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") 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") (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") (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") 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") 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") 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") or OLD
("model 99") 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") 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") 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") 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”)

Example: Binary liquid Ag-Cu solution

The One-lattice Polynomial Model (model #1)

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

As'@edl = R (X, InX,+X;InXg) where X; = molar site fractions of species

Molar Gibbs enerqy for a binary solution:

0 0 ideal E
g=(X,0,+X_0,)-TAs + g
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0 . “ » . g
where: 9, = molar Gibbs energy of an “end-member” consisting of one mole of
species |

where: the excess molar Gibbs energy gF is expressed as a polynomial in either:

() Redlich-Kister form: 0" = L X, X (X, -X)' iz0 [
or (i) Simple polynomial form: 9" = 9. XX, i,j=0 [2]
or (iii) Legendre polynomial form: g- =3 U X (X P (X, = X,) i>0 [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 liquid solution:

gE=X,X5(17384.4 - 4.46430 T) + (1660.8 - 2.31510 T)X ;. Xg(X,-Xs)! 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

Database Dezcrption:

e

prile Edit Units Options Tools Help 2. Enter a 4-

Function Namel character nickname
Mick Created Last Modified

& Salusol v reate ast Maodifie

e ol 2014/05/13  2014/05/13
Documentation file
" Diatabase description |

x

5. Click on OK

Examples for SaluSage

T

Cancel

i
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Creating a “Function” containing data for pure liquid Ag
1. Open the

e
COM POUND File Edit Units Options Tools Help
|Fun|:ti0n Namel
- Function Mame Density (g/cc)
program and EE.. Ejﬁil:s [liquid [10.1922
T I AH288 Jimal 5298 Ji{mol K) Refs (2 max)
enter Ag In the i & [11025 897050852 [51.4410729655716 |501 503
i Thin (K) Thiax (K)

fOI’mu|a bOX [298.15 [123453 2 e

Cp(T) Jiimol )

23.8463314 +0.0035811 7T +24022/T°2 +2.391522E-6*T"2

. / +4.342401E-1 9T 76
B erie 4
2' CIICk On : g ELH;?;ESEE _I (l:1k?égl?uffurm.+ErW(“ Hesat + Temperature of transf. Thermal expansivity [ /K )
FTliteBASE - B FThelgBASE Fom-ofLT 1596 (Joules) 5298 ( Jffmol K)) [q.5E-5
=7 o FTliteBASE /]11025.089?050552 |51.441n?29555?15 Compressibility ( / bar)
and then On Ag EI--.Emigm Phas%me Reference no.— Density g/cc
z 22 M |:|501 JSUQ —A||101922 Bulk modulus dertivative
to expand the ...|£ 53 — Extended propetties { optional )
. -l 54 |Birch-turnaghan =
tree view lé ~Therm. expans. (fK-Compressibility (har)-Bulk mod. deriv.
3.3E-5
T (T-TO)In(T/TO)
: 3 T2
3' C“Ck On Ll r & FTmiscBASE T3
v B9 FTOXCNBASE
and then drag ¢ B FToxidBASE
. r & FTpulpBASE
and d rop |nto v B1 FTsaliBASE
R Y (RE fw £ LINDBASE
Functions Foctsoge 64 |
(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 SoluSoln.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.
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Creating a function Cu#liquid for pure liquid Cu

il x

File Edit Units ©Options Tools Help

|Fun|:1i0n Namel

=3 Solusoln

Drag and drop | " i

F Energy: Joules Pressure: bar Cu
File Edit Units View Tools ViewData Help

‘FormulalCu— ﬁl /

Function Name Density (gfcc)
[liguic |ft 836303
AH238 Jmol 5298 Ji{mal K) Piefs (2 max)
[12964.7440313804 |42.6615350814319 [501 503
Thdin (K] Thda (K)

[29815 [1357.77 2 e

Cp(T) Jifmal K)

24112392 +0.00531 368*T -104956/T"2 -7.75338E- 7T "2
+2 45EEIRE-19T "6

Thermal expansivity [ K]

FTrtzBASE | L1 aropertie
FThallBASE % Heatof form A Entropy. € Heat + Temperature of transf.

FThelgBASE Form. ofb¥  Heas ( Joules ) 5298 { J/{mal K}
FTliteBASE |12954_7440313304 |42.EE193SDB14319

%se Mame |:|Reference no.i| Density gfcc

[liquid 501 Jaua
— Extended properties ( optional
IElirc:h-Mumaghan j

|8.8953

|0.0001
Compressibility { / bar)

Bulk modulus derivative

—Therm. expans. (K Compressibility (fhari Bulk mod. deriw.

FTHIBASE R .
FTrniscBASE T T (T=TOIn(T/TO)
FTOxCHBEASE /T
FToxidBASE
FTpulpBASE
FTsaltBASE
HGOKBASE
LINDBASE
MISCBASE
FPENBASE
FactSage 6.4 | -

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

1. Click.

2,3. Right click.

F Solusage (Joules) =10 x|
File Edit Units Oplions Toolz Help
Function Marme
=21 Solusoln
EI Functions
B L)
B Ag )
> Solut o
N\‘ Add Function
Add Solution
End Memter
MMixatle
Guadruplet
Termaty: Interpalation
Add Bragg-williams b
Add Guasichemical 3
Add Pair Fraction expansicn k
Paste Function (i
it
s
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Name the phase and choose the solution model

.
(¥ Solusage Govles)

2. Enter the state. (This is only —

1. Enter a 4- F SoluSage (Joules) : 0Ol x|
Character name File Edit Units Options Tools  Help for fgt_ure referlen(ie.. It IS nOt
g Funcion Name| used in any ca cI:u ations)
for the solution =6 Solusaln Model Selection x|
phase (||qu|d E EU”C_’[;'I”;S Solution Narne State
OB Ly S -
metal) __ égj‘é’ >|Licghd |L|qu|d j
- Solutions (1)
hModel
> One-lattice polynomial j
3. Choose the |
. . . I~ kiagnetic Ok Cancel
solution model: in this N oncel_|
case, one-sublattice N N
with polynomial 4. This solution 5. Click OK
expansion for g as in is not magnetic
slide... (see Section 14)
| Y
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Since the phase Fle Edk Unks Options Tooks Heb Since this is a one-lattice model,
was identified as Function Name | this is generated automatically
«liguid», this - Solution Name Created  LastModified

i bol : EL EEEE':S Lighd 2014/05/13  2014/05/13
Sympbol appears 5 hdodel Mame Lattice

B CwT)
e T One-lattice polynomial I1 <
= Solutions (1)

——> N L A7)

1.2. Enter a =olution description ...
S This "Folynamial" solution description has been
deSCI‘Iptlon . The automatically generated. You can stip this description and replace
: it by adding any number of lines of wour o,
first word (Up to the “'ou may also provide, in the abowe box, the name of file which contain
f| rst Space) Wlll further information akbout this solution. If the file exists, double clicking
the abowe box will apen the file using its associated program.
appear on all
FactSage outputs _ -
Solution Description:

of the phase. (To
show the full name
on the tree view,
click on «Options»,
then on «Show full
solution name».)

Cancel |

thtsagem SOLUTION 1.7 www.factsage.com



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 Hamel

=G =olusaoln
=+ Functions
Q)
B AT
= Solutions (1)
1. Click. > N LT
= Sublattices

2. Leftclick. || 7 B siruncin

Add Solution

Then right e
click. A Ba B ermber : 4. Click

- Interar Mivable

. Quadruplet

3- CIICk- Termary: Interpalation

add Bragg-williams

Add| Quasichemizal

fdd| Pait: Fraction expansion

Paste Funckion (CEFH-Y

i
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ldentifying the first species (AQ)

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

21 Solusaln Species Name Chem. Group
=t Functions Silver ——1 =
B L) Formula (optional) T
- B AT Ag
= Solutions (1)
E}‘S Lt 17-7) If a chemical formula is entered the consistency of end members is checked
= Sublattices
= A2 :
1. Click > Silver (4) 3. Entry of a formula is
AT optional, but if entered it must

~ End Members (0) be the correct chemical
- Mixahles (0

- 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 SsoluSage (Joules)

File Edit Units Options Tools Help

Function Namel

=2 Solusoln
£t Functions
B G
B AgyT)
= Solutions (1)
=B Lphd -
= Sublattices

- End Meambers (0}
- Mixables ()

- Ternary Interpolations |
- Interactions (0]

opecies Mame Chem. Group

Copper |1—_

Formula [optional)

Cu

If a chemical formula is entered the consistency of end members is chedked

SOLUTION 1.10
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Entering the first end-member (pure liquid AQ)

1. Click to highlight the species which comprise
the first end-member,one species from each

lattice. (In this example there is only one lattice).

=& Solusaln
E Functions
Qg
B A7)
= Solutions (1)
=B Ladd -7
= Sublattices

= AQ)
> o Silver (A)
L e Copper
2. Left click. —— :
. - Mixahla: Add Function
Then right T Add Solution
click  [EMATY aryrrrr————
. - |nteract TR

Quadruplet

Ternaty Interpalation

fidd Braga-wWilliams k
fidd Guasichemical k

fidd Pair fraction expansion

el

Paste Funckion

Lactsye SOLUTION 1.1
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Entering data for first end-member

F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

=21 Solusaoln
= Functions
LBy
L e i i
LB AgY)
f e g {3
= Solutions (1)
=N LT
= Sublatices
E}--A[EJ

o Sikver (A)
Cupper

E} End bembers (1)

- Silver

tixables ()

Ternany Interpalations |
“ Interactions (0]

Staic. |1

Mame

ISiIver < 2 .
Farmula

poe—— 3,
Gibbs Energy Function

Z(Sikver)
|1
Status
& MNormal
" Digcarded
i kdain Solsent
0 i~ Solvent

IAg#Ilqwd —
W298: Therr-

- o.

P o T | P " et |

z[FDrml.lIa] "FuncName.ﬁ. + B*[Formula] #FunciameB + .

L

(2 rrE

=

Click.

CONNY

Any name is acceptable. This is not used in any calculation but will appear in FactSage outputs.

If a «formula» was entered for the species (slide...), then the Formula for the end-member is generated
automatically. If not, enter it here.
4. This «stoichiometry» variable is the number of moles of species per mole of end-member. In most cases it

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

-ioi x|

File Edit Units Options Tools Help

Function Namel

=3 Solusaln Al Z[Sikver)

E Ifunl:_;iulr;s Stoic. |1— 7 > I— 8
E [ jj,.’) 07 Marne Staturg;
B AEEH 4 |sitver & MNormal
S Farmula " Discarded
E Solutions (1] IAg " hain Solvent
E}\S LA 7-7) Gibbs Energy Function - O Sokent
= Sublattices IAg#quuid
= A (2) VST ‘[Form[llza] "‘FLi-nE\lam-E:b. +E‘[F0rmula] #FunchameB +.
oTibeer (A I
- Copper T
EH End Members (1)
. Sikver
- Mixakles (0) 6.
- Ternary Interpolations | B X
- Interactions (0) I—
1

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

thenV = 0 in calculations. See Section 13.

7. The «coordination number» Z of the silver species in the end-member. In the present one sub-
lattice polynomial model set Z = 1 (default) if gF is written as an expansion in the mole fractions,
as is usually the case. For exceptions, see Slide 1.19.

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

9. Select «X,,,=1» (default). See Section 17.
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Entering data for second end-member

F SoluSage (Joules)

File Edit Units Options Tools Help

Function Namel

=8 Solusoln
= Functions
B £yl
e i
B A7)
o i o)
= molutions (1)
= L -
= Sublattices

- Mixables (0)
- Ternary Interpolations |
-~ Interactions (0]

A

Stoic. |1
MHame

Copper
Formula

Cu
Gibhs Energy Function

—otatus

= Mormal

" Digcarded
" Main Salwent
" Solvent

Culicuid
298 Therm. expans..Compress.;Bullk Mod.

[ i E:
1

SOLUTION 1.14
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Entering the first excess Gibbs energy parameter (from Slide 1.1 Eq. [4])

F SoluSage (Joules)

File Edit Units Options Tools Help

=101 x|

Function Namel

=T Solusaln
- Functions
= Solutions (1)
=N Lephe -7
= Sublattices

= A2
L, Sikver (B)
- Copper (&)
38 End Members [2)
- Mixables ()
- Ternary Interpolations |
- Interac Add Function
Add Solution
End/Member
Add Mixable Silver;Copper 3 .
Guadruplet l
Ternaty Interpolation

Add Bragg-Williams
Add Guasichemical

| Add Pair Fraction expansion v T Legendre
4
Faste Funckion (Er| 4
| [ —— 4

1.

Holding down the Ctrl key, highlight the species involved in

the interaction parameter, then right 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

=-£1 Solusaln
& Functions
= Solutions (1)
N LT
= SublLattices
= A
- Silver (B)

- End Members (2)

- Mixables (0)

- Ternary Interpolations |
EH Interactions (1)

() SikverCopper

" Binary term
"LapYaYp(Ya—Yp) «— 1.
il
(¥ = eguivalent site fraction)
A: Silver
B: Copper 3.

“Loap [17384.4-446430°T
A +B*T +C*THN(T) 4072 4E5T43 +F/T

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

values of Z,, = Z.,= 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.
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Entering the second g& parameter (from Slide 1.1, Eq. [4])

=0l x]

File Edit Units Options Tools Help

Function Namel

=21 Solusaln QE Binary term
& Functions i - - i
£ Salutions (1) EﬂF}'4YE[ 4~ Yg)
=0 Ldd 77 -
- Sublattices (Y = equivalent site fraction)
= A L) A: Silver
Sikver (B) B: Copper
- Copper [A)
#- End bembers (2) f|1_ Jlaguiv
- Mixahles (0) ‘Laip |1EED.B|—E.31E1IZI*T
- Ternary Interpolations | A +B*T +C=THn(T) +D*T~2 4E5T~3 45T

= Interau:tin:uns (&)
- (0 Silkver.Copper
(1) Bilver.Copper
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Saving all entered data

F Solusage (Joules)

|File Edit Units Options Tools Help 1

New...

COpen... g
3 - p— ik Created  LastModified
] &dd Solusaln ba database paal Soly 2014/05/13  2014/05/13
Close Solusaln Documentation file

Impark,..

F‘rfﬂt--- Database description |
Print Setup... Solusoln solution database.
Exit

F?"gﬂg“m To now include SoluSoln.sln in EQUILIB

- Silver (B) and PHASE DIAGRAM CALCULATIONS see

- Copper (4) the Solution Introduction slide show, slides
B End tMembers (2]

- Mixables (0) 6, 7 and 11.
- Ternary Imterpalations |
= Interactions (2)

(0) SilverCopper
(1) SilverCopper

1. Click on the file name (SoluSoln).
2.3. Click on «File = Save SoluSoln». All data will be now saved in the
file SoluSoln.slin.
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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:

9" =(Z,X,+Z,X)Y LY Y (Y, -Y) i>0 [1]
or 9" =(Z,X,+Z,X)Y a,,Y.,Y, ij=0 [2]
or gE :(ZAXA+ZBXB)Z inBYAYBPi(YA_YB) 120 [3]

where Y, and Yy are equivalent site fractions:
Yo = ZpXA(ZpXp + ZgXg) Yg = ZgXg/(ZpXn + ZgXg)

(The parameters 'L g, 4.5 Or 4, are thus expressed as J/equivalent where one
mole of A or B consists of Z, or Z; “equivalents” respectively.)

- Hence in a “regular solution” (with only the quadratic term non-zero) gF =
CY ,Yg where C = constant, and the extremum in gF occurs at Y, = Yz = 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/Muggianu “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 #17):
g5 = Xy Xgaag + XgXcoge + XX, acp + (ternary terms) [1]
where the o;; are binary interaction functions (as on Slide 1.1 Egs. [1-3]).

In the ternary system, a; may be approximated as being constant along either:

() aline where Xi/X; = constant (Kohler approx.)

(i) aline where X; = constant (Toop approx.)

(i) aline where X; = constant (Toop approx.)

(iv) a line perpendicular to 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., og by the
A Toop (constant X)) approx., and o, by the Muggianu

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

values of a5 , 0lgc and o, at points c, aand b

respectively. _
ax=cst.  -FQor every ternary sub-system in an N-component

-\ "™ solution, SoluSage allows you to specify the interpolation
T C configuration. These are then carried over to the N-
a (fe=o component system in a consistent manner (Refs. (2, 3)).

