

Faste Funckion b

| ﬁ &dd Bragg-tilliams E/ [ I/

VE

SOLUTION 9.10
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The diagram indicates the ternary interpolation configuration for this system

_ioix)

File Edit Units Options Tools Help

Function Namel

= SubLattices A g Ternary term 2.
El A (3] . }r i }" . i /
B (A g2k { = } { c } Y
BoA) _ — i - ;
S CuiB) 1j>0; 421 LYBHYe] Y +Tc
- N () (¥ = equivalent site fraction)
= End Members (3) A 5 O Ni
= B: Cu
o *Cu
..... *NI
- Mixahles (1)

& Ternary Interpolatior
= Interactions (11)

4. Enter the
parameter

1

1.

2.

3.
G’actSag

Click on the A-corner to indicate that the entered parameter gives the effect of
component A on the Agg: function.

Since the binary Agg: terms are given by a Kohler approximation, this is the form of
the ternary terms (Refs.(2, 3)).

Click on the arrows to select the powers i, j, k (1, 2, O respectively in this example).
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File Edit Urnits Options Tools  Help

=101 x|

Function Namel

[
HC)

- Mixahbles (0}

= Temary Interpolatior
e ST

= Interactions (13)

e

Jd |

qF Ternary term
ik
9c a(B)

(v )iw{ }
izl k=1 Y +1

(Y = equivalent site ﬁacmmj
A 5

B, Cu

/.

4.

Jequiv J

rik
@FA[BJID

3 1.
1 jB

3.
4.

Repeat step 2 of slide 9.10. Then click on the B-corner to indicate that the entered
parameter gives the effect of component B on the Agc, function.
2. Since the binary Agq, terms are given by a Toop (X, = constant) approximation, this
is the form of the ternary terms (Refs.(2, 3)).

Click on the arrows to select the powers i, j k.
Enter the parameter.

G’actSage‘”
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=10l x]

File Edit Units Options Tools Help

Function Namel

; NI () ] Q‘E Ternary term
= End Members (3] ik - {l v ]j Y. i
ﬁ 'rfqg.:(' A LA 1
>y i§20 31::»1 bjzi= e

R (Y = equivalent site fraction)

- Mixables (0} A 5 C: Ni
=t Ternary Interpolatior B Cu

= Interactions (14) Jeguiv U
) S Cu ﬁ’}r} - [

(1) %:Cu ()

- (7 S:Cu

(3 5:Cu

-4
(5
b
7

)

)

)

) S:Cu

(5) 5:Cu

- {B) S:Cu

o (7) S:CuNi

{8 SCuNi -

- {3) S:CuNi
o

8 (107 S:CLMi
1. Repeat step 2 of slide 9.10. Then click on the C-corner to indicate
that the entered parameter gives the effect of component C on the
Agag function. Continue as in previous slides.

a

SOLUTION 9.13 www.factsage.com
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Case wherebinary Ag,gterms are given by a Muggianu approximation

In this case, ternary terms giving the effect of component C on the Agag
function are of the following form (Refs.(2, 3)):

qglé(C) (1+YA _YB)i (1_YA+YB)J.YC‘:< /4 ,bj=0, k=1
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10. The Two-Lattice Modified Quasichemical Model (“Models 98/99
(SUBQ/SUBG)”)

Refs. (11, 12, 14)

- This model accounts for short-range-ordering (SRO) both within each
lattice (second-nearest-neighbour SRO) and between lattices (first-
nearest neighbour SRO).

- The “Two-lattice Modified Quasichemical Model revised” (“Model #98
(SUBQ)”) (see Ref. (15)) incorporates 3 relatively minor improvements
since the “Two-lattice Modified Quasichemical Model-old” (“Model #99
(SUBG)") was published. (See Ref.(14)). Use the revised (#98 (SUBQ))
version unless you are editing a file created previously with the old
version.

- This model reduces exactly to the Two-lattice Polynomial model (#4
(SUBM)), Section 7, if SRO is suppressed; or to the One-lattice Modified
Quasichemical Model (#3 (QUAS)), Section 9, if the second lattice is filled
with vacancies and the coordination numbers of the species are constant,
iIndependent of composition; or to the One-lattice polynomial model (#1
(QKTQ)), Section 1, if the second lattice is filled with vacancies and SRO
IS suppressed.

- Before reading this section, it essential to read Sections 1, 2, 4, 7
and 9 and to read Refs. (11, 12, 14).
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Entry of data for the Two-Lattice Modified Quasichemical

1. Click

Model

Data have been stored in the file ..\FACTDATA\SolFsoln.sIn
(Note: no actual numerical values of the parameters have been stored.)

«File=> Open
SolFsoln»

F SoluSage (Joules) ;IEIEI
File Edit Units Options Tools Help
Function Namel
Solution Mame Created Last Modified
F-21 SolFsoln =
% Functions IMEH 20714/05/19  2014/05/20
B S_Dlutiuns (1) kModel Name Lafttices 3 Selected

B Sublattices

= AG)

Lokl
 Na(B)
- Ca (A
=B (3)

o F A

-l

- 804 (B)
B End Members (9)

- Mixables (0
#- Mon-Default Quads
-- Ternary Interpolatio
= Interactions (3)
(D) Li:NacCa jf C
i1 Li;f“iIEL'Ca M=
3

ITWD—Iattice mod. quasichem. revised |2

\

2. Select model. The revised
model (#98 (SUBQ)) is chosen.
For the old model (#99 (SUBG))
see note below.

/

+—

automatically

Solution description . |
(Li.Ma Ca)(F. CLE04) melt

A

;

Note: in entry for the “Two-lattice Modified Quasichemical Model-old (Model #99 (SUBG)), this
window will also ask for entry of the parameter zeta (£) which applies for the entire solution (see
Ref.(14)). Note that the value of zeta only affects the calculations when there are 2 or more species

on each lattice.

G’actSage‘”
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=lalx|

File Edit Units Options Tools Help

Function Namel

Solution Mame Created Last Modified
-2 SolFsoln =
g Eunmiuns bAali S074/05419  2014/05/20

E- L.iF (1 todel Mame Lattices

o Liguid (1) Two-lattice mod. guasichem. revised | |2

Functions for pure - Liquid (1)
||QU|d end' " - Liquid :::” Salution description ... |
been dragged and & Lo 1)
dropped from the - Liguid (1) |

FactPS database - Liquid (1)
- CaF2 (1)
- Ligguid (1)
- CaS04 (1)
“ Liguid (1)
- Call2 (1)
“ Liguid (1)
5 Solutions (1) hd

[ | —— -

v
L
]
=.
=
-
—h
o —
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Entry of species

F SoluSage (Joules)

File Edit Units Options Tools Help

=101 %]

‘Fundiun Namel

B3 Melt (85-2) +|[Species Name “alence  Chem. Group

E- Sublatices E |1 il |1 i’
Farmula (optianal)
|Li
JRT=TET
File Edit Units Options Tools Help
‘Fundiun Namel
=5 Melt (38-2) 2|/ Species Name “Yalence  Chem. Group
=+ End Members (9 B Sublattices I_ = l_ =
- LiF LB Ica : :I : ZI
- NaF B A (EI'_)' Farmula (optional)
CaF? ICa
=
File Edit Units Options Tools Help
‘Funl:iiun Namel ‘
E}’{Sj kdelt (38-2) +|| Species Narme “alence  Chern. Group
& Sublatices I,: |1 i’ |1 il
EAd) Farmula {optional)
IF =19 Melt (35-2) || Zpecies Name alence

B SubLattices

[z04
Formula (optional)

Chem. Group

F o F

|so4

are in lattice B group 1 while SO, is in lattice B group 2.

Liactsye SOLUTION 10.3

Each speciesis assigned a «valence» and a «xchemical group number». (See Section2.) Thereis a
separate setof group numbers for each lattice. In this example, Li, Na, F, Cl have valence = 1 while Ca,
SO, have valence = 2. Liand Na are members of lattice A group 1 while Ca is in lattice A group 2. F and CI

vwvw.factsage.com



Entry of end-member LiF

JRT=IE
File Edit Unite Optons Tools Help 2
Functian Namel 1. / \
= Mett(88-2) Al A0 BD / ZiLi) / Z(F) \ C
B ?“i\"iﬂmeg swic.[| |1 |3 b ¥  \Jd 3.
E [le. ) MName Status
----Nlalz ) ILiF % Normal
g Formula " Discarded
5 B3 |LiF |  hain Sokent
- F (A Gibbs Energy Function o ¢ Sobvent
-l |LiF#liquid
- 304 Y298, Therm. expans Compress Bulk Mod.
EH End Memhbers (9]
Celta 1J (J/mal)
- CaF2
- MalCl
e Car? o 4 b
- Li2s04

5.8).

1. The stoichiometry of the end-member may be adjusted by clicking on the arrows. (See Slides 4.6 and

2. There is a second-nearest-neighbour «coordination number» for each species in the pure end-
member. In Ref. (14), these are the variables Z'|j2,:2 and ZEze'

3. Inthe «revised» model (#98 (SUBQ)), a value of { is assigned to each end-member (see Ref.15), while
in the «old» model (#99 (SUBG)) one value of £ applies for all end-members (and would be entered on
Slide 10.1). This is the only difference in entry between the «revised» and «old» models. Note that
the values of zeta only affect the calculations when there are 2 or more species on each lattice.

