Advanced features of Equilib

The Equilib module has many advanced features which are described here.
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Target phase options

A species or solution phase may be declared as a Target phase. There are
several types of target phases:

1. [F] - Formation target phase: the T (P or <A>) is calculated when the species
or phase first begins to form. The final T (P, <A>) must not be specified (blank
column) and an estimate of the unspecified T (P, <A>) must be entered.

2. [P] - Precipitate target phase: the T (P or <A>) is calculated when another
species or phase first starts to precipitate from this phase.
The precipitate target phase must be a solution (for example FACT-SLAG or gas
phase). The final T (P, <A>) must not be specified (blank column) and an
estimate of the unspecified T (P, <A>) must be entered.

3. [C] - Composition target phase: the <A> is calculated for a given solution
composition. The final T and P must also be specified and final <A> must not be
specified (blank column) .
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Formation target phase

The program calculates when this phase first forms (activity = 1, and generally zero
mass). One of T, P or alpha must not be specified (i.e. blank) so that Equilib can
calculate the limiting T (P or alpha) when the formation target phase first forms.
The formation target phase may be a compound species (for example a pure solid or
liquid) or a solution phase (gas phase or real solution such as FACT-SLAG).

CaO - SIO,
<A> 7035 FactSage
2600 T T T T T T T T T T T T T T T T 4
2400 -
Slag
2200 -
Slag + CaO(s)
2000 -
o Ca,Si0,(s3) + CaO(s) ]
< 1800 Pbm—m—m—m——— T =1800°C
e | Slag + Slag#2 \/-
=
g 1600 Slag + Slag + SiO,(s6) N
o Ca,Sio (s) + CaO(s) C4,Si0,(s3)
5 1400 _
= CaSiO,(s2) +
1200 Ca;Si,0,(s) SiO,(s4) + CaSiO,(s2)
|| Values of <A> and T used
Ca,SiO,(s2) + CaO(s) - -
1000 | 0.5+ casiofs) 1] In the following example.
[ CaSioy(s) + '
800 Ca,Si,0,(s) -
Ca,Si0,(s) + Cao(s) Si0,(s2) + CaSiO,(s)
600 L 1 L 1 L 1 L . 1 . 1 . 1 . 1
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

mole fraction SiO,
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Setting a FACT-SLAG formation target at a given composition

Solution FACT-5LAG

- clear
v - all species

1° Right-click on the + column to open the FACT-SLAG
extended menu and select F - formation target phase.

- cuskom seleck species ...

m - merge dilute selution From r
- sofubion properbes ...

+ - single phase
- possible 2-phase immiscibilicy
1 - possible 3-phase immiscibiliey:

2° Enter a value of <A> (0.35) and leave a blank for the
value of T(C) in the input boxes of the Final Conditions
frame. This activates the Formation Target frame.

- standard sta‘l;-le phase

D - soliDification calculation ...

C - composition Eargek ..

F Menu - Equilib: Formation target phase {option F) in the Cal-5i02 binar

File Units Parameters Help

0| = =

TIC] Platm] Energyld] Mazz(mal] “olllitre]

—Heactants [2]

[ <l CaD + < 502 |

Help ... — Products
— Compound species — Solution speciez — Cuztom Solutions
[ loas & ideal €= a4l 1] = Base-Phase | Full Hame 0 fixed activities
: F aqueous 0 IF J¥FacTSEG STagliquid 3 f:tigxiityutd;;flflicients
3° The Formation Target P iaas : Detal
*|+_ pure zolidz 17 2l
frame is enabled. Enter an gz dpfesied nel/ ~Pseudonyms
' * - pystom selection .
estimate for the value of speckes 17 I_a”””” Tt |
A Formation Tanget ihclude molar volumes
T(C) . Here T(C): 1000°C. FACT-SLAG _|L-ei§ner:igcib|e ¥ Show al ( selected | TotalSpecies (max700] 21
E stimate TIC): |1 ooo e ] : Total Solutions [riax 20] 2
N tazz{mol: si'fiiﬂﬁ? 3 ﬂl Default |
i g efaul
i ~ Final Esnditions E quilibrium
The program will calculate that - <B> /T Platm] ~|[ProductHE =] || & nomal  © tanstions
temperature when FACT-SLAG | (o= N et B N
. ghe I~ Tiable 1 calculation clElEE 22
first starts to form (0O mole). P | S

4
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Calculation of the FACT-SLAG formation target at a given composition

F Results - Equilib 1464.19 C =10l x| .
Oukput  Edit Show Pages N Ote .

Dlﬁl EI TIC) Platr) Ernergyl)] Massimol] Yolllitre) "”lal]fﬂf aCtIVIty — 10
number of moles =0

| <1-a= caD + <ar Zioz = -

ﬁ.DDDDD mol Slag-liquidgl \ for the Slag phase (quUId)

(l4gd. 19 C, 1 atm, a=1.0000) H H H

{ 0.408E51 @inz I.e. FACT_SLAG IS Just
+ 0.53149 Cal) . .

beginning to form.
Svsten component Mole fraction Mass fraction
Ca 0.24558 0.41074 P |
24 0.1&9&1 0.13273 -
u] 0.55451 0.39048
+ 0.00000 mol Slag-liquidgz

(l4gd4. 13 C, 1 atm, a=1.0000)

{ 0.40851 Zioz
+ 0.53149 Cal)

/:VD.ZEDDD mol CaZfild_alpha

{43.060 gram, 0.2Z5000 mal)

Compositions and quantities of the solid
oxides in equilibrium with FACT-SLAG.

a
l
+ E.0000E-02 mol Caz8iZ07 rankinite

(14_4Z0 gram, 5 _0000E-0Z2 mol)

(l464.19 ©C, 1 atm, 23, a=1.nnnum

\_ (1454.1% ©, 1 atm, 21, a=1.0000)

+ 0.00000 mol Caz3il4 alpha-prime
(l4gd. 19 C, 1 atm, B5Z, a=0_9873c6)

@e reactant side is 0.35000 < Value Of <A>, XS|02 = 0.35

The cutoff concentration has been specified to 1_0000E-75

Data on 4 product species identified with "T" have been extrapolated

LR R e R L R e R e Rt

H ; v & Cp —
! (7 {litre) {TFE) (TSR

E A b R b e S

-5.82202E+05 -9 34539E+05 0.00000E+00 1_45244E+0Z 6. 4<4500E+01 |
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Formation Target phase: specifying the target phase mass

In the Menu-Equilib window Formation Target J tFﬂT'?;_SLjSDD
frame, the target phase mass is set to 0.5 mole.

— Formation T arget

Note: The slag-liquid composition is now: Xsio,= 0.36667

Cukpuk  Edit |Show Pages

N ||j“| EJ TIC] Platm] Energeil] Mazz(maol] Yalllire] "”l BIH

=l-&= Cal + <&= 3i0Z F

\ 4
- mol O Slacghlicquidgl
(28.773 ar L.50000| mal)
¢/’%I§EET§E_E:>HVatm, a=1.0000)
<1 038667 Bioz >
+ 0.63333 Tl
+ 0.poaoo mel  Slag-licquidgs
{192z.80 C, 1 atm, a=1.0000)
T U TEEE7 £
+ 0.83333 Cal!
+ 0.16667 wol  CaZ8il4 alpha

{28.707 gram, 0.lE6667 mol)
(192z.80 C, 1 atm, 23, a=1.0000)

+ 0_o00o0o0o mol Caz2ild_alpha-prime
(192z2.80 C, 1 atwm, 85Z, a=0.83616)

where "A" on the reactant side is 0325000 <

and the temperature has
increased to: T =1922.80°C

«

The cutoff concentration has been specified to 1.0000E-75

Data on & product species identified with "T" hawe been extrapolated

R e R ]

H G v 8 Cp
R [ (litre) (T (TSED

R e R ]

-6 45531E+05 —-1.00625E+0&  0.00000E+00  1.&64EZ85E+02  7.&66105E+401

Value of <A>, Xgo, = 0.35
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Setting a FACT-SLAG formation target at a given temperature

Solution FACT-5LAG

- Clear
v - all species
* - cuskom seleck species ...
m - metge dilute solution Franm
- solution properkies ...

1° Right-click on the + column to open the FACT-SLAG

extended menu and select F —formation target phase.

+ - single phase
v [ - possible 2-phase immiscibilit
1 - possible 3-phase immiscibilit

2° Enter avalue of T (1800 °C) and leave a blank
for the value of <A> in the input boxes of the
Final Conditions frame.

tardard stable oh F Menu - Equilib: Liquid-liquid immiscibility {option I} and isothermal phase - |EI El
sd ari art I:s atet balns:nla . '\ File Units Parameters Help
- dormant {rmetastable) phase - ;
F - Farmation target phase 0| = & TIC) Platm] Energyl)] Mass(mol] Yalllitre] Iﬁ |B| ml
F —=rtecioita argek oha —Reactants [2]
5 - 5cheil cooling target phase | . |
0 - soliDification calculation ... <l Lo+ <o Si02
C - composition targerk ...
— Products
Help — Compound species — Solution species — Custam Solutions
[gas & ideal € real 1] * 1~ | Base-Phase | Full Mame 0 fized activities
o - ] T [ ideal salubion
3 The FO r m a.t I O n Targ et ||: EE:::;?:SMS EI Ik 0 activity coefficients
. : Dietals ...
= fict 17
frame is enabled. Enter el
. [¥ suppress dgpllcates aEEIEI ~ Pseudonyms
an estimate of the value oustemsslectien oy Lt |
Of <A> Here <A> = 05 <~ Formation T arget T r [ include molar volumes
. FACT-5LAG I-.Bi?ner:iscihle ¥ Show(® &l ¢ selected | Total Species [maw 700] 21
Estimate ALPHA: ID.5 e i ienn berrepsh padies: 2 Total Solutions [rmax 30] 2
b Mass(mall: |0 solutions: 2 ﬂl Drefault |
. — Final Conditions Equilibrium ————
The program will calculate that N G o~ Jram  ~l[Fedmtrg) <] || & sl O sensiions
. I i daminatt € open
1800 1 ars F
- o ‘\}
first starts to form (0O mole). FactSage | y
TM - -
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Calculation of the FACT-SLAG formation target at a given temperature (1800°C)

F Results - Equilib 1800 C, A=0.3333

Cutput  Edit Show Pages

[ ||j"| El TIC] Platm] Energyl)] Mazz(maol] Yalllitre)

=18l x| Note:

=l B activity = 1.0
number of moles =0

<l-Ax> Cal + =h> Z2i0z = ¢

r for the slag phase (liquid)

(" o.ooooo mol  Slag-licquidgl
{1800.00 C, 1 atm, a=1.0000)
i 0.34683 gi0z

L + 0.85317 Cad)

1 i.e. FACT-SLAG is just
beginning to form.

+ 0_00000 mol  Slag-ligquidg?
{lg00.00 ., 1 atm, a=1.0000)
{ 0.34683 £inz
+ 0.65317 Cal)

/470_33333 mol Caz3i04_alpha
(57413 gram, 0.33333 mol)
(lgo0.00 C, 1 atm, 232, a=1.0000)

Compositions and quantities of

+ 0.00000 mol Cal_lime <
{1e00.00 C, 1 atm, 51, a=1.0000)

+ 0.ooooo mol Calfif? pseudowollastonite T
{1e00.00 C, 1 atm, 22, a=1.0000)

+ 0_00000 mol Cazfil4 alpha-prime
{1800.00 C, 1 atm, 52, a=0_86733)

+ 0.00000 mol 2i0Z_tridymite(l) T

{(l200.00 C, 1 atm, 53, a=&_0700E-07)

the solid phases in equilibrium
(activity =1) with FACT-SLAG.

A

where "A" on the reactant =side is 0.33333

The cutoff concentration has been specified to 1.0000E-75

Data on & product species identified with "T" hawve been extrapolated

Rk bk e e

H G v & Cp
RN [ (litre) (T/ED (T/E)

Rk bk e e

-&6.5336ZE+05 -3_50%35E+05 O0_00000E+00 1.57719E+02 &.41837E+01

Calculated value of <A> = 0.3333
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Precipitate target

The program calculates when a second phase first starts to precipitate (activity = 1,
zero mass) from this target solution phase (activity = 1, 100% mass). One of T, P or
alpha must not be specified (i.e. blank) so that Equilib can calculate the limiting T (P or
alpha) when the second phase precipitates.

The precipitate target phase must be a solution phase for example gas or FACT-SLAG.

CaO - SIO,
<A>=0.35
. F
2600 — B 'actSaqe
2400 —
Slag
2200 -
Slag + CaO(s)

2000 -
o Ca,Si0,(s3) + CaO(s) ]
. T = 1800°C
e | Slag + Slag#2 \/-
£
E 1600 | Slag + Slag + SiO,(s6) N
o Ca,Sio (s) + CaO(s) C4,Si0,(s3)
g 1400 -
= CaSiO,(s2) +

1200 Ca;Si,0,(s) SiO,(s4) + CaSiO,(s2)

|| Values of <A> and T used
Ca,SiO,(s2) + CaO(s) - .
1000 | 0.5+ casiofs) 1] In the following example.
[ CaSioy(s) + '
800 Ca,Si,0,(s) -
Ca,Si0,(s) + Cao(s) Si0,(s2) + CaSiO,(s)
600 L 1 L 1 L 1 L L 1 . 1 . 1 . 1
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

mole fraction SiO,
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Setting a FACT-SLAG precipitate target at a given composition

Solution FACT-5LAG 1° Right-click on the + column to open the FACT-SLAG
- dear extended menu and select P —precipitate target phase.
v - all species

* - ouskom seleck species ...

i - merge diute solution fram » 20 Entel' a Value Of <A> (035) and Ieave T(C) blank

- solution properties ...

_|oix
+ - single phase

File Units Parameters Help

v I - possible 2-phase immiscibilit

1 - possible 3-phase immiscibilit WA= TIC] Platm] Energyl)] Masz(mol] Wolllire] ““ |Bl| M|
- skandard stable phase ~Reactants (2]
I -d k {metastable) phase :
e Lt Sy [ <18y CaD + <ée 502 |
- Farmation karaet phase
' - precipitate target phase
5 a — Products
D - soliDification calculation ... — Compound species———— f Solution zpecies — Customn Solutions
C - camposition target ... [ gas & ideall reall D =+ Base-Phase | Full Hame 0 fized activities
[T agueous 1] P - SeFliouid Hidaalsolitions-
Help ... [ pure liquids 0 0 activity cnefflcuj:nts
*|+_ pure zolids 17 [etails...
o L. xIF suppresls dgplicates aEElEI — Pseudonyms
3° The Precipitate Target -oustom selection spoly [ List.. |

frame IS en ab | ed . En ter |_ inchude molar wolumes

7’1{recipitate Target T .
an estimate of the value —|»< _ F’E":T'_SL?SUD Lt ¥ Show( &l  selected | LotalSpecies(man 700 21
Estirnate T[C): I P - precipitate target o T atal Solutions [max 20) 2
Of T(C) _ SPECies: 4 Select |
. ass{mall zolutions: 2 Drefauilt |
Here T(C)= 1000°C.

Final Conditions

Equilibrium

A <B> Platrn] j Product H[J] j % nomal £ ansitions
035 1 £ predominant € open
10 gps [ Tatle 1 calculation] Calculate >> I\J

4
| FactSage | a
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Calculation of the FACT-SLAG precipitate target at a given composition

—
F Results - Equilib 2085.37 C

e ~— Equilibrium at 2085.37 °C | =& Note:

o] =3 el TICI Patm] Energyid] Massimol] Volfitre] Ei ) B activity =1.0
T number of moles =1 (100%)

A 4

<1-h> Ca0 t_shs si0e - — for the first phase:

1.00ao mol Elag-licuidfl . .
{57.480 gram, 1.0000 mol} the slag phase (|IC|UId).
(203537 C, 1 atm, a=1.0000;)
[ o.35000 sinz
0_&L5000 Can)
+ 0.ooooo mol Elag-licuidfZ
(E2085.37 C, 1 atm, a=1.0000) . . . .
i 0-35000 s102 First precipitate to deposit
- k=1
+ 0.ooooo mol CaZz8ild_alpha < from the Slag phase
{2085.37 0, 1 atm, 33, a=l.0000) 3, £ —
activity = 1.0
+ O.0000o0 mol Caz3il04_alpha-prime
{2085.37 C, 1 atm, £2, a=0.80064) number Of m0|eS = O
+ 0.ooooo mol Calil3 pseudowollastonite T
{Z085.37 ©, Ll atm, %2, a=0.17022)
+ 0.ooooo mol 5i0z2_cristobaliteil) T

(EZ085.327 C, 1 atm, 35, a=Z.&64EZ3E-05)

+ 0.00000 mol Si0Z_tridymite(l) T

/ﬂwh
where "A" on the reactant side is 0.2E000 < Value Of <A>’ XSIOz = 0.35

o
The cutcff conc i gen specified to 1_0000E-75

Diata on & product species identified with "T" hawe been extrapolated

EE e L e e

H G v & Cp [
) (7 (litre) (TFED (T /KD

b b R b R o e e o

-5.30362E+05 -1.03345E406 0.00000E+00 1.70907E40Z  &.923365E401 Ll
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oLt FACTSLAG C 1° Right-click on the + column to open the FACT-SLAG t
et extended menu and select P —precipitate target phase.

v - all species
* - tustom seleck species ...

e el | | 2° Enter a value of T (1800°C) and leave <A> blank.

- solution properkies ...
+ - single phase — Menu - Equilib =101 ]

Ire

-—

v I - possible 2-phase immiscibility Fil=  Units Parameters Help
1 - possible 3-phase immiscibilicy O | 2| I TIC] Platm] Energyl)] Mazsimal] Wallitre] “" ™ Hl
- standard stable phase ~Reactants [2]

I - dormant {metastable) phase
- A 4
- Formation target phase

[ <14 CaD + <A> 502 |

v P - precipitate target phase

Eil _':':":'_""' : ~ Products

D - sofibification calculation ... — Compound species — Solution species — Custorn Solutions

C - composition Earget .., [ gas &% ideald” real | O /r\LBase Phase | Full Name 0 fixed activities

ALIEOLE 0 FACT-SLAG Slag-liquid U idedl solutions
Help ... IE pﬂre i 0 il 0 activity n:n:neffin::in.ants
* [+ pure solids 17 Diztall: .

- . ¥ | suppress duplicates_aEEIﬂ ~ Peeudorpms ————————
3° The Precipitate Target | |« customseecton ooy Lt |
. CiEs: 17
frame is enabled. AN

AN

Precipitate T arget
FACT-5LAG

stimate ALPHA: |05

[ include molar wolumes
—Legend———— .
|- ioriscible ¥ Show ™ al  zelected Total Species [mawx 700] 21
T otal Solutions [max 30] 2

TpECies 4
zolutions: 2 ﬂl Drefault |

Enter an estimate of
the value of <A>.
Here <A> = 0.5.

P - precipitate target

— Fina tluns Equilibrium ————————
‘/ TIC] \ Fiatrn) ~||Product HEl =) | | & nomal " transitions
&\[/ onn 1 £ predominant € open
Lo seps [T Table 1 calculation Calculate >> I\_J

L
| FactSage | i

thtSageT” Equilib Advanced 2.2.3 www.factsage.com




Calculation of a FACT-SLAG precipitate target at a given temperature

F Results - Equilib 1800 C, A=0.3777 - O] x|
Qutput  Edit  Show Pages
O | D."‘l xﬂl TIC] Platr] Energy(l] Massimal] olllitre) '“llalm
|
«l-i» Cal + < ife—= < -

1.0000 mol  Slag-licqaid#l
{57.591 gram, 1.0000 mol)
{1800.00 C, 1 atm,
i 0.37787 gi0z
+ 0.62233 Cal)

a=1.0000)

. ooooo

mol Slag-liquidgz
(1200.00 C, 1 atm,
[ 03777 sioz
+

a=1.0000)

0. ooooo

Note:

activity = 1.0

number of moles =1 (100%)
for the first phase:

the slag phase (liquid).

mol CazZil4_alpha
{le00.00 C, 1 atm, E3,

A

a=1.0000)

+ 0.00aoo0 mal Caz3ild4_alpha-prime
(1800.00 C, 1 atm, B2z, a=0.86733)

+ 0.00000 mol Zi0E& cristobalite(l)
(1800.00 C, 1 atm, 55, a=E.0833E-04)

+ 0.00000 mol Zi0Z tridymite(l)

(132 &3, a=3_ 923EE-05)

First precipitate to deposit
from the slag phase
activity = 1.0

number of moles = 0.

where "A" on the reactant =side i=s 0.377&7

Calculated value of <A>, Xg;,, = 0.3767.

The cutoff concentration has been specified to 1.0000E-75

Data on & product species identified with "T" hawve been extrapolated

e e e e e e e e e e i e e e e e e o e e e e e e e e o e o

H G v g Cp
(7 (T3 {litre) {T/E) (T7ED

e e o e e o o e o e e o e e o o e i o i o o e e e e o e e o e e o o i e o e e e e o o e e o e o

-&.EE4ET7E+08 -5 95z255E4+08 O0.00000E+00  1.63333E+02 & 74833E+01

=l
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Precipitate target phase calculation for a more complex system

This is an example of a Slag-liquid precipitate target phase calculation in the
CaO-Si0,-Al, O, ternary system.