(Toop, X~ = constant)

L1e 18
= I= I=
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Default interpolations

Three common ternary interpolation configurations are illustrated:

A A A
b
C C b C b
p P P
B C B C B 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 “07, 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 quaternary liguid 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=>Open
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

=10 |

Functian Namel

=81 Solusoln B
E Functions

—>Er--‘-3 Ligkd (1-1)

B End Members (4)

- Mixahles (0

- Ternany Interpolatior

— = Interactions (15) e

- (I Silver.Copper

- (1 Silver,Copper

- (&) Silver,Copper

- (3) Sikver,Gold
()
(3]

SilkverGermar

- (0] Sikver Germar ™
1 | 3

| |C:\FactSage641‘|5uluSuln.an

‘ thtSage‘”
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Entering the “chemical group”
101

File Edit Units Options Tools Help

Function Namel

E}EI Solusoln || Species Mame Cheym/up'
" FU”CT_iDHS IGermanium |2 i’
1 > = solutions (1) Formula (optional)
2 L = Ligh (1-1) |GE
3 . /,L‘} Sublattices
. B A ()
A 4
4 /,/ - Sihver
: & End Membere (4
- Mixahles (1)
Ternary Interpolation

= Interactions (15)
- (0] Sikver,Copper
- [1] Sikver,Copper
- (21 Silver.Copper
- (3] SikverGald
() SikverGerman
(5

- (81 Sikver: German ¥
< T

| |C:‘|FactSagEE41‘|SuluSuln.sln

Click on 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...).

thtsagem SOLUTION 2.3 www.factsage.com




Selecting the ternary interpolation configuration for the

Ag-Cu-Ge-ternary sub-system

-i0yx
File Edit Units Options Tools Help
Function Namel
=21 Solusoln (&
& Functions
= Solutions (1)
= Lighd (1-1)
= Sublattices
= A ()
| —> - Silver (&)
— ~ Copper (B)
— -~ Gold
> L Garmanium (C
- End Members (4)
- Mixables (0)
e Interactipn  #dd Functian
(0 Silve Add Selution
(13 Silvs Emd Mﬁmber _ .
(2) Sl Add Mixable Silver;Copper;Germanium
. Duadruplet
(3] S!hé Add Ternary Interpolation Silver;Copper;Germanium
(4 S!NE Add Bragg-Wiliams
ﬂ - (8] Siby &dd Guasichemical
Add Pair; Frackion expansion
| |C:‘||Fac -

Paste Funckiamn

i

2. Click.

1. Holding down the Ctrl Key, highlight three
species (Ag, Cu, Ge), then right click.

I thtSage‘”
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JRT=TE

File Edit Units Options Tools Help

Function Namel

21| Silver- Copper Eaohler

=81 Solusaoln (B3
& Functions : :
B Soluions 1] Copper - Germanium Toop ®(Germanium) constant
=5 Ligh (1-1) Germanium - Sikver Toop XiGermanium) constant
= SubLattices Silver
= A ()

- Sikver (4)

- Copper (E]

L Gold

- Germaniurm (C
& End Members (4)

- Mixahles (0
- Ternary Interpolation_|
& SilcorCopperGe

= Interactinns (15
(0} Silver.Copper
(1) SikverCopper
() Silver,Copper
3 SilverGold Copper
)

- (4) SikverGerman >
4 ' ’
A

| |C:‘|FactSage64l‘l50Iu5::ln.sln

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

described in Slide 2.1. The diagram shows this.

o

Germanium
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i

File Edit Units Options Tools Help

Function Namel

Ellfl Solusaln 2| Silver- Copper kMuggianu
;LéTﬂDD:: 0 Copper- Germanium Toop A(Germanium) constant
=8 Lighd (1-1) Germanium - Sikver Toop X(Germanium) constant
et sublattices Silver
= A (4
- Silver (A)
- Copper (B 1

- Germanium (C CI'Ck T
- End Members (4)
- Mixahles (0) Muggianu

= Interactions (15)
- {0) Sikver.Caopper
(1) Sikver.Copper

1
Ce (2] Sikvern Copper
':3 e o0 s

)
:I .
- ; SikverGold Copper Baimemim

- (4) SilverGerman ¥
K B

| |C:'!,FactSage64l‘|5nluSuIn.sln

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, Eq. [1])

F SoluSsage (Joules)

File Edit Units Options Tools Help

Function Namel

=2 Zolusaln
@ Functions
= Solutions (1)
=3 Lighd (1-1)
B Sublattices

(A

1. - Capper (B)

- Gold ()

- Germaniurm

B End Members (4)

- Mixahles ()

E- Ternary Interpolation__|
“ SikverCopperGe

Add Function

Add Solution

End Member

Add Mixable Silver;Copper;Gold

Fuadruplet

Add Ternary Interpolation Silver;Copper;Gold

oy
M
)
(e

Y

2 : fdd Quasichemical
Add Fair Fraction expansion

Paste Function ChrlHY

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 gk term: 3000 X , X X, J/mol

F SoluSage (Joules)

File Edit Units Options Tools Help

Function Namel

q" Ternary term

=51 Solusoln
ik

-- Functions dipe Vi Y;Yg‘
= Solutions (1) ikl
=8 Lighd (1-1)
= Sublattices (Y = eguivalent site fraction)
= A4 A: Silver C: Gold
Sikver (&) B: Copper

- Germaniurm U"-« |3|:||:||j||
B End Members (4) 9AB
- Mixables (0)
- Ternary Interpolationr—
- Silver.CopperGe
= Interamu:uns e
o (0) Silver.Copper
[1] SilverCopper
[2) SikverCopper
(3 SilverCopper;

oy Silxl.fer;GDId |
3

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

form shown here.

The powers i, |, k are entered by clicking on the arrows.

3. The diagram reminds you of the interpolation configuration used for this system.
Enter the parameter (in general, as a function of T as for binary parameters).
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Quaternary Interaction Parameters

Quaternary terms may also be added to gF.

=

File Edit Units Options Tools Help

Function Namel

E SulbLattices B
. ] - Silver (&)
1. Click, holding L  Copper (®)
down the Ctrl key, [~ Gl (g

. . - Germaniurm (D)
then right click. - End Members (4)

- Mixables (0}

- Ternary Interpaolations (1)
E...

S Add Function
Add Salution

S:l End Member 3 . 4

(0]
K? <l Add Mixable Silver ;Copper;Gold; Germanium 2 D
13 | Quadruplet
Eg; g': Tiermatsy: Interpol ation
7)

S!' fdd Quasichermical B OVWE M
Sil  add pair fraction Expansian »

Faste Funckion [ o
- (9) Cr

o T T Mald i |
|C:1|FactSageE41‘|5uluSuln.sln v
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Adding the quaternary term 1000 xAng:uxAuxfBe J/mol

=1ol|

File Edit Units Options Tools Help

Function Namel

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

= Interactions (17) qﬂfg}[iyﬂy Y('}

() Silver:Copper B hes

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

< [3) Silver.CopperGold B: Copper D: Germanium
- 4] SilverGold

- (5 Silver.Germanium 1|1__;|_ k|1_ 3’2_ Jequiv D
- 1B) SilverGermanium ijkl EDDD

1)
)
)
)
)
:I i
- (71 Silver.Germanium lapcD
- (8) CopperGold A 87T +C°T™n(T) +D°T"2 +E*T3 +F/T
|
0
1
2
3
4

< (49 CopperGold

1 CopperGold
CopperGermanium

Gold: Getrmaniurm

Gold; Germanium

Gold: Germanium

« (18] Gold: Germanium

& (10) Silver:Copper:Gold: Germaniurm

1
1)
12
13)
14)

T T YT TR TR fTh T TDm T T Te T Th T vTp ot

| C: FactSages41\SoluSoln.sin S
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3. The “One-lattice Redlich-Kister Muggianu Only” Model (“Model 7°°)

This model is a restricted version of the general One-lattice Polynomial Model (model #1) described in Section 1.
The restrictions are:

- Interaction terms expressed only as Redlich-Kister polynomials

- Excess terms 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)

That is, this is a one-lattice version of the Compound Energy Formalism (see Section 5)

F SoluSage (Joules)

File Edit Units Options Tools Help

Function Namel

Solution Name Created Last Modified
|BCT5 201307116 2013/07/16

tOne-lattice R-K/Muggianu Only Lattice
IR—K bAuggianu |1

solution description ...

BCT_AS
Solid solution based on Sn with solubility for ALBi,Ph,Skb.5i.Ti and Zn.

- End Members (7)
- Bi
- Ph
- Sh

- *3n

-~ Zh

- Mixables (0}

B Interactions (10) =]

1
|C:\FactSageEf%l\FSstelESsoln.sln

As an example, the BCT5 solution phase in the FSstel database is described with this model
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Ternary interaction terms in the One-sublattice R-K Muggianu Only Model

File Edit Units Options Tools Help
‘Funl:tiun Namel
=Hp! BCTS (7-1) -]
E Sublattices
B A7)
- Bi
~Ph
~Sh
1 ly Sn (A J
DU | I A Zn (B)
e Ti
e A0
EH End Members (7)
- Bi
~Ph
~Sh
- *Sn
. Zn
T
A
- Mixables (0)
- [ -
4| Add Function
CiFac Add Selution
End Member

Add Mixable Sn;Zn;al
Quadrup|et
Termaty) Interpalation

fdd|Guasichemical
add Fair Fraction expansian

CErl

Paste Funckion

1. Holding down the Ctrl Key, highlight the three species
Involved in the ternary interaction (Sn, Zn, Al), then right click.
2,3,4. Mouse over then click.
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F SoluSage (Joules)

File Edit Units Options Tools Help

Function Namel

— = QE Ternary term
o AL Apc XaXuXo[Xa + (1 — X4 — Xg — Xo)/3]
S
1211 (X = site fraction)
T
oy

- Mixahbles (0)
- Interactions (11)

A 48T +C5THn(T) +D°T"2 +E5T"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» configuration is used.

Click on the A-corner to enter the AL,g term as shown.

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

hwn e
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F Solusage (Joules)

File Edit Units Options Tools Help

Function Namel

B ] _gE Ternary term

o PLapcXaXpXc[Xp+ (1 - Xa— X5 — Xc)/3)
-
$ " (X = site fraction)
e A

- Mixahles (0)
=H Interactions {11)

BL o ne |3nnn|

1. To enter the BL ,g- 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

F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

g" Quaternary term

qapcpXaXpXoXp <

All quaternary terms
are of this form.

LA (D)
- End Members (7 A
- Mixables (0) B:
EH Interactions (11)
- (0] Bi;Sn

(X = site fraction)
Sn c: Ti
Zn D: Al

Jimol U

(
e gapcp °
- (3) Sh:Sn
- (4) Sh:En
- (5) Sl
- (B) Sn:Ti

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

07 RHOM (7-1

M M .
1| | »

I thtSage‘”
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4. The Al,O5-Fe,O; 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, O, corundum solution in modeled assuming Al** and Fe3* species
mix randomly on a cation lattice while the anion lattice contains only O? ions.
- Since mixing occurs on only one lattice, a one-lattice model can be used.

g = (XA.92|203 /2 + xFegﬁezos [2)+ RT (X, InX, +X_InX_)+g" 1]
J/mole of (Al + Fe) species
where: 9% = (9464.2+13.376T)X , X . +3970.6 X X, [2]

Jimole of (Al + Fe) species

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

Note: g and gF are expressed per mole of species (APP* + Fe3*)
9.0, and 97, .. 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 ScluSage (Joules)

1 File Edit Units ©Ophtions Tools Help

Function Namel

aolution Mame Created Last kModified
=61 Solusol
ciusoin Con 2014/05/14  2014/05/14

#- Functions
: kodel Mame Lattice

= Solutions (2)
|One-lattice polynomial \ i

2. > B Sl
- Lighd (1-1)

Souion description | /A ONE-lattice model is Used

Solution Coru

Solution Description:
Binary AI203-Fe203 comwndurm salution

(] 4 I Cancel

1. The data have been stored in SoluSoln.sln
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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JRT=TE
File Edit Units Options Tools Help
‘Funl:ticln Namel
00O Solusoln Function Mame Density (gfcc)
B Functions corundum_alpha_ |3.BEE?DE
F Energy: Joules Pressure: bar Al203 B AL AHZ98 Jfmal 5298 J/mal K) Fefs (2 max)
Fle Edit Units ¥iew Tooks YiewData Help g f i ||-1675699 895624 [50.613985312 [132133
i - Trdin (K} Thdax (K)
FarmulalAl203 El Cul)
: | . — #- Ge (1) [298.15 232701 ER
B-r £ FactPSBASE =54 propeties B Ag (1) Cp(T) Jfirmal K)
S8 AlZ03 B @ Au (1)
: I ’ 166.018881968 3861363 01644/T 2 -828 38698016/ T"0.5
L= 51 AH?98 (Joi| = Solutions (2) +409083646.192/T"3
L= 52 1675699.9 s G 77
-l 53 -3 Lighd (1-1
l«_“‘ - / Fhase MName W LiaM (1-1) Thermal expansivity [/ K]
L L1 Imrundum(alpha) |4_195E-5 -BE-TIFT -00114/T +1 062312
E-L G — Extended properties [ af Compressibility ( / bar)
----- & FRANBASE IBirch—Murnaghan |3.8459E-? +3.BE72RE-11*T +1.2898E-1 44T 72 +2. 35E-18*T "3
----- r 8 FScoppBASE Bulk modulus derivative
—Therm. G
_____ ¢ B FSleadBASE —p-ﬂ;g;;x ans. {f )|_3 804' fe2
----- r 81 FSliteBASE | S :
..... ¢ B FSnohlBASE -5E-10 T 368
H-r & FEstelBASE -0.0114 i |1,25
----- r £ FSupsiBASE a2 b= | | ©
#H-r £ FTdemoBASE : - i | |C:\FactSage641‘!So|uSo|n.sln
""" r O FTizBASE Mﬁg&iﬁ O Temperature———— P facta
H-r & FThallBASE H ’7(3‘ Curie IiK ’75 D.EB’—‘
@-r B FThelgBASE = Meel A0
----- r 81 FTliteBASE
----- ¢ £ FTMBASE =
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.
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F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

EEI Solusoln
-- Functions
= Solutions (2)

- End b
- Mixal
- Term:

“o Inters
-5 Ligghd

E}[j {omrn f -1
E} SubLattin:es

..... m Add Function

Add Solution

Add Spedes

Emd Member:

Mixable

Duadruplet

Ternary) Interpalation

&dd Bragg-williams

Sdd| Quasichemical

&dd| Pair Fraction expansion

Easte Function IZEE[ 34

| B

Create two species (see Slide 1.8)
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-18/x]

File Edit Units Opkions Tools  Help

Function Namel 1

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

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

Fe[3+] (&) 2
- End Members (0 *
- Mixables (0}
- Ternary Interpalations |
- Interactions (0]

- Lighd (1-1)

1| | ¥
| I 4

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

In 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,

F Solusage (Joules)

File Edit Units Options Tools Help

Function Namel

E-E Solusaln
-- Functions
= Solutions (2)
=00 L 77
= Sublattices
= A2
1. AT (4

Fe[3+]

- Mixables 40 coition

Temﬂ"}f It Add End Member Al[3+]

- Imteractiol fieable

E*"E Lighd (1-17 Guadrpler

Ternaty: Interpalation

add Bragg-williams

add Guasichemical

add Pair Frackion expansian

Paste Funckian (Zhrl -4

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.)

=10l x|
File Edit Units Options Tools Help
Function Namel
(e
.
01 Solusoln (] Al ZIAI[3+]
= Functions . I—BL
: - Staic. |2 1 |1
Function T o |Neme v Status
> i e (5 IAIZDS 7' & Normal
B AR T 2. :
name - bematia ) Formula P i D|5.|:arded
B Cu (1] |AI203 4 " bain Sokent
- Ge (1) Gibbs Energy Function O " Saolvent
B Ag (1) IAIZDS#CDrundum_alpha_ — 4
B Au (1) Y238, Therm. expans..Compress. Bulk Mod. ’
= olutions (£) I
B Lo 77
- Sublattices
B A(2)
A|[3+]
FE[3+ (A:' ¢ e
4 . 1
- Mixahles (0] i
Kl | _>I_I
1. The name is not used in any calculations but will appear in FactSage outputs.
2. The formula of the end-member is used in the calculations.
3. One mole of end-member Al,O; contains 2 moles of species Al**. This is entered as the Stoic. variable.

(See factor «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

JRT=TET

File Edit Units Options Tools Help

‘Fundian Namel ‘

L ool alta (T |
B FERRT)
o pamatie 1)
- Cu (1)
& Ge (1)
B Ag (1)
- A (1)
= Solutions (2]
B o -7
2l SublLattices

El- End tembers (2)
AlZ03
- Fe203

- Mixahles (0] 2

- Ternary Interpolations |1

" Add Function

LI E}"E Light (1- Add Selution / 4 .
= =] End Member

[0 addMikable AII3+TFe[34]
Cuadruplet

Tetnaty: Interpolation

Add Bragg-Wiliams Simple Polynomial

Add Guasichemical Redlich-Kister
Add Pair Fraction expansion Legendre

Faste Fumckion ZEH Y

1. Highlight the 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

- condian_sfgha (7) N QE Binary term 1
E ".:E‘?{l?s"y qiﬂ 7 }r‘i },J «— .
- hamatie (2 1A :ﬁ] AR
.. il |:-|:| O

- Ge (1) (Y = equivalent site fraction)

B Ag (1) A: Alf3+] 3

B Au (1) B: Fel3+ .
- Solutions 2) - Fel34] e 2. /
B S 71 .i|1_ _}|1_ Jleguiv J

=- Sublattices q\‘r.?
B A (2] AL
A3 (&)
~ Fe[3+] (B)
- End Members ()

|94E4.2 +13.376%T

- Mixahles (0)
- Termary Interpolations (1
= Interactions (1) T

C(DAIB+]Fe3+]
(o) []EE]_’FI

a

Simple polynomial form.

Enter powers i and j.

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

N
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F Solusage (Joules)

File Edit Units Options Tools Help

=10 |

Function Namel

EI...