G’actSage‘”
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Entry of end-member Li,S0O,

Il
File Edit Units Options Tools Help
Function Namel
=% Mett (98-2) Al Al B2 Z(Li) zisoq O
= ;ﬂL;TCES swoic 2 [ 3 E E 2.4
Li (4 MName otatus
o Na Liz504 & Normal
. Ca Formula " Discarded
E B (3) Li?=04 " Main Sokvent
- F Gibbs Energy Function O " Sohvent
- [l Liz=504#iquid
- S0 A 248 Therm. expans.Compress. Bulk Mod. -
= End bdembers (4]
- LiF Dielta 1J {J/mal)
- NaF —~
- CaF?
- LiCl
- MNall | e
va s - & |1
- Mags0d
- Caxld v
1| 3

SOLUTION 10.5
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Entry of “coordination numbers” for ABX, and A, XY

“binary quadruplets”

F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

|C_ Add Bragg-Willams
Add Quasichemical

4. The default values of Z\ e, Zicum
and Z2,, are calculated as

¢ s
3
Add Pair fraction expansion r

=0 SolFsoln = - ]
e Functions described in Ref. (14) and are
B Solutions (1) .
5 Met (38-2) displayed.
= Sublatices
. 5. Z Li  ZF '
1. Select 2 species T F ;/ / e »/
on one lattice and > ~Na 2Ca / c
. - Ca (B |a ¥
one species on the 5 B@
Oth er > El (A) Diefault |
F- End tMembers (3)
: - hdixahles (0]
2. Click > = AN dd Function
L!"E Add Solution
Lt End|lMember
Tema  add Mixable Li;Ca j/ F
3. CIle 1| Owerwrite Z{Li;Ca J/ F) from Melt
Termary: Interpalation

‘ thtSage‘”

SOLUTION 10.6
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You may over-write two of the default values. The third will then
be calculated as described in Ref. (14).

i

File Edit Units Options Tools Help

Function Namel

E-81 SolFsaln (=9
& Functions
= Solutions (1)
= Melt (958-2)
= SubLattices 1

B A (3)
2. /

LAy

: Nﬂ
.~ Ca (B) ZLi / r ZF =
=B (3 I3 "4 IE

e ZCa -

-804 l6 \
- End bembers (9)

- Mixahbles (0) ﬂl 3
= Mon-Detault Quads
- Li:Cap Cl
- Li:Ca jf 504
o LiCafF

- Ternary Interpolatio =
4| | 3

1. Click on the Z value which will be calculated (Z¢ in this example).
2,3. Enter new values of the other two Z’s (Z; and Z,). Z¢ will then be

automatically re-calculated.
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Entry of coordination numbers for “reciprocal quadruplets” ZEAB,XY

F SoluSage (Joules) - |EI|5|
File Edit Units Options Tools Help
Function Namel
B8 SofEal ]
-- Functions 3
= Salutions (1) :
B Ak )
= Sublattices
E;‘"AKE"LI'_ . ZLi « ZF s
n N'a': ) 32 [3.84
-  ca@ ZCa ~ 2504 -
1. > 5 B (3) |6.4 |5.48571426571429
o | o | AN
- 304 (B)
& End Membars (9) 2.
- Mixables (0]
7 Add Funct
y unction
..... L!'Ca i Add Solution
----- Li:Ca ff
_____ Li-Ca End/Member
L Add Mixable Li:Ca /) Fi504
N SRLUEWAL ™ o ite 7(1i:Ca /) F;504) from Melt
Termaty Interpolation
| IC: Fact: &dd Braga-wwilliams k A

Select 2 species from each lattice. :

2. The default values of the coordination numbers Z:_iCa/SO4 (i=Li, Ca, F, SO,) are
calculated and displayed.

3. To over-write, click on the value which is to be calculated automatically, and enter new

values for the other three.

G’actSage‘” SOLUTION 10.8 www.factsage.com
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Ternary interpolation configurations

=10l x|

File Edit Units Options Tools Help

Functian Namel

e e o
- Functions
- Solutions (1)

= AR

= SubLattices

= A3)
< Li (&)
1 - MNa (B)

- - Ca ()
=B
\ < F )
- End Members (9]
- Mixables (0}
F- Mon-Default Cuads (4)

Add Function

P Add Solution

o LiNet Emd Member
~Interaction  add Mixable Li;Na;Ca // F

il —_—  Quadruplet
Add Ternary Interpolation Li;Ma;Ca /f F L
Add Bragg-Williams r
Add Quasichemical r
Add Pair fraction expansion r

1. As described previously, select 3 species from one lattice and 1 from the other. The
default ternary interpolation for the (Li, Na, Ca)(F) system is shown (Kohler/Toop
because Li and Na are in lattice A group 1 while Ca is in lattice Agroup 2). This may be
over-written as described in Section 2.
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Entering a “Bragg-Williams” binary interaction parameter

7. In the Modified

File Edit Units Options Tools Help

‘Funl:tion Namel

Quasichemical Model (only)

" iiffn’-_?*;;’z - gE B:’m term OnC * TVY:
IS vy,  «—— |three additional terms Xi* TY:
By Mot (5 are permitted where X; and Y,
& ;” bALét)t' ces (Y = equivalent site fraction) . I !
1 S AL (i=1, 3) are parameters.
\ ca® i o Jeguiv'”
| 44p I
e Cl (&) A BT 4CHTHN(T) 4DT~2 4T3 +F/T + Sum(Xi=T~Yi) ﬁ=1,3}|4/

& End Mambers (3)

i Mixables (0)

- Mon-Dietault Quads [4)
-- Termary Interpolations (3)

Add Function

Add Selution

Emd Memiter:

Add Mixable Li;Ca /f Cl

Edit Z({Li;Ca /f CI) from Melt

Ternary Interpalation
3 Add Bragg-Wiliams
’ Add Quasichemical b VE » RedichHister 5
Add Pair fraction expansion 3 Legendre .

Select 2 species from one lattice and one from other.
Click.
3. Click. A«Bragg-Williams g&» term will simply be added to the Gibbs energy of the solution. This will NOT
affect the quasichemical equilibrium. That is, it will not affectthe number of qudruplets at equilibrium.
4. Click.
5. The parameter may be entered in one of the 3 forms shown on Slide 1.19.
6. Inthis example, a polynomial form has beenchosen.
Note: If only Bragg-Williams interaction parameters are entered, the distribution on each sub-lattice will be
random. That is there will be no SRO.

NS =
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Entering a “quasichemical” binary interaction parameter

=lolx|

File Edit Units Options Tools Help

‘Funu:tiun Namel ‘

et
- Functions g% Binary term 6 .
- Solutions (1) i ; i «—
BN Med i) .frf_‘?, EL}A » YF" )I e A
= Sublattices 1= T ban aisoeatet Sda
B ’6‘ (3 (¥ = equivalent site fraction)
4. Li
B: Ca
1 — >
i IU_ . Jleguiv LU
Lag |0
- End Members {9)
- Mixables (0)
& Mon-Default Cluads (4)
-- Ternary Interpolations (3)
2 " - E‘m 0 Add Function
( Add Solution 4 5
4 End Member -
; ———  Add Mixable Li;Ca /{ Cl / /

Edit Z(Li;Ca ff CI) from Melt
Termary: Interpolation
Add Bragg-wiliams

3_ B 5o Polyrnomial
Add Pair fraction expansion > VE b
Tl lecende

1. Click

2. Click.

3. A guasichemical term in the expansion for Ag,c..c; @s describedin Refs. (11, 14) will be added forthe pair
formation reaction (Li-[Cl]-Li) + (Ca-[CI]-Ca) = 2(Li-[Cl]-Ca) as a function of the equivalentfractions Y/;
and Y.,. Thisterm DOES affect the quasichemical equilibrium.

4. Click.

5. The parameter may be entered in one of the 3 forms shown on Slide 9.0.

In this example, a Redlich-Kister form has beenchosen.

SOLUTION 10.11 www.factsage.com
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Entering a “pair fraction” binary interaction parameter

oix
File Edit Units Options Tools Help
Function Namel 5_
SO ;||
- Functians QE Binary term
- Solutions (1) = i ;
BN e ) GarXAr¥pn
=5 Sublattices i gty alse called Ag? 5
A3
Y (A) {Xmn = pair fraction)
- Ma A Li
1. Click > ca(® B: Ca
E- B {3 . .
F 1|E'_J |”_ Jmol 0
)
) gip I
- 304
B End Members (3]
- Mixahles (0]
B Mon-Default Quads (4) =
-- Ternary Interpolations (3) 4 CI ICk
2 . Cl ICk Add Function
Add Solution
End Member:
Add Mixable Li;Ca /f Cl
Edit Z(Li;Ca // CI) from Melt
Ternaty Interpolation
Add Bragg-Williams
Add Quasichemical
3 . Add Pair fraction expansion

Baste Function ChH Y

3. Aterm in the expansion for Ag,icac @s described in Ref. (14) will be added as a function
of the pair fractions X;;; and Xcaca. This DOES affect the quasichemical equilibrium.

5. This is the form of such a term. Note: Entry of this type of term is prohibited if the (LI,

Ca)(CI) binary terms are interpolated with the Muggianu approximation.

SOLUTION 10.12
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Entering a “Bragg-Williams” ternary interaction parameter

F SoluSage (Joules)

File Edit Units Options Tools Help

=10 %]

Functian Namel

- Functions

- Solutions (1)

= AR
= Sublattices

= A(3)

. ()

1.\

2. Click

> - Ma ()
- Ca (B)

= B (3)

N - F

F- End Members (4)

- Mixahles (0

- Mon-Detfault Guads (4)
-- Ternary Interpalations (3)

oM iy Add Function
""" Add Solution
Emd Member
Add Mixable Li;Na;
Ruadruplet

3. Click

G’actSage‘”

Add Quasichemical

Add Pair fraction expansion

-l

Edit Ternary Interpolation Li;Ma;Ca [/ Cl

4. Click

Caf/cl

/

5.

¥

SOLUTION 10.13

=

A
Redlich+ister

4
k VE P#
[

1. Select 3 species from one lattice and one from the other.
3. Aternary «Bragg-Williams» g term will simply be added to the Gibbs energy of the solution.
This will NOT affect the quasichemical equilibrium.

5. The parameter may be entered in one of 2 forms.
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F SoluSage (Joules)

File Edit Units Options Tools Help

=101 x|

Function Namel

- Functions
- Solutions (1)
N A )
= Sublattices
CRNE)
LA
e
=B
F- End Members (3)
- Mixables (0
- Mon-Default Cuads (4)
-- Ternary Interpolations (3)
= Interactions (4)
® () LiMaCa

{1y LiCaj/Cl

=l

() LiCa - -
o (2) Li:Ca | _*I_I 1 :IB

g" Ternary term

g2 o YeYaYi(l - Yoy
L3200 k21

(¥ = equivalent site fraction)
A: Li
B: Na

|

C:

Y&
Yi+Ye

1.

Jegquiv

1k

q,A‘.[BJID

0

C

1. This is the simple polynomial form of a Bragg-Williams ternary term giving the effect
of component B upon the C-A binary interactions when the C-A binary terms are
interpolated using the Toop (X = constant) approximation. (Similar to Slide 9.12.)

- If a Redlich-Kister term was chosen in the preceding slide, the form of the term would be
similar to that in Slide 5.13.