In a precipitate target phase calculation, the temperature (or composition) is calculated
when a second phase first starts to form (activity = 1, and zero mole) from the
«precipitate target phase». The «precipitate target phase» must be a solution for
example, gas, FACT-SLAG, etc. (this differs from the «formation target phase» that

can be any type of phase). System Si0, - Ca0 - AL,O,

In this example that temperature is 1000%¢ -
calculated when the first solid precipitate Sio, cca

. . . = AlL,0,
starts to deposit when Slag-liquid (FACT- 5= 5o,

C,S = (Ca0),(Si0,)
C,S = (Ca0)4(Si0,)
CA, = (CaO)(Al,05),
CA; = (CaO)(Al,05)s

SLAG) is cooled. Such a calculation is
extremely important for example in the iy

pyrometallurgy and glass industries. In
principle one could select the equilibrium
«transitions» option and execute a
normal calculation, but this may lead to
lot of unwanted output, especially if the
system is complex. ' =/ L+, 6 S Leasmulite

Red rimmed dot: for the 15t example

- 06 08 07 06 05 04 03702 | 0ith
Teal line for <B> = 25% (2”0' example) cao < weight fraction CaO o Ld‘-CA6+CA2 Al205
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Setting a ternary system in the Equilib Reactants Window

In the Reactants Window the reactants are <1-A-B> CaO + <A> SiO, + <B> Al O..
This defines a CaO-SiO,-Al,O, ternary system if <A> + <B> is in the range O to 1.
The use of unit mass (g or Ib) will give the compositions in weight %.

ISR
File Edit Table Units Data Search Help
D|@| ll TIC) Piatm] Energp)] Massimol] Yolltre] ml !| ).]r|
1-3

M azz[mol] Species TIC] Ptotall™ Stream#t Data
f<1-4E> fCa0

L P fsiDz

* B> 21203

[ Initial Conditions

| FactSage Compound: | 1/28 databasez  Solution: | 1/24 databases ‘,ﬁ

All data taken from the FACT compound and solution databases.
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_Setting the FACT-SLAG precipitate target at a given composition

Solution FACT-SLAG

el 1° Right-click on the + column to open the FACT-SLAG
9 el extended menu and select P —precipitate target phase.

- cuskom seleck species ...
i - merge dilute salution Fram F

- soution praperties ... 2° Enter values for <A> (0.35) and <B> (0.25) (i.e. %owt CaO =

v 1 - possible 2-phase immiscibility 40%, Y%owt S|02 — 35%, %wt A|203 — 25%) and leave T(C) blank.

1 - possible 3-phase immiscibility

- standard stable phase F Menu - Equilib: Precipitate target phase (option P} in the CaD-Si02-A1203 o ]
File Units Parameters Help

- dormant {metastable) phase
: Y
ormation target phase

Cliiie rETTE—— Ol =l d TIC) Platm] Energyl)] Mazs() Yolllite) Iﬁ |B| ml
' - precipibate target phase

—Reactants [3]

- Acheil cooling target phase
D - soliDification calculation ...

€ ol B o | qram] <1-4-Br Cal + <i» Si02 +  <B» 2203 |
Help ...
— Products
.. — Compound species — Solution zpeciez — Cugtomn Solutions
(o]
3 The PreC | p | tate Targ Et |_ gas (= ideal £ real 1] | + T\B‘“E‘Phase | Full Hame 0 fixed activities
: [" aqueous o IP ) FACT-SLAG 5lag-liquid U ideal solutions
frame IS en ab | ed . [ pure liuids 0 0 activity coefficients
. [etailz ..
0 =, pure zolids 35
Enter an estimate of 2 |
¥ suppress duplicates aEElEl — Pseudonyms
the value of T(C). owtomsskeclon |
— (o]
H ere T(C) - 2000 C . ~ Precipitate T arget

) 4

[ include malar valumes
FACT-SLAG egend ¥ Show (™ al & Sodisd | Total Species (max700] 41
Estimate T(C]: [2000 P - precipitate target wes B Total Solutions [max 30] 2
=gl U su:nlljutiunsg 2 ﬂl Default |

<A>is avariable, <B>is a - Einal Concitions— VAT N = Equibrium —————
Lt <o Platrn] - ||Product HYJ] * normal tranzitions
Constant (here, 25 Wt%) 0.35 0.25 < U1 | predominant € open
that must be defined. e [cdoialon) | Coleulate»> 1
| FactSage | A
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Precipitate target Results

Equilib reports the temperature (1458.99 °C)
I where the second phase (Ca,Al,SiO,(s1)) starts

to precipitate from the target phase (Slag-liquid).
utpu i oy PagE

Ol T[C] Platm] Energyll] Masz(g] “ol(l] 'nllalm

Notes: the composition of the

{gram) =<1-A-{0.ZE;> Cal 4+ A S407 +  ={0.ZEY= ALZO3Z = ) . . .
o e (a0 “:N first phase (Slag-liquid) is the
+ 40,000 wt. % Cal

e e < same as the input values.
(14588.99 C, 1 atm, Slag-licquidfl aCtiVity — 10
H D number of grams = 1 (i.e. 100%)
+ ZE5. 000 wt. % A1Z03) I
(145593 =“licid#Z, a= 1.0000)

First precipitate to deposit
from the slag phase

o_aaaan gram CaZilzZ5i07 gehlenite
11452 99 C, 1 atm, 51, a= 1.0000)

A

+  0.0o0o0 gram CaZil3 pseudowollastoni n71 —
{145%.99 0, 1 atm, 32, a=0.44014) aCtIVIty - 10
+... number of grams = 0.
+ 0.00000 gram {(ALZ0Z) (Si0Z)Z
£2.95 C, 1 atm, 21, a=0.35234E-11) I

where "A" on the reactant side i= 0.3500 )< Value Of <A>, Wt% SIOZ = 35%.

LData on & product species identified with "T" hawve been extrapolated

****************************************************************

H G v g Cp
i (I {1 {TFED (TR
el e A A i e e e i ol o o o ol ol e e ol i i i e e e e ol o ol ol ol e ol o o e o i e i e e e
-

-1.24747E+04 -1.733192E+04 0O_00000E+00 2_.50414E+4+00 2 1.13453E+00
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Performing a composition Precipitate Target calculation

As in the previous example on Formation Target calculations, it is possible to perform a
composition Precipitate Target calculation on <A> (constant <B>remains

unchanged). i

File Units Parameters Help
Dzl - TIC] Platm] Energyl)] Mass(a] Vollitre] m |B‘| 1”

— Heactants [3]

| [aram] <1-A-B> Cal + <A 502+ <By APD3 |

— Products
— Compaound zpecies — Solution species — Custarn Solutions
| |gas (¥ idealTireal D = | + | Base-Phase Full Name 0 fined activities
[ aquecus a IP | FACT-SLAG S lag-iquid 0 ideal solutions
e o 0 activity coefficients
[ pure liquids 0 :
* [+ pure solids a5 Details... |
F suppresis dyplicates aEEIEI — Pssudaryms
* - cusgtom zelection .
species: a5 apple [ List ... |

[ include malar walumes

/ — Precipitate T arget
~( FACT-SLAG [ egend™ - ¥ Show ¢ al @ Heiscicd | Total Species max 700) 41
_Estimate ALPHA: ID.E P - precipitate taiget - Total S olutions [max 30] 2
ZPECIEs G
Mazz(g) |0 solutions: 2 ﬂl Drefault |

— Final Conditiong- Equilibrium
<A ( <Bx TIC] F(atm] j Praduct H{J] j &+ nomal ) transitions

0.25 1600 1 ) predominant € open

10 steps e m Calculate > '\l

— L
|FactSage | Y

For example, if in the Menu Window the composition <A> is nhow unspecified (blank),
<B>is still 25% and now the temperature is set to 1600°C, an estimate of <A> is 50%.
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Composition Precipitate Target calculation: Results

F Results - Equilib 1600 C, A=0.1337
Qutput  Edit Show Fages

O |

TIC] A

In the Results Window Equilib now reports the silica (SiO,)
composition (<A> = 13.371 wt.%) at 1600°C where CaO(s1)

first starts to precipitate (activity = 1, O gram)

(gram) =<l-A-(0.z5)= + = ({0.E5)= Alz03 =

1.0000 gram Slag-licuidgl
(1.0000 gram, l1.5&6&67E-0F mol)
{1500.00 C©, 1 atm,

[ 13371 wt. % Si0Z

+ Bl 623 wt. % Cal

+ EL5._000 wt. % ALZO3R)

a=1.0000)

Slag-liquid#z
C, 1 atm,
wt. % Si0Z

+ 0.000ao0 oY am
(1e00._ 00
[ 13371
+ B1.6E3 wt.% Cal

+ EE._000 wi. % ALZO3)

0.ooooo0 gram Cal_lime P

a=1.0000)

F

{1600.00 C©, 1 atm, S1, a=l.0000% 7

+ 0.000oo0 gram Ca33i05_hatrurite
{le00.00 C, 1 atm, 51, a=0.7310c5)

+ 000000 gram (AlE03) (3i02)Z2_solid

T

(le0o 00 €, 1 atm, 51, a=1.4853E-18)

where "A" on the reactant side is 0.13371

The cutoff concentration has been specified teo 1.0000E-75

Data on 2 product species identified with "T" hawe been extrapolate

*****************************************************************

*****************************************************************

-1.14071E+04 -1.6&111E+04 0O_00000E4+00 2. 778zZzE+00 1.24034E+00

In the ternary phase diagram at 1600°C
(see slide 4.0), there are two liquidus
lines intersecting the composition line
for which <B> = 25wt.%. One on the
CaO-rich side (calculated here) and
one on the SiO,-rich side.
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Composition Precipitate Target calculation: setting another estimate

By setting (in the Menu Window) another estimate for ALPHA <A> on the SiO,-rich
side, one can calculate the other value of <A> for which a precipitate starts to form.

— Precipitate T arget
FACT-SLAG

Estimate ALPH&: |0.75

M azz(g]: IU

/ {1.0000 gram, 1.5014E-0Z2 mal)
»

In the Results Window
Equilib now reports the
silica (SiO,) composition
(<A> = 68.303 wt.%) at
1600°C where mullite
Al;Si,0,5(s1) first starts to
precipitate (activity = 1,

0 gram).

F Results - Equilib 1600 C, A=0.683 — o =]

Cutput  Edit Show Pages

O ||j"| xil TIC] Platm] Energell] Mazza] Yolllire] '"llalm

(gram) =<l-A-(0.=ZL)>= 102 + «=(0.ZL)= AlZ032 =

1.0000 gram Slag-liquidgl

(lego. o0 C, 1 atn, a=1._0000)
[oE2_ 202 w. % Bi0Z
+ B_.6371 wt.% Cal

+ E5.000 wi. % ALZO03Z)

+ 0.00000 gram Slag-licquid#z
{leoo.o00 ¢, 1 atnm, a=1._0000)
[ E8.303 W% 2i0Z
+ 6.6371 wt_% Cal
+ ZE&_000 we % ALZO3Z)

+ O.00000 gram AlsSiz01l3 _mullite

<: where "A'" on the reactant side is 0.68303

{lenn.o0 ©, 1 atm, 21, a=1.0000

+ 0.ooooon gram Si0Z_cristobalite(h)
{1le00.00 C, 1 atm, 56, a=0.2L5225)

+ O.00000 gram Ca2llz0& solid T
(leoo.oo C, 1 atm, 51, a=Ff.1&6l7E-1Z)

The cutoff concentrgticon has been specified to 1.0000E-75

TData on 7 product species identified with "T" hawve been extrapolated

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

-1.30334E+04 -1_.560&65E+04 O_00000E+00 2. 37Z75E+00 1.27440E+00
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Compostion target phase

TTD
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Transitions in the CaO-SiO, binary phase diagram

Liquid phase immiscibility — for example Xg;c = 0.7783 and 0.9707 at 1800°C.

CaO - SiO,

FactSage
2600 T T T T T T T T T T T T T T T T T 9

2400 -

Slag
2200 -
Slag + CaO(s)

2000 -
o [ Casios9)+cao) A_
& 1800 <

|
o _ O smesay
=2
©
E 1600 | Slag + Slag + SiO,(s6) 7
Q. Ca,Si0,(s) + CaO(s) Ca,Si0,(s3)
£
@ 1400 [ -
= CaSiO,(s2) +
Ca,Si,0,(s) SiO,(s4) + CaSiO,(s2)
1200 [ -
Ca,SiO,(s2) + CaO(s)
1000 | SiO,(s4) + CaSiOy(s) 7]
CaSiO,(s) +
800 Ca,Si,0,(s) -
Ca,Si0 (s) + CaO(s) Si0,(s2) + CaSiO,(s)
600 . 1 . 1 . 1 . . . 1 . 1 . 1 . 1 .
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

mole fraction SiO,
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Isothermal phase transitions in the CaO-SiO, binary system

1° Binary system <1-A> CaO + <A> SiO,.

F Menu - Equilib: Liguid-liguid immiscibility (option I} and isothermal phase Er: - | Ellil
File Units Parameters Help
O 2 - TIC) Platm] Energyl] Massimal] Yallitre] W ||3| 1.?|
2° Possible products: -Reactants (2)
* pure solid oxides [ <1é> CaD + <t 502 |
+ liquid Slag (FACT-SLAG) [~
. . - Products
Wlth a p 0OSS| b | e 2-p h ase ~ Compound species ~ Solution specige — Custarm Salutions
. ; . [ gas & ideq" reall O = |+ | Base-Phase | Full Hame 0 fixed activities
immiscibility (1) I” aqueous il | FACT-SLA SlagHiquid 0 ideal solutions.
[ pure linuids¥ 0 0 activity coefficients
pure solids _\'I?D Details ..

¥ suppress duplicates aEE'EI

* - cuztom selection
TpECies: 17

— Pzeudonymz

apply [ Ligt ... |

L J [ include molar wolumes
o —_ - - —Legen .
3 <A> - 07, 075, noog 10 e - I-ilg'lnmiscil:ule ¥ Show ™ all % zelected | Total Species max 700] 21

E— ENatal .
Fetirmate T[K] | RS T otal Salutions [max 30] 2

o) —_ (=4 4
T ( C) - 1800 M azz{mall ID v szllzlui;?ﬁz: 2 ﬂl Crefauilt |

— Final Conditions Equilibrium ———
i <R TIC] Platri] ll Product HiJ) j £ nomal @
0.7 1.0 0.05 1800 1 € predominant € ofen

(o] 141 ~
4° Select transitions o Frogmon] | Caleulate>> | |

| FactSage | i

— T arget

The program will calculate the equilibrium at 1800°C for mole fractions of SiO, varying
from 0.7 to 1 in increments of 0.05 and will search for all phase transitions.
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Step 2°: Products Selection — compound species

— Compound zpecies

[gas &= ideald™ real

Species;

L I e N o Y e}

0

1° In the Menu-Equilib window Compound species frame, right-click
on the pure solids checkbox to open the Species selection window.

17 pure
solid oxides

Ll vII

Fie Edt Show Sort 2° Click on Clear, then on
Belected 17723] [Sorted by [Page |3 Select/Clear... and then
+ | Code | Species | Datal | Phase | T |¥] select all (SO“d) Species
15 i Sils] FACT | | zolid ..
+ 16 s FACT | quartzf) v containing... Oxygen.
. 17 Si02[s2) FACT | quartzlh) W
. 18 Si02[s3) FACT | tidymite(]) W
. 13 Si0 2[zd) FACT | tidymitefh] W
* 20 Si0 2[5 FACT | cristobalitell] W
. 2 Si02[s6] FACT | ciistobalitefh] v 3° Press OK to return to the
+ 22 Si02[=7] FACT coegite W . I . b . d
+ 23 5i02[s8] FACT | stishovite v Menu-Equilib window. An
24 Calz] FACT zolid_alpha | . *\ .
20 Calz] FACT zolid_beta aSterISk ( ) Indlcates
* 26 Cal(s) FACT | lime Y i
A FACT | me custom _selectlon for the
28 CaSis) FACT | solid 0 pure so lids.
29 CaSiZfs) FACT | solid
30 CaZ5ils) FACT | solid 0
+ K1l CaSidals] FACT wollaztonite W -
— Compound species
|_ gas |[{* | ideal £ real 0
Vi y v |_ AqUEOLIE ]
Shaow Selected Select Al @@l Gear Q/D 2

Select all species containing ...k

Clear all species containing ... *

Ca
Si

iquids
* |+_ pure zolidz 1
T duplicates

* - cuztom zelection

Species: 17

‘ thtSage‘”
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Step 2°: Products Selection — solution species

1° In the Menu-Equilib window Solution species frame, right-click
on the + column to open the FACT-SLAG extended menu.

— Solution species
ze-Phaze | Full Hame
Slag-liquid

Siolution FACT-SLAG

— Solution species

| + |\Base-Phase | Full Hame
FACT-SLA Slag-liquid

- clear
v - all species
* - cuskom select species ...
m - merge dilute solutiomn From r
- sofukion properties .. ..

- single phase
- - possible 2-phase immiscibility

SPELIES. U [Zlear | - possible 3-phase immiscibili h:
golutionz: 0

~ L e e | T
|-E ilg'lner:iscil:ule W Show @ EF  selected
v - standard stable phase .
FpECies 4

- du:urmar!t (metastable) phase solufions. 2 Clear |
- farmation kafget phase

2° In the FACT-SLAG P el i
- precipitate target phase
extended menu, S - schell cooling target phase o . . .
select option T S | e !incicates apossible
2-phase immiscible region.

L d— = e
|V et IV Showis &f  selected

[ I]-2-phase Immiscibility: the solution phase may be immiscible. Use this option

for FACT-SLAG when SiO, > 50% . If the phase is not immiscible the results of the

calculation will be OK - the phase will appear twice with the same composition.

Note: This option tends to slow down the speed of the calculation - you may wish to
try I' (immiscible and dormant) to check if the phase is stable.
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Compositions at the two ends of the 1800°C tie-line

2-phase transitions — the ends of the 1800°C tie-line.

F Results - Equilib A=0.7783 {page 3,9)
Qutput  Edit Show Pages

0| )

4=07| 4=075

TIC] Platr] Energyll] bazslmol] Yalllitre]
4=0% | 4=085| 4=03 | 4=095| 4=09707 | 4=l |

=10 %]

=1 E7

<l-Ax Cal

1.0000

mol Slag-liquid#l

{59.196 gram, 1.0000 mol)
{1200.00 C, 1 atm, a=1.0000)
i 0.778z3 si02
+ 0.zz171 Cal)

+ 0.00000 mol
{lzoo.00 ©,
i 097074

+ E.9zZEEE-DZ

Slag-liquidgZz

1l atm, a=1.0000)
sinz
Cal)
+ 0.00000 mol Si0Z_cristobaliteih)
{ls00_ 0o 26, a=0.353459)

1l atm,

F Results - Equilib A=0.9707 {(page 8,/9)

Qutput  Edit Show Pages

O[] )

TIC] Platm] Erergull] kazs(mol] Yolllitre]

l.e. Equilib reports two-
phase stability within the
composition range:
0.77829 < Xgj0, < 0.97074
and one-phase stability
outside this range.

4=07| 4=075| 4=07783| 4=08| 4=025| 4=02| 4=035

=1-4= Cal

1.0000 mol  Slag-licquid#l
{59.967 gram, 1.0000 mol)
{1200.00 C, 1 atm,

i 0.97074 8i0z
+ z.9256E-02 Cal)

a=1.0000)

+ 000000

mol
(lgoo.0a0 C,
[ O.778ES
+ 0.zz171

Slag-liquidgZz
1l atm, a=1.0000)
sinz
Cal)
+ 0.000oo0 mol Si0Z_cristobaliteih)
(1800.00 C, 1 atm, 35, a=0.355345)

‘ thtSage‘”
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One-phase and two-phase stability at 1800°C

=10 x|
Qutput  Edit Show Pages

O ||i"'| il %} Flatm] Energyl)] Mazs(mal) Yalllite) "' | |BI]E;(

4=07| 4=075 | 4=07783 | a=08( - 4=085)| 4=09 | 4=095| a=0.9707 | 4=1 |

F Results - Equilib A=0.85 {page 5,/9)

=1-A» Cal + =ik» 5i02 =

0.62739  mal  Slag-liequidgl W
{37.139 gram, 0.62739 mol)
(1l800.00 C, 1 atm, a=1._0000) <
¢ o 22171 cant J Example of two-phase
stability at Xg;o, = 0.85

(1500.00 C, 1 atnm, a=1.0000)
{ 0.97074 2i0z

H 0.37EEL mol Slag-licquidfz
(Z2Z.32344 gram, 0.327Z61 mol)

+ Z2_9ZLeE-0Z Cal)
+ 0.00000  mol  8i0Z cristobalite(h) F Results - Equilib A=0.75 (page Z/9) =101 x|
(1300.00 C, 1 atm, 36, a=0.35343) Qutput  Edit Show Pages
O] & TIC) Platm] Energyl)] Mass(mol] Vollitre] |'|T||B|ﬁ:
4=07 @. 4=07783 | 4=02| 4=085| 4=09| 4=095| 4=05707 | 4=1 |
Example of one-phase _
o <1-ax fB0 + <ks Si0z =
Stablllty at xSi02 - 075 1.0000 mol  Slag-liquidgl
(523,083 gram, 1.0000 mol)
| > (1200.00 C, 1 atm, a=1.0000)
{ 0.75000 sioz
+ 0.zZEk0oo Cal)
+ 0.00000 w Slag-licuidf
. . . . [ o T y £33
Slag-liquid#2 is close to forming b 44600802 Lam)

+ 000000 mol 5i0Z_cristobalite (k)

- ItS aCtIVIty IS 0-98105' (1300.00 C, 1 atm, 36, a=0.33075)

In such systems, if option «I» is not selected, the results may be in error even
when the second liquid (Slag-liquid#2) is not stable (as in the above example).
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Constant composition in the CaO-SiO, binary system

Xsio, = 0.35

F Menu - Equilib: Phase transitions in the Ca0-5i02 binary system at X(Si02) =1

File Units Parameters Help

[ = =

TIC] Platrn] Erergul]] Mazzimal] Walllitre]

=101 x|

=ik

— Reactants [2]

[ <145 Cab

v <he 5i02 |

— Products
— Compound zpecies

— Solution species

— Cuztomn Salutions

|_ gas (% ideal (™ real 0 = | + | Baze-Phaze | Full Hame O fixed activities
[M aqueous a | FACT-SLAG Slag-iquid g Ideal,mlutmfr;;
|_ pure liquids 1] actrity coe ICII.EﬂtS
= |+_ pure zolids 17 Details ..
¥ | suppress duplicates amply I — Pseudonyms
* - custom selection .
species: 17 apply Ligt ... |
— Target [ include molar volumes
- NOKE - —Legend .
. |- roriscibl v Show & all  zelected Total Species [mas 7001 21
Estimate T{K) |1|:":":I TIEEEE . 4 Tatal Solutions [max 30] 2
I— SpeCies; |
Mazs(mol). |0 zolutions: 2 Selee Default |
— Firal-Conditions —Equilibrium
<ﬂ>\ B / TIC] \ P[atr] j Praduct H[J] j " nomal % transitions
NS GO0 2600 ] | | predominant ¢ open
il eps [ Table [2+ calculations || Calculate >> El /
|FactSage | v

The program will calculate all phase transitions at
Xsio, = 0.35 In the temperature range 600 to 2600°C.
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Transition Temperatures for Xgo, = 0.35 In CaO-SIO,

In the Results Window, Equilib reports all phase transitions at <A> = 0.35 within the
temperature range 600 to 2600°C. Most transitions report both compositions on
each side of the tie-line. Such information is important in complex systems.