Kl

=SS o]

e Aamatie 15

- Cu (1)

& Ge (1)

& Ag (1)

B Al (1)

solutions ()

=L e 77

= Sublattices

= A7)
A3 (4
~ Fe[3+] (B)

= End Members (2)

- Mixables (0]

- Tarnary Interpalations (|
= Interactions (2]

(0 Al[3+]:Fe[3+4]

(1) AI[3+)Fel3+ -
(1) Al[3+] EE ] _*I_I

g% Binary term
tj yriysld
dapYiYg
i3 20

A Alf3+]
B: Fe[3+]

il jh

(Y = equivalent site fraction)

Jequiv

tJ
§1p 39706

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”)

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 is 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

‘ Liactsage
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Entry of data for the “Al ;Fe,” solution phase with the

Compound Energy Formalism (CEF) (model # ”12/20”)

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
«File = Open
SolAsoln»

F SoluSage (Joules)

File Edit Units Options Tools Help

3. Select the model

=10l x|

2. Click on the
«AL13»
nickname and
expand the tree
views

- End Members (12)

i - *AI3ZFE12A17
- Al3ZMNT 2417
- Al32Fe12517

AIIZMRIZSI?
a | 9

ICDmpDund Energy Formalism |3 - |

Function Namel /
=olution Mame Created Last Modified
-2 SolAsaln (B3
B Functions IAU E 2014,/05/15 14/05/15
: bodel Marme Lattices 4 The CEF

model permits 2
to 5 sublattices

solution description ...
Al13Fed

Al-Fe binany phase which dissokaes Mn, Siand Zn \

Description of
the solution

I thtSage‘”
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Entering the number of moles of sites on each sublattice

1. Click on
the symbol for
lattice A

F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

EHE Soldsoln
& Functions
= Solutions (1)
=00 AL (12-3)
= Sublattices

el

- End tembers (12)
- *A|32F el 2407
- Al32MNT2AI17
- Al32Fe128i7

. A3MnlESi? T
1| | 9

e

3. Repeat for

lattices B and C

/~

2. Enter the J

- Numberufmulesufj“%/ number of
32 moles of sites

EHE SolAsoln
& Functions
= Solutions (1)
=00 ALTI(12-3)
= Sublattices

=21 SolAsoln
& Functions
= Solutions (1)

=00 ALTI (2-3)
= SublLattices
= A2

Mumber of moles of sites
|12

Murmber of moles of sites

7

I thtSage‘”
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5.2
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Entry of species

=10l x|

File Edit Units Options Tools Help

Functian Namel

=21 SolAsaln ~ || Species Mame
-- Functions N
= Solutions (1) Formula (optional)
=L AL (12-3) n
£ Sublattices

B A(2)

S

In this example,
formulae have been
entered for all species

Enter the names

and formulae va

I El End bembers (12)
(optlc_)nal) of all - *AI3ZFE12AIT
Species - AlZMNT 2417

- Al32Fel 2507

L AIIZMRTZSI?
4| | »
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F SoluSage (Joules)
File Edit Units Options Tools Help

=10l x|

Functian Namel

=81 Solésoln |
& Functions
= Solutions (1)
=00 ALTA(12-3)
= Sublattices
= A2
En
= B (2]
FE
Mn
= G —

= End Members (12)
A2l 2AI7
- AI3ZMNT 2417
- Al32Fe125i7

opecies Mame

Wa
Formula {optional)

- AIZMN12SI7 T
4 | Y

“a

«Va» is the acceptable
formula for a vacancy
in FactSage

SOLUTION 5.4
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Entry of end-members

F SoluSage (Joules) - |I:I|

File Edit Units Options Tools Help

Functian Namel
=1 SolAsaln -
-- Functions
= Solutions (1)
=00 ALTI2-D
= sublattices
) A2
1. Holding down | AL A
the CTRL key, " an
o = B(2)
highlight one — - Fa (A)
: - hn
species from 5o |
each lattice, then A
right click. N\ ReR
S8 E11ct Mo b el
- *  Add Function
Ali2Fe Add Solution
2. CIICk N :I Member Al32Fel12Va?
o AlEZMNT Guadruplet
g I Tetnarty: Interpolation

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

1. The stoichiometry
variables are generated

automatically

File Edit Units Options Tools Help

N\

Function Namel

B(2) B

EC (3)

- End Members (12)
- *AISEFe1ZAIT
- AIFEMNT ZAIT
- Al3ZFe125i7
- AlF2MNT 2507
& Al32Fel2val
- AlFEZMn 2var
- Zn3ZFel12Al?
- Zn32hn1 2AI7
- ZndeFel12Eiv
- ZndEMn1EZSIY —
- Zn3ZFel2va?

- Zn3?kAn Piu’ﬁ? i

k

\

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

A0 BO C2
Stoic. [z 12 |7 |3] /
Mame Status——————
|A|32Fe12va? r's  MNormal
Formula " Discarded
|FE1EAI32 \  hain Solvent

Gibbs Energy Function

f* Solvent

|Fe1 2Al32#4L13_0004
press . Bulk bMod

W28 Therm. expans..C

4. Enter the Gibbs
energy of the
Fe,,Al;,(Va,) end-
member as a sum
of «functions»

=

1

. 3. The formula must

correspond to the
\\~ stoichiometry A,,B,,C-
Note that «Va» should
not appear in the
formula

‘ thtSage‘”
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Automatic entry and checking of end-member formulae

F SoluSsage (Joules)
File Edit Units Options Tools Help

Function Namel

=8 Saddsod Al B0 o2
_. Funn:ﬂuns Stoic, |32 |12 I? @
= Salutions (1) Mame Status—————

LT 48 77T
5 cobiation |Al32Fe12var ¢ Normal
: i~ Discarded

B A(2) Formula

& B (2) [Fet124131 »  Main Sobvent
oK) Gibbs Energy Functian * Solvent

= End Members (12) ||=e1 SAIFZRALTA_ 0004

- *AIZFe1 2417 Y248, Therm. expans. Comprass Bulk Mod.
o ALIEMN 2417 I
- Al32Fe125i7

- Al32Mn 2507

8 “A32Fe] 2var

o AIIEMN 2val

- Zn32Fel 2Al7
 ZnIZMn12A7 0 —
- Zn32Fel2si?

- Zn32Mn1 257

- Zn32Fel 2~ifa?_|;|
»

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

File Edit Units Options Tools Help

=10 x|

Function Namel

1

[ i Y P ot

-- Functions
=+ Solutions (1)

B-67)
&

B

AL PRI
sublattices

B A (2]

& B (2)

k)|

End Memhbers [12)
- *A|32Fe1 2AI7
- ALFEMNTZAIT
- AlIZFel 2507
- AlEEMR1 2507
& “A|32Fel 2V aT?
- Al3Zknl 2vad
- EnJEFel2Al7
- Zn3EMnT ZAI7
- Znd2Fel125i?
- ZndEMn1 2517

Al B0 CZ

Stic 54 [24 [T E

Mame

|AI32FE1 a7
Formula

|Fe24Al64
Gibbs Energy Function

T~

otatus

" Mormal

" Discarded
" Main Sokent
i+ Salvent

I2*Fe1 2A1323AL13_0004

WER Therm, expans.,Compress.;Bulk Mad.

]

N\

4.

2n32Fe12~ifa?_|j
[

2.

[ rriE

thtSage

SOLUTION 5.8

1. By clicking on the arrows, you can change the stoichiometry of the end-member by a 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. If formulae were entered for the species, the end-member formula is automatically changed. Otherwise it
must be changed manually.

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

www.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 [+]", "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
JRT=TEY

File Edit Units Options Tools Help

‘Funl:tiun Namel ‘

0 Swidsal
B Functions
= Solutions (1)

SR LEET

= Sublatices

B A2)
y AW
L 7n
= B2
‘- Fe ]

| »

E- End Members (12)
= Mixables (0)

Add Function
Add Solution
End|Member:
Add Mixable Al jf Fe;Mn /f Al
Duadruplet

Tetnaty: Interpalation

Redlich-+ister
add Quasichemical 2 VE » Legendre
= i i

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

]

=10l x|

Function Namel

/

(]
B
g

R

Functions

Solutions (1)

=0 AL PR
= Sublattices

E AT

Co AL A

¢ Zn

BB 1

i L.Fa (&)

Mn (B)

= (3

o A

Vﬂ

- End Members (12)

- Mixahles (0

B Interan:tin:nns (3

A ¢F Binary term /

"LapXaXp(Xa— Xg)

=0

(X = site fraction)
A: Fe 3.

5 AMn 2
e /

Jmol U

‘L 4p [611337.0012 +305.99999892*T

Enter the param

> Wn

eter.

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.

Note: This is the interaction parameter per mole of (Al);,(Fe, Mn),,(Al),. That is, for 12
moles of (Fe + Mn) mixing on the B lattice.

‘ thtSage‘”
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Entering a ternary interaction parameter

~=10] x|

File Edit Units Options Tools Help

Function Namel

Y e :|
unctions

olutions (1)

7 AL TR
= Sublattices

1. Highlight 3 species on b8
one lattice and one on . Fe® Mouse over.
every other lattice. This is é B e el
the ternary interaction T~ A®

(Al)5,(Fe),5(Al, Si, Va)-, Va (O

3 i - End Members (12)
then right click. ' Mixablos (O 2.

Add Function
Add Solution
End rMember
Add Mixable Al [/ Fe Jf Al;Si;Va
Fuadruplet

Termary: Interpalation
Add Bragg-Williams ( Redlich+Kister
add Quasichemnical

L Bair Frackinm exnamsinm
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File Edit Units Options Tools Help

Function Namel

GG o gE Ternary term
unctions ALAE(_.'XAXBX(.-‘[JYA +(1—-Xa—Xg—Xc)/3]

al _uticlns (1

(00 ALF TR
=- S:ubLattn::es (X = site fraction)
B A(2) A: Al C: Va 1. 2.

- A (A o
B: 51 J
- ZH
EH B (2) / Timol O

100 ¥

A
“Mn LABC

- 3 (B]

F- End Members (12)

- Minakbles (0)

= Interactions (3)
(O ALY Fe jfALSEVE

I | = Y

-

Enter the AL,,5zc parameter. (See Slide 3.2).

Per mole of (Al);,(Fe),,(Al, Si, Va),.

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

N>
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Entering a reciprocal interaction parameter (Ref. (4))

=01 ]

File Edit Units Options Tools Help

Function Namel

olutions (1) -
1) AL TR

= SublLattices

= A2

A (A

- Zn (B)

= B2

- Fe (4)

- hn (B)

= CA)

A (A

!

F- End Members (12)
- Mixahles (0)

Add Function
: ) Add Solution
NS R
|
)

AL add Mixable Al;Zn Jf Fe;n ] Al
Al Guadruplet

——| Tetnary Interpolation

Add Bragg-Williams Redlich-Kister

_— add 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),,(Fe, Mn),,(Al); among species on lattices A and B when lattice C is
occupied exclusively by Al.
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_|o x|
File Edit Units Options Tools Help

Function Namel

olutions (1) ] gF Reciprocal term 1.

07 AL PR
= Sublattices
= A 2)

AN
- Zn (B)
=B (2)

- Fe (&)

A
"‘-.-"'El
- End Mermbers (12)
- Mixahles (0)
= Interactions (4)
- (0) ALY Fe 4 AlLSiVa
STV ALY Fexbn 4 Al
-~ (2) AL Fe:Mn fWa
M ALZn fFeMn Al

« | »

XaXpXeXp[¥Lap.cp{Xa— Xg)'+ /

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

A Al C: Fe

B: Zn 2 D: Mn

2j or 2j-1 |1_‘/ Jimol U
1L ap.cp l1og

|

—

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 2L parameter, while odd values specify entry of

a 2-1L parameter.
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F Solusage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

olutions (1)

-0 AL PR
= Sublatices
= A2

AL (A
- Zn (B)
=B

- Fe (&)
- bn (B)
= Ci3)

#- End bembers (1)

- Mixables ()

= Interactions (4)

- () ALY Fe i ALSEVa

2

=]

-

¢" Reciprocal term

XaXpXeXp[PLap.op(Xa— XY+

H L agop{Xe — XpY] j=0
(X = site fraction)
A Al C: Fe
B: Zn D: Mn
Jjor 21z Jimol ©

2j fby e |EIIIIII|

The parameters entered in this and the preceding slide together define
the term X, XgXXp(200(X, — Xg)! + 100(Xc — Xp)Y)

I thtSage‘”
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- Quaternary interaction terms (4 species on one lattice and
one on every other lattice) can also be entered in the CEF.

- These are of the form

1 1 1 1
XX XX

qABCD
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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 functions in 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 0 0 0
9ca,sio, = 20,0 t+ Usio, T AQ torm [1]

where: Agfoorm = Gibbs energy of formation = -93000 - 30.0 T J/mol

This is illustrated in the following slides.
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File Edit Units Optons Tools Help

=10l x|

Function Namel

- End Members (0]

- Miahles (1)

- Ternary Interpalations
- Interactions ()

=8 SolBsaln Solution Name Created Last kodified
& Functions Orthos 2014/0515  2014/05115
= 2olutions (1) bodel Mame Lattice
= irtens -7 Falkymamial 1
= Sublattices
= A2
Eﬂz () molution descrption .

Orthosilicate Caz2si04-kg2Si04 solution

| B

The solution and species are defined

I thtSage‘”
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Entering a new function Ag,,,,

1o x|
File Edit Units Options Tools Help

2. Enter the
function name as

Function Namel

=8 SolBsaln ‘
1. Click o «formula#name»
E} R A IJr||_|_|r| i
. Add Solution
End Mernber -
& ol x
T Ouadriplsk Enter Function e.g. 5i02#0uartz, #yFunc

E- S:D!_lﬂl_ti[ Ternary Interpalation
B | addEragg-williams r

= x i F
Add Guasichemizal i ok I Caricel

Add Pait: Fraction expansion

|ca25i|:|41:tde|ta|3 /7

Paste Function (k|4

=

- End Members (0

- Mixahles (1)

- Ternary Interpolations |
- Interactions (0]
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File Edit Units Options Tools Help

=101 x|

Function Namel

E-E1 SolBsaoln

= Functions
B SHIFT
fheas £l
B 77
Limea i)
b SR T

vy

o e
= Solutions (1)
=00 has 77D
= Sublattices
= A2

Ca

g (A
- End Members (1)
- Mixables (0}
- Ternary Interpolations |
- Interactions (0

Jd | B

2.
Function Mame /\ Censity (gfcc)
|ceta // \‘1
AHZ98 Jfmol =298 Jfimal K) Fefs (2 max.)
|-3000 ¥ / a0 ¥ |
Thiin (K} Thian (K) 3

2%

298.15

| |anun
Cp(T) Jimaoal

t/

Thermal expansivity [ K]

Compressibility [ f bar )

Bulk modulus derivative

N

thtSage‘”

SOLUTION 6.3

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

as a sub-heading.

Enter AHygg, Sygg, 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.)
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Entering the end-member Ca,SiO,

o [=[
File Edit Units Options Tools Help
Function Namel
EI--F_j =olBsaoln Adl Z{Ca)
= Functions ,
5 50207 itn:m::. IE 2. |1
1 L G ame / Status
{ ,
ey |Cazsiod @ Narml
~ T Formula " Discarded
e f e fEY _
= CRISOT) Carsiod ¥ " hain Sokent
- dhafatt i) Gibbs Energy Function — | ¢ Solvent
= Solutions (1) |2*CaD#Iime +Si02#quartz + CalSi0dtdeltad)]
E--[f:_,'?‘ Ctas i 77, Y238, Therm. expans Compress Bulk Mod. \
= S:ubLattic:es I 3
B A2 :
Ca (A
by
EH End Members (1)
o CadSiod
- Mixables (0) S
- Ternary Interpolations |
- Interactions (0]
< | 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, Eqg. [1].
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Alternate method of naming a function

=01 ]

File Edit Units Options Tools Help

Function Namel

E- EI =olBsaln
W
E ‘:' Add Suluhun
" End Mermber
Sh { Iixable
: . Quadriplet EI

E Solu Ternary Interpu:ulal

B-7  addBragg-wiliam  Erter Function e.q. Si02H0uartz, #MuFunc
2 add Fuasichemnica I#deltaﬁ
Add|Pair Frackion

Faste Funckion ] 4 I Cancel

Ty

= End Mermbers (1]
- Ca2Siod

- hixahbles (0}

- Terany Interpolations |

- Interactions (0

A
.

1 | H©

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

=101 x|

Function Namel

=2 SolBsaln
= Functions
e SRR
o s 1
Bl LR
e Lme
= Bg7)
i o leRalr i)
= Solutions (1)
=00 s -7

- Sublattices

- CalSind
- Mixakbles (0}

- Interactions (0)

1 |

- End Members (1)

- Ternary Interpalations |

A Z(Ca)
Staic. [2 o
MName Status
|Ca2si04 & Mormal
Farmula " Discarded
|Ca2si04 ™ Main Sokent
Gibbs Energy Function O " Solvent

i

IE*CaG#Iime +3i02#quanz +#deltal
W298, Therm. expans.Compress. Bullk M:m 2

=

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

- In slide 6.3 was illustrated the entry of a function by specifying
values of AH,gq, Sygg and C,,.

- If you wish to enter an expression for G

(G=a+bT+cTInT + ...) directly, this cannot be done
at present in SOLUSAGE. You must first convert the
expression to AH,qg, Sygg 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.

‘ Liactsage
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7. Two-lattice polynomial model (“Model 4”) (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).

- Itis 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 LiCl-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 assigned. For ionic salts this is the
absolute charge, but in general the valence is defined as the (hnumber of
“equivalents”) per mole. For example, one mole of Li* ions or F-ions
are equal to one equivalent, while one mole of so " ions equals two
equivalents.

- We define “charge equivalent site fractions” Y, for each lattice as:
Yi = giXilZgiX;
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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:

Yia = Xna (XLt Xnat2Xca)s Yea = 2X el (XLt Xnat2Xca), Y = Xl (Xt Xyat2X )

Y = Xel(Xe+2Xs0,), Yso, = 2Xs0,/ (Xpt2Xs0,)
(Note that, by charge balance, (X ;+Xy,t2Xc,) = (Xg+2Xs0,))

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”)
Data for this phase have been stored in the file .\FACTDATA\SolCsolIn.sIn

i ioix]
1 F:“Ck —— P File Edit Units Options Tocls Help 3. Select model
«File=> Open

Function Namel /
SOICSOln» e ;| Solution Name Creamdj,! Last kodified

B Functions |SALT 2014/05/)5  2014/05/16
= FLi (1) todel Name Lattices

- ligguid (2) | Two-lattice polynomial (4) E
: = NaF (1]
2. Functions for each ~liguid (2) \

L = 504Li2 (1)
end-member IIqUId 5----Ii|::|uid|:4j:|| Solution description 4. Selected
automatically

have been COpiEd (Li.Na k) (F.S04) liquid solution
- lkeuid (2
from a COMPOUND L@

database - ligquid (2)
= K2504 (1) 5. Enter a

o liguid (2) T

= Solutions (1) deSCI’Iptlon
=i e

B Sublattices

CEAQ)

m

v
i
Ea

- LA
=

o
ra
L]
i

=
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Entry of species

F SoluSage (Joules) O] x|
File Edit Units Options Tools Help 3 Enter Valence
Function Namel : 7
H ?NITU'?[E]) +| Species Name “Valehce  Chem. Group
- Tkaul Li 1 = 1 =2
E KF ':.1:' : IFDrmuIa(DptiDnalj :I I_:I
PR ligquid (2] :
B K2S04 (1) |Li
o liguid (2)
= S:Dluticuns (M
1. Click to /vE*’L;J Sﬁgiefs 2. In this example 4. Enter chemical group
enter Li P we have chosen to number (see Section 2).
species N enter formulae for There are separate sets
| é--é species of group.numbers for
F each lattice
- 504
- End Members (B)
- LiF
----- Li2504
..... NEI.F -
a| | F

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

File Edit Units Options Tools Help 2. Enter valence
Function Namel /
E- E:NaEIf]-’-l (1) | Species Narme ‘v’alim:e Chem. Group
E- FS‘F ':_1:' _ Formula (optional) /
- liguid (2] 204
= K2E04 (1)

- liguid (2
= molutians (1)
E}‘*E; SALT [4-29

= Sublattices 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)

1. Click to
enter SO, —
species
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Entry of end-member Li,S0,

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

2,3.Click.