G’actSage‘”
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Entering a “quasichemical” ternary interaction parameter

=18l ]

File Edit Units Options Tools Help

Function Namel

- Functions -
- Solutions (1)
B A )
- Sublatiices
A (3]
; LA
1. Click > Na (O
e
=B i3
- (A
- =504
& End Members (4)
- Mixables ()
- Mon-Default Cuads (4)
& Termary Interpalations (3)

2. Click Rali=l Infcroction s,

Add Function

Add Solution

End Member

Add Mixable Li;Ma;Ca jf Cl
Guadruplek

Edit Ternary Interpolation Li;Na;Ca [/ Cl
Add Bragg-Williams
Add Quasichemical
Add Pair fraction expansion

3. A «quasichemical» ternary
term will be entered as a
function of the equivalent site
fractions as described in Ref.
(3). This term DOES affect the
quasichemical equilibrium

G’actSage‘” SOLUTION 10.15 www.factsage.com



File Edit Units Options Tools Help

F SoluSage (Joules)

=10l x|

Functian Hamel

- Functions

- molutions (1)
N A )

- Sublatices

A (3)
S I (&
 CaB)

=B (3)

= Ol (A

- 304

E- End Members (%)

- Mixables ()

- Mon-Default Cluads (4)

- Temary Interpalations (3)

= Interactions (B)

{0y LiNecCa jf Cl

M LENaCa ff Ol

=]

o

8 (7 LiMNaCa f Cl

q* Ternary term

1.
YA(1—Ye) [

oL Y

A B - -

iG>0 k1 Yat+Yp
(Y = equivalent site fraction)

A Li

B: Na

r/

Ca

Jequiv 2

vk N
E’CA[BJI

12

This is the form of a «quasichemical» ternary term giving the effect of
component B upon the C-A binary interactions when the C-A binary terms
are interpolated using the Toop (X: = constant) approximation. See
Section 9 for a complete description of the entry of such terms.

G’actSage‘”
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Entering a “pair fraction” ternary interaction parameter

=10l ]

File Edit Units Options Tools Help

Function Namel

- Functions -
- Zolutions (1)
N A S
= SubLattices
= A3
c - L (A
1. Click — - Na(Q)
- Ca (B)
= B (3
- F
- End Members (9)
- Mixables (0
- Mon-Default Cuads (4)
-- Ternary Interpolations (3)

2. Click ok Add Function .

) Add Solution 4. Click
U% End Member
3. Aternary term will be Lo SEeEmeeic
entered as a function of et erpolsten e 1 :
pair fractions. This term Add Quasichemical
DOES affect the
quasichemical equilibrium

Add Pair fraction expansion
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File Edt Units Options Tools Help

=10l x|

Function Namel

- Solutions (1) -
= AR

=+ Sublatices

B A (3)

F- End tembers (9)
- Mixahles (0
- Nan-Default Cuads (4)
-- Ternary Interpolations (3)
= Interactions (7]

0y LiMaCa ff Cl

..... |: :l |_| NELCE[ ."I."I Cl
----- (2) LiMN=Ca ff Cl

)

----- (3 Li:Me;Ca ff Cl -
<« [

g" Ternary term
gk Xaa ]‘!' { Xgp ! V- 2
t’jfr';(i}l Xaa+Xap+Xpp| | Xaa+Xup+ Xpp "
(Xmn = pair fraction)
A Li C: Ca
B: Na
Jmol
ik
Yap(c JID
A
0 2te— 3,
3. 1.
\ s
0 jB I:1 |

1. Firstrepeat steps 2,3,4 of slide 10.15, then click here to indicate that this term gives the effectof species
C (Ca) upon the interaction of species Aand B (Li and Na) when the other lattice contains only CI.

2. Since the A-B (LiCI-NaCl) binary terms are interpolated using the Kohler approximation, this is the form
of the ternary term.

3. Click on the arrows to selectthe powers i, j and k.

Note: Entry of this type of term is prohibited if the (Li, Na)(Cl) binary terms are interpolated using the

Muggianu approximation.
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File Edit Units Options Tools Help

=10l x|

Function Namel

- Solutions (1) -
SRR
- Sublattices

q* Ternary term

320 k>1
{Xmn = pair fraction)

A Li C:

B: Na

ik ; :
9¢am Xocc(Xaa+ Xap+ Xpp) {

Yp

Ya+Ye

|

b

2

Jimol U

- O] (A ik ||:|
e aim)

- End Members (9)
- Mixables (0
#- Mon-Default CQuads (4)
-- Ternary Interpolations (3)
= Interactions (7)

{0y Li:M&:Ca ff Cl

(1) Li:N&:Ca fy C

(@) LiNa:Ca jy C

& (3) Li:MNaCa i Cl

-

2.

First repeat steps 2, 3, 4 of slide 10.15, then click here to indicate that this term gives the
effect of species B (Na) upon the interaction of species C and A (Ca and Li) when the other

lattice contains only CI.

Since the C-A (CaCl,-LiCl) binary terms are interpolated using the Toop (Xc = constant)

approximation, this is the form of the ternary term.
Click on the arrows to selectthe powers i, j and k.

3.
G’actS

age” SOLUTION 10.19
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Entering a reciprocal interaction parameter

=101

File Edit Units Options Tools Help

Function Marme

- Solutions (1) -
BN At )
= Sublattices

A 3)
L L

- MNa (B)
Caiy

=B (3

- 504 (B)

- End Members (4)

- Mixahles (0}

- Mon-Default Cuads (4)

& Termary Interpolations (3)

2. Click -= DR 3. Click

Add Solution
End Member;
Add Mixable Ma;Ca /f F;504

Owverwrite Z{Na;Ca /f F;504) from Melt / 4 CI |Ck

v

1. Select 2
species from
each lattice

v

v

Ternary Interpolation
Add Bragg-Williams

Add | Guasichemical
Add Pair fraction expansion

Faste Enmckinm =kl
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File Edit Units Options Tools Help

Function Hamel

4

—Li :I
~Ma (B)

P Ca Ay

E} Ei[3]|

< F (A

- 504 (B)

= End Members (9]

- Mixahles (0

F- Mon-Default Gluads (4)

- Termary Interpalations (3)

= Interactions (8)

(0 LiNaCa ff Cl

JLiMNaCa g O

) Li;MaCa ff Cl

) Li;MaCa ff Cl

) Li:Ca ff Cl

)

J

]

Li.Ca /i Cl
Li:Ca ff Cl
MNa:Ca ff F:504

(0
1
(2
- (3
-4
(5
(b
7

r

_ (Ol x|
q* Reciprocal term
=]
Agap xy
(Xmn = pair fraction)
A Na X F
B: Ca ¥ 504
Jmal U
Aghp xv|0
AY T BY
o
" 1
L - 3
ol
0 ™ 2.
Al T B

1. Nine different types of term may be entered. Click on one of the 9 circles.
2. Click here to enter the term Amx defined in Ref. (14).

G’actSage‘”

SOLUTION 10.21

vav.factsage.com



F SoluSage (Joules)

File Edit Units Options Tools Help

Function Namel

- Ma (B)
. - Ca (4
= B ()

-~ F (&)

-S04 (B)

B End Members (9]

- Mixahkles ()

B Mon-Default Cuads (4)

-- Ternary Interpolations (3)

= Interactions (8)

= {0y Li;Ma:Ca ff Cl
= (T LM Ca g Cl
= (@ LiMeCa ff C
=13 LiMNaCa ff Cl
= {4y Li.Ca ff Cl

= (B LiCa i Cl

- () Li:Ca ¢f Cl

B (7 [N Ca /f FS04

=]

_(O] x|
¥ Reciprocal term
igk i i E—1
98By xy XxxXyyYall —Yg)
320 k=1
(Xmn = pair fraction)
A: Na A F
B: Ca ¥: 504
» Jmol U
ik
95pa) xv
AY CBY
2 =
D
X
L
O L
¢ 2
Y 3 3 .
AXC J;Bx

1. Repeat steps of slide 10.20, then click here to enter a reciprocal term of the
form shown as defined in Ref. (14).

2. Click on the arrows to select the powers i, j and k.

- Click on the circles labelled B, X or Y to enter similar terms.
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File Edit Units Options Tools Help

F SoluSage (Joules)

Function Namel

. Ca (4
= B (3)

o F ()

- End Members (3)

- Mixables (0)

- Man-Default Cluads (4)
-- Ternary Interpolations (3)
= Interactions (8)

- (1) Li:Ma:Ca ff Cl
JLiMaCa i Cl
) Li:MaCa g Cl
1 Li:MaCa ff Cl
) Li:Ca i Cl
)
]
1

Li:Ca ff Cl
Li:Ca ff Cl
MNa;Ca ff F:504

(0
(1
(5
(5
7

Kl

=]

r

_ (O] x|
. g* Reciprocal term
L i
9AB|XY{BY}XBY
121
(Xmn = pair fraction)
A-‘ J.:I‘lira X‘ F
B: Ca Y: S04
: Jmol U
L
gap| xy(By)|
AY T 1) E—
E
X
2.
O O C
B A
O
Y
AR TBX

1. Repeat steps of slide 10.20, then click here to enter a reciprocal term of the
form shown as defined in Ref. (14).

2. Click here to enter the power i.

- Click on the other corners of the square to enter similar terms.
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11. The lonic Liquid Model (“model #13 (SUBI)”)

- For a description of the model, see refs. (16, 17)
- Before reading this Section you should read Sections 1, 2 and 5.

F Solusage (Joules) =100 x

File Edit Units Options Tools Help

Function Namel

solution Name Created Last Maodified
|L|gu S14/0717 2014407421

& Functions =
=h Soluti

Model Mame Lattices

STy

Jionic Liquid |2

= SubLattices
El A02) \

- Fedd+r

El é"':dg<2+} Solution description .. | Selected
__f:é']{z_} FeO-MgO-5i02 slag automatically
- BI04€4-3
Vo Model name
= End Members (8)
- () Fe20?
- {1) Fed(Si0 42
- [2) Fel{Sin2)2
- [3) FeWa?
- [4) Mg202
a)
B)
)

- (5] Mgd(Si04)2
- (B) Mg(Si02)2
- () Mgvaz =~

In this example, an FeO-MgO-SiO, slag is modeled, with Fe2*and
Mg?* cations on one sublattice and O2-, SiO* anions, neutral SiO,
species, and negatively charged vacancies on the other sublattice.
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Entry of species

=10l x]

File Edit Units Options Tools Help

Function Namel

#- Functions «| Species Name Yalence
- Solutions (1) [Fecz+> 2 o=
S LA TR Formula (optional)
= Sublattices I
2 AQ \
B Focr+> (A) :
. é--£;9<2+> For a charged species,
O the valence is the
- Si04<4->
e absolute charge.
N EL-r I

To avoid conflicts over
charges and valences, it is
recommended NOT to give
formulae for the species.