F Results - Equilib 1436.85 C {page 4,/9)

Cutput  Edit  Show Pages
| | TIC] Platm] Energy[d] Mazsmol] Wolllitre)

500 C kE47. 19c| B47.20> (143685 C - |143685 ol 454 19c| 1464.15 CpEDE5.37 C P2son C |

=] 3

il P

=1-A= Cal + =Air 5i0Z =

0.00000 mol Elag-licuidgfl

(143685 C, 1 atm, a=0_37437)
i 0.40z47 sioz
+ 05375z Cal)

+ 0.00o00 mol Elag-licuidgz
(143685 C, 1 atm, a=0_37437)
i 0.40z47 Zioz
+ 0.E97C032 Cal)

0. 25000 mol Caz2il4_alpha-prime
{43 060 gram, 0.Z5000 mol)
(1436.85 C, 1 atm,

B2, a=1.0000

+ 5.0000DE-02 mol  Cal38iZ07_ramkinite
{14.420 gram, 5.0000E-02 mel)
{1436.85 C, L atm, 21, a=1_0000)

+ 0.00000 wol Ca28i04_alpha
{1436.85 C, L atm, 3, a=l_0000)

+ 0.00o00 mol Cafil3_pseudowollastonite

-

F Results - Equilib 1436.85C (page 5/9) 100 x|
Outpuk  Edit  Show Pages

=3 il

Transitions at: 847.2°C,
1436.85°C, 1464.19°C, 2085.37°C.

TIC] Platm] Energul)] bazsz(mol)] Wolllitre]
g0 | s47.19¢ | 8472043885 C - 1936850 | 1464.19C | 1464.19¢| 208537¢ | 2600¢ |

=l B

=1l-A+ Cal + =<i= Ji0Z = 1=
o.00aoo mol Slag-licuidfl

11436.285 C, 1 atm, a=0.237437)

[ 040247 si0z

+ 0.53753 Cal)

+ 0.0o0o000 mol Slag-licquidgz

(1436.85 C, 1 atm, a=0.37437)
1 0.40247 Zioz

+ 0_E£3 o

+ 0.25000 mol  CaZi04_alpha
{43.080 gram, 0.25000 mol)
{1436.85 C, 1 atm, 53, a=l.0000)

+ 5.0000E-0Z mo Ca35izZ07_rankinite

{1436.85 C, L atm, 52, a=0_88453)

The cutoff concentration has been specified to 1.0000E-75

— — (1436. 88 C, 1 atm, 21, a=1.0000)
q where "A" on the reactant side is 0.35000 < < > —_— o _— .
Sio,

114.420 gram, 5. 0000E-0Z mol?

+ o0.oopoo mol Caz2il4_alpha-prime

DIata on 4 product species identified with "T" hawve been extrapolated

R R e e a T e

H G v 3 Cp
(1 &3] {litre) (TR LI/E)

B L R e

-&.86837E+05 -5, 30553E+05 O0.00000E+00 1.42541E+02 &.76E551E+401

For example at 1436.85°C:

{1436.85 [0, 1 atm, 82, a=1.0000}

+ 0.00poog mol CaSi03_pseudowollastonite
(1436.854, 1 atm, 52, a=0.88453)

where "A" on the reactant side iz 0.25000

The cutcff concentration has been specified to l.0000E-7E

Data on 4 product species identified with "T" have bepn extrapolated

e a e et )

a’-Ca,SiO, to a-Ca,SiO,

H [ v g Cp
5] EH {Iicra) (37K LI/ED
O S ST S, | |
-5.83963B+05 -3.30553E+05 0.00000E+00 1.44222E+02  6.43721E+01 =l
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Solution Properties: FACT-Salt in the NaCIl-KCl binary system

<A> varies from 0 to 1.

1° The reactants are <1-A> NaCl + <A> KCI
— I.e. the NaCI-KClI binary system where

F Menu - Equilib

Fi

le Units Parameters Help

0| =]

2° The only possible product is
the solution phase:
« Salt-liquid (FACT-SALT)

Tk Platm] Enenguld] tazzimal] Waolllitre]

=101

=ileiEd

Reactants [2]

3° The final conditions

The program calculate the
equilibrium in Salt-liquid at
850°C for mole fractions of
KCl varying from O to 1 in
increments of O0.1.

> [ <1 Mall + <ho KO |
— Products
— Compound zpecies — Solution species — Custam Solutions
gas i+ jdea (= * | + | Baze-Phaze Full Hame imed activiies
' ideal {7 real 1] | 0 fixed activit
[T aqueous 0 +  FACT-SALT S alt-iqu 0 ideal solutions
I— nure liquids 0 o 0 activity coeffizients
[~ pure solids 0 FACT-Seld Liggullay [etails ...
[¥ suppress duplizates apply I — Paeudoryms
species 0 applp I List ... |
— T arget [ include molar volumes
- NanE - — Legend :
) [+ Showi* all  zelected Total Species [max 700 2
Estimate T[E.]: I-I oo + - selqoted : 2 Total Solutions [max 20 1
species:
b ass(mal): ID solutions: 1 ﬂl Diefault |
— Final Conditions Equilibrium ————————
<h> <B> TiK] Platm) ~|[Prduct HEY = ||| & nomal ™ transitions
0101 250 1 € e open
10 steps [T Table 11 calculations Calculate >>
- I""a'.‘;/
| Fact5age | Y A

4° Calculate

I thtSage‘”
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Solution Properties: opening the window

1° Right-click on the + column to open the FACT-Salt
extended menu and select solution properties...

I x
Soltion FACT-SALT ——— PVl B
File Units Parameters Help
- clear == TiK] Platm] Energull] Mazs(mol) alllitre] ““ |B| II'
v - all species
. —HReactantz [2]
* - custom select species ...
= merge dilute solution From [ <14 MaCl ¢ <s KO |
- solution properties . ...
v + - single phsse ~ Products i i i i
I bl 2-0h T — Compound species — Solution zpecies — Cuztorm Solutions
- passible 2-phase imnmiscibilicy I— gas (% ideal € real i = | o | Baze-Phaze | Full Name 0 fized activities
1 - possible 3-phase immiscibilicy e o ;Q) ] 5 altliquid 0 ideal solutions
A 0 activity coeffizients
- standard stable ph [ pure liquids 0 AlkClss :
v EIEEIMIEIIE SIS [AM=EE |_ pure zolids 1] FACT{Sell Licgsllo _lDEtallS
I - dormant {metastable) phase :
. ¥ suppress duplicates E'EEIEI ~ Pseudonyms
F - farmation target phase :
P - precipitate target phase species: 0 apply [ Ll
5 - 5cheil cooling target phase — Target [ include molar volumes
D - soliDificatian calculatian .. : mnﬁf - _IfgsZTedcted ¥ Show & al  selected | TotalSpeciesmax 700] 2
€ - composition kargek ... Estimate T(K] |1DDD _ 5 Total Solutions (maw 30] 1
ZPECIEE
Help ... bd azsmall ID zolutions: 1 ﬂl Default |
— Final Conditions Equilibrium —————————
q L <B TIK] P[atm] j Product HEJ| j &+ nomal " transitions
o
1a ...0r pOIﬂt tO FACT'SALT 09 01 50 " predominant € open
= Mo =t Tabl |—| Calculate »»
and double_cllck _1EI zteps ™| Table 11 caloulations !}}J
| FactS age | v

This option lists the common partial and integral solution properties for the phase. The
option is only active if the equilibrium has been calculated and the solution phase is
stable.
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Solution Properties Window and menus

Open spreadsheet to view the selected partial
properties of the selected phase: FACT-SALT

Open Spreadsheet k

Save Text Spreadsheet ..,

Standard Skakes II

Current Standard Skakes Macl
Change Standard States .. Kl F Molar Partial Propeties FACT-SALT - Salt-liquid xf
»(Output| (Species | (Standard States |
Species Urits: T[C), Platen], Energel). Mazs(mal], Yolll)
select al = @ = integral properties
Clear ———— 7%
| = ———
< v 19Nacl + | Property | De
v 20KCl + Al activity of zpecies |
+ gammali] activity coefficient of species | = a[il/a_ideal(i]
+ Dela_gfi = qfil - gofi] = BT In ali]
+ Dela_hlij] = hi] - holi] = hiexcesz]i]
+ Dela_si = gfi] - =ali]
FR 1] = hii] - T.z[i]
+ hii] abzolute b of zpecies | with rezpect to elements at 25 C
+ ] abzolute = of zpecies |
+ gofi] g of species | in standard state
+  haoli] h of species i in standard state
+ =ofi] z of gpecies | in standard ztate
+ a_ideal] ideal activity of zpecies | = male fraction =[]
+ Delta_g_ideallil = RT Ina_ideal(]
+ Delta_z ideal] = -R In a_ideal(i]
+ O_excess(] = Dela_gli] - Delta_g_ideal[i]
+ = _excess(] = Dela_sfi] - Delta_s_idealli]
+ cpli heat capacity of species i = dh[ill/dT

Clear | Cloze
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Solution Properties: Changing Standard States

In the solution properties window menu, select
Standard States > Change Standard States... and
click in the + column to select the new standard state.

F Standard States x|
Species | + | Data | Standard State | Code
. MaCl + FACT  FACT-S&LT 15
Standard States FALT NaEl[g] 5
Current Standard Skates 2 Eigl Eag:[llq] ::é
Change Standard States ... aLls)
F.Cl + FACT  FACT-S&LT 20
FACT | KClg] 3
FACT | KCNliq) 14
FACT | KCls) 18

v

Select Default |

Cloze |

thtSage"‘ Equilib Advanced 4.4

www.factsage.com



Solution Properties: Molar Partial Properties Spreadsheet

Edit
Copy k|12

Find Ckrl+F
Find Mext F3

F Mol-r Partial Propeties FACT-SALT - Salt-liquid - Energ¥{1}, (mol} ;|g|5|
P File: Swap rows and columns
Component 1 |Page <Alpha> T[C] Platm] X[HaCl] X[KCI] afi] gammali] Delta_gl)

Fila 1 1] ga0 1 1.0000 | 000000 1.0000 1.0000 0.00000
Test Spreadshest ... 2 0.1 ga0 1 090000 0.70000 089757 0.99730 -1009.1
3 02 ga0 1 0.20000 020000 079165 [1.98956 -2181.8
Print Excel Spreedshest ... 4 03 850 1 070000 030000  0.68413 0.97733 3545.0
Print Setup ... ] 0.4 ga0 1 0.50000 040000 0.57EEE 095170 -5140.2
Prirk Fartk ... HaCl_SALT B 05 ga0 1 0.50000 050000 047067 094133 0375
7 0E& ga0 1 040000 0.E0000 036736 091839 93817
Close a 07y ga0 1 030000 070000 026777 089257 12308,
9 0a ga0 1 020000 080000 017282 085408 16394,
10 09 ga0 1 010000 090000 8.33104E-02 083310 -23208.

11 1 ga0 1 000000 1.0000 | 1.00000E-75 | <-not-caletd.-> | <-not-calotd.->

Component 1 | Fage <alpha> T[C] Platm] =[MaCll =KL ali] garnmali] Delka_qali]

1 1] ga0 1 1.0000 | 000000 1.00000E-75 | <-not-calckd.-> | <-not-calctd.-»
2 0.1 ga0 1 0.90000 010000 8.24309€E-02 08241 -23307.
3 02 ga0 1 0.20000 020000 017232 086162 16421
4 03 ga0 1 070000  0.30000 026834 0.89445 12285,
] 0.4 ga0 1 0.50000 040000 038910 092274 93076
KCI_SALT B 05 ga0 1 0.50000 050000 047325 094651 -B98E. 3
7 0E& ga0 1 040000 0.E0000 057949 098582 -B095.1
a 07y ga0 1 030000 070000 0 E8ER4 098078 35120
9 0a ga0 1 020000 080000 079316 099145 -21E4.0
10 09 ga0 1 010000 090000 089807 0.99786 -1004.0
11 1 ga0 1 0.00000  1.0000 1.0000 1.0000 0.00000

| i

thtSage‘” Equilib Advanced 4.5 www.factsage.com



Solution Properties: Molar Integral Properties Spreadsheet

e
F Molar Integral Propeties FACT-SALT - Salt-liquid x|
SI.":LiEB StCII I|:IICII |:|I Stﬂtcb
[nitz: TIC], Platm), Energyld]. Mazsmal], Walll] - :
{~ partial properties @ 11411 properties Save Text Shreadshest | ..
A
+ | Property | Dezcnption of Integral Property L
+ 0 =x1g[l]+=2g[2] + ... .
+ |h _XTh{1)+ X2h(Z)+ . Open spreadsheet to view the
F =H=18[1] + =2.22] + .. . .
. Detag  =Xi(Dekagll)l+X2Deka.g) s selected integral properties of
+ Delta h =1 [Delta_h[1]] + =2 [Delta_h[2]) + ... . _
+ Delta = =x1.[Delta_z[1]] + <2 [Delta_s2]] + ... the SeleCted phase FACT SALT
+ [_eHcess =1 [g_excess[1]] + %2 [g_excess[2]] + ..
+  I_ENCess =1 [z_ewmcesz(1]] + X2 [z_encess[2]] + ...
+ Dela g ideal =¥1.[Delta_g ideal[1]] + =2 [Delta_g_ideal[2]] + ...
+ Dela s _ideal =x1.[Delta_z ideal[1]] + =2 [Dela_z_ideal(2]] + ...
+ op =H1.cp[1] + #2.cpl2] + ...
F Molar Integral Propeties FACT-SALT - Salt-liquid - Energy{1}, (mol} - |I:I|£|
File  Edik Swap rows and columns
Page | <Alpha> |T[C)| P{atm) | X[NaCl) | X[KCI) | g | h | s |Dela_g| Delta_h |
1 1] ga0 1 1.0000 000000 -523522E+05 | -335Z1BE+05 17300 000000 @ -510431E-08
2 0.1 ga0 1 090000 070000 -53EE00E+05 | -3.38009E+05 | 17682 -3238.9 -203.82
3 0.2 ga0 1 080000 020000 542231E+05 @ -340763E+05 | 17939 -B0295 -368.69
4 0.3 ga0 1 070000 030000 -547208E+05 @ -343450E+05 | 1271.42 -B1EES -4E5.99
Select Al Clear ] 0.4 ga0 1 00000 | 040000 -H5IESSE+05 | -34E100E+05 | 12306 -BRO76 B27.22
B 0.5 ga0 1 050000 050000 -BEEVIIE+0S | -3 4870BE+05 | 12433 -7011.9 -543.84
7 0.E ga0 1 040000  QE0000 | -BBI3EFE+05 | -3512BBE+05 | 18527 -B797.7 17,23
a 0.7 ga0 1 030000 Q70000 BE2648E+05 | -3537B9E+05 | 18587 -£149.8 -448 58
9 0.8 ga0 1 020000 080000 -HEB248E+05 | -3BEZESE+05 | 126.07 -HOM0.0 -338.93
10 0.9 ga0 1 010000 090000 BEFI0ZE+05 | -3B8F0SE+05 | 18572 -3224.3 18916
11 1 ga0 1 000000 | 1.0000 | -AEYIIFE+05 | -3E1108E+05 | 18413 000000 | -272004E-07
< | i
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Include dilute solution: Cr in Cu-Fe alloy

The FACT-CuLQ solution (Cu(lig) alloy) does not contain Cr. This example
shows how to create a dilute Henrian solution of Cr and then merge it
into the FACT-CuLQ solution phase.

il
File Edit Table WUnits DataSearch Help
M |E,’*| il TIC) Piatm] Energy)] Massimol] Volitre] mic ™|
1-3

M azz[mol] Species Phasze TIC] Pltotal] Streamit Data

[Cu Eif |

1 Cu+0.05Fe+0.10 Cr
that is, Cu may be considered as a solvent
and Fe and Cr as solutes.

[T Iritial Conditions

Fact5age Compound: | 1423 databazez  Solution: | 1/24 databazes v
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Include dilute solution: Cr in Cu-Fe alloy — Possible products

Solution Phase FACT -Cull -
Cu-lig or zpeiss [presence of Cu not eszential].

<80 mol% Az, <15 molik 5, 300-1300 C; <10 mol% O [good around 1250 C),

FACT-CulQ:-
15 Cu, 15 Fe

Short description of the
FACT-CuLQ Solution
Phase. It does not
contain Cr.

Possible products at 1200°C and 1 atm:
« Compound species: pure liquids, pure solids
« Solution species: FACT-CuLQ

File | Units Parameters Help

0= &

TIC] Platm] Erergull] Mazsimal] Wolllitre]

=100 ]

m =@

Right-click to open

the pure liquids
Species Window

—Heactants [3]
| Cus+ 005Fe + 01 Cr |
— Products
—Compound zpecies————— — Jaolution species — Custarn Salutions
[ ] gas & ideal € r=all O * | + | Base-Phase | Full Hame 0 fiwed activities
e i\ FACTFel( Fediq s o
[+ Pixe liquids 3 _,[ o FACT-Culd Cuig ] achivity coe u:u.an =
pufe salids 4147 FACT Felu focFe-Cu Detals ..
LWW — Pzeudonyms
species 7 apply [ List ... |
— Target ™ include molar volumes
- FoheE - — Legend .
_ - selonted [¥ Show ™ al  zelected Total Species [max 700 9
Estimate T[K]: I1 000 *oEEEEE _ 5 Total Solutions [max 30 1
SPECIES:
bl asz{mal] II:I solutions: 1 ﬂl Diefault |
— Final Conditions — Equilibrium
< <B> TIC) Platm)  ||PoductHl) x| || @ homat " wansiions
1200 ] i predominant T GpEn
1o steps I Table [1 calculation Calculate >> |
|FactSage | o

I thtSage‘”
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Creating an ideal Henrian solution of Cr(liq)

1° Right-click to open the Cr(lig) extended menu

2° Select ldeal Solution > Ideal solution #1...

5 Crelig)
- clear
v + - select
W - standard stable phase

I - darmant (metastable) phase
F - formation target phase

P - precipitate karget phase v

Ideal Solution #1 ...
Ideal Solution &

Ideal Solution #£3 ...
Ideal Solution #4 ...

Help ...

F Selection - Equilib ) [m] 4
File Edit Show Saork

Selected 343 LIGLID Sorted by Code

;r\l\l:ude | Species | D ata | Phase | T | v | Activity
[% Crlliq) FACT liquid

+ Fefliq) FACT liquid

+ 7 Cullig) FALCT liquid

Show Selected | Select Al Select/Clear... Clear ok |

In an earlier example taken from the Equilib Slide
Show — Regular Examples (slide 54), the Henrian
activity coefficient of Cr(lig) in Cu(lig) was calculated
from the binary Cu-Cr phase diagram and reported as:

1010 [Yergiq] = 5983.29/T(K) - 2.9522 = AITK + B

3° Enter the values of A and B.
Specify New mixing particles P =1
(this is the default setting), and
enter the solution name diluteCr.

F 5 Cr(lig) dissolved in Ideal Solu

lag1 0[gammal

5 Crllig] - Hennan activity coefficient, gamma

= &K + B

Mew mixing particles

(i = |5983.29 \
B- |-2.9522
=3 |1

(P>0]

#1 |deal Solution name: IdiluteEr [rmax 10 chars)
A

For ideal behawviour & =10,

Click on [Help] for an explar

B=0 F=1.

ation of P,

Click on [Cancel] ta remove

thiz zpecies from the ideal

=alution.