F Solusage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

: i
= Solutions (1) [
=B SALT (4-2)
= Sublattices

= A(3)
LA
NEL
= B (2)

- 504 (&)

Add Solution

| > liese
i WP Eiit End Member L2504 |
1™ dl

- LiF Add Function |

- NE?S Mixagnle .
CKF uadruple

Ternaty Interpalation
- K250 "
] fdd Bragg-wWilliams k
- Mixables Add Quasichemical 3
- Temary Add | Pait Frackion expansian »

Il.. bt —tic
d I Paste Funckion iZhr (3

[ [P _—— S L B B

Note: All (2x3) = 6 end-members must be entered, one
for each combination of one species from each lattice.
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F Solusage (Joules)
File Edit Units Options Tools Help

=10l x|

Function Namel

1.

: R )
- Solutions (1) [
=T SALT (4-2)
= Sublatices
= A(3)
L (A
= Ma
=B (2)
- 504 (A)
= End Members (B)
- Lizs04
- MaZs04
- k2504
- Mixables (0
- Termary Interpolatior—,

-

| L Dm0
‘ 1

AD | B
swic [2 ! B 2.

Mame /

|LiESD4 N
Formula

|Liz504
Gibhs Energy Function

\D " Sokvent

otatus

& Marmal

" Discarded
 bain Sakent

|S04Lig#iquid
Welaa Therm. expana.;CDrr)gresa.;Eiulk hdod.

N

|S04Lig#iquid /
4,

[ = rrEs

o

1. The stoichiometry variables are generated automatically from the entered

The formula is entered automatically since formulae were enterd for the species.
Enter the Gibbs energy of end-member Li,SO, as a sum of «functions».

valences.
2. The name is not used in any calculations but will appear on FactSage outputs.
3.
4.

‘ thtSage‘”
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1

..

- Termary Interpolatior—,

sl

|n+ﬁr-=hr\+iﬁrlr\- [AFAEL ]

F SoluSage (Joules) _|_|- O EI
File Edit Units Options Tools Help
Function Namel 1
B T AES =
= Salutions (1) [ Al B1
BN S4LTH) Stoic. [f |7 3.
- Sublattices Marmne / Status
SAL) |Lizs04 I’d & Narmal
LA Formula ¢ Discarded
Ea |SSD12LiE \ i~ hdain Solent
i ' " Solvent
5B (@) Gibbs Energy Function -
wF FS04Liz#liquid
- B04 298, Therm. expans..Compress. Bulk Mod. 2.
- End Members (6) |PE04Li2#iquid
- Lizs0d
-~ Nazs04
- K250 1
- Mixahles ()

1. 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.

2. If formulae were entered for the species the end-member formula is changed
automatically. Otherwise, it must be changed manually.

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

4. The Gibbs energy of Lig(SO,); is 3x that of the function SO4Li2#liquid.
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Editing ternary interpolation configuration for

the LIF-NaF-KF system

=10l x|
File Edit Units Options Tools Help
Function Name |
B--S:Dlutionsﬂj . ;| Species Name “alence  Chem. Group
1. Holding down the By Ermulampﬂmu = -
Ctrl key, highlight - F
three species from <
one lattice and one (.
from the other, then
right click.
- Mixahles (0)
i - Termary In’ R
2. Click. \\ ) . Interagur] EEEEEEEE? |
IC:VFact  End Member

Add Mixable Li;MNa;K /f F

Duadriplet

Add Ternary Interpolation Li;Ma;k /f
Add Bragg-Williams

&dd Guasichemical
&dd Fair frackion expansion

Faste Funckion (Zhr|
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F SoluSsage (Joules)

File Edit Units Options Tools

Help

=10l x|

Function Namel

= Solutions (1)

S8 R e
= SubLattices

= A3

I I ()

- MNa (B

LK ()

= B (2)

- F (A

= End Members (B)

- Lizs04

-~ MNaz504

-~ K2504

- Mixables (0)

= Ternary Interpolatior—

Al LiF-NaF Kohler
MaF - EF kEohler
KF - LiF Kohler

LiF

MaF

-

KF

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

were all assigned to chemical group “1”, the default is “All
Kohler” in the LiF-NaF-KF system.
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F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

= Solutions (1)

=N S TR
= Sublattices
= A3
L (A
-~ Ma (B)
K (C)
= B (2)
- 304

'LiF
-~ Liz504
- Maz504
-~ K2504
- Mixables (0)

= Ternary Interpolatior—

= End Members (6)

i

2| LiF-NaF Toop %(LiF) constant
MaF - KF hMuggianu

KF - LiF Toop =(LiF) constant
LiF

HaF

KF

A

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

constant) configuration.
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Entering ternary interpolation configuration for the

ol

File Edit Units Options Tools Help

Functian Namel

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

) K2504 - Li2504 Kohler
a (B) Li2504
(

~ 304 (&)

2 - Mixables (0}
’ » [ Ternary Interpolatior L

. Li:Nak 4 F — NaZS04" ~ k2504

1,2,3. Clicks.
4. The default configuration is «All Kohler» because Li, Na and K have all been assigned 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.
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Entering binary interaction parameters

A=

File Edit Units Options Tools Help

‘Func‘tiun Namel

I F®
[ 504 (B)

Er End Members (6)
- LiF
o LiZs0d
o MaF
- Na2s04
-~ KF
LK2S04
- Mixables (0
- Ternary Interpolatior
- LiNaK 4 F
b LNk §f 504

E..W
i Add Function
(1]
4 | Add Solution 3 . 4 0
T . End Member /
C:

l_ Add Mixable Ma [f F;504 Z
Guadruplet

Tetnary. Interpolation

2_ Add Bragg-Williams Simple Rolynomial

Ldd Duasichemical Redlich-+ister
Adld Pair frackion expansion Legendre

Baste Funchion CEp|

1. For a binary parameter, highlight two species on one lattice and one species on the
other. This is a parameter for interaction between F and SO, on lattice B when lattice A
Is occupied solely by Na. Then right click.

2,3. Mouse over, then click.

4. Choose the form of the polynomial (see Slides 1.1 and 1.19).
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File Edit Units Options Tools Help

F Solusage (Joules)

=10l x|

Function Namel

(2 LiNayF Al
(I LiMaffF
(4] LiMa /f F:504
- (5] Li:Ma /f S04
- (B) Li:Ma /f S04
~ (7Y LiMNak f F
-~ (8) LiNaK ff 504
(T LK Y F
(10 LK 4 F
(LKA F

S (12ILEKHF

- (13 Lk 4 F:504
(14 LiK 4 S04
- (18] LK 4 S04
- [16) Na /{ F;504
® (171 [Na // F.504
(18 Nak
(19 Nak f Fs0-
(207 NaK f 504 —
(21K A F-so-q_lj

1| [ 3

gF Binary term

iLQF}t4YB(}i4—YB}i — 1

(¥ = equivalent site fraction)
A F
B: 504 2

f|17/

-

Jequiv D

‘Lap |217.00000108-2.04399996045+T

/

3.

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

> wn 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 Ygo, moles of Na(SO,),,.
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Entry of a ternary interaction parameter

1. Highlight 3 species on
one lattice and one species
on the other lattice. This is
the ternary interaction (Li,
Na, K)(F). Then right click.

=10l x|

File Edit Units Options Tools Help

Functian Namel

[N R ¥ | W J NN ELRRA | e I
F

= A(3)

L

/ -~ MNa (C)
KB

| = B (2)

= End Members (B)

w LiF

- Ligs04

o NaF

- Ma2s04 T

/

- Mixahbles (0}
= Termary Interpolatior 2. Clicks
o LiNak i F

- LiMaK jf 504

= )
o Add Function

1 | Add Solution

| |C_ End Member A
Add Mixable Li;Ma;K jf F

Cuadruplek

Edit Ternary Interpolation Li;MajK /f F

Add Bragg-Williams Simple Polynomial
add Quasichemical

add|Pair frackion expansian

Paste Function Zhr|

I thtSage‘”
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R
File Edit Units Options Tools Help >
Function Namel o -
= SubLafices A QE Ternary term
B A3 kY yriyciyk
EENTEN :fﬁfg-'l}ﬂyﬂy‘-’f 3. Enter the
R parameter
) (¥ = equivalent site fraction)
=Bl A: Li C: K
504 - s
= End tMembers (B) Jleguiv D
- LiF L " re -
- Li2504 9iBe e
- MaF | A )
- Na2504 13 2. \
WY 4.The parameter
~Mixables (0) is in Joules PER
= Ternary Interpolatior
LiNaK /F EQUIVALENT
- LiNaK 504
= Imteractions (25) = — 3 = 'S 1 < «—
y s ol 2, o 14— 2,

1.

2. Choose the powers i, j, k by clicking on the arrows. This is the term
132
qABC

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

equivalent fractions.

Yiy’y?

A B C
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Entry of a reciprocal interaction parameter

=0l ]

File Edit Units Options Tools Help

Function Namel

= SublLattices -]
= A(3)
. . ¢ e Ma (B
1. Highlight 2 ok ©

i =B (2)
species from 4 nlr
each lattice. 204 (B)

- End Members (B)

- Li2s0d
-~ MaF |
- MNats0d

kos0s 2.3 4. Mouse

- Mixakles (1) .
= Ternary Interpolatior over, then CIICk'

- LiMak 4 F
- LiMagk, ff 504

i
= Add Function I
Add Solution

| |-| End Member £
Add Mixable Li;Ma /f F;504

Ruadruplet

Termaty: Interpalation

Add Bragg-Williams ( Simple Polynaomial
fdd Quasichemical

add Pair: Frachion expansion

Faste Funckion kel
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ol
File Edit Units Options Tools Help
Function Hamel |

[@LNajFs04 <]  gF Reciprocal term Reciprocal
(5) Li:Ma /f 504 il iriokirl
(B) Li:Ma ff S04 fiiﬂ;cDY.qYéYf:}’D b parameters are
(7) Li:NacK jf F i,k 021 of this form.
(8] LiNack /i 504 (¥ = equivedent site fraction)
(@) LK F 4 I CF
(oL #F B: Na D: 504
(11 LK/ F

(12 LK JF il jl k[ 2 JequivD

=13 LK Y Fs04 ikt |1 5o0|

- (14) LiK f 504 TaB.cD
(15) Li:K /f 504
(16) Ma // F:504
(17) Na // ;504 Enter powers. All powers = 1.
(18) Mack i F
(19) Nak /f F:504
(20) Mgk /f 504
21V K 4 F:504
(221 K 4 F:504
(23 LiNa/F;504 )

4| | E
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8. Two-Lattice Polynomial Model with FNN-SRO

(First-nearest-neighbour Short-range-ordering)(“Model 9”°)
(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

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

=101

File Edit Units Options Tools Help

Functian Namel

Solution Mame Created  Lasthodified
=& SolDsol
 Ponions SALT 2014/05/17  2014/05/17
EI Solutions (1) haodel Mame Lattices 1
AL TR Two-lattice polynomial with FNMN-5R0 |2 / )
S:ubLattic:es z e
B AQ) 5
Y
: ----Nla Snlutiundescriptiun...l
K iLiMNa k)(F.S04) liquid solution with first-nearest-neighbour short-range:
= B2
- 304
#- End tMembers (&)
- Mixahles (0]
= Temary Interpolations |

= Interactions (1)
~ () LiMNa f F 504

1 | ©

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

1. Areciprocal
interaction
parameter is
entered

=10] x|

File Edit Units Options Tools Help

Function Namel

=& SolDsaoln
- Functions
= Solutions (1)
= S TR
= Sublatices

v

v

- 304 (B)

F- End Members (B)

- hixables ()

- Termary Interpolations |

(0 Add Function
" Add Solution
End Member

Fuadruplet

Add Bragg-Williams
add Quasichemizal

Add Mixable Li;Ma ff F;504

Ternary Interpolation

fdd Pair Frackion expansion

Simple Polynomial

Faste Fumction

ZEpIH-Y

I thtSage‘”
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File Edit Units Options Tools Help

F SoluSage (Joules)

=10l %]

Function Namel

= molutians (1)

= S T
= Sublatices

= A(3)

- - Li(B)

- A (A

= B ()

-~ F A

- 304 (B

= End Mermbers (B)

Ly E

T Naf F

- 2) K4 F

(3L S04

1) Ma ff S04

= (B K S04

- hixables (0)

- Tetnary Interpolations (0

= Interactions (1)

=]

-

q* Reciprocal term
ikl

i 3 k i
fIAB;XYXAxXBVXAYXBX

igzlorkizl «+— o
(Xmn = pair fraction) .

A Li

B: Na

ift gl &0 2l

A F
¥ 504

Jimal U

ikl 00
f Tap.xy I

2.

2. Enter powers.
3. Note: i and j must both be = 1 or k and | must both be = 1.

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

I thtSage‘”
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9. The One-lattice Modified Quasichemical Model (“Model #3)

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]

Ag,g IS the Gibbs energy of this pair-exchange reaction to form 2 moles of

[or]

[or]

(A-B) pairs. (If Ag,g = O, the solution is ideal.)
In a binary system, Ag,g is expressed as a polynomial in either:

(i) Redlich-Kister form: ag,, =3 'L, (Y, - Y,)’ (i=0) 2]
(i) Simple polynomial form: ag,, =3 a,,Y,Y, (i,j=0) [3]
(iii) Legendre polynomial form: ag,, =3 a,,P(Y, - Y,)' (i=0) [4]

where: P; is the Legendre polynomial of order i (Ref.(1))
(Note: the first terms in each of these series may also be called A9 iB )
where: Y, and Y are coordination-equivalent site fractions:
5
Y, =Z, Y, 1(Z,X,+2Z,X,) [5]
where Z, and Z; are “coordination numbers” of A and B and X, and X; are
the site fractions.
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- When A9 ,; is small, the model approaches the One-lattice Polynomial
Model (Section 1) (random mixing) with

. - (XAZA + X, Z, }YAYBAGAB (cf. Slide 1.19, Egs. [1-3])
2

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

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

If Ag,, << 0, 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. e.
near X,/ Xg=2Zg/Z, (. €. near Y, = Yz = 0.5).

Ternary Interpolations (cf. Section 2)

In a ternary system A-B-C, there are three binary functions: Ag,g, 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.)
(i) a line where Y; = constant (Toop approx.)

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

Note: Unlike Slide 2.0, it is the functions Ag; which are constant along these lines, not
the binary oy; 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 a liquid Cu-Ni-S solution with the One-lattice

Modified Quasichemical Model (“Model #3) (Ref. (13))

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

1. Click

5. Enter a 4-

File Edit Units Options Tools Help

«File=>Open
SolEsoln»

2. Functions
for each pure
liquid end-
member have
been entered

Function Mame

character name

=10l %]

=21 SolEsaoln

= Functions
= S(2)

e liguida (1)
e liguidB (1)
=i (1)

v

o liguid (1)
= (2)
- ligguidds (1)
“ liguidB (1)

- End Members (3)
- hixahbles (0}

- Ternary Interpolation™
3

[

SulutiDnName/ Created

|r~,-1m—r ’'d
kodel MName

201440517 201440517
Lattiu::e/

Last bodified

4. Selected
automatically

IDne—Iattiu::e modified gquasichemical

=olution description ... _l

I~

™

3. Select model

Matte Liguid Cu-Ni-S '\

6. Enter a description. (The
first word will identify this
phase on FactSage outputs.)

I thtSage‘”
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Entry of species

Enter species as described in Section 1.

F SoluSage (Joules)
File Edit Units Options Tools Help

=10l x|

Function Namel

=21 SolEsaoln

& Functions

= Solutions (1)
=0 MATT (3-1)

= S_ubLattiu:ea
=- .ﬁ. (3

F- End Members (3]
- hdixahles ()

- Interactions (10)

- Ternary Interpolatians |

species Name

Chem. Group

|5

Formula (optional)

7=

In this example, Cu and Ni are
assigned to chemical group «1»,
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.

F Solusage (Joules)

File Edit Units Options Tools Help

Function Namel

E-£1 SolEsaln

& Functions

= Solutions (1)
=0 MATT (3-1)

EI...

- End Members (3)

Mixables
- Ternary Inerpalations |

- Interactions (10)

Sublattices

¥y

=10l %

Al 2[5
Staoic. |1 |1.8366
Marme A Status
IS  Maormal
Formula " Discarded
IS &+ Main Sohvent
Gibbs Energy Function O " Sohvent
IS#quuidA+S#quuidEﬁ
Y298, Therm. expans. Compress Bulk Mod.

Each end-member is assigned a
«coordination-number». (See
Ref.(13) for an explanation of
this choice for Zy).
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Entry of end-member Cu

F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

=21 SolEscoln

& Functions
= Solutions (1)
= MATT

1|

- Sublattices

- Mixables (0)

- Interactions (10}

| ©

A Z{Cu)
Stoic. |1 |0.92944—_ 1.
(1) Mame Status
ICu " Mormal
Farrmula " Discarded
I.:u " Main Sokent
Gibbs Energy Function o | ® Solvent
ICu#quuidA +CuliquidB
Y298 Therm. expans.Comprass.Bulk Mod.
|
- Termany Interpolations |
#

pre

Z., = Zs/2 so that the composition of maximum SRO is close to the

Cu,S composition in the Cu-S binary solution.

Z,;i (not shown) = Z4 so that the composition of maximum SRO is

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

_oix

File Edit Units Options Tools Help

Function Namel

E}EI =olEszaln = - Cuy Toop X(=) constant

- Punctions Cu- Ni Kahler

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

= Sublattices 5

1. Highlight gu'?‘??m

3 species NI (D)

- Mixables (0
2, ClICk —> B- Ternawlnterpulatiunm

- Interactions (10)

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

1. Highlight 2
species, then
right click.

F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Marme

SRR ANRER

= Sublattices
E A (3)
B
- Cu
i (B)
= End Members (3)
-y
]
- Mixables ()
- Ternary Interpolatior
E..

Add Function
Add Solution
End/Member,
Add Mixahble 5;Mi
Guadruplet

&dd Eragg-iilliams

&dd|Fair: frachion expansion

=]

Ternaty: Interpolation

k

k

2. Mouse over,
then click.

Faske Funchiamn

(= I

Simple Polynomial

Redlich+ister

Legendre
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F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

E-E1 SolEsoln =
& Functions
= Solutions (1)
= MATT (3-1)
= SubLattin::es

- Mixahles (0)
(- Ternary Interpolatior
=+ Interactions {10

- (315Cy -
. ol

yE Binary term
r;ABY Y?
iy =i q"”‘ alzocalled Mgt
(Y = equivalent site fraction)
A S
B: Ni

ifi jp

1. This is the energy
Adyis to form 2 moles
of Ni-S pairs via Eq. [1]
on Slide 9.0.

Jequiv

L) _
45 | 42995 &

In the binary Ni-S solution (see Ref.(13)):

Ag, . = -96826.