SOLUTION 11.1
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Entry of species

. species Name “alence
IMg<2+} IE i’
] species Name Yalence
(o< =
. Species Name “alence
[si04<4-> 4 =
[SFemes Marne ‘v’alencLel The Valence Of a
||5n:uz |n — ] i
- neutral species is 0.
[ species MName “alence
| [Vac> Pl

The vacancy has a charge of [-1].
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Functions

F solusage Qoules)

File Edit Units Options Tools Help

Function Namel

=8 Funu:tin:uns ;l
3 Mg (1)

- Ligquid (1)
In this example, the functions - *‘;’_‘__9%35 0
contain the thermodynamic 5 Si02 (1)

properties of one mole of the - Ma2el04 (1)

liquids shown. For example, the |- Imuldl:w
. . . . . e
function Mg2SiO4#liquid is for liquid (1) -
P : - Fel (1)
one mole of liquid Mg,SIO,. S fouid 1)
= Fe2Siod (1)
- liquid (1)
= Solutions (1)
=W LA T
= Sublatices
EFAR
. - Feg+

m

=

e

=
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Entry of end-members

F SoluSage (Joules)

File Edit Units Options Tools Help

Function Namel

=" S_ubLattin:es ;l
B AL
- Fe<2e>

As in all models, an end-member o Mgezes

. . = B ()
consists of one species from <o

each sublattice. In this example S0k @

there are 8 end-members. aes

- End Members (8)
- (0 Fe20E

)
1 Fel(si0z)e2
1 Fet'al
| b2 02
1 bgd(Si0d)2
1 bgO(Si02)2
- (71 Mogva?
- Mixables (1)
= Interactions (9)
() Fee2+> jf D€2->Wae>

H -
H Pt I Y o PO TR P N e Y B | J
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Entry of end-member Fe202

(consisting of species Fe<2+> and O<2->)

- Selected automatically from the

o valences of the species.
File Edit Units Options Tools Help A - These may be increased to 4/4, 6/6,
Function Narme )/ 8/8, etc. by clicking on the arrows,
= Sublattices :I Al 0 but can nOt be decreased.
B Al swic [z ¥ 2% [3]
Efdz;} Mame Status
é Ei(dljg{ i IFEEQE &+ MNormal
O<oy Farrmula " Discarded
- Si0g<d-> (A) IFEEGE  Main Sohvent
- B0z Gibbs Energy Function W Solvent
~Vae> [2FeO#liquid 4 Since the stoichiometry
- End Members (3) Y298, Therm. expans. Compress. Bulk :
§(0) F=202 | can not be decreased
(1) Fed(3i04)2 :
2 Fe(Si02)2 below 2/2, the formula is
(3) Feva2 Fe202.
- (4) Mg202
- (B) Mg4(Siod2 | T
(B) MgD{Sio2)2 1
(7) MyvaZ

The Gibbs energy of the
end-member is then 2
times that of liquid FeO.

SOLUTION 11.5 www.factsage.com
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Entry of end-member Fe4(Si104)2

(consisting of species Fe<2+> and Si0O4<4->)

Selected automatically
from the valences of ey
Fle Edit Unite Options Tools Help the Species.
Functian Namel /
= Sublatices ;l Al
2 AR Stoic. [ ¥ |27 |3
Ef{z;} Mame Status
E?}__BH)E-” " [Fed(si04)2 & Normal
- 0<ros Formula " Discarded
- Bi0d<4-x [A) IFEAI(SiDq)z " kain Sohvent
SO Gibbs Energy Functionn_ | © Solvent
-~ Wak-> |2 Fe2siOdiquid ,
= End Members (3) Y248 Therm. expang.CompressBulk Mod.
- () Fe202 |
8 (1) Fed(Si04)2 The formula
- (2) FED(S@E)E : .
(3) Feva? IS necessarily
- (@) Mg202 Fe4(Si04)2.
- (B) Mgd(Si04)2 | S
- (B) MgD{Si02)2 1
(7) Mgiva?

The Gibbs energy is 2 times
that of liquid Fe,(SiO,).
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Entry of end-member Fe0(S102)2

(consisting of species Fe<2+> and Si0,)

Selected automatically

from the valences

of

F soluSage (Joules) . ;lglﬂ
File Edit Units Options Tools Help the SpeCIeS
Function Namel
= SubLattices =] Al B2
e s [P T2
L ME{{2+}} MName Status
- +
BB [Fenisioz)2 & Nommal
D<oy Formula " Discarded
- Si0d<d-> [A) I(SiGEjE " Main Solvent
- Bi02 Gibbs Energy Funu:m O " Solvent
- Waey |2*si02#iquid
- End Members (8) Y238 Therm. exppns. Compress. Bulk kMod.
- (0} Fe202 :
- (1) Fed(Si04)2 | The formula is
& (21 Fel(Sin2)2 =
O Favez necessarily
sy MQEGE_ Feo(SiOZ)z, that |S
- (8) Mgd(3i04)2 | % . i
- (6) MgD(Si02)2 1 (SIO,),.
(71 Mgvaz

The Gibbs energy is 2 times

that of liquid SiO,.

SOLUTION 11.7
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Entry of end-member FeVa2

(consisting of species Fe<2+> and Va<->)

Selected automatically

from the valences of =10fx]
File Edit Units Options Tools Help the SpeCIES
Function Hamel N
= S:ubLattices B Al B
an soic [ ¥ [0V |2
:fii:i Name Status
Egi--Eing IFe‘v“aE & MNormal
- O<P> Farmula i Discarded
- Si04<d> (A) IFE " Main Sokvent
- Bi0gZ Gibhs Energy Function\_- | © Sobent
~Yac-s |Feliquid
= End Members (8] VEBB;Therrfexpans.;CDmEres Bulk bod.
- (0) Fe202 :
- (1) Fed(5i04)2 | The formulais
- 21 Fel(=i02)2 .
e necessarily FeVa,,
- (4) Mgzoz that is: Fe.
- (5] Mg(Si0 42 | )
- (B) MgD(Si02)2 Az
- (7) MgWa?

The Gibbs energy
is that of liquid Fe.

SOLUTION 11.8

vav.factsage.com



Binary interaction parameters

=

File Edit Units Options Tools Help

Function Namel

F=) ey o .

: - Vaes Al 9 Binary rerm.
= End Members (8) "Lap{Xa—Xg)'

- {0y Fez02 iz0

- (1) Fed(Si04)2 _ _

- (2) Fel(Si02)2 (X = site fraction)

- (3) Fea?2 A O<2-=

- (4) Mgz02 B: Fa<->

- (5] Mgd(Si04)2 T

- (B) Mg0(5i02)2 fl_ i Jimol

(7 Mgva2 L yp [3000+42°T

i Mixables (1)
= Interactions ()

c)
3)
) Fed+» }f SI02Wad-y

- (B Mg<2+» J Si04<4-2; 302
b)
7]

Fed2+»: Mo+ ff 0225104404
Fed+» O(E-};SiD4<4->;Vac->_|;|
4 | b

Binary interaction parameters are expressed in Redlich-
Kister form in terms of site fractions.
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Ternary interaction parameters

=10[x]

File Edit Units Options Tools Help

Function Namel

AL - £ T T
=t -l M g Lernary rerm
5 End Membars (£) Lapc[Xa+(1—- X4 —Xp— Xc)/3]
- (0) Fe202
(1) Fed(Si04)2 _ _
(2) Fel(Si0z)2 et
- (3) Fea2 A O<2-= Cr Fa<-=
- (4) Mg202 B: SiQ4<4-=
(51 Mgd(Sio2
- (6) MgD(Si02)2 Jimol
- (7Y Mgvaz A Lige |3|:||:||:|
- Mixahles (1) A

B

nteractions (3)

< (0) Fedd+r ) D22 Wad->
JFec2+s jf 0e2-: 5002
1 Fed2+» J Si04<¢4-» 5102
| Fee2+> /f 042> 5i04¢4->
| Fed2+» i SI02ad-»
1 bge2+> 4 Si04¢4-» 502
1 Fed2+xMogad+r f 025 5104 04-» B C
1

(0
(1
(5
(
7

® (71 Fe<t+r jf 0<2-»:5i04<4-> Wa-> _|LI )
0 | B Click to enter the BL,gcand
the CL,gcparameters.

Ternary interaction parameters are expressed in Redlich-
Kister form in terms of site fractions.
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Reciprocal interaction parameters

F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

Bl

= End Members (8)
- [0y FeZg
- (11 Fed(Sio g2
- (21 Fel{SioZ2
- (31 Felvad
- (41 Mg202
- (B Mod(Si04d)2
- (B) MgQ{Si02)2
- (71 Mogval
- Mixables (1]
= Interactions (%)
(D) Fed2+s §f O<2-2Mad->
(1) Fag2+» } Q22502
- (2] Fed2+» §f 5i04d<4-»: 5102
(3 Fed2+s 023 5i04¢4->
- () Fedd+s i SI02Wad-r
(5
(B
(7

B M2 +r ff S04 502

8 (0] Fed2+» M2+ /f 0<2->5i04<4->
(A Fedd+r ff 022 5104443 Wal

=]

- -
3

q" Reciprocal term
(¥ Lap.cp(Xa— Xp)Y+

L apep(Xe—XpY] j=0
(X = site fraction)

A: Fe<2+> C: O<2-7
B: Mg=<2+> D. Si04<4-=
2j or 2} 1 I_ Jimol U

Enter a positive integer equal to
either 2j or (2j-1). Even values
specify an entry of a 2L
parameter, while odd values
specify entry of a 2-1L parameter.

shown here.

Reciprocal interaction parameters are entered in the form

SOLUTION 11.11
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12. The Unified Interaction Parameter Formalism (“model #2 (WAGN)”)

- For a description of the model, see refs. (18, 19).

- This is the Wagner Interaction Parameter Formalism for dilute solutions
corrected to be consistent with the Gibbs-Duhem equation and other
necessary thermodynamic relationships.

- Before reading this Section you should read Section (1).

=T

File Edit Units Cphtions Tools Help

Function Namel

T T T T

™ = solution MName Created Last Modified

BN ARG |F9Lg 2014/05/16  2014/07/22
=+ Sublattices [ bodel Narme

= A (61 — : i
- Fe (A) ILJmﬂed interaction parameter 1 +«— Selected automatu:a”y_

~B solution description ..

-G FelCl solution from the Factzage FTmisc database.

- Ca Dilute solution of many elements in liguid Fa
CE

- Co
Cr
CU
- La
Mn
MD

. Il

In this example, a solution of elements in liquid Fe is
modeled.

Laftice
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Entry of species

The species in this example are the elements.

=101

File Edit Units Options Tools Help

Function Namel

e e 1] " :
BN AT 2] ISpecrles Marne
- Sublattices _|||Fe
= A (B1) Farmula (optional)

7

One species (in this /

example, Fe) is the | 1
-~ Ca

solvent. It MUST be i
entered first. -Iolx]

File Edit Units Options Tools Help

Function Namel

TR T T " .
BN LT -l IEpen:les Mame
= Sublattices 1A
= A (B1) Formula (optional)
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Entry of end-member Fe (the solvent)

=10l x|
File Edit Units Optons Tools Hel . .
= - For a description of the i
, stoichiometry variable,
- End Members (E1) Al Al see SeCtion 4
@) "Fe Staic. [1 :

Mame Status
_IIFE = Marmal
Farmula " Dizscarded

Function Namel

e

==
> [

e

Fe & hain Sobsent
Gibbs Energy Function O " Sohent \

[Fesiiquid N\
Y298, Therm. expans .Comprass Bulk Mod. \

| Click here. See
Section 16.