Cancel |

Help |

4° Press OK

‘ thtSage‘”
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Merging the ideal solution diluteCr and FACT-CuLQ

F Selection - Equilib o ] |
File Edit Show Sort
Selected: E [LIiguIn ] [Sorted by Code]
+ ,I/[%I:Ip | Species | Data | Phaze [ T]¥]  Activity
+ ) £ Cillig) FACT | liquid
+ Feflig) FACT  liguid
+ Cuflic) FACT  liquid
\ 4
Show Selected | Select Al | Select/Clear... Clear q/m

# denotes species also used in ideal solution 1
and h indicates an henrian activity coefficient

1 5° Press OK to return to the Menu Window

to open its extended menu.

6° Right-click in the + column of FACT-CuLQ

7° Select
m - merge dilute solution from
> Dilute Solution #1 - diluteCr

Solution FACT-CulQ

- clear
- all species

v

*

StOMTSEIECE SRECies .. ..

Diluke

m - merge diluke solution From k Solution # 1 - diluteCr b

Rropetbies ..

FEmave diute companents

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

v - standard stable phase

I - dormant {metastable) phase
F - formation target phase

F - precipitate target phase

5 - Scheil cooling target phase
[ - soliDification calculation ...

- composition targek .,

Help ...

File | Units Parameters Help

=101 %]

I thtSage‘”

O g T(C] Fiatm) Energyl)] Mass(moll Yalliire] W |B| ;f|
—Reactants [3)
[ Cu+ DO0HFe + 01 Cr |
— Products
— Compaound species — Solution species — Cuztorn Solutions
['gas & ideald™) real 0 = | + | Base-Phdse | Full Hame 0 fiwed activities
|_ AqUEIUs 0 FACT-Feld Fe-liq 0 ideal soltions
[+ pure liquids 3 ACT-Culld Bty 0 activity coefficients
|+_ pure solids 4 - fecFe-Cu [etalz ...
¥ suppress duplicates aEEIEI ~ Peeudorgms————
species 7 apply [ Ligt ... |
— Target [ include malar valumes
- hohe - — Legend .
) - selected W Show ™ &l  selected Total Species [max FO0 g
Estimate T[K]: |1DDD *osEEEE . 5 T otal Solutions [rmax 20] 1
IpECies:
M azs(mal]: ID zolutions: 1 _lSeIect Default |
— Final Conditions Equilibrium
<hs <B> T(C Platm] l|ProductHY) ~| || fnamat  © tansitons
1200 1 " predominant © open
0| steps [T Tiable 1 calculation Calculate >> |
| Fact5age | i
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Calculation including a dilute solution: Cr in Cu-Fe alloy

Solution Phaze FACT-CulLd -

FACT-Culd:-
15 Cu, 16 Fe.

+
ldeal Solution #1 - diluteCr:-
B Crllig)

)

Cudig or speizs [presence of Cu not eszential).
<B0mal® Az, <15 malix 5, 3001300 C; <10 mal% O [goad around 1250 C].

F Menu - Equilib: Merging & dilute Henrian solute (option m} into an existing

File Units Parameters Help

O = &

TIC] Platm] Energull] kazs(maol] Wolllitre]

Recalling that the Henrian activity coefficient
of Cr(liq) in Cu(liq) is:

1090 [Yergiq] = 5983.29/T(K) - 2.9522

We have, at 1200°C (1473.15 K), Y (iq) = 12.86

=101 x|

i=ileika

—Reactants [3]

[ Cu+ DO5Fe + D10 C |

— Products

Custom Solutions

Fixed Activity: 0 Species
Ideal Solution:

#1 diluteCr;-
S: Crilig: loglo{gamma) = (5983.29/TK -2.9522)

4

The dilute solute (Cr) is

merged into the existing
FACT-CuLQ solution.

Lets calculate the equilibrium

— Compound zpecies —/Su:uluticun IpECies (I:ush:um Solutions )
[ gas & idealdT real n = | + | Base-Phase | Full Hame 0 fived activities
[T agueous 0 FACT-Feld =i :II |dn3tgl_fnlut|0;;_s_ t
[+ pure liquids 3 #1 + FACT-Culd Sl 1y activity cosfficients
[+ pure solids 4 FACT-FeCu focFeCu Dstails ...
[¥ suppress duplicates_aE_Elﬂ e Pseudoryms
species: 7 apply [ Ligt ... |
— Target ™ include malar volumes
- NOnE - — Legend .
o W Show al  selected || JTotalSpecies (maw 700] 4
Estimate T(K]: I'IEIEIEI o el T AEs species: 5 Total Solutions [max 30 2
Mazz{mol] II:I solutions: 1 e b Default |
~ Final Conditions - E quilibrium =
<A <Bx TIC) P(atrn] ~||ProductHYY > || & namal . transitiohs
1200 1 " predominant © open (<
10 steps [ Table T calculation Calculate >> |
_ - W/
| FactSage | v

and retrieve the calculated
value of y¢, ;) at 1200°C

I thtSage‘”
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Cr in Cu-Fe alloy — Results

F Results - Equilis 1200C -0l x|
~—— —
Qutput  Edit Show Fage

O ||j"| ﬁl TIC) Flatrn] Energyl)] Mass(mol] Yalllitre] "T B s T - 12000C

Cu + 0.05 Fe + 0.1 Cr = |
1.0%&0 mol Cu-ligtdiluteCr
(687320 gram, 1.09&60 mol)

(1Zo0o.0d C, 1 atm, a=1_0000)

[ 0.91z24Z Cua

+ = Fa

+ 4. 1963E-02 Cr_liguid diluceCr < XCI’(”C{) - 0041963

+ E.4009E-02 mol  Cr_szolid
{2.80583% gram, 5.4009E-02 mol)
(1z00.00 ©, 1 atwm, =1, a=1.0000)

$0.00000  mol  Cu_liquid Hence, at 1200°C, the calculated activity
(lzo0.00 C, 1 atm, L1, a=0_9Z120) .. .
+ 0.00000 mol Cu _=solid CoeﬁICIent IS:

(120000 ©, 1 atm, 51, a=0.84209)

+ 0.00000 mol  Fe_fce . Cr(llq) . 0'53979 . 1
{1200.00 C, 1 atm, 52, a=0.7E5533) . = = =
+ 0.00000 mol Fa beco ycr(llq) X O 041963

{1200.00 €, 1 atm, 51, a=0.7E11E) CI’(lICI)

2.86

+ 0_0oooo mol  Fe_licuid | |
(120000 ©, 1 atm, L1, a=0.61312)

+ 0.00000  mel  Cr_liguid aCr(”q) = 0.53979
{1200.00 €, 1 atm, L1{ a=0.53373)

The cutoff concentration has been specified o 1.0000E-75

Data on 1 I?roduct..s?ecies id?nif.ified with '.'ﬁ" hawve been calculated with a With the m Option you Can merge
user-supplied actiwvity-coefficient expression almOSt any type Of dilute Solute
" : v : co into an existing real solution.

(1 [ {litre) (J7E) (J/E)

R R b Rt e e L e R e —T

&.12277E+04 -3_221321E+04 0O_00000E+00 1.04&33E+02 2.89343E+01 LI
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Include dilute solution: TI,O and HfO, in FACT-Slag

The FACT-SLAG (Slag-liquid) solution does not contain the components T|,0 and
HfO,. This example shows how to merge TI,O and HfO, solutes into a FACT-SLAG
containing SiO,-Ca0-Al, O, taking into account the «<New mixing particles» since
HfO, dissolves as Hf** and 2 O?, and TI,0O dissolves as 2 TI* and O7.

We wish to create a liquid slag solution which is an equimolar mixture of SiO,-CaO-
Al,O, containing small amounts of TI,O and HfO.,.

It is assumed that the activity coefficients (defined as y = a/X where a = activity and
X = mole fraction) of the dilute constituents are independent of composition. That is,
the dilute components obey Henry's Law. Also, for demonstration purposes let us
assume that the activity coefficient of HfO, at 1000°C in the equimolar mixture is
approximately: YThio, = 9.0 with respect to its pure solid standard state.

Finally, suppose that there is no information on the activity coefficient of TI,O and so
ideal solution behavior (y = 1) is assumed for this component. In this case it is
necessary to take into account the fact that a liquid slag is an ionic mixture and that
T1,0 dissociates in solution to form two independent Tl ions. That is, the formula
«Tl,0» really represents two moles of Tl ions dissolved in the slag. That is, it is
actually the component TIO, ; which follows ideal solution behaviour.
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T1,0 and HfO, in FACT-Slag — Reactants

The reactants are: 0.3333 CaO + 0.3333 SiO,, + 0.3333 Al,O, + 0.01 TI,O + 0.05 HfO,

act =100 ]
File Edit Table Units Data(Search Help
N ||j"| il TIC] Piatm] Energy)] Massimol] Vollitre] m' |3| ).g|
1-5
] Mazz[mol] Species Flhase TIC] Pltotall™ Stream$t Data
The system is an (N [EEEE [Ca0 | 4| | I
equimolar mixture of — | * o |si02 | =] | [
CaO, SiO, and Al,O;... & J03333 JA203 ) | =l | [
] E— & i
| |

tdos |Hfo2 / i [1
A

[ Initial Conditions

Mext >>
FactSage Compound: | 1/28 databasez  Solution: | 1/24 databaszes i

...with Tl,O and HfO, added as dilute components.
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T1,0 and HfO, in FACT-Slag — Possible products

Solution Phaze FACT-5LAG -
Slag-iquid oride. - Miscibility gap at kigh Si02;

&lAz B CalrCuFek MaknMNaMNiLPLSLTiZn T, diute 5.504.P04 H20/0H.CO3F.CLI

FACT-5LAG:-
0 S0z, ¢ Cal, 92 AlZO3

Short description of the
FACT-Slag Solution
Phase. It does not
contain TI,O nor HfO, .

Right-click to open

Possible products at 1000°C and 1 atm:

« Solution species: FACT-SLAG
« Compound species: ideal gas

F Menu - Equilib

File Units Parameters Help

0| =]

TIC] Platm] Energpl)] Maszz(mal] “alll]

=100 ]

mi=i=Ed

—Heactants [5]

the pure solids
Species Window

| 03333 Cal  + 03333 502 03333 AI203 + 001 T2O  + 0.05 HDZ2 |
— Products
(— Compound species —Solution species — Cusgtom Solutions
[+ gas & ideal ¢ real 1 = | + | Base-Phase | Full Mame 0 fied activities
[ agquecus 0 +  FACTSLAG Slag-iquid 0 ideal solution:
wre liquids 0 0 actiity coefficients
A I— ure ol 0 [retals ...
N Eg 3
Tz duplicates ~ Pseudonyms
Species: 18 apply [ List .. |
— Target [ inchude molar vaolumes
- NONE - ~ Legend .
_ - selented [¥ Show &l  zelected Total Species [max £32] 21
Estimate T(K): [1000 T SEIEEE , ; Total Solutions [max 30] 1
species:
tlasz{mal] II:I solutions: 1 ﬂl Diefault |
— Final Conditions — Equilibrium
e <Bx TIC] F'[atnh Product H[J] j * nomal £ ranzitions
\ 1000 1 = predominart t onen
10 steps [T Table &/ [1 calculation Calculate >> |
| FactSage 5.2 | i
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Creating an ideal Henrian solution of HfO,(s)

1° Right-click to open the HfO,(s2) extended menu

2° Select Ideal Solution > Ideal solution #1...

F T{C) = 200 Ol x|
File Edit Show Sork

+ iEudE| Species | Data | Phaze |T |'1|F'| Code
GE Ca5il3[z2] FACT | pzeudowollas. .. W
67 Caz5i04z] FACT | gammalaolivine]
63 Caz5i04[z] FACT | alpha-prims
5] Caz5i0d(=3] FACT | alpha
il Ca3sidh(z] FACT  hatrurite o
1 Cad5i207(=] FACT  rankinite o
72 Casl25i06[z] FACT | catzchermik, W
73 Cadl25i208(=] FACT | hexagonal o
74 Catl25i208[=2) FACT | anorthite W
7h Cazal25i07(z) FACT | gehlenite W
76 Caddl25i3012(z) | FACT | grossular W
IEi Hf[z] FACT | zolid alpha
7a Hi[z2] FACT | zolid beta
| HfO2[z) FACT  zolid-a

HfO2[=2] FACT | zolidb

% 1 [Calj[HIOZ) =) FACT  zolid ]
a2 Tliz) FACT  zolid-a
a3 Tliz2) FACT | zolid-b -
o TI2Mic EACT | onlid

Select Al Select ... Clear s

80 HFO2(s2)

W - clear
+ - select

- skandard stable phase
I - dormant {metastable) phas
F - formation target phase
B - precipibate karget phase v

!! kit b

Help ...

]

Ideal Solution #1 ...
Ideal Solution #2 ...
Tdeal Salukian #3 ...
Ideal Salution #4 ..,
Ideal Solution #5 ...
Ideal Solution #6 ...
Ideal Solution #£7 ...
Ideal Solution #8 ...
Ideal Solution #£9 ..,
Ideal Solution #£10., ..

Zlear

I thtSage‘”
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Creating an ideal Henrian solution of HfO,(s) — setting y

30 Enter Ioglo [’YHfOZ(SZ)] — 12149/T(K) + O F 80 HFD2({s2)} dissolved in Ideal x|
in order that y = 9.0 when T = 1273.15K (1000°C). - Hm2[313]g{n[Hg'Z;Pn"n‘iﬁf'it'ﬂfﬁ'f:”ef““-?”t' e
4o 12129
o

4° Specify New mixing particles P =1
(this is the default setting).

> Mew mising particles @ (P=0)

#1 Ideal Solution name: ID"D”idE

[max 10 charz]

o . For ideal behaviour & =0, B=0, P =1.
5° Replace the default solution name «ldeal-1»

by a new name «DilOxide».

Click on [Help] far an explanation of F.

Click on [Cancel] bo remove this species fom the ideal
zolution,

Cancel | Help |

6° Press OK to return to the Solid Species Window.

Notes:

1. In general, if y is known at only one temperature, it is better to assume that
RT log y = constant than to assume that log y = constant.

2. In this example note that y is the activity coefficient relative to SOLID HfO,(s2) as
standard state.
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Adding TI,O(l) to the ideal solution

F T(C) = 200 ~O] ]

N # denotes species also used in ideal solution 1
s ... B and h indicates an henrian activity coefficient
g Hi[s2] FACT  zolid beta
7 HfOZ(s) FACT  solid-a . .
i @S&fﬁﬁﬁms] Fect e . L 7° Press OK to return in the Menu Window
F Menu - Equilib =101 x|
Selectal | Select.. | Clear | File Units Parameters Help
M= E TIC) Platm] Energul)] kazsimal] Walll] Iﬁ |B'| Nl

— Heactants [5]

| 03333 Ca0 + 03333502 + 033334203 + 001 TI20 + 005 HiDz |

— Products
— Compound species————— 1~ Solution species — Custom Solutions
o . . [« gas (% ideal ™ real 18 = | +| Base-Phase Full Name 0 fised activities
8° Right-click to open the I aqueous 0 +  FACT-5LAG Slag inuid ] ideal solulions
. ) . ure liquids 0 activity coe |c|?n %
pure liquids Species %@ 1 Detsis .|
Wl n d ow ~ suppresls dgplicates —Pzeudonymz————
* - custom zelechon .
S pecies: 19 apply Lizt ... |
— T arget ™ include malar volumes
- noneE - —Legend .
: - selected ¥ Show i al * gzelected | Jotal Species [max B32] 22
E stimate T[k): |1 Qoo T sElerie species 3 T otal S alutions [mas 30 2
M azz[rmol]: ID solutions: 1 _lEIear Drefauilt |
— Final Conditions Equilibrium
<Ay B TIC] P atm] Praduct HiJ] j % narmal £ tranzitions
1000 1 £ predominant € open
10 steps I~ Table 1 calculation] Calculate >> |
|FactSage 5.2 | v
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Adding T1,0O(l) to the ideal solution — setting y

® . . o . .

9° Right-click to open the 10° Select ldeal Solution > Ideal solution #1...
T1,0(lig) extended menu 2| oo

F T(C) = 200 _ o] x| v |-clear

File Edit Show Sort + | - select

- standard stable phase
Selected: 0414 LIGUID
EELE I 1 dormant {metastable) phase
+ | Code | Species | Data | Phaze |T |"|F'| Code F |- Formation target phase
13 Allliq) FACT  liquid P v precipitate taraet phase
20 A1203lig) FACT | liquid E——
21| Sillig) FACT | liquid = cea SoUHen
72 Si02liq) FACT  liquid Akt b Ideal Su:ulut!cun #2 .
23 Calig) FACT  liquid Help ... {dzal Salution #5 ..
p
24 CaOflig) FACT  liquid L2 SolURET
28 Catl2(lig) FACT | liquid ] —— . =
26 Ea.-’-‘-.l#[llq] FalT |||:|un:| F 32 TI2EI{||I:|} dissolved in Ideal S il EI
27 Ea&lED#[I?q] FAlT I?qu?d 32 TI200lg) - Hennan activity coefficient, gamma
2a Catld07(lig) FACT | liquid ] logl Qlgamma) = &/TK + B
29 H(lig) FACT | liquid I—
an HD2(lig) FACT | liquid ke J
5l Tllig) FACT | liquid I—
T120lig) FACT | liquid B =

11° Logyls setequal toO(le Y= 1) EnterA=B =0

pepe L e | e e et o e Leria |

#1 Ideal Salution narme: ID'":”'"':IE [max 10 chars)]

For ideal behaviour & =0, B=0, P=1.

12° Specify New mixing particles P = 2 to indicate that
one mole of Tl,O dissociates into 2 independent
particles (2[TI*]) in the oxide solution.

Click on [Help] for an|esplanation of P.

Click on [Cancel] ta remove this species from the ideal
zolubion,

Cancel I Help |
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Henrian activity coefficient, y and new mixing particles, P

A dilute solute in an ideal solution may have a Henrian activity coefficient, y,
where:

log,,y= AITK + B
You specify A and B, and the number of new mixing patrticles P.
Examples:
1. Solute Sn(s) dissolving in Pb(s) :
P =1 since Sn is a new particle.
2. Solute NaF(liq) dissolving in LiCI(lig) (i.e. Li" and CI):
P = 2 since NaF dissolves as new mixing particles Na“ and F.
3.  Solute NaCl(liq) dissolving in LiCI(lig) (i.e. Li" and CI):
P = 1 since NaCl dissolves as Na" and CI” but only Na" is a new particle.

4.  Solute S,(lig) dissolving in Fe(liq) as S:
P=2.

In the present example P = 2 because TI,0 dissociates in the slag
as:

TLOD 2T+ 0*
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Merging the ideal Henrian solution DilOxide and FACT-Slag

F T(C) = 200 ] 1

File Edit Show Sort

Selected: 1/14

+ i Code | Species |Data| Phage |T|V| Code
14 Alllig) FACT | liquid
20 AJ203ig) FACT | liquid
21 Sifliq) FACT | liquid
22 Si02liq) FACT | liquid
23 Calliq) FACT | liquid
24 Calliq) FACT | liquid
] Catl2liq) FACT | liquid ]
26 Catl4lig) FACT | liquid a
27 Catl204liq) FACT | liquid
24 Catl407(liq) FACT | liquid a
29 Hiflig) FACT | liquid
a0 Hi02(ig) FACT | liquid
il Tilliq) FACT | liquid
+ 32 #1h TI20{ig) FACT  liquid

An ideal Henrian solution (DilOxide) of
T1,0 and HfO, has now been created.