1 0
9-42995.8 Y)Y

+2411860.0 Y.V

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

=10l ]

File Edit Units Options Toaols Help

Function Namel

=61 SolEsaln o
& Functions
= Salutions (1)
= MATT (3-1)
= SublLattices
= AT
1. Highlight 3 -5 ()

: | > . Cu (B
species, then — P

r|ght click. = End Members (3)

- kixables (D)
- Ternany Interpolation

= TR ade Funcson 2. Mouse over,
: Add Solution then click.

End Member

Add Mixable 5;Cu;Mi

Cuadruplet

Edit Ternary Interpolation 5;Cu;Mi

| ﬁ Add|Braga-Williams E [ I/

&dd Fair Frachion expansion F VE

.-'—.\-\.

(] —_
Pl i S
rarn

Faste Funckion (Zhr| !
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The diagram indicates the ternary interpolation configuration for this system
=10 |

File Edit Units Options Tools Help

Function Namel

= Sublatices A gE Ternary term 2.
2 A7) . Vv i Vo i /
Tty [ [t
Be(A) — — _ . §
Su® 20 kx1 LB 0] X8 +YC
- NEC) (Y = equivalent site fraction)
= End Members (3) A 5 C: Ni
O
..... *Nl
- hixables (0

& Ternary Interpalatior
= Interactions {11)

4. Enter the
parameter

<

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

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

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 Units Options Tools Help

=10 %]

Functian Namel

..... :I

iC)

- Mixahles (0

= Ternarny Interpolatior
O

= Interactions (13)

e

4| |

o* Ternary term
@gﬁtgj (l - }rﬂji}jj [
L0 k>

(¥ = equivalent site fraction)
4. 5
B: Cu

Yg

Cl. -

2
Yo+ YE ]

tife 0
qCA[BJI

3. 1.
\12}3

2.

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.

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.
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1

=10l
File Edit Units Options Tools Help
Functian Namel
E NI -] Q'E Ternary term i
=+ End Members (3 . , , Y-
o ey ¥AO-Tay [
_____ " 550 k>1 n e
""" i (Y = equivalent site fraction)
- hixables (0} A 5 C Ni
= 'I:'ernary Interpolatior B Cu
S;CU;Ni
= Interactions (14) Jlequiv 1
() S:Cu ik |
YaB(c)

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.
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Case where binary Ag,g terms are given by a Muggianu approximation

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

ijk

qAB(C)(1+YA_YB)i(1_YA+YB)chk/4 ,bj20,k=1
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10. The Two-Lattice Modified Quasichemical Model (“Models 98/99”)

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

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

Model

Data have been stored in the file . \FACTDATA\SolFsoln.sln

(Note: no actual numerical values of the parameters have been stored.)

1. Click
«File-> Open
SolFsoln»

F SoluSage (Joules) I ] 4
File Edit Units Options Tools Help
Function Namel
- =1 =olution Marne Created Last Modified
E_ESEEL"S = el 2014/05/19  2014/05/20
g . Mu:udelN.ame . . Lattices 3 Selected
- ITWD-Iattlce mod. quasichem. revised |2 <+ )
: automatically
S AQ
:,:Jla () Solution description ... |
 ca (Li.Na,Ca)(F.CLS04) melt
=B (3)
“F ) 2. Select model. The
C| . -
64 (E revised model (#98) is
+- End Members (9
v chosen. For the old model

- MNon-Default Quads
-- Ternary Interpolatio
= Interactions (8)

0y Li:NecCa jf C

(#99) see note below.

{1 Li;erJa;Ca i EILI
4

/

/

v

v

Note: in entry for the “Two-lattice Modified Quasichemical Model-old (Model #99), this window wiill
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.
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=1olx

File Edit Units Options Tools Help

Functian Namel

Solution MName Created Last Modified
=2 SolFsaoln =
& Functions Melt 2014/05/19  2014/05/20

= LiF 1) kodel Mame Lattices

o Liguid (1) Two-laftice mod. quasichem. revised IE

i
4
-z
[ui]
i}

Functions for pure - Liquid (1)
||qU|d end- - Liquid :::” Solution description ... |
members have - Na2S04 (1) (L ta, Cay(F, CLE04) melt
been dragged and = Lici (1)
dropped from the - Liguid (1) |
= NaCl (1)

FactPS database  Liquid ¢1)
= CaFz (1)
- Liguid (1)
= Cas04(1)
- Liguid (1)
= CaClz (1)

- Liguid (1)
= Solutions (11 =

I - - ~aatem A= 1

v
L

o
=
o

-
=
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Entry of species

JRT=TET

File Edit Units Options Tools Help

‘Function Namel ‘

B Mealt (958-2) ~||Species Name “alence  Chem. Group

B SubLattices ILi |1_i| |1_il

Farmula (optional)
|Li

~=lolx|

File Edit Units Options Tools Help

‘Funu:tinn Namel

BE d:M b (@) EE Melt (98-2) ;l Species Mame “Walence Chem. Group
- End Members : .
S B SublLattices o 5 « > =
- LiF P |Ca | iEj | G
Al Formula (optional)
- MaF '
- CaF? [Ca
LiCl

—ioix)

File Edit Units Options Tools Help

‘Fundiun Namel ‘

= Melt (98-2) +||Specias Name Yalence  Cherm. Group
El Sublatiices IF |1_il |1_ﬂ
Es}"A(S)_ Farmula (optional)

IF =3 Melt(88-2) = || Species Narme “alence  Chem. Group

Bt SubLattices ISO4 lz_i’ Iz_il

Formula (optional)
504

Each species is assigned a «valence» and a «chemical group number». (See Section 2.) There is a
separate set of group numbers for each lattice. In this example, Li, Na, F, Cl have valence = 1 while Ca,
SO, have valence = 2. Li and Na are members of lattice A group 1 while Ca is in lattice A group 2. F and CI
are in lattice B group 1 while SO, is in lattice B group 2.
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Entry of end-member LIiF

=T
File Edit Units Options Tools Help 2
Function Namel 1. / \
=1 Melt (38-2) ] AD BD / Z(Li) / Z(F) L
7 Sublatices Swoic [ || |3 EEAERZ
E ELII- 0 Mame Status
L [&:al: ] ILiF = MNormal
I Formula " Discarded
5 B () [LiF ¢ Main Solvent
- F () Gikbhs Energy Function - | ¢ Sobvent
- |LiF#liquid
=L Y238, Therm. expans. Compress Bulk Mod.
- End Members (9)
Delta | (Jmal) .
- NaF |
- CaF?
- LiCl
- Mall | VI
- CalCld ]
- Li2s04

5.8).

Y and zf

Li,F, Li,F,

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

3. Inthe «revised» model (#98), a value of € is assigned to each end-member (see Ref.15), while in the
«old» model (#99) 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.
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Entry of end-member Li,S0,

ol x
File Edit Units Options Tools Help
Functian Namel
= Met (38-2) =] Al B2 ZiLi] zizoa O
= ;ﬁﬁ'ces swic |2 |1 |2 E E 24
- Li (A MName Status
o Na Li2504 & Narmal
s Formula " Discarded
E B (3] Li?=04 " Main Sokvent
- F Gibbs Energy Function 0 " Sohvent
- Cl Li2S04#liquid
ER=10C WY 248 Therm. expans..Compress. Bulk Mod.
= End kdembers (9]
- LiF Delta 1J {J/mal)
- NaF —~
- CaF2
— 7 T
] - & I-I
- Mags04
- Za304 i
1| »
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Entry of “coordination numbers” for ABX, and A, XY

“binary quadruplets”

1. Select 2 species
on one lattice and
one species on the
other

F SoluSage (Joules)

File Edit Units Options Tools Help

=101 x|

Function Namel

4. The default values of z"__ ., z*

& Functions

= Solutions (1)
= Melt (95-2)

= Sublattices

= A3

L (A

v

NEI.
Ca (B)
= B (3

v

- 304
- End Members (9)
- Mixables (0

2. Click

Add Function
Add Solution
""" Li:C End Member

3. Click

E-81 SolFsaoln o

and z::.., are calculated as
described in Ref. (14) and are

-~ Tema  add Mixable Li;Ca Jf F

Owerwrite Z{Li;Ca f/ F) from Melt
4 I Ternaty: Interpolation

Add Bragg-Williams

v A
]
Add Pair fraction expansion k

Add Quasichemical

displayed.
- ZE / v

£ Li / /
o7 14
ZCa '

F *

Default |

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

_loix

File Edit Units Options Tools Help

Function Namel

-8 SolFsoln =
-- Functions
= Solutions (1)
=8 Melt (958-2)
= SublLattices

2014 IE \
- End Members (3)

- Mixahles (1) _ Defeutt_| 3
= Non-Default Quads .
- Li:Cap Cl
- Li:Ca ff S04
o LiCapF

=AQ)
L kLA 2.
Nﬂ
- Ca (B ZLi / ~ ZF & <
P A ZCa r~

- Ternary Interpolatio ™
1| | 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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i
AB/XY

Entry of coordination numbers for “reciprocal quadruplets” Z

=10l x|

File Edit Units Options Tools Help

Function Namel
5 e (=
-- Functions 3
= Solutions (1) :
=N A )
= Sublattices
=AL) ZLi & ZF .
L Ha@ EE [3:54
. Ca (B £Ca  £304 o
1' - E} B3 IE.4 |5.4BE?1 428571429
g @ Default | \
- 304 (B
& End Membars (9) 2.
- Mixables (0
7 Add Function
..... L!;Ca i Add Solution
..... |_|_:Cﬂ |'II|'II
. End/Member
""" LiCad  pdd Mixable Lizca [/ F;504
« - Ternary i p—ryryry v
Termaty Interpolation
| IC: Fact &dd Braga-willianms 3 -

Select 2 species from each lattice. _
2. The default values of the coordination numbers Z ... . (i=

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.

=

Li, Ca, F, SO,) are
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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 I - Na (B)
. - Ca (C)
=B
SNa - F (A
- End Members (4)
- Mixables (0}
F- Mon-Default Cluads (4)

Add Function

Add Solution

Emd Member

Add Mixable Li;Ma;Ca [/ F

Ruadruplet

Add Ternary Interpolation Li;Ma;Ca /f F L

Add Bragg-Williams r
Add Quasichemical r
Add Pair fraction expansion r

1. Asdescribed 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 A group 2). This may be
over-written as described in Section 2.
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Entering a “Bragg-Williams” binary interaction parameter

F SoluSage (Joules)

File Edit Units Options Tools Help

|Fun|:1i0n Namel

SatE

- Functions

- Solutions (1)
B A )

1. >

B Sublattices

& Non-Default Quacs (4)
-- Temary Interpolations (3)

P
Add Function

Add Solution
End Member

Tetnary Interpolation

3 Add Bragg-Williams
Add Quasichemical

N =

4.
<
6

i yrived
UipYaYp
1,520

g* Binary term

(¥ = eguivalent site fraction)

Ar Li
B: Ca

i gl

-

7. In the Modified
Quasichemical Model (only)
three additional terms X;* T":
are permitted where X; and Y,
(i=1, 3) are parameters.

Jeguiv D

’123 ID

A BT 4C5T=n(T) 4DT+2 4E5T3 +F/T + Sum{i=T-Yi) (i=1,3) |/

Add Mixable Li;Ca /f Cl
Edit Z{Li;Ca /f Cl} from Melt

Add Pair fraction expansion

Simple Polynomial
}  Redlich-Kister

Legendre

Select 2 species from one lattice and one from other.

Click.

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 affect the number of qudruplets at equilibrium.

Click.

The parameter may be entered in one of the 3 forms shown on Slide 1.19.
In this example, a polynomial form has been chosen.
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.
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Entering a “quasichemical” binary interaction parameter

o]
File Edit Units Options Tools Help
‘Fundinn Namel ‘
SoiCEa
- Functions o" Binary term 6
- Salutions (1) ; . , «—
=N A ) f i (L}A . YF” )” A
B Sublattices FEM TS AR QNSO CAEE A s g
E A 3 (Y = equivalent site fraction)
- A: Li
B: Ca
1 —_—>
’ I ID— _ Jequiv D
‘Lag |0
Bt End Members (1)
- Mixahles (0)
B MNon-Default Quads (4]
-- Terary Interpalations (3)
2 . - Em (0 Add Function
Add Solution 4 . 5
End|Memter *
Add Mixable Li;Ca // Cl /
Edit Z({Li;Ca /f CI) from Melt

Tetmary Interpalation
Add Bragg-Wiliams
3 . Simple Polynomial
Add Pair fraction expansion 3 VE K

T coende

=

Click

Click.

3. Aquasichemical term in the expansion for Ag, c.c; &S described in Refs. (11, 14) will be added for the pair
formation reaction (Li-[Cl]-Li) + (Ca-[CI]-Ca) = 2(Li-[CI]-Ca) as a function of the equivalent fractions Y/
and Y,. This term DOES affect the quasichemical equilibrium.

Click.

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

In this example, a Redlich-Kister form has been chosen.

N

ep G155
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Entering a “pair fraction” binary interaction parameter

of the pair fractions X, ; and X.,c,- 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)(Cl) binary terms are interpolated with the Muggianu approximation.

oix]
File Edit Units Options Tools Help
Functian Namel 5
S B
- Functions E Bi tarm
- Solutions (1) . g ; >
B ey 9agXaaXE
= Sublattices igznc gy alsocalled AgS
=oAL ) )
L (Ir_fmn = pair fraction)
. - Ma A: LI
1. Click > | wCa® B: Ca
= B3 . ;
E,:) IID_J’ ID_ : Jmal
L)
o Iig D
- 504
#- End Members ()
- Mixakles (0)
- Mon-Default Quads (4) H
-- Ternary Interpolations (3) 4 Cl 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-Wiliams 3
Add Quasichemical
3 . Add Fair fraction expansion
Raste Function CErl
3. Aterm in the expansion for Ag -, @s described in Ref. (14) will be added as a function
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Entering a “Bragg-Williams” ternary interaction parameter

File Edit Units Options Tools Help

F SoluSage (Joules)

=10 %]

Functian Namel

- Functions

- Solutions (1)

= AR
= SubLattices

= A3)

W I ()

-l

1.\

L - Ma ()
- Ca (B)

=B (3)

N - F

F- End Members (3)

- Mixahles (0)

- Mon-Default Guads (4)
-- Ternary Interpolations (3)

2. Click

>E : ™ Add Function

Add Solution

Emd Member

Add Mixable Li;Ma;Ca [/ Cl
Ruadruplet

3. Click

thtSage‘”

Edit Ternary Interpolation Li;Ma;Ca [/ Cl

Add Quasichemical
Add Pair fraction expansion

4. Click

5.

/

¥

SOLUTION 10.13

i A
3 VE » Redlich+ister -
3

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.

www.factsage.com



F SoluSage (Joules)

File Edit Units Options Tools Help

=101 %]

Function Namel

- Functians
- Zolutions (1)
N A S
= Sublattices
= A3
LA
. Ca (B
= B (3
- F
#- End Members (9)
= Mixables (0}
- Mon-Default Cuads (4)
& Termary Interpolations (3)
- Interactions (4)
W (0 LiMaCa ) Cl

{1y LiCaj/Cl

(@) LiCa -
o -

=)

g* Ternary term

qzjji[gj ;G},:Fl}?.“{l o YTC' }j

L3200 k=1
(Y = equivalent site fraction)

A L1

B: Na

l

Y
Yi+Yn

Jequiv D

ik fl
'riTCA[BJI

1=

B

0 =

C

1. Thisis 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.
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Entering a “quasichemical” ternary interaction parameter

F Solusage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

1. Click >

B

2. Click > B4

- Functions

- Solutions (1)

= AR
= Sublatiices

AL

B (3)

B End Members (4]

- Mixahles (0

E- Man-Default Quads (4)
-- Ternary Interpolations (3)

(09 Li:Me

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
guasichemical equilibrium

1y Li:Ne
21 Li:Ca

=l

=]

Add Function

Add Solution

End/Member

Add Mixable Li;Ma;Ca jf Cl

Duadruplet

Edit Ternary Interpolation Li;Ma;Ca /f Cl
Add Bragg-Wiliams

Add Quasichemical

Add Pair fraction expansion
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File Edit Units Options Tools Help

F SoluSage (Joules)

=101 %]

Function Namel

- Functions

- Solutions (1)
BT At )

= Sublattices

EA Q)
- (A

=B (3

- End Members (9)

- Mixables (0

- Mon-Diefault Cluads (4)

-- Ternary Interpolations (3)

= Interactions ()

(D) LiN=Caf C

(1 LiMaCa ff Cl

=]

B

= () Li:MNaCa ff C

g¥ Ternary term

1.
Yi(l1—Ye) [

L Yr

CA{ ) - -

ig=0: k21 atYp
(¥ = equivalent site fraction)

A LI

B: Na

r/

Jequiv D

ik 0
‘?CA[BJI

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.
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Entering a “pair fraction” ternary interaction parameter

=10] x|

File Edit Units Options Tools Help

Function Namel

- Functions -

- molutions (1)

EHN A )
= Sublattices

= A(3)

i L (A

1. Click —> | L Na(Q)

- Ca (B)

= B (3)

- (A

- 504

#- End Members ()

- Mixahbles (0}

- Mon-Default Cuads (4)

& Termary Interpolations (3)

2' CIICk b Add Function 4 CIICk
Add Solution -

End Member;

Add Mixable Li;Ma;Ca ff Cl

Guadruplet
Edit Ternary Interpolation Li;Ma;Ca Jf Cl

3.Aternary term willbe |

entered as a function of ol et

pair fractions. This term =
Add Pair fraction expansion

DOES affect the e

quasichemical equilibrium

thtsagem SOLUTION 10.17 www.factsage.com



File Edit Units Options Tools  Help

Function Namel

- Solutions (1)
SN Adad )
= Sublattices
= A (3)

-l

IZ ]
a (L]
- Ca(B
E-B (3]
E- End Members (4)
- Mixahles (0]
B Mon-Default Cuads (4)
& Ternary Interpolations (3)
= Interactions (7)

{0y LiNa:Ca /f Cl

----- ( JLi:Na:Ca ff Cl
----- [2] Li:Ma:Ca A Cl

)

""" [3 Li:Ma;Ca ff Cl -
Kl | 3

_(0 x|
oF Ternary term
gk Xaa r { XBB ’ Yid——2.
szf%( Jk:-*l Xaa+Xup+ Xpp Xaa+Xap+ Xpp
{Xmn = pair fraction)
A: Lt C: Ca
B: Na
Jmol
ik
Sap(c JID
A
D 2fe——3.
3. 1.
\ / 3
0 :IB o1 =

1. First repeat steps 2,3,4 of slide 10.15, then click here to indicate that this term gives the effect of species
C (Ca) upon the interaction of species A and 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 select the 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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F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

- Solutions (1) -] EJE Ternary term

=N A )
- Sublattices
= AG)
L (A
=B (3)
- F

9caB)
220 k>1
{Xmn = pair fraction)
A Li C: Ca
B: Na

2 Xbo(Xaa+ Xap + Xpg) {

Yi

Ya+Yp

|

I

2

Jimol U

204 i
- End Members (9)
- Mixables (0
- Mon-Default Cuads (4)
-- Ternary Interpolations (3)
= Interactions (7)

[0y Li:M&:Ca 4 Cl

(1) LiNa:Ca ff CI

(2 LiMNaCa fy C

2.