The first end-
member entered
MUST be the
solvent.

.;;ﬁFFFFFEP
ra|— = o
EEIQQQQQD
=

o
= =
o

= o =
Z =
=2

~
o

-
-
4

= e

—_
—
0
—
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Entry of other end-members (solutes)

=101

File Edit Units Options Tools Help

Function Namel

- End Members (51) ] A1
. ME Stoic. [T
(214 MName Status ]
@B g * Nomal < Click
4 Formula " Discarded
- (5)Ca IAg " Main Saksent
- (B Ce Gibbs Energy Function O " Sabksent
~({71Ca |Ag#liquic
- (8) Cr Y298, Therm. expans.Compress. Bulk Mod.,
(101 H
11iLa

L D pro P il el
el o 1=

[+ [riEs
0.1
10 F =~
Kl LB

See Section 17.

SOLUTION 12.3 www.factsage.com




Entry of self interaction parameters for Al

—ioi ]

File Edit Units Options Tools Help

Function Namel

Iliru__‘- I ':-"'_r'u"| I_j ;II
=3 FelQ (2-1)
= SublLatices

B A (B1) Function Name | 2.
FE

Ag E METTE S O] _I'A

F SoluSage (Joules) - |EI|£|
J File Edit Units Options Tools Help

Add Function

T A Add Solution

2 Edit End Member Al
MMixable

Guadruplet

Ternaty: Interpolation

add Quasichemizal
add Fair Frackion expansion

2
2
2
.
2
£ Paste Function (]
)
)
)
)
)
)
)

-~ (17) ALSi _
‘I Sy AL I _FI—I

| |C:‘|,'=actSagEE411FI'I'~'1isc5350In.sln i
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Entry of zeroth-order parameter &y =|n7/2|

o

File Edit Units Options Tools Help

Function Namel

A €; = lny]
a €;; = first-order parameter  (j = 1}
E €0 = second-order parameter (k> j = i)
E J et
i € Al =
o |-7596.7/T +1.2]
( . "
o T4 AT +B +C3n(T) +D=T +E7T~2 +7/T~2|
-~ [12) AN /
3 AL : )
(14 ALP All interaction parameters
s are entered in this form.
{17} A5
= THLAL hd
*‘| | _"'|_I
| |C:Fact53geﬁ4l‘l.l-‘l‘fﬂisy‘iﬂsuln.sln v

Enter “1” to indicate that this is the zeroth-order parameter €, which
Is the Henrian activity coefficient of Al, |r17/2J (See refs. (18, 19)).
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Entry of first-order parameter g 4,

=l

File Edit Units Options Tools Help

Function Namel

T IATETES O] - £: — I.”,.,r.'_:‘
= Interactions (267) [ ‘ !

€;; = first-order pavrameter (j = i)
€1k = second-order parameter (k= j = 1)

ete.

. S ALl =
- (B) ALALAI Ja802.7/7 -04

o () ALALC -

(1) ALCa 2>l Al

(111 ALH

(121 ALN

~(13) ALO

(14 ALP

- (15) ALPh

-~ (1B) ALS

- (17) ALS

-~ TR AL | b

/

- Enter “2” to indicate that this is the first-order parameter €45,

- (Entering “3” would indicate the second-order parameter €554 , €tC.)
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Entry of cross-interaction parameters for Al and C

=10l ]

File Edit Units Options Tools Help

Function MNarme ‘

&g T a1 1] LI F SoluSage (Joules)

=3 Fela (2-1) Fle Edit Units Options Tools Help

- SublLattices

=101 x|

= A

_—»

.

(81

- Fe

Function Namel

SR O R S R N T R R

WAL= S I‘_Ll_ll !
EW —=]
Add Function

Add Solution

End Member

MMixable

Guadruplet

Ternaty Interpolation

add Quasichemical

2
.

add|Pair Frachion expansian

Paste Fumckion

Ll

Unified interaction parameter formalism

| |C:‘|FactSage641‘l.l-—I'rv1isc535nln.an
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Entry of first-order parameter €,.c

R
File Edit Units Options Tools Help
Function Mame
A €; = Invy!
J €;; = first-order parameter {(j = i}
€1 = second-order parameter (k= § > 1)
el
€ ALC O
|9270/T
15 Al
1= s
Al -
al | L|—I

Entry indicates that this is the first-order parameter €.

Ecal

- Note: (See refs. (18, 19)) €5.c = €c.a- This single entry serves to enter both €,,c and

‘ G’actSage‘”
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Entry of second-order parameter €,.4.c

=1o|x|

File Edit Units Options Tools Help

Function Namel

TV E S (0] o e: = ln~°
= Interactions (267) =l ‘ ! . .
or €., = first-order parameter (j = i)

€. = second-order parameter (k= § > 1)

-~ {0
(1
e L
7 ALA & ALAILC =
(8
(4
(
(
(

 (B) ALALAI |9270,T
(T ALC T

- (10) Al:Ca

(111 ALH 1
~ (12) ALN

Py
-

LALA KA

- Entry indicates the second-order parameter €,ac.

- Note: Exrarc = Earca = Eciaral- This single entry serves to
enter all permutations.
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Entry of cross-interaction parameter €,.4.c.co

& ALALCCo o
|100T
2 5| Al 15 co
15 C
8AI;AI;C;C0 — 8AI;C;AI;Co - 8CO;C;A|;A| = ... efc.

This single entry serves to enter all permutations.
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13. Entering Volumetric Data

- A function can contain volumetric data (density, thermal expansivity,
compressibility, derivative of bulk modulus) as well as H, S and Cp.

o

File Edit Units Options Tools Help

Function Namel

5.8 SolGeoln Function Mame Density (g/cc)
2 Functions |Quartz |2 B4g

B Mg (1) AH298 Jfmaol 5298 Jf(imal K) Riefs (2 max.)
B Mg (1) |-910699.94184 |41.4600015868 [132143
B S Thdin (K) Thdax (K) _

- liquid (2) |298.18 373 |§| 143

B e £ Cp(T) Jf(mol k)

= MgZsi04 (1) 80.0119918 -3646683.99888/T 2 240 276998928/T 0.5

- Fe (1) +491565369.44/T"3

- Fed (1)

& Fe2Si0d (1) -

Thermal expansivity [/ K]

#- Solutions (1)

|2.?51 JE-E +2 98RBE-8*T +5 5722E-6/T +0.091181,/T"2
Compressibility ( / bar)

|2.EEEE—E +1 1BE7E-11*T +1.0128E-16%T "2 +8.891 79E-19%T"3
Bulk modulus derivative

|a.4

- This is an example of a function SiO2#quartz copied
(see Slide 1.3) from a compound database.
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Specifying volumetric data for an end-member

=101 ]

File Edit Units Options Tools Help

Function Namel

EEI e e Al Z (A0
B Functions :
: Staic. |1 |1
" mgg]1 Mame Status
]
o efgi |sioe & Normal
PoL liguid (2) Formula " Discarded
Guaatz (2 Si0? " Main Sohvent
-- bg2Siod (1) Gibhs Energy Function O " Salvent
& Fe (1) |Si02#quartz
-- Fel 1) Y238, Therm. expans. Compress Bulk Mod.

E Solutions (2)
- LIQU (13-2)
=00 ST

- SublLattices

= End Members (1) 5 e
- JUERE
— -~ Mixables (0] 1

End-member ]

- Ternary Interpolations |
i Interactions (0)

1 | B

- By entering a function (or sum of functions) here, one specifies that the
volumetric properties of the end-member are to be taken from this function
(or sum of functions).

- Itis not necessary to specify the same function(s) for the volumetric
properties and the Gibbs energy.
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Entering an excess molar volume parameter

=

File Edit Units Options Tools Help

Function Namel

E-21 Solusaln
-- Functions
Y28 oot - A binary vE parameter is
=% Ligt (1-1) entered exactly analogously
= SublLati
B A to the gF parameter entered
1. = oSl G on Slide 1.15.
- Copper (B)
----- Gold
----- Germanium
& End Members (4) 2
-~ Mixables () L &
#- Ternary Interpolatiens |
28 |riteraction okl
Add Function
Add Solution
End Member
Add Mixable Silver;Copper 3
Guadruplek » .
Ternaty: Interpolation
GE
Add | Guasichemical ¥
Add|Pair frackion expansion ¥
Paste Funckion ZhrH-Y
ol | i
| C:\FactSages41'SoluSaln.sin 4
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F SoluSage (Joules)

File Edit Units Options Tools Help

=101 x|

Function Namel

A & Binary term 1

I%ﬁF}hY%th-—}hJ;/////
i -_
(Y = eguivalent site fraction)

A Silver
2. 3.

B: Copper
I ID_/ _/ Lieguiv
A +B7T +CTn(T) 4D*T~2 +E*T"3 +/T]

LR pnjl

= SubLattices
= A (d)

- Sihver (4

- Copper ()

Gaold

- Gefraniurm
- End tembers (4)
- hixahles (0)
E Ternarny Interpalations |
= Interactions (17)
- () Sikver,Copper
(1 Silver,Capper
(@) Bikver.Copper
- (31 Sikver,CopperGo
- () Sikver:Gald
- (B) Silver:Germaniur

4.

- [B) BikverGermaniurr
- () SilverGermaniur 1, 2, 3, 4. The functional form of the
(91 CopperGold
| CopperGald
CopperGerman
Gold; Germaniur

parameter (See Slide 1.16).

and the entry are exactly the same as for the gt

5. Note units (liters per equivalent or per mole).

parameter

Gold; Germaniur
Gold:Germaniur+ |

2

= |
(1
(
(
(
(5
(
(
- (8) Copper,Gold
{
(
(
{
(
(
(

0
1)
Z)
-(13) Gold:Germaniur
4)
5)

4 |

For all models, the vE parameters have the same functional forms as the

gk parameter except for the Unified Interaction Parameter Formalism
(Section 12) where VE terms are not accepted.

G’actSage‘”
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14. Magnetic Phases (See COMPOUND slide show, Slide 4.5)

-0l x]
File Edit Units Opkions Tools  Help
Function Namel
=6 Frisoh x
& Functions Solution Mame State
B Solutions (139) IEECCI ISDIid j
Mumber of
hModel sublatices
ICDmpDund Energy Formalism (12} j |2 i’
W Magnetic (]’ Cancel |

W hen entering a new solution phase (see Slides 1.5-1.6)
click here if the phase is magnetic.