13° Press OK to return to the Menu Window

14° Right-click in the + column of FACT-Slag
to open its extended menu.

h 4

Select &1l | Select ... I Clear |®

Solution FACT-5LAG

15° Select - merge dilute solution from >
Dilute Solution #1 - DilOxide

F Menu - Equilib
File Urits Parameters Help

O|=E

—Reactantz [5]

TIC] Platm] Energyll] Mass(mal] Yalll]

=101 ]

m =@ x|

- clear | 03333 Cal  + 03333 502+ 0.3333 A203  + 001 TI20 + 0.05 HO2 |
v - all species ——
* - tusto eleck s:'r_m-inr — \ 4 — Compound species — Solution species — Custom S olutions
T - T A _ Rilreeide |+_ gas {+ ideal { eal 18 ase-Phase | Full Hame 0 _fiHed activ.ities
m - merge dilute solution From Dilute Saolution # 1 - Gildxide ’ [T aqueous 0 121 A% lanfiouid 1 ideal solutions
e *|+_ iz s 1 2 activity coefficients
i FEmEYE dillte companents [+ pure solids 1 Details .
v o+ - Sil'll;I|E phase ¥ | suppress duplicates — Pzeudonyms
q . L * - custom gelection -
I - possible 2-phase immiscibility Soeelss A apply [ List.. |
1 - possible 3-phase immiscibility ~ Target I~ include malar volumes
- nonE - i~ Legend .
: ~selected W Show ¢ all  selected | Total Species [max 632] 23
w - standard stable phase Estimate T(<): [1000 TrEeese wecies. 3 Total Solutions [max 30] 2
I - dormant imetastable) phase Massimol; [0 cotions: 1 0| Defaut |
F - formation karget phase ~Final Conditions Equilibrium
P - precipitate target phase b <B> TIC) Platm] Product HiJl | ?: nommal (f: transitioris
. = cheil fina ¢ Foh 1000 1 predominant € open
- -l coning target phase |i0 steps ™ Table [T calculation] Calculate >> _ |
HE‘-'||:I i |FactSage 5.2 [ v
TM - - f
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Calculation including a dilute solution: TI,O and HfO, in CaO-SiO,-Al,O4 slag

Solution Phaze FACT-5LALG -

Custom Soluti X
Slag-iuid oide - Miscibilty aap ot bigh 502, b X
AlAz B CaCr.CuFel Mgk MaMN.PES.TiZn L diute 5 504 PO4.H20/0H.CO3F.CLI @ Fixed Activity: 0 Species
FACT-5LAG:- g
. Ideal Solution:
+E|:| SlDE, 81 I:a':'.. 82 .":"-|2|:|3.. #1 DileidE:'
- —— 32: TI2o(liq): logld{gamma) = (0JTE +0), Particles = 2
Ideal Solution #1 - Dild=ide: - . , _
[32 Ti20ligl, 80 HO2(s2] ] a0 HRO2(s2): loglofgammal = (1214.9)TE + 0

F Menu - Equilib

File Units Parameters Help
Ol = E TIC] Platm] Energyld] Masz{mol] Yalll] Iﬁ |B| ml
— Heactants [5]
| 03333 Cal |+ 03333 Si02 + 03333 AX03  + 001 TI20  + 005 HiD2 |
— Products Vs : ] :
— Compound sp_ueu:ies -@Iutinn TpECies = Eust.cum Su:ulu.tiu.:u_ns Cl IC k on d eta| I S to d |Sp|ay
[+ gas (% ideal C real 18 = | +| Base-Phase | - ame 0 fized activities .
aqueoLs 0| || l# + FacTSLaG | Glagliquid+DilDxide 1 ideal salutions. +H asummary of the ideal
2 activity coefficients
* |+- pure liquids 1 i .
*Fpuresulids 1 M SO|UtIOﬂ data entry
¥ suppress duplizates — Pseudoryms —————
* - custom zelection .
Species: 20 apply [ List .. |
— T arget L r [ include malar volumes
- Nk - - LEeden ;
_ - selected [+ Show &l & selected Total Species [max £32] 23
Estimate T(K): [1000 T SEREE _ ; Total Solutions [max 30] 2
species; . :
b azz(mal]: IU solutions ] __ear A Default | The dI|Ute SO|UtIOn
- Final Conditions ~ Equilibium ————— (DI | OX I d e) IS merg ed |nt0
by B TIC) Flatm] Product HJ] ~| | | © nomal € transitions P
— 1  radrinart € oo the existing FACT-Slag
| J10 steps I Tiable 1 calculation Calculate >> | SO|UtI0n .
|FactSage 5.2 | i
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T1,0 and HfO, in CaO-SiO,-Al,0O, slag: Results (FACT format)

0.047174
Output  Edi XHfO — = 0035632
Dl | " 0.31446 +0.31446 + (2% 0.31446) + (2x0.0094349) +0.047174
covoms men ( assseros w ...because TI,0 dissociates into two
F P E—— — Tl ions and also Al,O, dissociates into
¢ olsLase azos l . two Alions: ALLO; = 2 A3t + 3 0%
Pomian | Eetniibee ) Note:

This information about Al,O; is included in

@ mol anz>
(1000.00 C, 1 atm, 52, a=0.32070) the FACT_SLAG database.

A
+ 000000 wyl TL1ED T
(looo_ oo C, 1 jatm, L1, a=0_Z0315E-03)

The cutoff concentration has been spedified to 1.000E-04

The calculated activity of HfO,(s2) is:

Data on £ product species identified with "T" hawve been extrapolated

Data on 1 product species identified with "#" hawve heen calculated with a a — X _ 9 O O 035632
user-suprlied activitcy-coefficient expression Hf02 nyOZ Hf02 O .
****************************************************************

H c v 5 co =0.32070

[l (Tl (1) (TR (TSR

****************************************************************

-1.03E01E+0& -1.22272E+0& 0.00000E400 1. 24E57ZE+02 S_71083E+01

Note:

If we increase Yhro,» the calculated activity would increase until solid HfO,(s) would be calculated to
precipitate when its activity = 1.0. If the solubility of HfO, were experimentally known for instance,
then we could adjust Yhro, in this way in order to reproduce the measured solubility. That is, a
measured solubility limit permits us to determine the value of the Henrian activity coefficient.
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T1,0 and HfO, In CaO-SiO,-Al, O, slag: Results (ChemSage format)

Cutput  Ed

(2x0.0094349)
=0.014253

DIS]| 70 T 0 31446 +0.31446 + (2x0.31446) + (2% 0.0094349) +0.047174

J.E-1 J

S.71052E+01  -1.02E0LE+0E

gas_ideal =l

J_H-1

ER

1.94E72E+0Z -1.2Z2273E+0& 0. 00000E+00

Mole fraction of system components:

ag-ligquid

T = 1000.00 C
T = 1.00000E400 atm
¥ = 0.00000E+00 du3
STREAM CONSTITUENTS AMOUNT fmol
Cal_lime(s) 3. 3330E-01
8i0Z_cuartz (1) (=) 3.3330E-01
A1Z02_gemmais) 3. 3330E-01
T1Z01(s) 1.0000E-02
HiOZ (s} 5. 0000E-0%
EQUIL AMOUNT MOLE FRACTION FUGACITY
PHASE: gas ideal mol atm
TL 0. 0000E+00 &.O000E-01 1.9880E-04]
TOTAL: 0. 0000E+00 1.0000E+00 Z. 4851E-04
PHASE: Slag-liquidtDilOxide mol MOLE FRACTION ACTIVITY
ginz 3.3330E-01 [ .1446E-01)  &.3320E-02 .. . .
The calculated activity of TI,O(lig) is:
21703 3.3330E-01 3.1446E-01 |€¢—1-—91o5F & 2
(Tizo piloxide T 1.0000E-0Z 5_4349E-03 Z.0315E-04 j¢—
HfOZ (=2) DilOxide E.OO00E-0z  \ 4.7174E-0Z )  &.Z070E-0OL 2
TOTAL: 1.055SE+00 1.0000E+00 1.0000E+00 a — 'y X — 'Y X
mol ACTIVITY TI,O TL,O0“ *TI,O TI,O TIO 5
HiOZ (52} 0. 0000E+00 3_2070E-01
(Tizoiliq T O.0000E+00 Z.0315E-04 J¢—— 2 4
Cp_EQUIL H_EQUIL 8 EQUIL G_EQUIL V_EQUIL ( 3 )( 3 3

J dm:3

Note:
The calculated vapor pressure of Tl gas is 1.988 x 10+ atm.
If experimental vapor pressure data were available, then one

The cutoff limit for phase or

temperature randge

Tl S.EEETE-0OL E.E331E-DZ
Hf 1.1&0EE-47 1.4E233E-02
Ca 7.9695E-18 9_4876E-02
si Z.0464E-1% S.487€E-DZ
T BT IITZE=Z0 ITTE57EE=0T
ul F.E3E3E-0L E.00E7E-01

wes constituane | megsured vapor pressure permits one to determine the value
Data on 2 constituents marked with 'T' are ext Of the Henrlan aCtIVIty COQﬁlClent.

could adjust Y11,0 in order to reproduce these data. That is, a

‘ Lractsage
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Limitations and restrictions of merging dilute solutes into solutions

lons are not permitted as dilute species (ex: Na", AICIO, in 'diluteCr").

2. The resulting solution should be dilute in the solute(s) that are merged (ex: in the
present case if the resulting solution phase is say >10% Cr then the validity of the
results would be in question).

3. Try to avoid species that are already present in the existing database (ex: in the
present case avoid adding dilute Fe(liq)).

4. You may create several different ideal Henrian solutions, each with one or more

solutes, however:
1. agiven solute can only appear in one ideal solution (ex: in the present case Cr(liq) is a
solute only in 'ldeal Solution #1 - diluteCr").
2. each ideal Henrian solution can be merged only once into one real solution (ex: in the
present case 'diluteCr' is merged into FACT-CuLQ and no other).
3. each real solution can contain no more than one merged dilute solution (ex: in the
present FACT-CuLQ contains only 'diluteCr").

5. Merging dilute solutions into complex solutions (ex: oxides into FACT-SLAG, salts
into FACT-SALT) may require special consideration due to the number of "New
mixing particles" (ex: please refer to the example on Tl,0 and HfO, in FACT-
SLAG).

6. Although the calculated solution phase composition is thermodynamically self-
consistent, the results are an approximation only and only truly valid at infinite

dilution.

=
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Using Pseudonyms

The following two slides show how a user defined list of phase
names of solution phases (pseudonyms) can be applied in order
to give output tables a user-specific appearance.

NOTE that this feature is also available in the Phase Diagram
module where the user defined phase names are used for
labelling the phase fields.
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Pseudonyms

This feature enables you to use your own description (that we call a 'pseudonym’) for
a solution phase. For example, you could replace '?Slag-liquid’ by say 'slag’, or 'FCC-
Al' by 'Fe(fcc)', etc.

F Menu - Equilib _l_l- | il
File Units Parameters Help
0| = E TIC) Platm] Energel]] Mazz{mal] Walll] Iﬁ |B| Hl
— o - L
feactants (2) 1° Click on the List...
Lo Nall_+ <o KO ] button to access the
— Products pSeUdonymS menu.
— Compaound zpecies — Solution species — Custarn Salutians
[ gas 8 ideald™ resll O * | + | Base-Phase | Full Hame 0 fised activities
[ liquid 0 +  FACTSALT S alt-liquid g IdE_c‘ll_Sﬂluthr;_S_
I— aqueoLs 0 . FACT-ACI AlkClss actirity coe ||:||.Ents
|_ zolid 1] FACT-S5ell LigAllay Detais ... I
¥ | suppress duplicates ~ Pseudanyms v Edit a current pseudonym  # I
w [ ﬁ Add a new pseudonym Salk
Species: 0 apply it “Lv}|7>"b v
. Help ... AL
— Target L eaend [ include molar wolumes FACT-5eL{_Ligalloy
- Nohe - [ Leqen .
; - selected ¥ Show ™ al  zelected Total Species [max 632 4
Estimate T[K]: |1 oo T EEREE species. 4 T otal Solutions [max 20] 2
t az{mal]: ID su:ulutiu:unsg 2 ﬂl Drefault | 20 Select 'Ed it . or
- Final Conditions E quilibrium ——————— ‘ ' L :
b B T(C) Platm)  |ProductHi) <] || @ nomal ¢ tansiions Add..." and then click
" predominant © oper
01025 850 1 (=il p
L on the phase to open
o steps I~ Tatle 5 calculations Calculate >> I p p
FactSage 5.1 the PSGUdOHymS
dialog box.
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Pseudonyms

Pseudonyms

E er-the-peaudanurm far
FACT-5ALT_Salt-liquid
E xample
metal

3° Enter a pseudonym for the
selected phase and press OK.

h.nt_metal veny_hot_metal

- avoid the following characters; ¢ @ 4 °

[Click 'Gancel to delete the peeudonym.]

Molter_S alts

If the 'apply' box is checked the pseudonyms
will appear in the Equilib Results Window
and Phase Diagram plotted Figure.

F Menu - Equilib =0l x|
File Units Parameters Help
w TIC] Platm) Energwll] Mazsmal] Yol(l] '
D | = KL=k
—Heactants [2]
[ <140 NaCl 3 <as KO |
— Products
— Compound zpecies — Solution species — Custam Salutions
[ lgas & ideal€” real D = | +| Base- e 0 fised activities
[ liquid 0 +  FACT-SALT Malten_Salts 0 ideal solutions
I— quetUs 0 " s 0 activity cneffm@nts
[~ =alid 0 FACT-Seld Liglloy [Details ...
[¥ suppress duplicates ~Pseudaryms \
Species; 0 annle; List < I|
&)
— Target \r\iﬁelude—mamumes
- hoke - Legend -
_ - selonted [¥ Show ™ al © zelected T otal Species [max 53] 4
E shimnate T[K): |1 00 |7+ SEISEE ; q Total Salutions [mas 30 e
SpECiEs:
bl asz{mal] II:I solutions: 2 ﬂl Defaulk |

I thtSage‘”
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Including molar volume data

For some stoichiometric condensed substances, e.g. SiIO2 or C,
molar volume data are stored in the database which permit the
influence of high pressure on the phase equilibria to be
calculated.

The following two slides show how the use of molar volume data
Is controlled from the Equilib Menu screen.

NOTE that the use of molar volume data must be executed with
great care in order to avoid erroneous results.
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Include molar volumes : graphite to diamond transition

Where available, density (i.e. molar volume) data for solids and liquids can be
employed in Equilib (the “VdP” term) although their effect only becomes significant
at high pressures. Note that (unlike Reaction) compressibility and expansivity data
are also employed in Equilib.

F Menu - Equilib

1° Reactant: C

2° Possible products:
2 pure solids

File Units Parameters Help

0| =&

T[k] Platm] Energui]] tass(mol

1 Include molar
volumes

—Heactants [1]

check box is

selected.

— Products

« Graphite
 Diamond

3° T (K) = 1000 K
P (atm) = 1x10%atm,
2x10%atm, ..., 1x10°atm

—Compound spedes
[ gas & ideHle") real

raquenux
PonN /

+ pure zolids

¥ | suppress duplicates

Species;

0
0
0
2

2

— Target

— Solution species

— Custom Solutions

* | + | Base-Phase

0 fized agtivities
0 ideal sqlutions
0 actiity|coefficients

[Details .. |

— Pzeudonyms

apply I List .. |

Full Hame

10 T

1ed4 10ed 1ed
0 calculations

. . =L d
n?ne - =aEn V¥ Show{* all  selected 2
Etimate T iF] [T ¢ . 0 Tatal Solutions [mag 30] i
speCies:
b azz{mal) O —salionz: 0 _II:Iear Default |
— Final Conditions — Equilibrium
< <B TIK] Flatm] Product HEJ) j " narmal % tansitions
1] 1000 " predominant € open

Calculate >>

|FactSage 5.2 [Update D44pi03)

A

The program will calculate the equilibrium at 1000K for pressures varying from 1x104
atm to 1x10° atm in increments of 1x10% atm and will search for all phase transitions.
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Graphite to diamond transition: equilibrium calculation

e | -ox| | Note: If molar volumes are not included
D[ TIK] Pltr) Energl] Massinal) Vol EN=IES then no transitions are found.

1000 K, 9 000E+04 atem | 1000 K, 1. 000E+05 atrn |

1000 K, 4 000E+04 atm | 1000 K, 5.000E+04 atm | 1000 K, 8.000E+04 atm | 10 +04 atm I 1000 EL, 2.000E+04 atm
1000 B, 1 DOOE+0d atm | 1000 K, 2 000E+04 atm | 1000 K, 3.000E+04 atm (1000 K, 3.149E+04 atr | 1000 B, 3.149E+04 atm | .
- At 1000 K and 31488 atm, graphite

’ and diamond are at equilibrium.
[

F Results - Equilib 1000 K, 3.149E+04 atm ({page 5712} = |EI|5|

F Results - Equilib 1000 K, 3.149E+04 atm (page 4/12)

&

1._00ao wol C_graphite
(1000.00 K, 21488, atw, 21, a= 1.0000)

o_ooooo mol C_diamond
lo00 00 K, 21422, atm, 22, a= 1.0000

Cutput  Edit  Show Pages

H [ v 5 Cp O | B«l T[K]) Platm] Energyld] Mazs(mal] “alll] "1 | |B| H

11 131 111 128 13K
S S U ST ST SO L N 1000 3 000E+04 atm | 1000 €, 1 000E+0S atm |
E-BOSIZEL0L 4. 1LITTEH0D 5. 1Z637R-0F  Z.33635EH0L 2. 1488EE+0L 1000 K, 4.000E+04 atem | 1000 , 5.000E+04 atr | 1000 K, §000E+D4 atm | 1000 K, 7000E+04 atm | 10 DOOE+04 aten
1000 K, 1 000E+04 stm | 1000 K, 2.000E+04 stw | 1000 K, 3000E+04 st | 1000 K, 3 1495404 atm (1000 K, 3.149E+04 atm
=

FE T

B T TR R S e R T e )

10000 wmol C_diamend
{1000.00 K, 31485. atm, 52, a= l.0000)

Molar volume data

*P = 3.14873E+04 atm

V = 5.12697E-03 du3 are em p|0yed

0.ooooo wol C_graphite

STREAM COMSTITUENTS AMOTNT fmol
C_graphiteis) 1.0000E+00 (loda. 00 E, 31485. atm, 31, a=0.33333
N H G v g Cp
¢ graphite(s) 1.0000E+00 1.0000E+00 ) () (1) LI/E) LI/E)
T PN Z.39314E404 4.11388E+02 3.42034E-02 1.38176E+01 Z.03062ZE+01
Cp_EQUIL H_EQUIL 2 EQUIL G_EQUIL YV_EQUIL
: : - The volum iamon
TSR oA T U N (1 | [ () [P — e OI e Of d d
Z.142286E401 Z_2022ZE+04 Z2_3969E5E+0lg 4, 11277E+40 L. 1Ze97E-0
< T = 1000.00 K . .
. *P = 3I_1488ZE+04 atim
Svsten density/g.cw—2 = Z.34271 - II th h t
NG /g _|| RS bty IS SMmMaller an gra Ite.
STREAM CONSTITUEMTS AMOUNT fmol
C_graphite(s) 1.0000E+00
- (11 1)
Hence, at high pressures, the “VdP” term L soom o
ol

C_diamondisZ) 1.0000E+00 1.0000E+00

creates a favorable negative contribution || [ commme | v

B ]

Cp_EQUIL H_EQUIL 5_EQUIL G_EQUIL V_EQUIL

to the enthalpy change associated with A T o N
the graphite to diamond transition.

Z.0906ZE4+01 Z.39314E+04 1.22817¢E+01 4.11322E+032 3.4E0324E-032 =

\System density/g.cm—3 = 3_51163
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Open versus closed system calculations

Calculations with Equilib are usually Closed System
calculations, i.e. calculations in which the amounts of all input
substances are kept constant.

However, under certain conditions it is also possible to use
Equilib for Open System calculations. In such cases it is
assumed that all condensed substances/phases remain in the
system while the gas phase is refresh in every calculational step.

The following slide explains the general procedure in more detail.
In sections 9.1 and 9.2 two example applications are shown.

thtSage‘” Equilib Advanced 9.0.0 www.factsage.com



The OPEN Command

In many pyrometallurgical processes, for example copper converting (or steelmaking),
the system is «openx». Gas, typically in the form of air or oxygen, enters the furnace,
reacts with the system, and then leaves the reactor as SO,(g) and SO,(g) (or as
CO(g) and CO,(g)). These product gaseous species, being removed from the system,
change the overall mass balance. An open process, with the gaseous products being
continuously removed from the calculation, can be simulated by the Equilibrium
command OPEN.

In the case of Cu,S converting eventually all the sulfur leaves the system and then
Cu,0 starts to form unless the converting is stopped.

The following figures demonstrate Cu,S desulphurisation by air in an OPEN process.

Air
(=~79% N,
+21% O,)

Furnace . N,(g) + S,(g9) +
Cu,S = Cu = Cu,0O SO,(g) + SO4(g) + ...
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Desulphuring of Cu,S

The following six slides show how the Open command is applied
for the stepped (open) desulphurisation of Cu,S with air.

Note how the variable Alpha is used to define the input amount of
air (.21 O, and .79 N,) for use with the Open command.
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Desulphurisation of Cu,S by air: setting the Reactants Window

The reactants are one mole of Cu,S with a variable amount <A> moles of air.