3.

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 (CacCl,-LiCl) binary terms are interpolated using the Toop (X = constant)

approximation, this is the form of the ternary term.
Click on the arrows to select the powers i, j and k.
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Entering a reciprocal interaction parameter

=10l ]

File Edit Units Options Tools Help

Function Mame

- Bolutions (1) -

EH A )
= Sublattices

B A (3)
oL

- MNa (B)

= B (3

-~ F ()

- Cl

- End Members (9)

- Mixables (0

- Mon-Diefault Cluads (4)

& Termary Interpolations (3)

2. Click = Ire——__ 3. Click

Add Solution

End Member

Add Mixable Na;Ca /f F;504
Owerwrite Z(Na;Ca /f F:504) from Melt 4 CIICk
Ternaty. Interpolation
Add Bragg-wWilliams
Add Quasichenmical
Add Pair fraction expansion

v

1. Select 2
species from
each lattice

v

v

Paste Enmrcking kel
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F SoluSage (Joules)

File Edit Units Options Tools Help

Function Namel

Kl

L a]

L Ca (A

= B (3

- F )

- 304 (B)

- End Members (9)

- Mixables (0

- Non-Default Cuads (4)
-- Ternary Interpolations (3)
= Interactions (3)

- (07 Li:Ma; Ca i T

- (1) LiMaCaff T

= (2] LiMa:Ca ff C

- (3 LiMa Caff T

- (4 Li:Ca ff Cl

- (B Li:Ca ff Cl

- () Li;Ca ff Cl

@ (7) Na.Ca jf F.504

e e e e e e

2

_ (o] x|
g* Reciprocal term
Agin xy
(Xmn = pair fraction)
A: Na .
B: Ca ¥ 504
Jmol U
Agip xy|0
AY Y T BY
i
" —1
O ® o
N
e 2,
¥
A T _BX

1. Nine different types of term may be entered. Click on one of the 9 circles.
2. Click here to enter the term 49, defined in Ref. (14).

‘ thtSage‘”

SOLUTION 10.21

www.factsage.com



=10fx]

File Edit Units Options Tools Help

Function Namel

L a] Q.E Reczpmcaf rerm
¥l k-

e g0 ; L}I
= B (3) =

- F A {Xmn = pair fraction)
- Cl A: Na X: F

S0 (8] B: Ca ¥: S04
F- End tMembers (3)

- Mixables (0 e
e Mon-Default Quads (4) yxj.k I':'
B Termary Interpolations (3) BE{A} XY e —
= Interactions (8) b > =

< {0} LiNa; Ca ff Cl

X

LiNaCaf Cl
LiNa:Ca / Cl 1

)

]

) LiNaCa /O T

) LiCa i Cl = A~
)
)
|

L

Li.Ca #f Cl
Li:Ca ji Cl
NaCa /f F:504

1
Z
3
5
b

[
(
(
(
[
I

=

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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JRT=TE

File Edit Units Options Tools Help

Function Namel

L =] gE Reciprocal term
- Na (B)
e Ca (A
= B (3

-~ F A (Xmn = pair fraction)

504 8) B: Ca Y: S04
- End Memhbers (9]

- Mixables (0 : -
B Man-Default Quads (4) _I_E,I"I,_IB XYI(RY IE|
B Termary Interpolations (3) | o

= Interactions (8) AT 1 = Bye— 1,
= (0 LicMa Ca ff C
= (M Li;Na;Ca ff Cl

(
il
= (& Li:Na:Ca ff Tl 2
Ejj Li:Ma; Ca ff Cl o) E,
(5
{

i 1
QAB|XY{BY}XBY
t=1

X

L

{41 Li:Ca jf Cl
- (5 Li:Ca// Cl
- (B Li:Ca 4/ Cl

& (7 MeCa i F:504

=<

o AX BX

Kl

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”)

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

_lolx
File Edit Units Options Tools Help
Function Namel
: ) | =olution Name Created Last Modified
'E“Tf_'””51 _|||_|QU 201407117 2014707721
e ||:|n , haodel Name Lattices

-0

P e R e T e e Sy
=] OO I L3 O
[Nl St B S R s S e

B} S_ubLttin:e
E A2

&8 (4)

)7 A
Pt

Fe<?+»
<2 +>

D2
Si0d¢d-»
=iz
Wad-»

= End Members (8)

Fe2(?
Fed(Si0g)2
Fel{Si02)2
Fei'a?
hdge 02
b A(Si0d)2
bgO{Si02)2
bghal

J1anic Liquid

N

=olution description ... |

Fel-tMgO-3i02 slag

[

Selected
automatically

Model name

‘ thtSage‘”

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

F Solusage (Joules) O] =]
File Edit Units Options Tools Help

Function Namel

& Functions «| Species Name “Yalence

= Solutions (1) |Fe<2+> NG
=W LA TR Formula (optional)
= Sublatiices I
= AR \
B Foc?e> [A) :
. é--£9<2+> For a charged species,
W-PPN the valence is the

=1 [OELE
503 absolute charge.

- Yal-y |

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

species Name “alence
IMg<2+> IE i’
] species MName Yalence
([o<e-> =
. species MName “alence
[si04<4-> =
[ species Name Yalence
|[si02 0+
[ species Name Yalence

| I‘v’a{-:r

[ =]

The valence of a
neutral species is 0.

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

In this example, the functions
contain the thermodynamic
properties of one mole of the
liquids shown. For example, the
function Mg2SiO4#liquid is for
one mole of liquid Mg,SiO,.

F Solusage Jovles)

File Edit Units Options  Tools  Help

Function Namel

=1 Functions

= 5i02 (1]
e ligquid (2)
= Mg2Siod (1)

- liguid (1)
E Solutions (1)
BN LA TR
EI sublattices
B efu:z:l
. Fe<+r
- gL+

H M0 A

I thtSage‘”
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Entry of end-members

F SoluSage (Joules)

File Edit Units Options Tools Help

Function Namel

=N S_ubLattin::ea ;l
E A2
. Feci+r

As in all models, an end-member Mges

. . = B )
consists of one species from - O<E->

each sublattice. In this example a g:g;m (#)

there are 8 end-members. RV

= End Members (8)
- [0y Feg02

Mgz0Z
bgd(Si0)2
MgO(sio)2
- (7 Maval
#- Mixables (1)
= Interactions (9)
- (0) Fee2ss ff 0€2-3Wac>

H -
: Pt U PSR o SRR TR N T L Y e B | —I
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Entry of end-member Fe202

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

F SoluSage (Joules)
File Edit Units Options Tools Help

Function Namel

= SubLattices

A (2)
o Fe<2e
Mg

= B (4)

- 04 2-3

- BI04y (A

- Si02

- Wal-r

= End Members (8)

& () FelO2

- (1) Fed(Si0d)2

- (2] Fel(Si0z)z2

-~ (3 Feva?

- (4] Mg202

- (8] Mad(Si0d)2

- (8] MOS0z

- [71 Mgva?

/]
)/
Al Al 0
swic [2 ¥ 27 |3

- Selected automatically from the
valences of the species.

- These may be increased to 4/4, 6/6,
8/8, etc. by clicking on the arrows,
but can not be decreased.

Name Status

|Fez0? & MNaormal
Farmula " Discarded
|Fez0?  hain Sokent
Gibbs Energy Function Y\ Solvent

»

2*Fal#liquid 4

298 Therm. expans.;CDmEress.;Eim&K

Since the stoichiometry
can not be decreased
below 2/2, the formula is
Fe202.

[ o s
1

The

end-member is then 2
times that of liquid FeO.

Gibbs energy of the

‘ thtSage‘”
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Entry of end-member Fe4(Si0O4)2

(consisting of species Fe<2+> and Si04<4->)

File Edit Units Options Tools Help

Function Namel

Selected automatically
from the valences of

£ Sublatices

B A(2)

.~ Fedo

Mg{2+}

= B4

D{E-}

- 30444y (A

"‘-.-"Iﬂ{‘}

= End Members (3)
- [0y FeZog

& (1) Fed(si0q):2

- (21 Fel{Si02)2

- (3 Feivad

| b2 02

1 Mgd(Si0dgy2

)

)

bgD{Sio2)2
bgha2

(
(4
- (5
- (6

(7

] =10 x|
the species.
/

B A0/ B

Swic [1 ¥ |27 2]

Mame Status

[Fed(sioqe & MNaormal

Forrmula " Discarded

= ain Solkaent

[Fed(sioqe
Gibbs Energy Funu:tT%\D " Sokvent

[*Fe2Si0atiquid ,

[ rriec:

Y248 Therm. expang..CompressBulk Mod.

The formula
IS necessarily
Fe4(SiO4)2.

The Gibbs energy is 2 times
that of liquid Fe,(SiO,).

I thtSage‘”
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Entry of end-member Fe0(Si02)2

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

Selected automatically

The formula is
necessarily
Fe,(SiO,),, that is:
(SiO,)s.

from the valences of
F SoluSage (Joules) . ;[Qlil
File Edit Units Options Tools Help the SpeCIeS
Function Namel
= SubLattices = Al /B2
FAR swic [0 ¥ 2V [3]
i Fedle
L Moees Name Status
é--ijg |Fen(siozz # MNormal
- O¢2-y Farmula " Discarded
- Bi0ded-» (A) I[SiGZ]E " Main Solvent
- Bi02 GibbsEnergyFunc:%\D " Solent
- MEge> |z sioz#iquid
EH End bembers (8) Y298, Therm. expans .Compress Bulk Mod.
- (0) Fe2o? I
- (11 Fed{5i04)2
& (21 Fel(Sioa2
- (A Feva?
- () Mg o2
- (5] Mgd{5i04)2
| #
- (6] MgO{Si02)2 1 —
- (71 Ma?

The Gibbs energy is 2 times

that of liquid SiO.,.

I thtSage‘”
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Entry of end-member FeVa2

F Solusage (Joules)

File Edit Units Options Tools Help

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

Function Namel

Selected automatically
from the valences of

= Sublattices

El A[Ej
S =R
Eobe M2+

=B ()

0{2_}

- S04 [A)
A

= End Members (8)
- [0y FeZOg

- (11 Fed(Si0 g2

(2) FeD(S@E]E

(4) MQZDE
- (5) Mgd(Sing)2
- (B) MgD(Si0z)2
- (7) Mgva?

10| x|
the species.
A
-] Al [ B
Stoic. |1 2 E
Mame Status
IFe‘v’aZ = Marmal
Farmula i Discarded
IFE " Main Sokvent
Gibbs Energy Func:til;ND " Sokvent

|Fesliuid

VEHB;Therr]t expans. . ComprassBulk Mod.

[ rriEs:

The Gibbs energy
Is that of liquid Fe.

The formula is
necessarily FeVa,,
that is: Fe.

I thtSage‘”
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Binary interaction parameters

ol

File Edit Units Options Tools Help

Function Namel

F Ly E -
IEVIDEN -] g Binary rerm.
= End Members () ILAS{XA — Xpg)t
- (0) Fe20?2 il
(1) Fed(Si04)2 _ _
(2) Fel(Sin2)2 (X = site fraction)
- (3) Fea2 A 0<2-=
- (4) Mg202 B: Va<-=
(5} Mgd(Si0)2 r
- (B) MgO(Si02)2 ifi i Jimol
- (7) MgvaZ L yp |3000 +42°T

- Mixables (1)

= Interactions (9)

® () Fe<t+x  O<P-2 0 ac->

~ (11 Fe2+> /f O¢2-»5i02
(2) Fee2+s J 504 ¢4 5102

(31 Fag2+» /f 0<2-3:5i04¢4->

- () Feg2+>  Bi02Vad->
(3]
(6)
(7

bge2+r ff Si04d<4-» 5102
Fec2+> Mgy f O2-3> 504 ¢4->

Fed+» ff O<E—>;SiD4<4—>;Va<—>_IL|
4| | v

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

I thtSage‘”
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Ternary interaction parameters

_ioix

File Edit Units Options Tools Help

Functian Hamel

;g:} ] ) g% Ternary term
= End Members (8) L4 5‘-’--'[}:-4 +(1-Xa-Xp-— ‘Yff}jgl
- () Fezoz
- (1) Fe4(Si002 _ _
- (2) Fel(Si02)2 (X = site fraction)
- [3) Feva? 4: O<2-= C: Va=-=
- (4) Mg202 B: Si04<4->
- (5) Mgd(Si04)2
- (B) Mg0{Si02)2 Jimol
(7] Mova? ALABC |3|:||:||:|
- bixables (1) A

= Interactions (9)

- (D) Fe<vr f O<2-rVat->

- (11 Feg2+» {02502

- (21 Fe+r §f Si04<d-» 502

(3 Fed2er 02250444
- () Fedvr F SI02Wacr

- (B Mg e2+» i Si04¢4->:5i02
- [B) Fag2+> Mog<2+> f 0€2-> 5i04¢4-» B C

(7) Fe<2+> [/ 0¢2->Si04<4->/a¢-

d | _>|LI Click to enter the BL,z-and
the ©L,gc parameters.

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

thtsagem SOLUTION 11.10 www.factsage.com



Reciprocal interaction parameters

=01 ]

File Edit Units Options Tools Help

Function Namel

LS — E )
e Vae> Al . q Reciprocal term |
= End Mermbers (8) [ JLAB:E..'D {){A - XB)J"‘

- (0 Fe20? 2i—1 . o g 2

- (1) Fe4(Si04)2 Lagcep(Xe = Xp)| j=0

- (2) Fel(SiD2)2 (X = site fraction)

- (3) Feva? A Fe<2+> Cr O<2-=

- (4 Mg2o? B Mg=2+> D: Sio4<4->

- (5) Mgd(Si04)2

- (B) Mg0(Si0z)2 2.! ar ‘?J 1 I_ Jmol U

(7Y Mga2

- Mixables (1)

= Interactions (9)
- (D) P2 0> Yaco Enter a positive integer equal to
= (1) Fed2+s f Oe2-» 502 . ; .
- [2) Fe<2e> §f Si04<4->-5i02 either 2j or (2j-1). Eve_n values
- (3) Fec2+» jf 0<2->:3i04<4-> specify an entry of a 2L
- [4) Fe<2+> jf SID2Vac i hile odd val
ORI areEes | | specify entry of a Z-1L parameter.

1| |

() Fe<2er ff G<2—>;Si04{4—>;&#a<—}_|;|
»

Reciprocal interaction parameters are entered in the form
shown here.
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12. The Unified Interaction Parameter Formalism (“model #2”)

- 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).

RI=TEY

File Edit Units Options Tools Help

Function Namel

R - solution Name Created Last Modified
SR e |FeLg 2014/05/16  20714/07/22
= Sublattices

A (61 — . -
---FFe:I () IUmﬂedmteracﬂDn parameter |1 <+<—— Selected automa‘“ca”y_

B solution description ...

-G FelO solution from the FactSage FTmisc database.

- Ca Dilute solution of many elements in liguid Fe

CD
Cr
- Cu
LE'.
Mn
Mo

- Ik

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

The species in this example are the elements.

~=10lx]

File Edit Units Options Tools Help

Function Hamel

TR T oo T T " .
,_:})8 FPH?;JF) _| Species Name
= Sublatices _ IFE
= A(mj Farmula [optional)

P
One species (in this
example, Fe) is the /’/
solvent. It MUST be

entered first. —loix

File Edit Units Options Tools Help

Function Namel

==} | = LA e L - .
B E ol (i) «| Species Name
= Sublattices | If“\'—]

Formula (optional)
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Entry of end-member Fe (the solvent)

File Edit Units Options Tools Help

F SoluSage (Joules)

Function Namel

; (0) *Fe
T

=
= [

e

The first end-

member entered

MUST be the
solvent.

'ﬁfEFFFFFFF
- ERkipRlplk

= o
= =
o

EF
= |Z
= |5

~
Tl

—_—
—
[mu)
—_

= End Members (61) -]

B

l

=101 %]

For a description of the ]
stoichiometry variable,

= see Section 4.
Stoic. |1
Mame Status
Fe " Mormal
Farmula " Dizcarded
IFe * hdain Solvent
Gibbs Energy Function O " Solvent

|Fe#liquid

We98: Therm. expans.Comprass. Bulk Mad.

N
0 N\

Click here. See
Section 16.

= =

I thtSage‘”
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Entry of other end-members (solutes)

=01 ]

File Edit Units Options Tools Help

Function Namel

- End Members (61) 2] A
yuhi, Swic [i
- (2) Al =T Status :
@B lAg & Mormal < Click
LT Farmula " Discarded
" Main Sakwent
5] Ca A ain Sokven
Bl Ca Gibhs Energy Function O " Saolvent
C |scicuic

Y238, Therm. expans. Compress Bulk Mod.