- (If the “state” has been chosen as “Liquid”, then
magnetic terms will not be accepted.)

- (Magnetic terms are not accepted for the lonic Liquid
Model nor for the one-sublattice polynomial model.)
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F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

B3 Ligu (99-2)
G FCC(12-2)
rHGE HCP (12-2)
E S Y T T

A - SubLatices
- B+ End Members (284)

i i,

The magnet symbol
Indicates a magnetic

phase.

Function MName
- solution Name Created Last Modified P facto
[ i R o Y -
__ Functions :’ IBCC 230706 20 4;’0?#?2
= Salutions (138) Model MNarme Lattices

|:2

ICDmpDund Energy Formalism

Solution description ...
BCC-A2

- Enter the P factor for the phase
(0.4 for bcc, 0.28 for fcc).

‘ G’actSage‘”
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Entering magnetic properties of end-members

(Note: Magnetic properties are not included in functions)

- Interactions (530)
-0 Diam (7-1)
G DHCP (12-2)
£ CBCC(7-1)
w0 CUBT (7-1)
w7 P12 (12-2)
w0 cF24 (12-2)
w0 hP2d (12-2)
w0 B32 (12-2)
w07 Beta (12-3)
-0 clBE (12-3)
L) AIBF (12-2)

N End-member Fe

(Bohr magnetons).

_ioix]
File Edit Units Options Tools Help
Function Namel
E-E1 FTlisoln = AlE BR
& Functions .
ot _|1 |3
& Solutions (139) - P
E g (33-2) IFe & Mormal
wHE FCC(12-2) :
G HCP (12-2) Formula ; hde.u:aSrdnlad
El'c.:‘: BCC |:-| 2_2) IFE . - ain soksent
= SubLattices Gibbs Energy Function o Sohent
w @ A7) [#GHSERFE [
- B () Y238, Therm. expans.Compress.;Bulk kMod. O ormen
Et- End bdembers (284) IFE#BCC_DDEDD l222
- (5] Al * Curie <
(35) Cr : i Meel
----- Enter magnetic moment Lemperature ()
- Mixables (0} |1IZI43 \

[l = i

1

Click here
because Fe is
ferromagnetic.

Enter Curie T.

‘ G’actSage‘”
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F SoluSage (Joules)

File Edit Units Options Tools Help

Function Namel

E-E1 FTlisaln
& Functions
= Solutions (139)
-8 Ligu (99-2)
w8 FCC (12-2)
FHCE HCP (12-2)
= BCC (12-2)
= Sublattices
- A (71)
- B (4)
- End Members (284)
(5) Al

- (B0 Fe
- Mixables (0
- Interactions (580)
-0 Diam (7-1)
mHCE DHCP (12-2)

End-member Cr

=101 %]
= A1l B2
Stoic, |1 |3
Name —Status
ICr & MNormal
Farmula " Discarded
ICr " hain Sokwent
Gibbs Energy Functian O " Solvent
—hagnetic——— .
#GHSERCR
L’EEB;Therm. expans. . Compress Bulk Mod. - DIEEN Enter magnetlc
[Cr#BCC_0035D 1 «<— moment (Bohr
= Curi
o s magnetons).
Click here because Cr | | Temperatue (K
: ; : Mk
is anti-ferromagnetic. | A S~ Enter Néel
1 temperature.

‘ G’actSage‘”
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=19l x]

File Edit Units Options Tools Help

Function Namel
E-21 FTlisaln - Al =1
#- Functions .
= Solutions (139) Ef;'_r'féh £ = e
‘8 g (33-2) Al & Mormal
G FCC (12-2) |F e Di
- HCP (12-2) ormula Dls.c:arded
=% BCC (12-2) Al  Main Sobent
EF Sublatices Gibbs Energy Function O [ Sulvgnt
B0 A7) [#GBCCAL +#VBCCAL e E—
- B (4) eS8 Therm. expans. Compress. Bulk Mad. O h;clment
E- #GBCCAL +#VBCCAL °'|
End-member Al > | & Curie
! = Meel
For a non-magnetic Temperature (K]
- Mixables (0] ,||37
- Interaciions (560) end-member, enter o
w-C7) Diam (7-1) Z7eros 1
e DHCP (12-2) '
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Entering interaction parameters for excess critical

temperature Tc and excess magnetic moment beta ()

F SoluSsage (Joules)

File Edit Units Options Tools Help

=10l %

Function Namel

B End Members 284 21 1,
- Mixahles (0)
= Add Function

B0 0C28 (12-2)

[E;I Diam (7-1) Add Solution

q DHCP (12- End/Member

B+ CBCC (710 agd Miable AliFe /f Va 2.
[;J CIBE1 I:?‘-I:I Quadruplet /
[J hF12 (12-2 Termary. Interpolation

--[Z:”;‘ cF2d (12-2 GE  » I
[J hF24 (12-2  add Quasichemical FOVE B
B0 B32(12-2) | AddRai Fraction expansion r

&7 Beta (12-3) _ Bets
[;:I cI58 (12-3) Paste Function Zhr] Y

[J AlAF (12-2

[J A3 12-3)

B () AIS2 (7-1) 3. Click on either Tc or Beta.

B+ hR26 (12-3)
07 AlM (12-2)

[ Yy = ) hd
1| | 5

| |C:\Fact53ge641‘l,l-—l'liteﬁﬂsuln.sln
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_loix

File Edit Units Options Tools Help

Function Namel

= Interactions (583) <] T‘;E Binary term

CMAgAllva R E L X X p (X, — X )

(1) AgiAl i va 'i,:.fl_'_IB A B( A 5}

(2) AgBi fi Wa -

((EAgCuffva (X = site fraction)

= AL Cu e A Al

= EAgIni Va B: Fe

- (B AgIn ff Va

() AgMg Ve i O
(8
(4
(

- (9) AgMg /f Va Az |
- (10) AgPh f Wa
= (11 Ao Fh A Ya

For all models, the Tc and B interaction parameters are
always in Redlich-Kister form, are in terms of site fractions
Xi (never in terms of equivalent fractions Yi), and the
ternary interpolations of the binary parameters are always
via the Muggianu configuration.
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15. Editing sub-groups of species

Editing a solution with a large number of species can be tedious if one is constantly obliged to
hunt down relevant species, end-members and interactions from long lists. To relieve this
tedium, provision is made to limit the displayed lists to just those species of interest for editing.

F solusage (Joules) =10l =l
Fie Edit Units | options Tools Help 2. Click.
= 0 nNamel Filter FTlisoln Elements :h.ﬁ'l
i /W = Mick Crested  Last Modified
1. CI'Ck E}"" Ir Unlsgeck all FTlisoln Spedies - ||_—|'||— 26?2"3?,"15 EEI"|S3.-"D$.-"|IE:E
El Solutions Show Full Solution Mame Documentation file
B Liqu (35-2) \Q
B-G FCC(12-2) Da asedescription...l
'GE HCF (12-2)
G5 BCC(12-2)
/_ E:}--S_ubLattices
- B AR
3. Click. /} AN
I @Al
: ) @ As Note: Clicking here will
o GlESUILS S 9 b uncheck all sg ecies in every
. B
uncheck all species | s solution in th(leO database
in the BCC solution | 22 '
(see next slide). o ce
™ o ~!

- In this example, one wishes to edit just those end-members
and interactions in a bcc solution which contain Fe and Cr on
one sublattice and Va and C on the other.

- Click 1,2,3,4.
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Select the species of interest

=0l x]
File Edit Units Options Tools Help
Function Namel
SR SO -
=8 Sublattices
E- A7) J
D .-‘*'-.Q
D Al
D Am
A, —
O As - B (4)
D A a
T -
- Ba
SO
-0 Be
-0 Bi
0 ca -0 B
-0 Ca & End Members (zaqu
- Co - Mixables (0]
> [ Cr B Interactions (550)
- Cs
M Cu
-0 Dy
- Eu
> [ Fe
- Ga ;I

All species in the BCC solution have now been
unchecked. Select just those of interest.
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_loix

File Edit Units Options Tools Help

Function Marme

= End Mermbers (284) [
- [33) CrC3
(35) Cr
- (48) FeC3
(50) Fe
- Mixables (1)
= Interactions (580)
(108 CrFe i C J

- (104) CrFe jf va
- (134) Cr ff Cva
- (211 Fe /f Cva
(3B CrFeff C
- (382 CrFe i C

(353)

(356)

(384)

“

- (355) CrFe /tWa
- (3B CrFe /fWa
- (38 CrFe T
~ (3861 CrFe ffva
-] 71 Diam (7-1)

IG OHCF 12-8)

mE CBCC (7-1) =
4| | b

Only end-members and interactions involving
the selected species are displayed.
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It is also possible to filter by selecting only those elements of interest

1. Click. 2. Click.

F SoluSage (Joules) =[Ol x|
Fle Edit Units [ opaohs Tools Help

Filter FTlisoln Elements

Function Mame

S Frieon | e Sheces 3

ncheck all FTlisaln Species
l Function:

cHERMEE  Show Full Solution Name
w3 Liqu (99-2)
IG FCC12-2)
mG8 HCP (12-2)
=G BCC (12-2)
= Sublatices
= A1)

SOLUTION 15.3 www.factsage.com




Example: Selecting only those species, end-members, functions,

etc. involving the elements Cr, Fe, Co, C and O

Note: This filtering will apply to all solutions in the database.

2. Click on
File Edit Units Options Tools Help .
elements desired.

Function Namel FTlizoln.Solutions |
ED Fl’lisu;uln Periu-dicahleofEIements 7 \ x|
- Functions
=8 <olutions (28,1
B3y Ligu (39-2) | |
B FCC (12-2) Li | Be Blc nulo Flue
G HCP (12-2) Na | Mg arlsile| s|alar
=8 BCC(12-2) : :
El SubLafices K|lCa|Sc| Ti| ViCr MnyFe|Co Ni|Cu|Zn| Ga|Ge| A=z | Se| Br| Kr
Efi--ﬁHf?H Rb| Sr| ¥ | Zr| Nb|Mo| Tc| Ru| Rh| Pd| Ag| Cd| In| Sn| Sb| Te| | | Xe
O Cs|Ba|La| Hi | Ta| W |Re|Os| Ir | Pt |Au| Hg| TI| Pb| Bi | Po| At| Rn
4. Only species R Fr| Ra) Ac
and end_members e -1 Ce| Pr| Hd|Pm| Sm| Eu | Gd| Tb| Dy | Ho| Er | Tm| Yb | Lu
- c EE}--EF[E,-"-’-]:I Th|Pa| U | Np| Pu|Am|Cm| Bk| Cf| Es | Fm|Md| No| Lr
involving the L
- - Ya Select elements forming the end-members to be shown,
selected elements | | .\ ier o - :
are displayed. - Mixables (0) T ok | concel
. - - Interactions (21/580) 1
(Note: Vacancies | 1 piom o1 |
I w00 CBCC (7-1) i i
remain.) 1. First press «clear» [| 3 cjick.
to de-select all
elements.
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16. The status options

Main solvent 2. Click (Silver now

appears in the list of end-
File Edit Units Options Tools Help memberS |n bOId type

and with a * symbol).