F Reactants - Equilib ;IEIEI
File Edit Table Units DataSearch Help
Dlﬁl i| TIC] Platm] Energel)] Mass(mal] %alll] Bl Hl
1-3

M azz[mol] Species Phaze TIC] Pltotall™ Stream#t Data
[1 |Cuzs [solid1 chalcocite  ~| [29815 |1

S <u.2m>\ [E Jaas =] Jesm15 i
< ».:u.?ay [E |oas ~| [e2a1s [n

[ Initial Conditions

|FactSageﬁ.Z Compound:  ELEM | ExAM || FACT  SGPS | SGSL | Solution: |FACT  SGSL o

In an OPEN system, <A> moles of reactant are added at each
step and then the gas species are removed after equilibration.
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Desulphurisation of Cu,S by air: setting the Menu Window

F T(C) = 1473.15
Fil= Edit Show Sort

Possible products:
« Solution species: FACT-CuLQ, FACT-MATT
« Compound species: ideal gas, Cu,O(s)

=0l x|

F Menu - Equilib oy ] 54
+ {Code | Species | Data| Phase |T|¥| Code File Units Parameters  Help
3 MZ04(s) FACT | salid ~ TIC] Platm] Energyl)] bazzmol] Walll) A
3| N205[ FACT  salid D= = Im
39 Sz FACT  orthorhombic —Reactants [3)
40 S[z2 FACT  monoclinic
41 SO FACT  zolid
2 Culs) FAT soid [ | Cu2S + <024 02 + <079 N2 |
43 CuM 3= FACT  zaolid
FAECT TerofE
+ 45 Cu20f3) FACT D — Products
s EACT i — Compound species————————  rf Solution species — Cuztom Solutions
47 Cu25(s) FAT | chalcocite |+_ gas {* ideal{™ real 3 Hl = | + | Baze-Phasze | Full Hame 0 figed activities
£cate——pirles S e
25 (s CT | solidc . i activity coefficients
B0 CusOds) FAET | salid /J:thguds\?\ &/ eSCI-Eun Curliq Dietails
=+ pure solids +  FACT-MATT Matte
\v
¥ suppresis dyplicates ~ Pseudoryrs ————
* - cugtomn zelection .
Selectdll | Select . Clear ok %J Species: 31 apply T _IL'SL"
— Target [ include molar volumes
- Nane - —Legend 2
_ - selected ¥ Showi* all  zelected Total Species [max 632] 36
Estimate T[E]: 1000 * o seierie wpecies § Tatal Solutions [max 30] 2
: 2 - M azz(mal]; |0 S Clear
Setting the final conditions for el | s 2 2 | Defaut_|
1 — Final Conditions — Equilibrium
a normal (i.e. closed system) o - - T T L ke~
L. . . H—=tp(** normat _ =
equilibrium calculation at 5 1200 1 ] ctfh Bl
R - Calculate »>>
o _ 10 steps [ Tatle 1 calculation :Ial
1200°C and 1 atm for <A>=5 X g
FactSage 5.2 I i
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Desulphurisation: Closed system equilibrium calculation

Air < Ny(g) +Sy(9) +SO,(g) + SO4(@) +... >

(~79% N, + 21% O,)

Furnace Cu,S = Cu = Cu,0O

F Results - Equilib 1200 C -0 x|
Output  Edit Show Pages

Ol TIC] Platm] Energpl)] Maszz(mal] Yalll] 'nllalm

CuZg + <0.Z1A= OF + <0_794> HNZ = -
4.9501 mol | 0.73738 Nz 1 PSO = 02019 atm
+ 020190 S0z) e < 2
{1200.00 C, 1 atm, gas_ideal) in 4 9501 m0| Of gas
+  z.0999 mol | 0.35243 Cu
+ 0_.1Z302E-02 g
+  0_47443E-01 o
{1200.00 C, 1 atm, Cu-lig)
+ 0.00000 mol | D0.lBzss g C
+ o_gl70l Cual -

(lZ00.00 C, 1 atm, Matte, a=0_64705E-01)

+  0.00000 mol Cuzo
{lz00.00 C, 1 atm, &1, a=0.38881)

where "4" on the reactant side is 5.000 g A — 5 O I e 5 moles Of alr
U, 1.C.
The cutoff conce i 8= been specified to 1.000E-04

Data on 1 solute identified with "C" hawe been extrapolated out of the
sugyested composition ratge

e e e ol ol e e e e o e e o e g e e e e e e e i e e e e e e e e e e sl gl e e e e e e e ol e e e e e e e e e e e e e e e e e o

H G v g Cp
i3 (I i1 (TR (TR
FEEEFTETETET T T E T T T T TR T T TS T T E T T T T T T AT ST E T T T T A A AR R TS E AT R
4.33759E402 -2.18989E406 5.9823822E402 1. 48945E403 2. 59344E402 El
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Desulphurisation

of Cu,S by air: Open calculation

Setting the final conditions for
an open (i.e. open system)
equilibrium calculation at
1200°C and 1 atm for 50 steps
of incremental <A> = 0.1

1° Select open in the Equilibrium frame to
enable the steps’ Final Condition input box

F Menu - Equilib
File Units Parameters Help

0| =| =

TIC] Platm] Energyll] Mazz(mol] Yalll)

=101 x|

=ik

—HReactantz [3]

(=79%

Air

\4

Furnace
Cu,S = Cu = Cu,0O

* - cygtom zelection

\4

N,(g) +S I
SO,(g) + SO4(9) + ... L

[ curs + <0PbA: 02+ <073 N2
— Products
N 2 + 2 1% 02) — Compound species — Solution species = Eust_u:um Sulu_tiu_:u_ns

[+ gas * ideal © real 30 = | +| Base-Phase | Full Name 0 fised activities
[M aqueous 0 FACT-SLAG Slag-liquid 0 ideal solutions
|_ pure liquids 0 +  FACT-CulO e 0 activity u:u:ueffu:n_ants

* [+ pure solids 1 + FACTMATT Matte Detals ..
¥ suppress duplicates — Pseudanyms

apply [ Ligt ... |

Species: N
— Target ™ include malar valumes
- Nane - ~Legend .
_ - welected W Show all  selected | Total Species [max 692] 36
Estimate T(K]: |1DEIEI *osEeEE species. 5 Total Solutions [max: 30 2
M azs(mal): IEI zolutions 2 _ICIear Default |
+ — Final Eonditiuns\ — Equilibrium
2(g) <> B> TIC] Fiatrn] Product HU] > | | ¢ normal Tamsitinns
1200 1 ™ predominant ' open )<
a0 steps [T Table A0 calculations w[\l
L&

| Facthage b2

4

2° Enter the number of steps (here, 50) and the amount <A>
(here, 0.1 mole of air) of reactant added to the system at
each step at the end of which the gas phase is removed.
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Desulphurisation: Open system equilibrium calculation

Air (~79% N,

+21% O,)

Furnace
Cu,S = Cu = Cu,0

F Results - Equilib Step 50 ({page 50/50)

Qutput  Edit Show Pages

]|

TIC] Platm] Energell] taszsimal] Wolll

Step 38 | Step 39 | Step 40 | Step 41 | Step 42 | Step 43 | Step 44 | Step 45 | Step 46 |
25 | Step 27 | Step 23' Stap 29' Step 3|:|| Step 31 | Step 32 | Step 33 | Step 34 |

Step 47 I Step

A 4

N,(9) + S,(g) + SO,(g) +
SO4(g) + ...

After 50 steps, A=5.0, i.e.
5 moles of air were added
to 1 mole of Cu,S

48 | Step 49
Step 35 | Step 36 | Stap 37 |

Pso, =3.9905 x 10 atm in

0.079037 mol of gas (mainly N,)

|

Note:

The simulation is improved by specifying
a smaller value of <A> (and a
correspondingly larger number of steps).

Cufs + <0.Z1A» 0OF + <0.794> N2 = <::Efzii_jfi_i__i;iiﬁﬁ>
0.79037E-01 mol  { 0.99957 Hz 1
¥ 0.39905E-03 S0z <
+ O0.E=0BLE-04 oz J
¥ 0. C07ETE-04 O
+ 0.49738E-0E fu
+ 0.1ZE96E-0& 203
+ 0.Z0ZELE-07 o
+ 0.12280E-07 20
+ 0.76347E-0% Cul
+  0.18439E-08 Hoz
+ 0.1EE27E-0% tuz
+ 0.12770E-0% HzO)
(100,00 C, 1 atm, gas_ideal)
+  z.1004 mol { 0.9E217 Cu
+ 0.240E7E-06 g
+  0.47829E-01 0
{1700.00 C, 1 atm, Cu-lig)
+ 0.00000 mel { 0.18913 g o
+ 0.2l087 cu)
{1700.00 C, 1 atm, Matte, a=0.&7081E-02)
+  0.00000 mal Cuzi
{1700.00 C, 1 atm, 21, a=0.=94d44d)

[
|
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Deleading of a copper melt

Because of its relatively high partial pressure Pb can be removed
from Cu-Pb melts by way of vacuum refining.

The following six slides show how the Open command can be
employed to simulate the process.

Note that «Vacuum» is established by setting a low total pressure
and adding a small amount of Argon into each calculational step.
The amount of argon is needed to establish a certain volume into
which the lead can evaporate in each step.
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Deleading of a Cu-1wt%Pb alloy by argon vacuum refining

The current example illustrates the concepts of normal (i.e. closed system) vs. open
equilibrium calculations as applied to argon refining of a Cu-1wt%Pb alloy at reduced
total pressures. It simulates deleading at 1200°C and 0.001 atm.

There are no chemical reactions involved in the process.

F Reactants - Equilib =10] x|
File Edit Table Units Data Search  Help
O ||i'*'u| i| TIC] Platm] Energull] kazziag] Yolll] "1' !| I’l
1-3

Maszz(q] Species Phaze TIC] Pltotall™ Streamit Data
EE [Cu Jsolid ~| [rooooo 1o |
+|f1\ [Pb [solid | Jroogoo 1o f1
t@ [asr |aas | [toodoo |10 [

The reactants are 99 g of Cu, 1 g of Pb (this defines a Cu-1 wt% Pb alloy)
with a variable amount <A> g of Ar.

I
In an OPEN system, <A> g of reactant are added at each step
and then the gas species are removed after equilibration.

[T Initial Conditions

|FactSage h2 Compound: ELEM | EXéAM | FACT  SGPS | SGSL

Solution: |FACT  SGSL
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Deleading of a Cu-1wt%Pb alloy: setting the Menu Window

Possible products:
» Solution species: FACT-CuLQ
« Compound species: ideal gas

F Menu - Equilib =0l x|
File Units Parameters Help
Ol = E TIC] Platm] Energel)] kasziag] Yolll] Iﬁ |B| ﬂl

—Heactants [3]

lgram) 99 Cu  + Pb + <&» Ar |

— Products
— Compound species — Solution species — Cuztom Solutions
[|+_ gas (¢ ideal © real B | +| Base-Phase | Full Hame 0 fired activities
[ =quedus 1 FACT-PBLO Pb-lig 0 ideal solutiors
] : . [~ pure liquids 0 + | FACT-CuLd Culy 0 achivity cneffm@nts
Setting the final conditions [ pure solids i Detals
for a normal (i.e. closed R} cugorces diplesizs ~Peeudoryms
AR Species: B apply [ Ll
system) equilibrium
. o — Target [ include molar volumes
calculation at 1200°C and Legend W Show ol O selected | IotolSpecies max 632 7
O 001 atm for <A> = 10 Estimate T[K]: |1EIEIEI species. 2 Tatal Salutions [max 30] 1
M azs(gl ID zolutions: 1 ﬂl Drefault |

~

/—Final Conditions = ibrium
& B TIC] Platrn] Praduct-Hi f* inormak

b= LI e [ o W B ]

| fransitions
ihant © open

|

> | |10 1200 0.0
10 zheps [T Table [1 calculation] Calculate »>> I: |
\H:u toage 52 l ;f
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Deleading of a Cu-1wt%Pb alloy: Closed system equilibrium calculation

The concentration of Pb in Cu(liq) is 5.5876 x 102 wt.% @

In equilibrium with 30970 | of gas, mainly Ar.

F Results - Equilib 1200 C =10 x|

Cukput  Edit  Show Pages

Ol = TIC] Platm] Energel)] kasziag] Yolll] "”lalﬂ

(gram) 99 Cu + Pb + =<=4A= Ar = =
> 20870, ::EEEEE:X Q7._709 wol%: Ar

+ 17796 vol% FPb

+ 0.Ell4s wolid Cu

+ O0_1&7E54E-03 wol% Cul
+ 0_E59221E-0& wol% PhE)
(1200.00 C,0.10000E-02 atm, gas_ideal)

+  9g.a7z ram 0.55276E-01 wt.% Ph <
+ 99944 wo.% Cul
{1200.00 C,0.1l0000E-02 atm, Cu-lieg)

—»| where "A" on the reactant side is 10.00

****************************************************************

H G v g Cp
[F] [y 11y 1 J/E) 1 JSED

e e e e e e e e e e e e e o e e g S i e e e e e e e e e e e e e e e e e e e e e e e e e e o

7.24352E+04 -Z_11846E+05 3. 09635E+04 1_37763E+4+02  5_4134ZE+01

A=10.0,1i.e. 10 g of Ar added to 100 g of alloy. Furnace
Cu-Pb alloy
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Deleading of a Cu-1wt%Pb alloy: Open calculation

Setting the final conditions for
an open (i.e. open system)
equilibrium calculation at
1200°C and 0.001 atm for 100
steps of incremental <A> = 0.1

1° Select open in the Equilibrium frame to
enable the steps’ Final Condition input box

F Menu - Equilib
File Units Parameters Help

O =| &

TIC] Platm] Energwll) Mazz(g] Wolll]

=101 ]

m =@ 2

—Heactantz [3]

[ [wam99Cu  + Pb + <d» &
— Products
— Compound species — Solubion zpecies — Cuztom Solutions
[+ gas & ideal € real 5 =| +| Base Phase | Full Name 0 fived activities
|_ anuenus 1] FACT-PHLO Phliq 0 ideal salutions
[~ pure fiquids 0 +| EACT-CuLO twl 0 activity cnefflcn.ants
|_ pure zolidz 1] [etails
[ | suppress duplicates — Pseudonyms
Species: 5 apply [ Lizt .. |
— Target T d [ include molar volumes
- FIoFE - — Legen )
. Total Species [max 632 7
; ~selected ¥ Show (@ al © selected
E stimate T(K): |1DEIEI *osEeEe : T otal Solutions [max 30] 1
FPECIES;
M azs(a]: ID solutions: _IEIear Drefault |
— Final Eonditiuns\ — Equilibrium
by <B» TIC] Platm] Product HY) = || € normal TEmsitions
01 1200 0001 & T
100 steps T Table 100 caloulations | Calculate's I\.J
N L&
|FactSags 5.2 | v

2° Enter the number of steps (here, 100) and the amount
<A> (here, 0.1 g of Ar) of reactant added to the system at
each step at the end of which the gas phase is removed.
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Deleading of a Cu-1wt%Pb alloy: Open system equilibrium calculation

After 100 steps, A= 10.0, i.e. 10 grams of Ar
were added to 100 grams of Cu-Pb alloy

G

\4

F Results - Equilib Step 100 {page 100/100}%
Cuktput  Edit Show Pages

(3 | Ei?'
Step 87 | Step B8 |

Step ’.-'rSl Step 77 | Sep 78 | Step ?9' Step 20
Step 98 | Step 99(" Step 100

Step 22 | Step 90 | Step 91 | Stap 92 | Step 93 | Stap 94 | Step 95

IMCI Platm] Energel] kaszig] Yol

A 4

| Step 96 | Step 97
| Step 21 | Step 52 | Step 23 | Step 54 | Sep B3 | Step 56 |

Furnace
Cu-Pb alloy

=10l x|

i d == 2

lgram) 99 Cu + Pbh + <i= Ar =

99488

+ O0O_El11EL

+ Q8917 gram
(1lz00.00

The cutoff concentration has been

*********************************

£ T i1

FEEEFTTEEETTEELTTETETEARETEET LT TR ETY

Total =i = 10.000

wol% Ar
wol% Cu

+ O0_1&87E59E-032 wol% CuZ
+ 0_.45284E-0&5 waol% Ph)
(1200.00 C,0.10000E-02 atm, gas_ideal)

0_14FZFZ1E-06 wt_.% Ph
+ 100,00 4

L wt.§ Cul
[,0.10000E-02 atm, Cu-lig)

specified to 1.000E-10

*******************************

o Cp
(TSRS IR

e e e o e e e e e e e e o

The concentration of Pb in
Cu(liq) is 1.4221 x 10" wt.%

| »

in equilibrium with 304.16 | of gas, mainly Ar.

Note:

The simulation is improved by specifying
a smaller value of <A> (and a
correspondingly larger number of steps).
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Deleading of a Cu-1wt%Pb alloy: Graphical Output

Deleading of Cu-1wt.%Pb by Argon Vacuum Refining
Example of «Open» Equilibrium Calculation: T=1200°C and P=0.001 atm.
1.0 T T T T T T T T T T T T T T T T T T
09 | i
0.8 .
0.7 i
T
3 06 i
=
& 05 7
X
S 04 i
(]
2
0.3 i
0.2 .
0.1 i
0.0 ] ] 1 ] 1
0 1 2 3 4 5 6 7 8 9 10
weight Ar (grams)
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Menu Window — Parameters menu

In the Parameters menu the user is given information on certain
overall parameter values, e.g. the dimensions of the major data
arrays.

The user may also modify certain parameters which relate to
output lists or which permit the interference with the execution of
the calculations.

The following slide shows the Parameter screen as a whole.
Further slides are used to give details on the use of the
parameters.
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Menu Window — Parameters menu

Dimensions frame

Parameters - Equilib

Target Limits frame

[imensions

Description | Used|

Max «

Reactants, streams and mistures: 4]
Reactantz per stream or mixture:

Species retnieved from databanks:

b agnetic species retrieved from databank.s:
Species selected for products: 23
Components [elements + electron phazes): B
Mumber of Gibbz energy/Cp equations for a congtituent:

T atal number of Gibbz energy/Cp eguations:

Selected zpecies with volume or compreszibilty data:

Dilute
extrapolation
frame

(Dilute Extrapolabion ——————

Parameter |'| De+k

Print Cut-off
frame

f Print Cut-off

Lawwer limit; |1 0E-F0

fOutput Maszs Omts
Comale g O b % defaul

Output Mass
Units frame

48
48

107w lirnt
0 rlirnt

E32
32
20

2200

740 = |

1~ Target Limits

it

{250

max.

{10000

TIK:

Plbarl [1.0e-35  [1.0E+08

VIl [10E08  [1.0E+35

Alpha: [10e5 |10

Drefault

Predominant Species

gazes [B0 - 300]: |1 nn

zolids + ligs (50 - 300): |1 a0
logfile [ \
- Stop/Kill Window
[ yes refresh; |2 zec |

Predominant
Species frame

Stop/Kill
Window frame

Help

Additional information and extended menus are available for many of the items.
Point to a frame heading or input box and then click the mouse-right-button.
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Parameters menu: Dimensions Frame

The following slide gives information on the Dimensions Frame.

This part of the Parameters menu is strictly for information of the user.
NO changes may be made.

« The dimensions table lists the current and
maximum size of some commonly used
variables. The maximum values are fixed

mensions — during compilation and can not be modified
escription | Used| Max « - ) .

Reactants, streams and mistures: g 48 without recomp”anon .
Reactants per strearn or misture: 48 . .
Species retieved from databanks; 107 o limit . Increasi ng a maximum value would
M agnetic species retrieved from databanks: 0 nalirit . .
Species selected for products: 23 [ Increase the Size Of the prog ram and
Enmpnnents.[elements + electon Fnhases]: . E 32 reduce execution Speed . Exce pt for
Murnber of Gibbs energy/Cp equations for a canstituent; 20 .
Total number of Gibbs energy/Cp equations: 2200 «SpeC|eS selected for prOd ucts» ,
Selected species with valurme or compressibilty data: ?40;' «Components», and «TOtal Selected

solutions», please contact us if you
consider that a particular dimension is too
small.
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Parameters menu: Target Limits Frame and Stop/Kill Button

The following slides shows how Target limits may be changed and how
the Stop/Kill button is activated/deactivated.

- Target Limit_s —— . .
min_ - mak Target Limits

TIKE 250 10000 .
. « These values are the lower and upper limits of temperature,

 [1.08-35 [ ]1.0.08 pressure, volume and alpha when these values are being calculated
VI J1oe-08  [1.0E+35 by Equilib. It is recommended that the default settings be used.
Apha [10e5  [1.0 * Click on the «Target» frame in the Menu Window for details on how

Default | to SpeCify a tal‘get.

Stop and Kill Button

 When «checked» you are able to follow the progress of the
equilibrium calculation and have the option to «stop» or «kill» the
calculation should the program get hung up.

« This feature is only really useful for large and lengthy calculations, or
those cases where the program is unable to converge.

— Stop/Kill Window
[ yes refresh: |2 =zec
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Parameters menu: Predominant Species Frame

The following slide shows how the Predominant Species frame is made use of.

This input controls the execution of equilibrium calculations in which the number of
species to be used exceeds the maximum number of species that may be used

simultaneously.

— Predominant Species

gazes [B0 - 300): I'I oo
zolidz + lige (B0 - 300); I‘I ]

logfile [

Predominant Species

These are the number of predominant gaseous species (50
to 300) and pure solid and liquid species (50 to 300) that
will be calculated when the Equilibrium option
«Predominant» is selected.

To improve the chances of convergence it is recommended
that you use «300» in both cases. If you must reduce the
number (for example because you have selected more
than 100 solution species) then you should retain «300
gas» species and reduce only the number of solid and
liquid species.

The «log file» records the progress of the predominant
calculation. If you get the message «- unable to calculate
the standard state element(s)» it may be useful to
consult this file. The log file will appear in the Results
Window only if the «log file» box is checked.
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Parameters menu: Dilute Extrapolation-Print Cut-off-Output Mass Units Frames

This slide shows how use is made of the Dilute Extrapolation, the Print Cut-off and the
Output Mass units frames.

— Dilute Extrapolation

Parameter |1 De+E

This value is used for extrapolating solute data outside its normal dilute
concentration range stored in its solution database.

The parameter is an advanced feature of the program and should not be
modified from its default value (1.0e+6).

Print Cut-off

Lawer limit; |1 {0E-F0

In the Results Window, equilibrium products below this value are not
printed.

This is useful in large calculations where you want to limit unwanted
output for insignificant species.

The value must be in the range 1.0e-70 to 0.01
The value has no effect upon the results of the calculation.

— Dutput Mazs Lnits
“omole g b default

Normally the input reactants and output results are both in moles and
mole fractions, or grams and weight per cent.

This option enables you to have input moles and output weight, or vice
versa. The equilibrium results are still the same, just the method of
presenting the results is changed.

Note, the same effect can be obtained using the "gram" and "mole"
formats in the List Window.

‘ Lractsage
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Reactants screen options

The following sixteen slides show how use is made of various
options that can be found in the Reactants screen of the Equilib
module.

The use of arbitrary species formulae is shown in the following
slide.

Note that this option is very useful when only the input amount of
the «arbitrary» species is important for the calculation. As soon
as extensive property changes are to be calculated this kind of
input is not permitted since the «arbitrary» species has a
chemical formula but no thermodynamic properties. Thus the
Input cannot be used to calculate the state properties of the
reactants.
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Combining reactants into one composite chemical species

F Reactants - Equilib
File Edit Table Units DakaSearch Help

TIC] Platm] Eneray(d] Maszimol] alll]

There are 6 reactants

The units are T (°C) and Mass (mol)

\ 4 i .
(==, e You can combine the 3 matte components,
| &5 e = 42 Cu + 25 Fe + 33 S, into one composite
+>I33 [5 )| fsolid1 arthorharbic | SpeCIeS, Cu42|:e25833
H orass |nz - EES o B T THl
+ |<21A> IDz Igas j I'IDDD.DD I-I_D |-|_ F Reactants - Equilib ;IEILI
+\|<B> = J [ aeai o] [om® s |1_ File Edit Table Units [ataSearch Help
k J 0 |D"u| iI TIC] Platm] Energy(d] Masz(mal] “alll] !| ml
1-2

can become N, ;O ,.