=T E RS
= 1

= o
= [
o

L Pl el
==

=
=
T

I_I<_

[+ = rriE

/
See Section 17.
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Entry of self interaction parameters for Al

F SoluSage (Joules)

File Edit Units Options Tools Help

=10 x|

Function Namel

T %t [ S [T 1]

= FelQ(2-1)
= Sublattices

= A (6T
FE
1. =il

[

-

F SoluSage (Joules)
File Edit Units Options Tools Help

=10l x|

Function Namel

VAT o l‘.Ulll S
o —rEy

Add Function

Add Solution

Edit End Member Al
MMixable

Guadruplet

Ternaty Interpolation

add Quasichemical

add|Pair Frachion expansian

Paste Fumckion

Ll

- (17) ALSi _
*I Sy AL I Lrl

Unified interaction parameter formalism

|C:‘|.Fact53ge641‘l,'-‘l‘f~ﬂisc5350ln.sln
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Entry of zeroth-order parameter ¢, =Iny,

F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

= Interactions (267)
(0 Ag

- (1) AgeAg

- (2] AAl

- (3 AT

() A Cr

() ALA
() ALALA
() ALC
=10y AlLCa
= 11y ALH
(12 AL
= (13 ALD
~ 14y ALFP
- (15 ALFh
(1B ALS
= (17 ALSI
TR AL

2

A €; = I~y
€;; = first-order parameter (j = i)

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

r ete,

€ Al

|-7596.7/T +1.2]

= AT +8 +Cin(T) +DT +E°T~2 +F/T~2|

5

All interaction parameters
are entered in this form.

-

|C:‘|Fact53geﬁ41‘l,l-‘l'l'~l‘lis;{535uln.sln

/

Enter “1” to indicate that this is the zeroth-order parameter €,; which
is the Henrian activity coefficient of Al, Iny,, (See refs. (18, 19)).

I thtSage‘”
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Entry of first-order parameter gy,

=10lx|
File Edit Units Options Tools Help
Function Namel
A= S I‘U_ll ~ F — E,’l-ﬂr'n
= Interactions (267) [ ‘ ! ; .
o €;; = first-order parameter {(j = 1}
E €k = second-order parameter (k> j = 1)
= el
ke € ALAl =
» |3802.7/T +0.4
. =
|: -
-~ (17) ALS]
(1A AL e
1 | »

- Enter “2” to indicate that this is the first-order parameter €,.4.
- (Entering “3” would indicate the second-order parameter €,.5,.5  €tc.)
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Entry of cross-interaction parameters for Al and C

F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function MNarme

u L™ e e IR
=3 FelQ(2-1)

- SublLattices

= A (61
"
1=t
] \\->

=]

=101

File Edit Units Options Tools Help

Function Namel

)

- (6) A

Add Solution

Emd Member

Mizable

Guadruplet

Ternaty. Interpolation

fdd Quasichemical

| L.
WITAOITE = II_Ll_II =
=8 |1t =]
Add Function

Add Pair Fraction expansion

()
() A

Paste Funckian

CEFH-Y

- (10) Al.Ca
(111 ALH
(121 ALN
~ (131 ALO
- (14) ALP
(15 ALPh
(1B ALS

~(17) ALS .
a o :fJ

Unified interaction parameter formalism

| |C:‘|FactSageﬁ4l‘l,l-—l'l'~'1isc535uln.sln
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Entry of first-order parameter €,.c

File Edit Units Options Tools Help

F SoluSage (Joules)

Function Marme

= Interactions (263) =]
(0 Ag

- (1) AgAg [
- (2] Al

- (A AgC

- ) A Cr

- (5 AgD

o (B) A

(7] AlLA

- (3] ALALA

& [0 AT

= (10 Al Ca

= (117 ALH

(121 Al

= (131 AL

= (14) ALF

-~ [15) AlLFh

- (1B ALS

= (171 ALS

(8 AL -
al 1 L'—I

_|0] x|
€; = lny]
€;; = first-order parameler (j = i)
€1k = second-order parameter (k= j = 1)
et
C alc u
|92?D;T
1 3] Al
[

SC;AI'

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

- Note: (See refs. (18, 19)) €,.c = Ec.4- This single entry serves to enter both €, and

I thtSage‘”
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Entry of second-order parameter €. a;.c

=101x]

File Edit Units Options Tools Help

Function Namel

HACHTE S 1T = E; = Efl”‘r'ﬂ
- Interactions (267) =l ’ ! -
- (0] Ag ¢;; = first-order parameter  (j = 1)

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

. :Ia"-‘xg;C J et

. & ALALC O
(B) ALALA |9270/T

Al
=

- Entry indicates the second-order parameter €,.5.c-

- Note: Ex.a1.c = €arc.a = Ec.aral - This single entry serves to
enter all permutations.
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Entry of cross-interaction parameter €.5.cco

S AlALCCo O
I‘lOO/T
2 5| Al 13 co
13 C
8AI;AI;C;Co - 8AI;C;AI;Co - 8Co;C;AI;AI = ... etC'

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.

F SoluSage (Joules)

File Edit Units Options Tools Help

Function Namel

- Solutions (1)

o8 SolGeoln Function Mame Censity (o/fcc)
= Functions |Quartz [2.643
& Mg (1) AH2398 Jfmol 5298 Ji{mol K Riefs (2 max.)
B Mg (1) |-910699.94184 |41.4600015588 [132149
B S Thdin (K] Thda () .
- liquid (2) |298.15 |373 BERE
Cp(T) Jimol K)
B Mgzsiod B0.0119918 -3546683.99888,/T "2 -240.275998928,/T"0.5
- Fe () +491568369.44/T"3
& FeO (1)
- Fe2Siod (1) =
Thermal expansivity [ K

IE.?E'I JE-5 +2 9BEBE-B*T +H 5722E-6/T +0.091181/T"2
Compressibility [/ bar ]

IE.EEEE—E +1.1567E-11*T +1.0128E-16*T "2 +8.891 79E-19*T"3
Bulk modulus derivative

|E.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

=10l x|
File Edit Units Options Tools Help
Function Namel
B0 Soiisod Al Z(A)
= Functions .
: Stoic. |1 |1
" mgg :I1 Mame Status
..
- *‘TES?B [5i02 & Narmal
: '— ”;IUTd 2 Formula i Discarded
. - s st 1) S0z " Main Solvent
-- b2 5iod (1) Gibbs Energy Function o = Solent
& Fe (1) |5ir:u:2#quanz
-- Fel (1) Y298, Therm. expans .Comprass Bulk Mod.

= Solutions (2)
- LIGU (13-2)
SRR I

-- Sublatices

= End Members (1)
T

0 = e
) L _I

End-member

A  Mixables (1)
- Ternary Interpolations |

- Interactions (0)

< | H

1

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).
It is not necessary to specify the same function(s) for the volumetric

properties and the Gibbs energy.
SOLUTION 13.1 www.factsage.com




Entering an excess molar volume parameter

F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

-1 Solusoln
-- Functions
= Solutions (2)
w-L) Coru (1-1)
=35 Lighd (1-13

Et- S_ubLattiu:es
B- .-'“-'~. (4)
» - Sikver [A)

- Copper (B

- Germaniurm
- End Members ()

- Mixahbles (0) L 2
- Ternary Interpolatiens |
E38 [r1tera ction opkkis
Add Function

Add Solution
End Membet:

Add Mixable Silver;Copper 3

Guadruplek

Ternary Interpalation
GE

fdd Quasichemizal

- A binary vE parameter is
entered exactly analogously
to the gF parameter entered
on Slide 1.15.

F

Add | Pair frackion expansion F
[ o

Faste Funckion

| ©

|C:‘|Fact53geﬁ41‘|5::|u5::ln.sln

A
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F SoluSage (Joules)

File Edit Units Options Tools Help

=10l

Function Namel

& Binary term

IL;;AUE‘ YaVa(Ya — Vi)
t -_—
(Y = equivalent site fraction)

A Silver
B: Copper 2. 3.

i
A +B*T +C*Tn(T) 4D*T"2 +E*T"3 +FI|'T|

LR ||J|J3|I

4.

= SubLattices -]
= A ()

- Silver (A)

- Copper (B)

- Gald

- Germaniurm
B End Members (4)
- Mixahles (0]
- Termnary Interpolations (
= Interactions (17)
() Sikver.Copper
SikverCopper
Silver,Copper
SilverCopper:Ga

1.

5.
/

Liegquiv

Sikver:Germaniurr
Sikver: Germaniurr
Copper,Gold
- (4) Copper.Gold
- (10} Copper;,Gold
-~ 11 Copper.German
- (12) Gold: Germaniur
- (13) Gold: Germaniur

]
)

[4) SikverGold
]
)
; 1, 2, 3, 4. The functional form of the

1
2
3
- (4
- (B) Sikver.Germaniur
G
7
a
9

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

- (14} Gold; Germaniur
- (18] Gald:Germaniur - |

2

- (0
(
(
(
(
(
(
(
(
(
(
(
(

4 |

For all models, the vE parameters have the same functional forms as
gt parameter except for the Unified Interaction Parameter Formalism
(Section 12) where VE terms are not accepted.

the

‘ thtSage‘”
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14. Magnetic Phases (See COMPOUND slide show, Slide 4.5)

-1oix]
File Edit Units Cptions Tools Help
Function Namel
=6 Frior x
-- Functions Solution Mame State
#- Solutions (1349) IBCCI ISDIid j
Murmber of
kodel sublattices
ICDmpDund Energy Formalism (12) j |2 i’
/'f kdagnetic Ok Cancel |

When 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

=10 x|

Function Marme

i Ligu (93-2)
BGE FCC(12-2)
G HCP (12-2)

7 - SubLatices
- B End Members (254)

The magnet symbol
indicates a magnetic

phase.

- solution MName Created Last Modified P facto
[ i R Y -
__ Functions ﬂ IE;[:[; 20130716 201 4;0?,’?2
= Solutions (139) Model Mame Lattices

|2

ICDmpDund Energy Formalism

=olution description ...

BCC-AZ

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

I thtSage‘”
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Entering magnetic properties of end-members

(Note: Magnetic properties are not included in functions)

- Mixables (0}

L) Diam (7-1)
-G DHCP (12-2)
() CBCC (7-1)
w0 CUBT (7-1)
w0 hP12 (12-2)
w0 cF24 (12-2)
w07 hP2d (12-2)
w0 B32 (12-2)
w07 Beta (12-3)
w07 58 (12-3)
L) AIBF (12-2)

- Interactions (580)

N End-member Fe

(Bohr magnetons).

Enter magnetic moment

=10/ x|
File Edit Units Options Tools Help
Functian Namel
E-E FTlisoln - AlE B2
- Functions .
& Solutions (139) ﬁm":' I
: ; ame —Status
-3 Ligu (99-2)
% FCC (12-2) IFE I Nprmal
B HCP (12-2) Farmula . D|5.|:arded
=G BCC(12-2) |Fe " Main Sohkent
- Sublatices Gibbs Energy Function O i Sulvgnt
- A7) [#GHSERFE -Magnetic————
-l B () Y298 Therm. expans . Campress . Bulk Mod. O DAIEIE
=t End Members (284) IFE#BCC 00500 |2.22
(35) Cr

&+ Curie <
= Meel
Temperature (K]

fiors v

[l = i

1

Click here
because Fe is
ferromagnetic.

Enter Curie T.

I thtSage‘”
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ol x]

File Edit Units Options Tools Help

Function Namel
=21 FTlisaln - A1 =1
& Functions .
& Solutions (139) ﬁg‘,ﬁj B e
ET Hau (39-2) ICr & MNormal
g ECC%%EE__?) Formula " Discarded
EG BCC (12-2) ICr | = ain Solkaent
- Sublatices Gibhs Energy Function 5 ; Sl:ulent
: ~ragnetic—— .
=@ A [FGHSERCR M Enter magnetic
s B () Y298, Therm. expans . Compress.Bulk kMod. 0
= End Members 269 [C#BCC 01350 |£U(1: <+——1 moment (Bohr
f :' & Nool magnetons).
? Click here because Cr | Temperature (&
- hixahbles (0} : : . 3115
B Interactions (550) is anti-ferromagnetic. | o I~ Enter Néel
-0 Diam (7-1)
=G DHCP (12-2) I temperature.

End-member Cr
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JRT=1EY

File Edit Units Options Tools Help

Function Namel

=2 FTlisaln - A B2
- Functions :
Staic. |1 a3
= Solutions (139) Nal:lrl":el | E e
E i (99-2) I»‘%I & Marmal
wGE FCC(12-2) )
G HCF (12-2) Farmula ;Dm.l::arded
= BOC[12-2) |A| bdain Sokvent
= Sublatiices Gibbs Energy Function =i Sohvent
- A (71) [#GECCAL +#/BCCAL —mﬂgnet;':—
E- B (4) Y298, Therm. expans.;Compress..Bulk Mod. - ormen
B #GECCAL +#VBCCAL |0
End-member Al > | & Curie
: " MNeel
For a ﬂOn-magneUC Temperature (K)
- Mixahbles (0) ID
- Interactions (580) end-member, enter —
m-7) Diarn (7-1) 2er0S 1

G DHCP (12-2)

e BN e Y
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Entering interaction parameters for excess critical

temperature Tc and excess magnetic moment beta (B)

F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

1

L) Diam (7-1)
B DHCP (12-
-0 CBCC (7-1]
-0 CUBT (7-1)
EHC hP12 (12-2
rHC) cF2d (12-2;
-0 hP24 (12-2
-0 B32 (12-2)

07 Beta (12-3)

O clBE (12-3)

B End Members a4 211,
- Miahles ()
= Add Function

Add Solution
End/Member:

Add Mixable Al;Fe /f vVa
Cuadriplet

Ternaty: Interpolation

Add Quasichemical
Add|Fair Frackion expansion

Paste Fumckion

2Rl

-0 AISF (12-2)
R AT (12-3)
L AIG2 (7-1)

w00 0CRE (12-2)
-0 hR2E (12-3)
B Al (12-2)
F AP g 1 2-m

/

3. Click on either Tc or Beta.

sl

|C:Fact53ge641‘l.l-‘l‘liteﬁﬂsnln.sln
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F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

= Interactions (583)
(0 Agial Ve
) AgAl Ve
1 Ag:Bi Y
1A0:Cu i
1A0:Cu fiva
1 Agin fiva
1A e
) Agg i e
- (8] AgiMg i va
(@) AgMa i Va
- (10) AgiPh i va
= (111 AFb e

-0

(1
(2
(3
(7
(5
(9
(

=)

Tk Binary term

'LagX4Xp(Xa— Xg)

i

(X = site fraction)

A Al
B Fe

i

"Lap |50

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) -0l x|
File Edit Uni | Options Tools Help 2 Clle
F an Mame I Filter FTlisoln Elements @

B Saolutions Show Full Solution Mame Documentation file

3 Ligu (35-2)
G FCC (12-2) Database description . |

EHGE HCP (12-2)
5 BCC (12-2)

1 C I i C k / T Qe S — Mick Created Last Modified
. . =R FTlisoln ; .
£ Funhetorns Unlsgeck all FTlisoln Spedes * ||_—|'|i 2M307AE 20130746

I_::J--S:ubLattices
3. Click. | @A

Al
i Am
4. Click this box to
uncheck all species

»

Ba uncheck all species in every
|| Cr =

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

~ Note: Clicking here will
in the BCC solution o
Ce
one sublattice and Va and C on the other.
- Click1,2,3,4.

INIRRNIRNIRNDAIR

AL
(see next slide). ce
thtsagem SOLUTION 15.0 www.factsage.com



Select the species of interest

=101x|
File Edit Units Options Tools Help
Function Namel
BRGSO 2]
=8 = b attices
- A7) J
O s - Bid)
D EBa
[ Be <
. E---- "l.‘lllla -
-1 Bi
-~ Ca -0 B
B+ End Members (284)
-0 Ce |
- Mixables (0
oo Interactions (580
> Cr - Interactions (5E0)
- Ga ;I

All species in the BCC solution have now been
unchecked. Select just those of interest.
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F Solusage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Mame

a

- (355
- (356
- (384
- (38B) CrFe # va
-] o) Diam (7-1)

-G DHCP (12-2)
=-(7 CBCC {7-1)

= End Members (284)
- (33) CrC3
- (38) Cr
- [48) FeC3
- (&0) Fe
- Mixahles (0
= Interactions (580)
(108 CrFe ff C
- {104
- (134
- (21
- (351
- (352
(
(
(
|

Cr.Fe /fva
Cr /i Cia
Fe/fiCva
CrFe ffC
CrFefC
CrFe ffva
CrFe fiva
CrFe ffC

[ A e R

| o

=

J

Only end-members and interactions involving
the selected species are displayed.

I thtSage‘”
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It is also possible to filter by selecting only those elements of interest

1. Click. 2. Click.

F SoluSage (Joules) ;IEIEI

F||E Ed|t UﬂItS Dl:ltlﬂﬂs Tﬂuls Help
Filter FTlisoln Elements

Function MNarme

S Fieon | s E

l Funn:tu:nn

Incheck all ETlisoln Species

; Show Full Solution Mame
8 ’5; Ligu (93-2)
IG FCC(12-2)
-G} HCF(12-2)
=G BCC(12-2)
= Sublatices
E A[Nj

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

etc. involving the elements Cr, Fe, Co, Cand O

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

F SoluSage (Joules)

File Edit Units Options Tools Help

Function Namel

FTlisoln.Solutions

2. Click on
elements desired.

4. Only species
and end-members
involving the
selected elements
are displayed.
(Note: Vacancies
remain.)

=G FTlisaln
- Functions

=8 Solutions (2871

B3 Ligu (35-2)

G
3R o
e

»
»

=)

w07

EI...

-
- Mixables (0
E}..

FCC(12-2)
HCF (12-2)

BCC (12-2)
Sublaftices

= A (4471

N S o P

CI’

FE

=B (204)

I"-.-'"El

End tdemhbers (5/284)

Interactions (21,/580)
Diam (7-1)
CBCC(7-11

Wi b \ EI
H He
Li | Be Bjc HNHjo F|HNe
Ha | Mg Al Si| P| 5| Cl| Ar
K| |Ca|lS | Ti| VICr MnjFe|Co Mi|Cu| Zn| Ga|Ge|As| 5e| Br| Kr
Rb| Sr| ¥ | Zr| Hb|Mo| Tc | Ru| Rh| Pd| Ag| Cd| In | Sn| Sb| Te| 1 | Xe
C=z| Ba Hf | Ta| W| Re|O=s| Ir | Pt | Au| Hg| Tl | Pb| Bi | Po| At| Rn
Fr | Ra| Ac
Ce| Pr| Nd|Pm|Sm| Eu | Gd| Th| Dy | Ho| Er | Tm| Y| Lu
Th{Pa| U | Hp| Pu|Am|Cm| Bk| Cf | Ez |Fm|Md| No | Lr
Select elements farming the end-members to be shown,
........................................... I:IK | I:ar":e|
A
|
1. First press «clear» || :
P 3. Click.