Function Namel

=8 Sedisod Al Z(Sikver)
B Functions .
= Solutions (2 ﬁt;',r'féh j St
E-02) Coru(1-13 .
BN L 7T |Silver » e
#- SublLatices ol b :D|s.|:arded
& End Members (4) g & hain Solvent
1. Click. > (0) *Silver Gibbs Energy Function o | ¢ Solvent
- {1) Copper Anitliouid
(21 Gold 298 Therm. expans .Compress ;Bulk Mod,
- (3) Germanium I
- Mixahles (0)

- Termary Interpalations (1)

#- Interactions (16)

=

1 | ©

In this example, Ag is selected as the «Main_solvent» of the LigM solution. When
the EQUILIB or PHASE DIAGRAM programs are run, the LigM solution will not
appear as a possible output phase on the Menu window unless Ag is present.
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The status option - solvent

File Edit Units Options Tools Help

F Solusage (Joules)

Function Namel

[ Y e
-- Functions
= Solutions (2)
m-L Coru (1-1)
SN )
-- Sublatices
= End Members (4)
- () Sikver
(1 *“Copper
> - [2)*Gald

1. Click.

(31 Germanium
- Mixables (0
#- Ternary Interpolations (1)
& Interactions (16)

2. Click (Gold now
appears in the list of
end-members with

WEHE Therm. expans.,; Compress.;Bullk haod.

4l | |

E i E

A2 Z{Gold)
Stoic. |1 |1 a * Symb()l)
MName Status /
IGDId " Mormal
Formula " Discarded d
| . Mﬂ'HSD'y/

Gibbs Energy Function  Solvent
|Aulicuid

- Repeat steps 1. and 2. with the copper end-member.

- In this example, Au and Cu are selected as «solvents» of the LigM solution.
When the EQUILIB or PHASE DIAGRAM programs are run, the LigM solution
will not appear as a possible output phase on the Menu window unless at least

one of Au and Cu is present.

G’actSage‘”
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The status option - Deleted

F Solusage (Joules)

File Edit Units Options Tools Help

2. Click (Germanium
now appears in the list

Function Namel

of end-members with

=8 Swbisob A7

: Mame

ZiGermaniurm)

- Functions g
Staic. | B
= Solutions (2) o Status /

=00 Coru (1-1)

a stroke throughit).

< | H

BN LT |Germaniur ool /1

B Sublattices Farmula | @ Discarded

= End Members (4) IGE " hain Sokvent
- (0) Sikver Gibbs Energy Function o | O Sobvent
- (1)*Copper | Gesliquid

) - (2)*Gold W248: Therm. expans.Compress..Bulk Mod. -
1. Click. > (B Genmaniun |
- Mixables (0]
- Ternary Interpolations (1)
#- Interactions (1E)
4 TIE

If you wish to remove germanium from the list of end-members but do not
wish to delete it permanently, designate it as «discarded». Later, if you

wish, you may reinstate it by simply changing its status back to normal.

Liactsye SOLUTION 16.2
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17. Maximum and minimum compositions of end-members

When X # 1

the end-member
iIs underlined in

the list.

oix)
File Edit Units Options Tools Help
Function Namel
B8 Sodesad Al Z(Germaniurm)
& Functions .
_ Stoic. |1 |2
= S_I:u!_u_tn:uns (2 Marme Status
L) Coru (1-1) . Y |
& SubLattices orrmula |s.|::ar =]
= End Mermbers (4) IGE i Main Sohvent
(0 Sikver Gibbs Energy Function — | € Solvent
{11 Copper IGE#quuid
(£) Gold Y298, Therm. expans :Compress. Bulk Mod. -
B (3] Germanium I ]
- Mixables () _ 1. Click.
& Ternary Interpolations (1)
- Interactions (16)
# -
0.2 P 2. Click.
al 1 ~

- A maximum mole fraction for an end-member of a solution may be
specified as shown in order to prevent the spurious appearence of the
solution at compositions where the model equations extrapolate poorly.
In this example, as the mole fraction of Ge exceeds 0.2, the Gibbs
energy of the solution is forced to rise rapidly to a large positive value.
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File Edit Units Options Tools Help

F SoluSage (Joules)

Function Namel

1 |

i

E}EI SR A EI:SIWEF:I
& Functions [ ]
£+ Solutions (2) EE:EI | e
-0 Cor (1-1) _
E})S LA 7T ISlIver i« N!jrmal
- Sublatices FeimylE * D|s.|::arded
= End Members (4] g ¢ Main Solvent
M Gibbs Energy Function o " Sohent
(1) Copper Iﬁag#liquid
(&) Gold W28 Themm. expans . Comprass ;Bulk Mod. -
- (31 Germanium I
- Mixables (0
#- Termary Interpolations (1)
& Interactions (16)
mir
0.6

_ 1. Click.

2. Click.

A minimum mole fraction for an end-member may also be specified.
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18. Mixables

Before reading this section,

go to the main FactSage window, click on

Documentation = How to use the databases, and read sections 6.0 and 6.1.

File Edit Units Options Tools Help

F SoluSage (Joules)

Function Namel

BT SALP )

& End Members (12)
- Mixables (4)
- (0 LiMe:CalaCaNd f F

- (2)Laf F:Cl

(3 Ce fFC
- Ternary Interpolations (0]
- Interactions (54)

Y database involves 6

Mo /7 cations and 2 anions

- La on separate sublattice.
o /

=Be - These «mixables» are the

= (1) Li:MogCalacCe;Nd ff T < J

| _,,l' DIAGRAM modules are run.

- - The liquid solution
SAL2 from the FTsalt

species which will appear in
the solutions FTsalt-SAL2A,
FTsalt-SAL2B, FTsalt-SAL2C
and FTsalt-SAL2D when the
EQUILIB or PHASE

Note: If no mixables are specified, then thisis
equivalentto one mixable containing all species.
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Adding a mixable Nd//F;ClI

=101

File Edit Units Options Tools Help

Function Namel

= = e =F

SRS T [
= Sublattices

- A (B)
]
LE[
CE

2 B(2)
1. < F (A

#- End Members (12)

Add Function
Add Solution
End [Member
Add Mixable Nd jj F:Cl N 3.

Guadruplek
Ternary Interpalation
1 | ' Add Bragg-Williams »

fdd Quasichemizal F
[ e A Y

LA Pair Frackinn evmansinm 3

1. Holding down the Ctrl key, select the species.
2, 3. Click.
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A new mixable
Is added

F Solusage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Mame

(3 Ce ff

" ) =t o -
. T s haborm el aticne T x
1| I B

E}%} .ﬁ%&é’;ﬂ-&; || Mixahle species
= Sublatfiices 0L
= A (B !
Ii|_:|| Ll hg
- Mg Ll Ca
LLa
Cﬁ. D CE
- La Nl
- e "B" Species
N (A F
=B (2) Cl
o F A
-l (B)
B End Members (12)
= Mixakles (5)
- (0) LMo CalasCa:Nd 4 F
(1) LMo CaclasCe:Md jf CI
- (2 La Ol

F.C
F:icl

"A' Species

A summary
IS generated

Fewert

d

‘ thtSage‘”
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Editing a mixable

JRT=IEY

File Edit Units Options Tools Help

Function Namel

5%‘; ::Z'»ﬁlijf_‘;’;??—ﬁj:f _« || Mixahle species
= SublLattices 'LSF'E':iES
= I
e Mo
9 La
Cﬂ Ce
- Ca "B" Species
- N (A (I
=B i2) Cl
- End Members (12)
- Mixables (5)
] - (0) Lithdo:Cacla CeMNd ff F
Click. ® (1) LitdgCalaCa:Nd /Tl
(2 La i FCl
- [3) e F.CI

4| v Tornam s lntrpmmlatioon e (T | _PILI ’ et |
Simply click on the mixable to be edited. A
summary is generated which may be edited.
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PITZER Model (“Model #5 (PIMZ)’) — Standard Pitzer model for

relatively concentrated agueous solutions. See refs. (20, 21)

H,O MUST be
the first species
in the list.

parentheses.)

The other species are
charged and neutral
solutes. (Note entry of
charge inside square

RS
File Edit Units Options Tools Help
Function Namel aolksoln FITZ
" —/ Solution Name Created Last Modified
= _. ;ui’gffz P 2014/12/03 2014712403
= Solutions (1) bodel Mame Lattice Se|ected
53§ PITZ (5-1) [Pitzer -— :
B Subl ot — automatically.
= A (2196
,_FHSD:' | - Model name.
CHE =olution description ... |
- Nal+] Fitzer parameters for concentrated agueous salution
K[+
Mgl
- HCO3[A] | |
- HCOZ[]
- CZH30Z[H]
- B[]
- B03[E]
- CO3[E-]
- B203[27]
SEOE[E—]I 7

al

b
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Entry of end-members

=101 x|
File Edit Units Options Tools Help
Function Name | Solksaln PITZ EM{H20) Selected
= Salutions (1) N (Y automatically.
=N AT Stoic, |i|
E- Sublattice MName Status
B A (21/96) HZ0 € Marmal
HZO M b.e = End Mnimbers (21/9¢ IF-:urmuIa  Discarded
the fII‘St SpeCIeS -(0)*H20 IHEO & hain Sokwent
in the list. e Gibbs Energy Funciion 51.€ Batvent X
K] |OHz#PITZ_dnoo
- (13) Mg[++] YRA: Therm. expanaﬁ@umpresa.;ﬁulk Mod. . ]
- (58) OH[] [oHz#PTZ_0000 H,O is the «main
- (B HCO3L] solvent».
- (BB HCO2[
- (B7) CZH3I0Z[] — |
Gibbs energy of

pure liquid water
(see next slide).
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Function is the Gibbs energy of pure liquid H,O

R
File Edit Units Options Tools Help
Function Namel Solksaln FunciOHZ#FITZ_0000)
= Functions LI Function Marme Density (g/fcc)

- H[ (1) |PITZ_nooo 1
& OHE (1) AH298 Jfmal 5298 Ji{mol K) Refs (2 max)
- OH2 (1) |-285830.00184 |9.949595554 |
= i 0000 (2) Thdin (K) Thda (K) _
& 020 (1] [288.15 [500 2] 1
B~ O3C[-2] (1) Cp(T) JAimal K)
- 02CHE (1) _|[Fz03118982768 +1 52069951112°T +3848757 66344/T 2
- D2CHE (1) -0.00319132461976*T"2 +2.47095843616E-6*T"3
B 02C2H3F (1)
- 02C2H4 (1) .
__ 03CH[ (1) Thermal expansivity (K]
- Naf+] (1]
.. hg[+2] (1) Compressibility [/ bar)
B 502 (1)
B S03[-2] (1 Bulk modulus derivative
B 504121 (1) |
B 52032 (1)
B S206[-2] (1)
- S208[-2] (1) _I;I

4| | »

SOLUTION 19.2
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End-members each consist of one species

The Reference State is the H [+] ion

Hydrogen ion

end-member.