Likewise 0.79 N, + 0.21 O,

FactSage 5.2  Compound: ELEM | ExaM |[FACT  SGPS | SGSL | Solution: [FACT  SGSL

<A> is a variable corresponding to
the number of moles of air, <B> is

a constant amount of SiO, defined
in the Menu Window.

Mazz[mol] V Species Phase TIC) Pltotal]™ Streamit Data
[ [1 [CudFe2ssss | | =] [ [ none
< 1580042 H— M1 BBO0. 42 e
< <@ |siDz fsolid! quatzlll | -] [T00000 7.0 I
A

A

Note: N1.5800.42
Make sure you do not mix up the
letter «O» and the integer «0»,

[ Initial Conditions

FactSage B.2 Compound;  ELEM | ExaM ||FACT  SGPS | SGSL

Solution: |FACT  SGSL

I thtSage‘”
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Converting reactant mass units (mol g or Ib)

The input of mass units in the Reactants screen is not fixed to the
use of the unit that was chosen as default.

It is possible to «mix» mass units, i.e. to use the default for some
and specific chosen units for others of the input substances.

The following two slides show how this is achieved.
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Converting reactant mass units (mol, g or Ib)

Point the arrow in the mass input box to view the mass conversion.

Point the arrow in the species input box to view the molecular weight.

F Reactants - Equilib =10] x|
File Edit Table Units DataSearch Help

Dlljul i| TIC] Platm] Energyl]] Mazslmal] Walll]
1-3

Cu4EFe25533 1mal = 5123299 = 11.29491b Cud42Fe5533: molecular weight = 5123.285 | Note tha‘t no da‘ta are

Mass(mol) Species Phase T(C) _Plotall™ Spreamil/Data available for the

[ | [coazrezmsas . M I I hone
— I ) l Fo

1
st _ _
‘[ I\ 5600 42 | = | | T\ peres composite chemical
*+ [<B: [si02 [solidd quartzll -] [100000 [0 species.

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

[~ Iritial Comdition Cu42Fe25533: 1mol = 5123299 = 11.2949b |

Convert this reactant amounk ko il

Converk ALL reactant amounks to L4 m
(o]

FactSage 5.2 Compound:  ELEM | Exa4M || FACT  SGPS | SGSL | Saolution: |FACT  SGSL Set all reactant masses ko 1

Help ...
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Mixing reactant mass units of mol g and Ib

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

If the default mass units is mol,
the following is equivalent to
the above system:

F Reactants - Equilib

File Edit Table Units Data Search  Help

D= +| =

TIC) Platm] Energul)] Mazemal]l Wolll]

M azz[mol] Species Phaze TIC]
|5123.285 |Cud2Fe2s533 |- no data - =
* ek N1.5800.42 | no data - R
* B EE [solid1 quartzl]

Or if you like, you can always explicitly
specify the mass units for each reactant
amount to make your reactants data entry
Independent of the default mass units.

~| 1000

F Reactants - Equilib
File Edit Table Units DataSearch Help

D= +| =

TIC) Platra] Energul)] Mazsmal]l Walll]

M azz[mol] Species Phaze TIC]
|5123.285 |Cud2Fe2s533 |- no data - =
*+ et mal [M1.5200.42 | no data - R
* [<B> mal EE [solid1 quartzll  ~] [1000

Note:

Mixture module.

When creating a composite species (for example Cu,,Fe,:S;;5 and Ny 50 4,)
» option «initial conditions» (Delta H, etc.) is disabled since there are no data for the species.
» the species is limited to 7 elements. For more than 7 elements use a mixture - refer to the

I thtSage‘”
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Importing a stream or mixture

In addition to entering input substances by name/formula in the
Reactants screen it is also possible to enter «groups» of
substances as a whole package.

Such groups can be either Mixtures or Streams. For the
generation of Mixtures see the Slide Show on the Mixture
Module. For the generation of Stream see below

(slides 11.4.1 and 11.4.2).

The following five slides (11.4.3to 11.4.7) show the details of
making use of Streams and Mixture in the Equilib input.
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Exporting and importing an equilibrated molten salt stream - CaCl,-NaCl-KCI-MgCl,

This example:

 creates and saves an equilibrated stream - CaCl,-NaCl-KCI-MgCl, at 750°C.

* imports the stream into a new reaction

« performs various isothermal and adiabatic heat balances using the imported stream

F Reactants - Equilib _|_|- | ﬂ
File Edit Table Units DakaSearch Help

D +| &=

The units are T (°C),
P (atm) and Mass (Q).

TIC] Platm] Energyl)] kass(a) “oalll]

Massz([q] Species Phaze TIC] Pltotal]™ Strasmit “='=|

|40 Jcaci2 Isolid ] [ooooo [ro |1_ F Menu - Equilib
File Units Parameters Help

|4D |NaCI Isolid halite [rock, saltj |1DDD.DD |1.D I_ | | | TIC] Platm] Energyl)] Massig] Yol Iﬁ |B| I[l

|5 |KEII Isolid aylvite [nacl_mj |1DDD.DD |1.D I_

=101 ]

— Reactants [4]
10 MgCl2 lid ~| 100000 1.0 1
! IMo Jef Ey | v | [wam]40 Callz  + 40 MaCl + 5 KOl + 10 MgClZ |
A
— Products
— Compound speciesz — Solution species — Cuztom Solutions
|_ gaz (¥ ideal { real I E -Phase | ul 0 fixed activiies
There are 4 reactants I saeous 0| [ FacTsALT S 0 ideal scluons
] I— s (it 0 0 activity coefficients
total mass = 95g [~ pure solids 0 FACTPRVK 1 AMX3Perovskite Dtail:..
[ suppress duplicates FACT-AMx4 Ak 2M4 S
FACT-MCIL MCE-LT :
[ Initial { Species: 0 FACT-GALZ RareE arth apply [~ LI
FALCT-SeLd Ligéllay )
—Ta[get 7 include molar volurnes
POSSIble prOdUCt FACT Salt IW L-ieul:cted ¥ Show ™ all ¢ selected | Total Species [max 692 4
Estimate Tk i
FactSage 5.2  Compound. ELEM | EXAM [[FACT 5GP | SGSL | Solufio [FACT  SGSL e species 4 Total Solufions I 30 1
Mass(g): I solutions: 1 _Il:lear Default |
The final conditions are: ~Final Condiions PR
by <B> T(C) Platm] Fraduct HiJJ j * normal £ hansttions
L T: 7500C > 750 ] " predominant © cpen
. P_ 1 atm 10 steps [T Table 1 calculation_ll Calculate >> |
|FactSage 5.2 [Update D44pi3] | .
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Saving an equilibrated stream

F Results - Equilib 750 C - 10| x|

kit Edit Showe Pages

= TIC] Platm] Energell] kMasz(g] Yol "”lalm

(gram) 40 CaClZ + 40 NaCl + & ECL + 10 MgClE = B
Q& 000 gram | 4z 10& wt_% NaCl
+ L_EZ83E wt_% ECL
+ 10, 52e wt.% MgClz
+ 4Z_10& wt_% CaClZ)
(7E0.00 C, 1 atm, Salt-licpaid) g

Mole fraction of sublattice constituents in Salt-liguid: Equnlbrated m0|ten Salt
Na O.Bgzdz v
K O0.EE11ZE-01
Mo 0.853207E-01
Ca 0.z296le

Save File in C:\FACT-51"%Mixt*.dak

e o o ol ol ol ol ol i i i e i e e o o o e e e e e e e o o o o o e i e e e e e i o o o o o
H : 7 = cp Enter the stream file number [1 - 9939)
[J1] (1] (] (TAED (T AED)

e gl e sl ol e e e e o g g2l e e e e e e e e e e i e e e e e e e e i e Sl e e e e e e e e ol e e e e e e e e e e e e e e e e e e

F5_F8317E+4+05 -5 25636E+05 0.00000E4+00 Z2_41724E4+0Z2  1.00273E+0E

\ 4
Outpuk
Save or Prink g
Plak 3
Equilb Results file ¥
Skream File bl Save stream file - L
Stream File Save stream file Save gas phase ... sl ke 92
Format » Stream file properties | .. Save liguids | .,
Save aguenus phase ... Enter the name of the stream [upto 26 characters)
Summary of streams ; = ave colids ex: Roaster Gaz, Cu Matte, Slag
Directary (CHFACT-5117 ... = .
¢ olution
IMg-eIectrnI_l,lte
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Importing the stream into a reaction

Edit
Add a new Reactank
Delete reactant MgCIZ ...
Delete all blank reactants

Mixtures and Streams

Chrl4+-R

Irnport a mixbure

Clear
Example

Irpott & stream (or mixture as a single line)  »

Edit a mixture or stream

Directary (CHAFACT-511) ...

Import the Mg-electrolyte
stream by selecting itin

12 Mg-electrolyte stream k

the Edit Menu

There are now 2 reactants:
<A> MgCl,(s,25°C) +

95 [Mg-electrolyte]
(stream,750°C)

l.e. <A+ 95> grams total.

F Reactants - Equilib =10l =]
@ Table Units [ata Search  Help
0y | EI_rs.l iI TIC] Platm] Enerayll] Mazz(a) “olll] !l ml
1-2
Mass[qg) Species Phase TIC] Pltotal)*™ Streamit [.'Iat}
et [=eE fsolid x| |= f1.0 [1
35 Mo-electralyte] v | [[Stream] [750 [1 [2
J
1.0000E+02 Tatal |
4.2105E +01 Mall
B 2632E +00 KL
1.0526E +01 MgCl2
4 2105F +01 CaCl?
Click on the [Mg-electrolyte] dropdown
box to list the stream contents
Initial Conditions oo
. > Inibial Condition
check box is selected

| FactSage 4.2

You can change the amount of

[Mg-electrolyte] from its default value (95 g)

Note: You cannot change the
initial T (750°C) or P (1 atm) of
the [Mg-electrolyte] stream -
these values, together with
selected stream thermodynamic
properties (H, S, G, C,, V), are
stored in the stream file
(mixtl2.dat) and are imported
into the calculation when Initial
Conditions (AH, etc.) is
checked.
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Equilibrated <0> and <5> MgCl, + 95g [Mg-electrolyte] stream at 750°C

In the Menu Window FACT-Salt is the only possible product. Set <A>='05'
(i,e. alpha=0and 5), T = 750°C and P = 1 atm. The Results are:

F Results - Equilib 750C, A=0 ({page 1,2}

Qutput  Edit  Show Pages

s]=]

750C, 4=0 | 750C, A=5

TIC) Platm] Energyl)] Mazz(g] Volll)

=] 7

=0l x|

{gram) =4 MgClz + 95 [Mg-=lectrolyte]
(E5,1l,=,%#1) (7E80,l,stream,#2)

95. 000 gram {  42.10E wt.% HaCl
+  5.ze32 we.§ KC1
+ lo.5z6 wt.$ MgCls
+  4z.10% wt.% CaClZ)
(750.00 €, 1 atm, Salt-licuid)

Ha 05524z
K 0_E5E11zE-01
My 0.26307E-01
Ca 0.Z5%cle
Cc1 1.0000

where A" on the reactant side is 0.0000

L e L L L L

DELTA H DELTA & DELTA W DELTA 2 DELTE Cp PROD W
[T [T (1) (J/E) {J/K]} (1)

LR L L L L e L R L

0_00000E+00 /0_00000E+00  0O_00000E+00 0O.00000E+00 0.00000E+00  O_00000E+C

A=0

TEEEEED

Calculated AH=0 — imported and
equilibrated streams are the same.

Mole fraction of sublattice constituents in Salt-licgquid:

-

Calculated AH=4415 J — this is the
total energy required to heat 5 g
MgCl, from 25 to 750°C and
dissolve it into the molten salt.

F Results - Equilib 750C, A=5 ({page 2,2}
Qutput  Edit  Show Pages

D=

TIC) Platm) Erergul)] Mazzlg] Wolll)

750/C, &=0 750 C, 4=3 |

=0l x|

=] 7

{gram) <& MgClz + 95 [Mg-=lectrolyte]
(EE,1l,=,81) (780,l,stream,#Z)

-

100,00 gram | 40000 wt.% NaCl
+ L.0000 wt.% KC1
+ 1&.000 wt.% MgClz
+ 40000 wt.% CaClz)

(750,00 C, 1 atm, Saltc-liguid)
Mole fraction of sublattice constituents in Salt-licgquid:
Na 0.E5331%
E 0. BzZ83ZE-01
My 0.1z2410
Ca 0.z28351
Cl 1.0000
Uhere@actmt =ide is &_000 < A p— 5

A R R R R R R R A R A R AR AR R AR AR RN Y
LELT: H LDELTA & DELTAZ W DELTL 2 DELTL Cp
[ RN [Ty (1) (JSED [UF 4]

FTEEEE TR T T

DROD W
(1)

L e e L L L L L L

4_41494FE+03 47 _L47ezE+02  0_00000E+00 2 35&660E+00 1. 2E5323E+00 0. 00000E+00

[
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Adiabatic <5> MgCl, (solid, 25°C) + 95 g [Mg-electrolyte] stream

F Menu - Equilib
File  Units Parameters Help

0| = =

TIC] Platm] Energwll] Masz(a) “olll]

=101 ]

m e =]

—FReactantz [2]
[gram] <Az MgCl2 + 95 [Mg-electiolpte]
[25C.5.01] [FROC.H2
— Products
— Compound species — Solution species — Cuztom Solutions
[lgas @ ideal € real D = | +| BasePhase | Full Hame 0 fised activities The Outp Ut ShOWS a CaICU|ated
[T aqueous 0 + | FACTSALT Salt-fiquid 0 ideal solutions ; .
[~ pure s 0 FACT AC) AClss R adiabatic temperature of 708.12°C.
[~ pure solids 0 FACT-PRVK | AMX3Perovskite Doty .|
¥ suppress duplicates FALCT-AMA4 Alk 24 — Preudonyris—————
FACT-MCIL MCIZ-LT r .
Species [ FACTS4L2 RareE arth apply I List. |
— Target FALT-Sell Liglloy ™ includs molar valunes
- hohe - — Legend )
) + - selectad ¥ Show @ &l © selected L d
Estimate TIC): [1000 species: 4 AEEEENE (= Results - Equilib 708.12 C _|o] x|
Massigh [0 ootions, 1 _Clear | Dy Output EdE Show Pages
— ~ TIC] Platm] EnefavlJ] Mass[g] Vo] | | I -
Final Conditions E quilibriu =3 "1 B 7}
< <B> TIC) Platm) DetaHEl =] | ||** nomal
5 1 0 1 predomi
— {gram) =4 MgClZ + 395 [Mg-electrolyte] = =]
10 steps [~ Tiable 1 calculation Calc (ZE,l,=,#1) (7E0,l,stream, #Z)
7'
|FactSage 5.2 [Update 0dAp3) | 100,00 gram (40000 Ep——
+ E.oooo wz. % HC1
+ 15.000 wz. % MgClz
1 +_AeaEe wt.% CaClz)
Return to the Menu Window, set 20 e

AH = 0.

<A> =5 and T(C) undefined (‘blank")
then specify an adiabatic reaction:

where "A"

DELTA H

[ L]

0_00000E+00

on the reactant side is

st
of sublattice

Mole

Ha 0_5391%

E 0. 52832ZE-01
Moy 0o.1z410

Ca 0283391

cl 1.0000

L_ooo

DELTA W

(1) (T/E)

0. 00000E+00

DELTA =

2_9E07ZE+00

constituents in Salt-licuid:

L L L e e L L ]

DELTA G

PROD W
(1)

DELTA Cp
(J/E)

L L L e e L L ]

23.0314L5E+032

1._53332E+00

0. 00000E+00

[
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Adiabatic <A> MgCl, (solid, 25°C)+ 95 g [Mg-electrolyte] stream at 725°C

F Menu - Equilib
File Units Parameters Help

0| ==

TIC] Platm] Energyl)] kasz(g) “olll]

=101 x|

mi=ilaikd

— Reactantz [2]

[gram] <Az dMgCl2 + 95 [Mg-electrolyte]
[25C.5.H1) [7ROC #2]
— Products
— Compound species — Solution species — Cuztom Solutions
[gas @ ideal € real 0 = | +| Base-Phase | Full Name 0 fixed activities
[T aquecus 0 + | FACTSALT Salt-liquid g Egt?\!'izlogotienfrf]iscients h . | k
[ pure liquids 0 FACT-ACI AlkCles :
[ pure solids ] FACT-PRVEK AME3-Perovskite Datal:.. From t e preVIous Res u tS We nOW
[¥ | zupprezs duplicates FACT-AMxd Allk2bdx4 5 _
LT b Fes— that the value of <A> should be 2 - 3 g.
Species: 1] FACT-S4L2 RareEarth i _I'S But E u I | I b re UIreS that the
—Target FALT-Sell Ligplloy ™ includs molar valumes q q
- hohe - _I;l?g;?edcled V¥ Show®™ al ¢ selected | Total Species [maw B3 4 Ca|CUIated <A> be Nno more than 1-0-
Estimate ALPHA: |0.5 pocies. 4 Total Solutions [max 30 1
Massigl: ID snlutions; 1 _ICIEE" Default |
 Final Conditions E quilibrium
< <B> TIC) Platm) DetaHEl  =||| | * nomal | fansitions
775 1 N  predominant € open
\J10 steps [~ Table [T calcultion Calculate >> |

|FactSane 5.2 [Update D44pi03) |

Return to the Menu Window,
set <A> undefined (‘blank"),
set T(C) = 725°C , and specify
an adiabatic reaction: AH = 0.

=101 x|

=l 7

i

F Results - Equilib Abort
Qukput Edit Show Pages

h

TIC] Platm] Energyll] Mazz(a) Yalll)

k']

=

({grawm] =<A» MgClZz + S5 [Mg-electrolyte] =
(2E,1,s,$1) (750,1,strean,$2)

TES.00 C
1.00000E+00 atm

T
P

The output shows:

1.000E-0% to 1.000E+00 for ALPHA

-
Target calculation aborted, no solution found within the int.erval]

[

A
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Adiabatic <100A> MgCl, (solid, 25°C)+ 95 g [Mg-electrolyte] stream at 725°C

F Reactants - Equilib
File Edit Table Units DataSearch Help

Di@| +|

TIC) Platm] Energy()] Maszs(g) Yolll)

=101 ]

M &%

arameters  Help

TIC] Platm] Eneragyl)] kass(g] Yalll)

=101 ]

=ik

M azz(g] Species Phasze TIC] Pltotal™ Steami#t Data 21
f<1008> |MgCi2 Jsolid x| = o 1 _ [@am) <1008 Mgl + 95 [Mgelecuolie] ]
& |E|5 I[Mg-electml_l,lte] ﬂ |[Stream] |?ED |1 |2 \Q [25C.5.81] (750C.#2)
ducts
1 1 H ompound zpefies — Solution species — Custom Solutions
ThIS IS reSOIVed by enterlng <1OOA> [ gas & ideald™ real O * | + | Base-Phase | Full Name 0 fized activities
i : [T aqueous 0 + FACT-SALT Salt-liquid 0 ideal solutions
MgCl, in the Reactants Window. Do not [ wewme 0 FACT A0 AkCrss T o
=P s [~ pure solids 0 FACT-PRVE AMH3Perovikite Sl ..
forget to check the Initial Conditions boX. [ e e FACTAMA | KD S
‘ Species. O FACT-SALZ RarsEarth apply I~ List.. |
F Results - Equilib 725 C — Target L ’ FACT-SeL 0 Liglloy [ include molar volumes
Output  Edit  Show Fages - none - [~ Legsn ¥ Show® all  selected | Total Species [max 692 4
0l TIE) Platm) Energybl) Masslg) Vol M| Esinacalpa [05 - selected z:ecie; s | TodSouersimain) 1
Mass(g): ID solutions: 1 _Il:lear Diefault |
{gram) =100A4> MgClZ + 95 [Mg-electrolykbe] = — Final Conditions E quilibrium
125,15, 1) {7E0,1,strean, §2) B <B> TIC] Platm] DelaHY] x| || & nomal | transitions
 predominant € open
97. 939 gram [ 40.84% wt.% NaCl 725 1 g
+  E_logz wt_% ECL 10 steps [T Table 1 calculation Calculate >> |
+ 13,21z wt_ % MgCle —
b 40 g47 Wi CaClzi |FactSage 5.2 (Update D44pi3) | 7
(726.00 ©, 1 atm, Salt-ligquid) J
Mole fraction of sublattice constituents in Salt-licmid:
Ha 0. 54850
K 0.53748E-01
My 0. 10891
C 0.zge84 1 1 —
S The calculation now gives <A> =
cl 1.0000 .
0.02939, 1.e. 100 x 0.02939 = 2.939 ¢
where "A" on the reactant side iz 0.2332%E-01 D« . o .
FTEEEFETEETEETE T AT AT AT AT LA T AT AT AT AT AT AT AT AL AL AL AL AT AT AT AT AT AT AT AT AT AT A A A A A A AT A MgClZ(SOIId’ZS C) are requlred to
DELTA H DELTA G DELTE ¥ DELTL & DELTA Cp PROD ¥ o
reduce the bath temperature to 725°C.
0.00000E+00  1.73708E403 0.00000E+00 2.37351E+00 9.08754E-01  0.00000E+00 |
TM - -
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Using Reaction Table input

In addition to the two «group input» methods outlined above it is
also possible to employ Reaction Tables from which the input
amounts are read.