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 membel’S |n bOld type
Function MName .
| and with a * symbol).
S A Z(Sikver)
B Functions :
, Stoic. |1 |1
& S_I:u!_u_tn:uns (2] Narme Status
o -
Léi gi;;;;;; ISiIver  Mormal /
-- Sublattices Fartint= b EDis.carded
: =1 End Members (4) IAg @ Main Solvent
1. CIle. > (0) =Silver Gibbs Energy Function 0 " Solvent
(1) Copper Ag#liquid
(2) Gold 248, Therm. expans..Compress.Bulk Mod,
- (3) Germanium I
- hdixahles ()
- Ternary Interpolations (1)
& Interactions (16)
4 T
1
< | H

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

1. Click.

File Edit Units Options Tools Help

F SoluSage (Joules)

Functian Hamel

EHE Sodescds
& Functions
= Solutions (2)

&L Coru (1-1)

=Y Lihd -

& Sublatices

= End Members (4)
- (0] Silkver
- (1) *Copper

> - (21 *Gold
(31 Germanium
- Mixables (0
E- Ternary Interpolations (1)
& Interactions (16)

A2 Z(Gold)
Stoic. |1 |1
Mame
|G|:|Id
Farrmula

IAu

Gibbs Energy Function

Status

" Marmal

i Discarded
e Mﬂ"ﬁ.ﬁ?'y‘/
& Salvent

2. Click (Gold now
appears in the list of
end-members with
a * symbol).

.

N\

|Auliquid
W23, Therm. expans. Compress. Bulk kMod.

al 1 |

E i E

- 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.
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The status option - Deleted

2. Click (Germanium

now appears in the list

File Edit Units Options Tools Help .
. of end-members with
Function Namel ]
: a stroke through it).
8 Sadisal A3 Z(Germanium)
- Functions .
=t _|1 |2
= Solutions (2) -
o _ Ele Status
e-L! Coru (1-1) . ~ N |
BN LT EE”’”?”'”'"” o B /
% Sublatices ormula | Discarded
£ End Members (4) |Ge £ Main Solvent
- (0) Silver Gibbs Energy Function o | O Sobvent
- (1)*Copper IGE#quuid
] (&) *Gold Y298, Therm. expans Compress. Bulk Mod. -
1. Click. > {3y Gemmanium |
- Mixahkles (1)

- Ternary Interpolations (1)
F Interactions (16)

[ = et

1 | ©

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.
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17. Maximum and minimum compositions of end-members

i
File Edit Units Options Tools Help
Functian Namel
O Sodisoi AJ Z(Germanium)
#- Functions .
_ Stoic, |1 |2
= S_u:u!_u_tn:nns (2 Narme Status
57 -
g,i 3?{;;;;;; IGermanium & Mormal
--SubLattiu::es Formula o Disln::arded
= End Members (4] |Ge (Va1 B i
Wh X + 1 (0 Sikver Gikbs Energy Function o | O Solvent
€N Amax ' | Gedliquid

the end-member

is underlined in - Mixablos () | _ 1. Click.
i #- Termary Interpolations (1]
the list. #- Interactions (15) /
X max :
R 2. Click.

Y298, Therm. expans :Compress. Bulk Mod. -

- 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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o]
File Edit Units Options Tools Help
Function Namel
=8 Sosol Al Z(Sikver)
#- Functions .
_ Stoic. |1 |1
- S_I:u!_u_tn:uns () Narme Statye
L) Coru (1-1) _ & N |
E‘)S Lieght 77 ||:S|Iver| C Dprmad .
% SubLattices orrmula iscarde
= End Members (4] g " Main Sobvent
M Gibbs Energy Function o " Sokvent
1) Copper |Ag#|iquid
(&) Gold Y238, Therm. expans.Compress. Bulk Mod. -
o (1) Germanium I .
- Mixablas (0) _ 1. Click.
#- Ternary Interpolations (1)
#- Interactions (15)
gally]
06 . 2. Click.
1 | H

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

B S4LS 0

t SublLattices

- End Members (12)
= Mixables (4)

(@) La iRl
(3 Ce ROl
- Ternary Interpolations (0)

- Interactions (54)

- My /
Cﬂ

CE
BB ()

b [0 Lichg: Cacla: CecMNd f F
= (1) LM Caclac Ce:MNd ff C < J

=]

- The liquid solution
SAL2 from the FTsalt
database involves 6
cations and 2 anions

on separate sublattice.

- These «mixables» are the
species which will appear in
the solutions FTsalt-SAL2A,
FTsalt-SAL2B, FTsalt-SAL2C
and FTsalt-SAL2D when the
EQUILIB or PHASE

| _vlll DIAGRAM modules are run.

Note: If no mixables are specified, then this is
equivalent to one mixable containing all species.
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Adding a mixable Nd//F;Cl

F Solusage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

=T =T, =7

B S )

= Sublattices
- A ()
]
LEI.

- g

v “Nd (&)

=B (2]
= End Mambears (12)

Add Function
Add Solution
End Member,

Guadruplek
Ternary Interpolation
1 | Add Bragg-Williams >

E add Quasichemizal k

LA Paie Frackinn prmansinm 3

=]

Add Mixable Nd J/ F:Cl N 3.

2, 3. Click.

1. Holding down the Ctrl key, select the species.
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=10l

File Edit Units Options Tools Help

Function Marme

,_—}‘8 W k;,;_ ;f «|| Mixable species
= Sublatices Iu_jILSPEEiES
=5 I
Y Mg
| [ICa
Mg O La A summary
- Ca [ Ce — . d
-La e iS generate
- Ce "B" Species
=Nl A F
B2 Cl
o F (A
- End Members (12)
o8 Mixables (5)
----- o (0) LMo CaclanCeNd f F
(1) LiMe:Cala:Ce:Nd ff CI
|: jLa/fFCl

A new mixable
IS added

o II : . -
g I e Tmrmana latmem sl stimm e T I LI—I Hever‘t
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Editing a mixable

Click.

F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

=y L —

SRS Tt
= Sublattices
B A ()
]
- La
R -
N (A
= B (2)
(=
- End Members (12)
- Mixables (b)
- (0 LMo Cala:CeNd f F

(1) Li:Me: Cacla,Ce:Md ff Cl
- @)L/ FCl

e Toemans lnterm sl atiom e (T I

k

=]

J

-

bixable species

"&' Species
Li

b

Ca

La

Ce

Mo

"B" Species
O

vl Cl

== |

/

Simply click on the mixable to be edited. A
summary is generated which may be edited.
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PITZER Model (“Model #5”°) — Standard Pitzer model for

relatively concentrated agueous solutions. See refs. (20, 21)

R
File Edit Units Options Tools Help
Function Namel solksoln.FITZ
. - || Solution Name Created  LastModified
= __ ;ﬁ;ﬁ:’; [Pz 2014/12/03 201401203
EI Solutions (1] IMDdeI Mame IL_attiu::e Selected
2% PITZ (5-1) Fitzer \ — .
- automatically.
= SublLattice
120 MUST be RO Model name
the first species > H[EE]’ Solution description ... | :
in the ||St - Na[+] Fitzer parameters for concentrated aqueous solution
- K[+]
- Mo[++]
. -~ H[-
The other species are HCr[:l]S[—] |
charged and neutral Aoz
- C2ZH302[]
solutes. (Note entry of - 804[21]
. . SDS[Z_]
charge inside square - coa2]
arentheses. - 8203[2]
P ) : -~ 52062 _I;I
| 4| | »
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Entry of end-members

—

H,O MUST be
the first species
in the list.

Gibbs energy of
pure liquid water
(see next slide).

RE
File Edit Units Options Tools Help
Function Mame | SolKsoln PITZ EM(H20) Selected
El Sulutiuns (1] :I Al aUtOmatlca”y
B AT Staic. [1
- Sublattice MName Status
B A (21/96) [0 £ Mormal
= End Members 2130 | Eqrmula " Discarded
UNRRED H20 &~ hain Sokvent
(HE)
- (3) Na[+] Gibbs Energy Function 5| © Ealvent \
) K] |oHz#PITZ_nnoo
- [13) Mg[++] Weq8: Therm. expanaﬁ@umpreaa.ﬁulk bMod. . .
- (58) OH[] [OHz#PITZ_0000 H,O is the «main
-+ (80) HCO3(] solvent».
- (BEY HCO2[]
(67 C2HI0Z[] — |
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Function is the Gibbs energy of pure liquid H,O

-lo/x]
File Edit Units Options Tools Help
Functian Namel solksaln FunciOHZ#FITZ_0000)
= Funclions B Function Mame Density (0/cc)
- H[ (1) |PITZ_nooo 1
& OHE (1) AH298 Jfrmol 5298 J/(mal K) Refs (2 max)
Et- |-285830.00184 69949595954 |
= T (0000 (2 Thdin (K) Thda (K) _
- 02C (1) [298.15 [500 Bl
B 03C[-2] (1) Cp(T) Jimal K)
- D2CHE] () _|[Fz03118982765 +1 52069961112°T +3848757 66344/T 2
B 0Z0HZ (1) -0.00319132461976%T "2 +2. 4709554361 6E-5*T "3
B 02C2H3] (1)
F- O2C2H4 (1) o
__ 03CH[ (1] Thermal expansivity [ fF)
- Nal+] (1)
.. bAg[+2] (1) Compressibility [/ bar)
- 302 (1)
-- SO3F2] (1) Bulk modulus derivative
B 504121 (1) |
B 52032 (1)
B S2OR2] (1)
S208-2] (1)

. -
1| | »
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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.

=10l
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 5| € Salvent
- (B0 HZO 3] |H[+]#F"ITZ_EIEIEI1
- (BB HCOZ2[] Y238, Therm. expans..Compress.;Bulk Mod,
- (B7) C2H3I02fF I
- (BELETA[2] |
E soluSage (Joules) _|_|- m| EI
File Edit Units Options Tools Help
Functian Namel solksaln Func{H[+]#PITZ_00071)
ElEI o e A Function Name Density (g/cc)
- Functions |PITZ_n0o1
El HE+1 (1) AHZ98 Jfmol 5298 Mmool K) Fefs (2 rmas.)
W T2 0007 (1) |o [ |
B OH[] (1) Thin (k) Thdawx (K]
= OH2 (1) [298.15 [6000 ER
= PITZ_0000 (&) Cp(T) Ji(mal K)
E-02C(1) 0
E- O3C[-2] (1) o
- O2CH[ (1)
w- O20H? 1
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Gibbs enerqies of all species are for a 1.0 molal standard state

(refered to the H [+] 1on)

(Compare with the
FactPS AQueous

- (B9) SO3[2-]

_iolx]
File Edit Units Options Tools Help
Function Namel salksoln FITZ ER{Nal+])
=+ End Members (21/98)  a] A3
- {0) *H20
l:] Stoic, |1
Mame Status
|Na[+] & Marmal
Farmmula " Discarded
INa[+] " fdain Solvent
Gibbs Energy Function g € Salvent

[Na[+}#PITZ_0003
W98, Therm. expans. Compress. Bulk kod,,

database).

=10 x|
File Edit Units Options Tools Help
Functian Namel solksaln FunciMa[+#FITZ_0003)
EipperAsTAn ] yRNY) — | Function Mame Density (g/cc)
- 02C2HA (1) |PITZ_no03
B O3CHE (1) AH288 Jfrmol S288 Ji(mal K) Refs (2 max)
S ML — [-239730.999456 (60250001664 |
M |L||_||_|._. (1) Thin (K) Thiax (K)
- Mgt =
5 50201 [298.15 [573 ERL
.. S03[2] (1) Cp(T) Jfimol k)
B S04[-2] (1) 217111998392 +0. 404564001 528*T +14033600.0056/T"2
B 5203[-2] (1)
B S206[-2] (1)
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Entry of a [cation-anion] interaction parameter

F SoluSage (Joules)

File Edit Units Options Tools Help

Function Namel

= Solutions (1) 7|
=W P2 2. Click.
- Sublattice
= A (21/96) Add Function
- HZD Add Solution
- H[+] Add Species 3 3 C“Ck
i H | by End [Member ’ '
1. ng_hllght, S
then right Quadfuplet
. n 15 =t Termaty: Interpalation
click. Hco3g
-~ HCOZ[ fdd Quasichermical k
- C2H302[] &dd Pait: frackion expansion k
- B04[E] Toggle Bookmarks 3
- BOE[EA] Goto Bookmarks C
Paske Funckicn ZErl Y
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F SoluSage (Joules)

File Edit Units Options Tools Help

=101 x|

Function Namel

Solksoln. PITZ HesiMal+]:OH[])

WA B
- HCO3[]

- HCOZ[]

- C2ZHI0Z[
- S04[2-]

- S03[2]

- CO3[E]

- 52032
- S206[2-]
- 5208([2]
- HS04[]

- HS03[]

- CO2

- CH3COz2H
-~ HCOZH

- 502

#- End Members (21736)
- Mixables (0}

= Interactions {102/783)
B (50) Ma[+]:OH[]

I

Click for entries
of B9, B, B2, and
c? parameters.

i’ﬁ(ﬂ} |25.76016/T

Entry of a [cation-anion] 3° parameter (for
all notations, see refs. (20, 21)).
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=

File Edit Units Options Tools Help

Function Namel solkzaln FITZ xss(Ma[+.OH[-])

—HCO30 a]
~HCO2[]
- C2HI02[]

- 504[2]
-~ 503[2]
- C03[2]

- 52032
- B206[2]
- a2 0a[2-] o2
- HS04[] | p) [ :

- HE03 ELG( }|-216.011016674399/T +0.9780045
- C0o2

- CH3CO2H

- HCO2H

-~ a2

#- End Members (21,/498)
- Mixahles ()

= Interactions (102/783)
(B0 Na[+]:0H[]
% (5 1) 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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_Inix

File Edit Units Options Tools Help

Function Namel solksaln FITZ ResiMa[+: OH[])

~HCOZM =]
- C2H302[]
- B04[2-]
- B03[2-]
- CO3[2-]
- B203[2-]
- B206[2-]
- 5208[2-]
- HS04[] o 50 .
- HSO] <@ o3
- CH3CO2ZH
- HCO2H
- End Members (21/96)
- Mixahles ()
= Interactions {102/783)
-~ (B0) Na[+]:0H[]
- (B1) Na[+].0H[]

- (B2) Na[+]:.0H[] -
. i

Entry of [cation-anion] 32 and a 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)).

thtsagem SOLUTION 19.8 www.factsage.com



=18l x]

File Edit Units Options Tools Help

Function Namel solkzaln FITZ xss(Ma[+.OH[-])

HCOZ[] A

- C2H302[]

-~ 304[2]

- S03[2]

- CO3[]

- 32032

- 32062

- 52082

~HS04[] 0

B gggﬂ[—] = € [12.4450791439399,T -0.03734]

- CH3CO2H

~HCO2H

- 302

#- End Members (21/36)

- Mixables (0

= Interactions (102/783)
- (B0) Na[+]:.0H[-]
- (B1) Na[+]:0H[-]

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 PITZ Xss{H[+]:Na[+])

]

(591) Na[+];

= (F18) Ma[+];HCO3[H
]
]

(249 Na[+]5208[2] ]
- (256) K[+]:504[2-]
(257 K[+
- (303) Mg[++]:C2H302
- (304) Mg[++]:C2H302
- (305) Mg[++]:C2H302
- (B24) Mg[++]:504[2-]
[++].
[++]

S04[2]

- (B25) Mg[++]:504[2]
- (B2B) Mg[++]:504[2]
- (B27) Mg[++]:504[2]
- (B47) Na[+]HCOZ[-
- (B4E) Na[+]HCO?
-~ (649) Na[+THCO2[]

]

laralarel
L

- (652) K "]
-~ (B58) Na[+

K[+]
K[+1:S04[:

- (718) Na[+]HCO3[H

(1T Na[+JHS04[] ~
i

6 107334

For notation, see ref. (20).
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Entry of [cation-neutral species] and [anion-neutral species] parameters

o

File Edit Units Options Tools Help

Function Namel Solksaln FITZ Resitg[++].COZ)

- (763

) K[+]:504[2-C03[2] 4
) S04[2-]HS04[]
) Na[+].504[2-LHS04
) K[+]:S04[2- ] HS04[
) Mg[++]:504[2-;HS0
) OH[-.C03[2-]
- (767) Na[+];0H[-1:.C03[2-]
- (768) K[+]:0H[]:CO3[2-]
- (769) HCO3[:CO3[2] -
)
)
]
)
)
)
)

- (770) Na[+;HCO3[-]:CO3[: Aij |5456145/T
- (771

[+}HCO3[;CO3[2-
[+].C03[2-]
[+].C03[2-]
[+].C03[2-]

K,
K,
K
K,

P T T T e T e T e T e T e T e T T s T s TR i T i T e T i

P e P}

- (780) B04[2].002

- (781) HSO4[]:C02

- (782) Ma[+]:0H[] =
I

For notation, see ref. (20).
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Entry of [cation-cation-anion] and [anion-anion-cation] ternary parameters

F SoluSage (Joules)

File Edit Units Options Tools Help

=10l x|

Function Namel

SalKsoln PITZ Xss(Na[+]Mg[++]:504[2-])

{7 2l) R[FTHCUST
- (721) K[+JHCO3[]
- (722) K[+]:503[2-]
- (723) K[+]:503[2-]
- (724) K[+]:503[2-]
- (725) K[+]HS 04[]
- (726) K[+JHS 04[]
- (727) Mg[++]HCO3[-]
- (728) Mg[++]:HCO3[
- (729) Mg[++HS 04[]
- (730) Mg[++ ] HS 04[]
(733 H[+
(740) Ma
(741)
(

+HS04[]
THZE04[]

= (740) Ma[+ K[+ HCO03[H]
- (741 Ma[+ ] K[+.CO3[2]
-+ (742) Na[-TM[++]

(744) Ma[+]:Mg[++].504[2-]
= (748 H[+]Na[+]:H504[-]
- (743 K[+ Mg[++]

- (781) K[+]:Mg[++]: 23042

b
b
b
b
H
H
M
M

=]

I

o

Wijie |[-a.47225T

For notation, see ref. (20).
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