The reference
state is the H [+]
ion, 1.0 molal
standard state,
with G = 0.0 at all
temperatures.

_iolx]
File Edit Units Options Tools Help
Function Name | Solksoln.PITZ EM{H[+])
B A21/95) = Al
= End Members (21/96) :
Stoic. |1
- (0) *H20 -
> ame otatus
- (3) Na+] IH[+] i+ Nprmal
Formula " Discarded
(4) K[+] e e
(13 Mg[++] ||—|[+] bdait Salent
- {58) OH[] Gibbs Energy Function - ) Salvernt
- (B0 HCO3[] |H[+]#F"ITZ_EIEIIZI1
- (BB HCOZ2[] Y238 Therm. expans. . Compress . ;Bulk Mod,
- [B7) C2ZH302F I
- (BELET[2-] |
F solusage (Joules) _|_|- O EI
File Edit Units Options Tools Help
Functian Namel solksaln FunciH[+]#FIT2Z_00071)
50 Sokaah ] Function Name Density (gfcc)
£ Functions |PITZ_n0o1
E} HE+] (1) AHZ38 Jfrmol 5298 Jf(rmol K Refs (2 max)
W T 00071 (1) |o [ |
B OHET (1) Thin (K) Thdaox (K)
= OH2 (1) [298.15 [6000 ER
- PITZ_0000 (2) Cp(T) Jfimol K)
- 02C (1) 0
B O3C[-2] (1) b
B OZCH[] (1)
m- D20H? 1

‘ G’actSage‘”
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Gibbs energies of all species are for a 1.0 molal standard state

(refered to the H[+] ion)

(Compare with the

File Edit Units Options Tools Help

=101 x|
File Edit Units Options Tools Help
Function Namel solksoln PITZ EM{Na[+])
= End Members (21/96)  a A3
(@120 stoie. [T
-3- MName Status
4 |Na[+] & MNaormal
N Formula " Discarded
- (BE) INﬂ["] € hiain Solvent
- (B0) Gibbs Energy Function 5| € Salvent
- (B6) HCOZ[] [Na[+R#PITZ_0003
- (7)) C2H30Z[] Y238, Therm. expans. Compress..Bulk Mod.,
- (58) S04[2-] |
- (B9) S03[2] |

Function Namel

I LT
- 02C2H4 (1)

- O3CH[ (1)
“Na[+] (1)

FactPS AQueous
database).

v

& FITZ 0003 (1)

~Mal+2] (1)

RIS
solksoln.Func(MNa[+]#FITZ_0003)

Function Mame Censity (o/cc)
|PITZ_noo3
AH298 J/mal 5298 Ji{mol K) Refs (2 masx)
|—239?3n.999455 |60.250001664 |
Thdin (K) Thdax (K]
[298.15 [573 2] 1

502 (1)
503[2]
- 504[2]{
- 5203[-2]
- 5206[-2]

Cp(T) Jfimal K)
-217.111998392 +0.404564001528*T +14033600.0056/T "2

‘ G’actSage‘”
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Entry of a [cation-anion] interaction parameter

File Edit Units Options Tools Help
Function Namel
= Salutions (1) ]
=% PITZ (5-1) 2. Click.
=- Sublattice
B A (21/96) Add Function
- H20 Add Solution
- H[+] Add Specdies 3 3 CI |Ck
- c Ly - Ma+] (A End Member; ) )
1. Highlight, K el
then ng ht Mig[++] Cuadruplet
. N . ey =x Ternary. Interpolation
Cl |Ck HCGE[—]
-~ HCOZ[] Add Quasichemical »
- C2H302[] &dd Pair Frackion expansion 2
- o042 Toggle Bookmarks *
- 30324 Goto Bookmarks »
Paste Funchion (i

SOLUTION 19.5
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=10l ]

File Edit Units Options Tools Help

Function Namel solksaln FITZ ResiMal+[.OH[])

~UHE ) =

- HCO3] Click for entries
- HCO2[]

- C2H302[] J of B9, p1, B2, and
- 304[2]]

032 c? parameters.

- CO3[2]
- 52032
-~ 32062 -
-~ G208[2- -

HSD4[[—]] = (O [z5.76016/T
~H303[]

- CO2

-~ CH3CO2ZH
~HCO2H

#- End Members (21/596)
- Mixables (0

=H Interactions (102/783)
% (600 MNa[+]OH[-

Entry of a [cation-anion] B° parameter (for
all notations, see refs. (20, 21)).
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_loix

File Edit Units Options Tools Help

Function Namel Solksaln FITZ xge(Mal+;OH[-])

~HCO3H N
-~ HCO2[]
- C2H302[]

-~ 504[2-]
- 303[2-]
- CO3[2]

- me03[2-]

- B2 06[2-]

- B208[2-] alZ

- HS04[-] = 1[0 "

- HE0I z’ﬁ( J|-216.011016674399/T +0.9780045

- CH3CO2H

- HCO2H

#- End Members (21/36)

- Mixables (0}

= Interactions (102/783)
(B0} Na[+]:0H[-]

Entry of [cation-anion] B! and o parameters (see refs. (20, 21)). If
either or both ions are monovalent, the default value of a is 2.0;
otherwise, the default value is 1.4 (see ref. (20)). Other values of
o may be selected. (See ref. (21)).
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F Solusage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

Solkzoln PITZ Xss(Ma[+]:OH[)

—HCUZL
- C2H302[]
- S04[2-]

- 5032

-~ C03[2]

-~ §203[2]
-~ S206[2]
- 5208[2]
~HS04[]
~HS03[]
- C02

- CH3COZH
-~ HCOZH
-~ 802

- Mixahles (1)
=t Interactions
' JOH[]
o (B1) Na[+]:0H[]

(B2 Na[+]:0H[]
1 |

—_ e —

- End Members (21/96)

102,/783)

50

[
i’ﬁ(z} 0.3/ +0.1|

s

Entry of [cation-anion] 2 and o parameters (see refs. (20, 21)). If
either or both ions are monovalent, the default value of a is 50.0;
otherwise, the default value is 12.0 (see ref. (20)). Other values

of a may be selected. (See ref. (21)).
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=101

File Edit Units Options Tools Help

Function Namel solksaln FITZ xes(MNa[+].OH[-])

~HCOZ[] A

- CZH302[]

- 504[2-]

- 503[2-]

- CO3[2-]

- 5203[2]

- S206[2-]

- S208[2]

- HS04[] g

el =] €9 |[r2445075143585/T -0.037341

-~ CH3COZH

- HCO2ZH

- 502

#- End tMembers (21/36)

- Mixables (0]

=t Interactions (102/783)
- (B0Y Na[+]:0H[]

-~ (B1) Na[+]:0H[-]

¥ 521 Naf+] OH

1| | 3

Entry of a [cation-anion] c? parameter (see ref. (20)).
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Entry of [cation-anion] and [anion-anion] parameters

F Solusage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel Solksaln FITZ Xes(H[+:Na[+])

(248
- (304
- (626

Na[+]5208[2-] ]
K[+]:504[2]
K[+]:504[2]
My[++].C2H302
My[++].C2H302
Ma[++]:C2H302
bg[++]:504[-]
bg[++]:5 04[]
r*~*1'E_1[++] 04[]

[2-]

[ i i e B e i A i

6 107334
N[} HCo? ] J

B - e e e e e e e e e e
o
(&

- (B52) H+LK[+]

- (658) Na[+]k[+]

- (B91) Na[+]K[+]:504[:
- (715) Na[+]HCO3[]
- (716) Na[+]HCO3[
(717) Na[+

HS04[- =
. -l

|_||_||_||_|

For notation, see ref. (20).
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Entry of [cation-neutral species] and [anion-neutral species] parameters

_loix

File Edit Units Options Tools Help

Function Namel salksaln FITZ Hesihg[++].COZ)

- (761 K[+]:S04[2-1.CO3[2-] =]
- (762) SO4[2-;HS 04[]

- (763 Na[+],S04[2-:H304

- (7E4) K[+]:504[2-HS04[-

- (765) Mg[++]:S04[2-];HS0

- (766) OH[-:.CO3[2]

- (7671 Na[+];OH[-]:CO3[2-]

- (768) K[+]:0H[:C03[2-]

- (769 HCO3[:C03[2] =
- (770) Na[+]HCO3[:C0a[; Aij |54.56145/T

(P71 K[+ HCO3[CO3[2-

-~ (772 K[+ 0032
- (FTTK[]C03[2]
= (T7) K[+].C03[2]
- (775) Na[+]:C02

- (77B) K[+]:C02

R (778 Mg[++].CO2
- (780) S04[2-):.C02
- (T HS 04[] C0O2

- (782) Na[+];CIH[I‘] b

For notation, see ref. (20).
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Entry of [cation-cation-anion] and [anion-anion-cation] ternary parameters

=01 ]

File Edit Units Options Tools Help

Function Namel solksaln FITZ e s(MNa[+]:Mog[++].504[2-])

720 R+ [ACOa 2]
e K[+ HCO3[

(722 K[+]:503[2-]

= (723 K[+]:503[2]

- (724) K[+]:503[2]

~(FEE) K[+ HS04[]

- (726 K[+:HS 04[]

= (727) Mog[++]:HCO3[-]

- (728) Mg[++]:HCO3[] .
~(7EH) Mg[++:HS0 4[] .

- (730 Mg[++]:HS04[] w}jk I-4.4?225,-"T
= (738 H[+]:H504[-]
(739 H+:HE 04[]

-~ (740) Na[+]K[+]HCO3[]
*LR[+LCOE[2]
I

—_ e e

—

— —

|_||_|

~ {7411 Na
{742 Na[+]Mo[++]

(744) Na[+]:Mg[++] S04[2-]
-~ {748) H[+]:Na[+ ]} HS04[]
o749y K[+ Mo+ +]

(}'5‘]] K[+];|'-.,-19[++];SD4[2‘] -
y o

— /o

For notation, see ref. (20).
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