Such Reaction Tables provide the opportunity to enter input
amounts for cases in which non-linear changes of the amounts
are needed. In the table each line contains for a given set of input
substances the irregularly changing amounts.

In the calculations the line number (Page number) will be treated
as the independent parameter in order to sort the result tables.

The Page number can also be used as an axis variable in the
Result module.
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Reaction Table

In the Reactants Window you specify a set of reactant
amounts, for example: 1 mol CH, + 2 mol C,H; + 3 mol O,:

With the Reaction Table you can specify many different sets of
reactant amounts as well as their product temperatures and
pressures - each resulting in a separate equilibrium calculation.

A 4

F Reactants - Equilib o ] 4
File Edit |Table FHnits—EataSearch—Help
0 | EI_fs-l iI P TIC) Platm] Energyll] taks(mal] %olfl) gl ml
1-3 Reeaction Tahle
M ass[mol] Species Phaze TIC] Pltotal™ Stream#t Data
n {CH4 gasFACT [x] Jrooooo o i FALT
* 2 |C2HE |gasFACT [~ [tooooo 1o ] FACT
* 3 {0z gasFACT =] [rooooo 1o I FALT

To open the Reaction Table: click on the Reaction Table
button or select Table > Reaction Table from the Menu Bar.

[ Initial Condiions

Hext »>>

FactSage 5.2  Compound: ELEM | ExéM ||[FACT  SGPS ||SGSL  Solution: |FACT | SGSL v

Table

thtSage‘" Equilib Advanced 11.5.1
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Editing the Reaction Table

Each set (row in the Reaction Table) generates a page in the Results Window.
There is no limit to the number of sets. The Reaction Table may be created and
edited here, or imported via a simple text or Excel spreadsheet.

F Reactants - Equilib =100 x|
FIlE Edlt TEII:"E Hrths—frataroeat l.h Hl:h.l TablE.'
TIC] Platm] Energell] tazsmal] “olll] "1 ! I’ Reackion Table CElT
_I_I _I = = = o
Add Mew Fiaw 4 Chrl+8

Reaction Table &dd Marey Mew Row 4 ...

Final T[C] Final P[atm] CHA[mole] CZ2HG6[mole] 02[mole] Insert Mew Row 1 Chrl+I
1000 Duplicate Row 1 Chrl+Y

1200 fary Duplicakes of Row 1 ...
1100

Delete Raow 1
Delete Rows 1 ka ...

Clear Table
Save Table ...
Impark Tahble ...

Sort Table r

After creating the
table, Close it and
FactSage 5.2 Compound: ELEM | ExAM ||FACT  SGPS |[SGSL Solution: |FACT |5I35L o press Next >>
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Reaction Table —

Results Window

F Menu - Equilib

File Units Parameters Help

0 = E TIC] Platm] Energy(d] Maszmol] alll]

E=ildEd

=101 ]

—Reactants [3]

<table> CH4 +
[1000C,g-FACT H1]

<table> C2ZHE +
[1000C.g-FACT #1]

<tablex 02
[1000C.g-FACT #1]

[ include mal

— Products
r— Compound species — Solution species r— Cuztarn Solutions

[+ gas @ ideal  real 38 = | +| Base-Phase | Full Name 0 fived activities

[~ aqueous ] FACT-RITZ Pitzer 0 ideal solutions

[ pure liquids ] SESLFCC FCC_Ad 0 activity cnefhcn.ents

[ pure solids 5 5GSLBLC BCC_A2 Details ...

[~ zuppress duplicates SGELLIGY LIGUID — Pzeudonyms —————

Species: 43 apply [ Bl F Results - Equilib -3- ({page 3/3)

Qutput  Edit  Show Pages

=10l x|

=] B

— Target
- _ _ ) ~ TIC) Platm) Energull] Mazzmal] Walll]
oS Legend ¥ Show &l © selected | TotalSpecies| L1iLSe
Estimate T(K.: I'IDDD . . Tatal Saldtion m’
species —
Mazz{mal]: IU P Llear ]
soltions: O _I | Defe CH% + Z CZHE + 11.5 0z
- - . - 1000 00,1, y-FACT , #1 1000.00,1, g-FACT, #1 l000.00,1, g-FACT , #1
— Final Conditions — Equilibrium ! red LY eted ALY red B
&5 LB VY et DetaH] | | nomal 15. 500 mol ( 0.51610 HzO FACT
<tahles <tahles ! predomina + 0.322%8 coz FACT
| - B + 0.1glzs 0z FACT
|1 sheps (v Tahle J———— (|2 calculations N Palcul b 0.43053E-04 - FACT
|FactSage 5.2 [Update 044p03) [ +  0.40456E-06 OO FACT
+ 0.3331¢E-0& co FACT
+ 0.Z&734E-06& HZ FACT
+ 0.17437E-0& u] FACT
+ 0.Z7335E-07 HOOH FACT
. + 0.1Z130E-0%2 H FACT)
After the Reaction Table has been (1100.00 ¢, 2.0000 aca, gas_ideal)
+  0.00000 wol H20_ice FACT T

created click on the Table check
box in the Menu Window to
activate it in the calculation.

(110000 ©, Z.0000 atm, 81, a=0.Z&6614E-05)

The cutoff concentration has been specified to 1.000E-10

Data on 1 produact species identified with "T" hawe been extrapolated

L L L e e L L ]

DELTA H DELTA G DELTA W DELTA = DELTE Cp PROD W
[T L] (1) {J/K]} {J/K]} (1)

L L L e e L L ]

-3_49734E+06 -4 193326E+06 -6 _41521E+02 2 Z3906E+0Z2 1. 46724E+02 2 73E6zZE+02

-

[

I thtSage‘”
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Data search options

The following three slides show how the various options in the

Data Search menu are employed to select/deselect specific data
entries in a database.

It is shown how the Gas lons, Aqueous Species, Limited Data
and CxHy options are made use of.

thtSagem Equilib Advanced 12.0 www.factsage.com



Data Search Menu: gas ions, aqueous species, limited data

Data Search

Help ...

Include gaseous ions {plasmas)
v Include aqueous species
v Include limited data compounds (25 C only)

v Limit organic species CxHy.., ®lmaxl=2 ...

Databases ...

Refresh

* Include gaseous ions (plasmas):

Gaseous ion concentrations are only significant at high temperatures and
only meaningful in plasma calculations. Gaseous ions add a component (the
electron) to the calculation and increase the total number of gaseous
species. This increases slightly the calculation time. For most practical
calculations gaseous ions have no effect and so it is safe not to include them
in the data search.

Debye Shielding is automatically taken into account for plasmas in
FactSage versions 5.5 and higher.

Include agueous species:

Including aqueous species is only meaningful in aqueous
(hydrometallurgical) calculations at or near room temperature. If your
calculations are above 300°C there is no point in including the aqueous
species. This option has no effect upon gaseous ions (plasmas).

Include limited data compound (25°C/298K data only):

Some solid and liquid compound species only have limited data - typically the
Gibbs energy of formation at 298.15 K but without Cp and enthalpy data. In
Equilib these compounds are flagged as '25°C or 298 K only' in the List
Window. Such species are automatically dropped from the calculation if the
final temperature is above 25°C. In such a case the "activity" column in the
List Window is blank. Since most of these species are unimportant and in
most cases ignored anyway then there is little need to select this option.

‘ Lractsage
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Reactants window — Data Search Menu: C,H,, databases

Data Search

Help ...

Include gaseous ions {plasmas)
v Include aqueous species
v Include limited data compounds (25 C only)

C‘ Limit organic species CxHy.., ¥max)= 2 \

Databases ...

\__ Refresh Y,

* Limit organic species C,H,:

The main compound substances database contains several hundred organic
species C,H,... where the stoichiometric factor "x" can be large. These large
organic molecules have little use in most inorganic calculations and are
unlikely products in most equilibrium calculations. To drop large organic
species from the data search you set "X" to the desired upper limit. For most
calculations it is recommended you set x = 2, which means that organic
molecules with 3 or more carbon atoms will be dropped from the data search.

Databases:
Opens the databases window.

Databases may be added to or removed from the data search. For example
private data entered through the Compound and Solution programs, or other
commercial databases such as Thermo-Tech. If you have both FACT and
SGTE databases then you use this option to tell the program to search both
databases or search only one.

Note: Clicking on the databases bar also opens the Databases window.
Refresh:

In the Data Search menu when you change a search option (gaseous ions,
agueous species, limited data) or database selection then Equilib will
automatically 'refresh’ the system with the new options and data. However, if
changes to the databases are made via another program (for example
Compound and Solution) you must click on “Refresh" to update the current
system.

‘ Lractsage
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Databases Window

Data Search

F Databases |
File

Help ...

Include gaseous jons {plasmas) Compound Databases [1/5) Solution Databaszes [1/2)
v Include agueous species

v Include limited daka compounds (25 C anly)

+ | Database | Name + | D atabase | Name
+ F550BASE.CDB FACT +  FS80S0LM.5DA

SGSLBASE.CDE SGSL SGSLSOLM.SDA SGSL
w Limit organic species CxHw,., ®maxi=2 ... ELEMBASE.CDR ELEM

— SGPSBASE.CDR 5GPS
@:ases} —> EXAMPLEBASE.CDR ExAM

Refresh Wiew FACT compound data Wiew FACT golution data

Database Search

M O re I nfo r m atl O n abo ut CO u p I ed d atabases Click an "+ column ta include/esclude database in the data searcg ¥ coupled Help .. |

Click on the "Name" column for "Information' on that databaze.

Information
Location CAFACT-51YFACTDATANWFSE0SOLM.SDA
Type: FactSage 5.00 zolution databaze [Mar, 2001)

More information about the selected database.

To Add a Database to the List

If & databaze does not appear in the lizt click on the menu bar [top left carmer)
"File » Add a database to the list ...""

To remove a database from the list click onits "Mame" column and then click on the
menu bar "File > Remove databaze from the st MNote, thiz does not delete the databaze.

If ‘coupled’ is checked (this is the recommended setting) then compound and solution
databases with the same nickname (for example FACT or SGSL) are treated as a group.

For example, if you click on the '+' column in order to include the FACT compound database
in the data search then the program automatically includes the FACT solution database.
Likewise if you remove the SGSL solution database from the data search the program
automatically excludes the SGSL intermetallic compound database.

If ‘coupled' is NOT checked then the databases can be included or excluded independently.
However this is not recommeded since it can lead to misleading results.
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Equilib Cooling Calculations

The Equilib module enables you to perform cooling calculations
and display the phase transitions and compositions during
« Equilibrium cooling
« Scheil-Gulliver cooling with or without back diffusion
« Full annealing of cast alloys

Cooling Calculations - Table of Contents

Section 13.1 Table of Contents

Section 13.2 Phase transitions : FeO-MnO

Section 13.2.4 Simple equilibrium cooling : FeO-MnQO
Section 13.3  Simple Scheil-Gulliver cooling : FeO-MnO
Section 13.3.6 Scheil-Gulliver cooling with back diffusion
Section 13.4 Equilibrium cooling, plots: Al-Mg-Zn
Section 13.5 Scheil-Gulliver cooling

Section 13.6 Fully annealing alloy Al-Mg-Zn-Mn
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FeO-MnO : Phase transitions - binary phase diagram

FeO-MnO binary phase diagram calculated by Phase Diagram
1900 y T T y T y T y T y T y T y T I:laCtS'aq =
1800 [
<A> = X1, =0.5
Slag :
. 1700 i
9
e e
,.g - T Tliquidus = 1620.23°C {--------— | Slag + Monoxide |
]
o
g ' :
e g Teolidus = 1529.1°C
1500 | -
1400 Monoxide 7]
[ TFeO(meIting point) =1370.91°C
1300 " 1 " 1 " 1 " 1 " i " 1 " 1 " 1 " 1 "
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
mole fraction MnO
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FeO-MnO : Equilibrium phase transitions at X5 = 0.5

1° Binary system <1-A> MnO + <A> FeO .

2° Possible products:
 solid solution (MO
» liquid Slag (SLAG)

File Units Parameters Help

D= -

g == — = T

TIC) Platm) EneraplJ] Mass(mol] Volllitre]

moe

— Reactants (2)

A 4

[ <1-8> MnD  + <A> FeD |

3° <A>=0.5
T (°C) = 1500 and 1700

— Transitions - temperature

{Tmber of
transitions: IA" v ]

"] | Legend-

+-selected 2

species: 5
solutions: 2 m‘

—Products
- Compound species - i Solution species i~ Custom Solutions
[ gas & ideal 0 = | + | Base-Phase | Full Name 0 fixed activities
r aqueous 0| CT depe-TiGP MTi204-spinel |;i ided.s-:-luti-:-r‘l‘s'
[~ pure liquids 0] < FTdemo-MONO Horoiaa 0 activity co:affuments
[~ pure solids 0 +  FTdemo-SLAG Slag-liquid
v suppress duplicates apply 3 | demo-5PH Spinel =
e ‘ | FTdemo-MeD Monoxide Eedonyms
species: 0 | FTdemo-FelQ Fe-lig =P ply T —]L'St
FTdemo-CulLl Cu-lig

™ include molar volumes

Total Species [max 1500 5
Total Solutions [max 40 2

Default |

- Final Conditiens—

By <B>

T(C)

05
IH:I steps [ Table

1500 1700 1

| r~ Equilibrium 1
IP[atm] \:ugmduct Hi) _] »(* nomal ( ©* normal + transitions )
| T hansitions

open

ir— paia edi | Calculate >> l
—FactSa'S—.—tf \ : 7 |
Equilib will calculate the equilibrium at X-., = 0.5 for temperatures
varying from 1500°C to 1700°C and will search for All phase transitions.
G’actSageT” Equilib Advanced 13.2.2 www.factsage.com



FeO-MnO : Phase transitions showing liquidus and solidus

F Results - Equilib 1620.23 C (page 3/4)

Cukput  Edit Show Pages

D]

1500 C | 152911 C

@h?nnﬂ

TIC] Platm] Energull] baszzlmal] %olllitre]

=10 =]

Mm@ =

=10l x|

= 7

=1l-4x Mn0O + <&» Fel = -
1.0000  mol  Slag-liguid Equilibrium liquidus
(71392 gram, 1.0000 mol)
(lez0.23 C, 1 atm, a=1._0000;)
. O_E5ooao Fel
\_ + 0.E50000 Mnio) F Results - Equilib 1529.11 C {page 2/4)
Output  Edit Show Pages
+ 0.00000 mol Monoxide
{1620.23 C, 1 atm, a=1.1 [7 ||j’| i TIC) Platr) Energwll] Mazsmal] Yolllitre]
[ 0.30736 Fen
4 b e9rna - 1500C (-1522.11Q- | 162023 ¢ | 1700C |
where "A" on the reactant side is 0. &0 #1l-fs Mnl + <i» Fel =
. 1.0000 mol Monoxide il 1 1
The cutoff concentration has been sped
et ame arant ppomoxid: Equilibrium solidus
e e (L2511 C, 1 atm, a=1_0000)
H a v { 0.50000 Fed
[ [ (litre) + 0.50000 M0
Eo e o o o o o e o o e e o o o e o e o o
-1.9110ZE+05 -5.49403E405 0.00000E+0( + 0.000040 mol  Hlag-ligquid
115z9.11 2, 1 atm, a=1_0000)
[ 0.&78ls Fed
+ 0.3FEZBE Mo
where "A" on the reactant side i=s 0. 50000

The cutoff concentration has been specified to 1.0000E-75

e o e e i i i e o o I A T A e e e ol e e e e e e
H G v g Cp
{3 g {litre! (TR (TFE)

e b b e e b o e e o o e o e o

—-Z.38112E4+0L -5_323297E+0L5  0O.00000E+4+00 1.62723E+402 & 632L65E+01

thtSage‘”
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FeO-MnO : Simple equilibium cooling — L-Option

1° Right-click on the ‘+" column to open the SLAG extended menu and select
L— cooLing calculation.to open the Cooling Calculation Window

- standard stable phase

F - formation target phase
P - precipitate target phase

C - composition target ...

L - cooling calculation ...

! - dormant (metastable) phase

*—4—-

File Units Parameters Help

0= E

r -_— e ——————— — R

TIC) R(atm) Energy(J] Mass[mol] Volllitre]

ms e e

— Reactants (2]

species: 0

I it b ature

20

Cooling Calculation Window

« select equilibrium cooling
. check V transitions + summary
« click OK to close.

=]

[ 414> MnD  + <A> FeD |
- Products
- Compound species - Solution specie ~ Custom Solutions
[ gas @ ideal € real = | + | Base-Phase | Full Name 0 fized activities
7 aqueous F{demo-TiSP MTi204-spinel 0 ideal solutions
[ pure liquids +  FTHemoMONOD | Monoside f scloy cosihsients
[ pure solids . |+ «FFdemoSLAG | Slagliquid Details
[V suppress duplicates apply Eldame CRIN Soivol

4
G Cooling Calculation - L-Option

== Jonyms
)

List ...

L-Option

clude molar volumes
Species [max 1500] &

Y'ou may choose any solution phase with the L-option.

<B>

Table

!! FactSage 6.4 [

Haowever, for Liquids the calculations are most
meaninaful since they relate to solidification.

Solutions [max 40 2

| Solution phase: FTdemo-SLAG |

ﬁl % equilibrium cooling |

¢ Scheill-Gulliver cooling
" nomal equilibrium calculation

ﬁl v display transitions + summary

Default |

' nomal + transitions
ns only

dll Calculate >> ||

4

I GactSage‘”
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FeO-MnO : Simple equilibium cooling — step, T-auto and stop

q:m‘q:)nlg' i

G Menu - Equilib:

‘ File Units Parameters Help

| el el TIC) Platm) EneraylJ] Mass{mol) Vollitre) m “3] m
Equilibrium Cooling of SLAG

[ <1-A> MnO  + <A> FeO |

 cooling step ‘5" (0.1 — 250)

O T-auto A\/ automatica.”y 'Solutillan splecies o Custam Salutinns : - I
. * | + | Base-Phas¢ il - :
calculates the starting T Fraemie] 1N €quilibrium cooling the
= ‘N /e +  FTdemo-MON I i~ 1
- final mass ‘0’ (i.e. stops after [ ramsuy cooling step ('5) defines the
complete solidification) TeneSPll DAYES dlsp.layed in the Results
Species: 0 FTdemo-FeLll W|ndOW (|e evel’y 5 degl’eeS)
FTdemo-Cul
[
E quilibrium cooling ! .
lmT;mr-l = ffﬁm Thehcoollng step hashno effect
[Cosling tep [10][T-auto: PP | ||*5~sefected on the transitions or when 100%
IMass[mol]; [0 I ‘ A . . .
solidification is attained.
- Final Conditions CQUTTOTTanT
<A> <B> T(C) | Platm) v||ProductHY) v | | | nomal " nomal s
05 1850 [T | S ey
T steps T Table [Equibrium cooling - Tistart] = 1650, T(stop] = Umole] |~ "' i | _ Calculate >>

Enter default starting temperature ‘1650’
— applied when T-auto is not used
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FeO-MnO : Equilibrium cooling — Summary and Transitions

(o == =
&7 Results - Equilib Summary (page-1/13)

Output Edit Show Pages

‘ Summary

(mol) Yollitre)

EN=

| D || R @
1550 154oc| 153oc| 1529.11c|

(- Sommary | Transitions | 1630¢ | 162023¢| 1620¢ | 1610¢ | 1600 | 1590¢ | 1580 ¢ | 1570¢C | 1560¢C |

CONSTITUENTS AND PHASES AT 1525.11 C

(temperature of final disappearance of Slag-1

CONS. PHASE TOTAL AMT/mol
5 - 1 Monoxide 2.0000E+00

("Double-Click' on any phase listed above to

SUMMARY OF REACTIONS
Cooling

1630 to 1620.23 C
Slag-liquid cececling

—-€.3525E+02]

(DELTA H

Constituent 1
1620.23 to 15259.11 C
Slag-liquid -> Monoxide

(DELTA H = -4.7017E+04

| COMPOSITION OF PHASES IN CONSTITUENTS AT 1529
[ (temperature of final disappearance of Slag-

Constituent 1

Monoxide
MOLE FRACTION
Fe 2.5000E-01
Mn 2.5000E-01
o 5.0000E-01
TOTAL AMT/mol TG
2_.0000E+00

P

| Dl| 2B @

(&5 Results - Equilib Transitions (page 0/13) o o5 |

Output Edit Show Pages

Transitions | velite)
bsoc] 15 30c| 152911
Transitions -)| 1630C | 162023 ¢ 1620¢ | 1610¢ | 1600¢C | 1590¢ | 1580¢ | 1570¢C | 1560C |

A3 A B3

Temperature of transition -> 1620.23 C

EQUILIBRIUM COMPOSITION OF PHASEﬂ
Slag-liquid
MOLE FRACTION MASS FRACTION

Fe 2.5000E-01 3.9112E-01

Mn 2_.5000E-01 3.8477E-01

o 5.0000E-01 2.2411=-01
TOTAL AMT/mol TOTAL AMT/gram

2_.0000E+00 7.133%1E+01

Temperature of final disappearance of Slag-liquid -> 1525%.11 C

EQUILIBRIUM COMPOSITION OF PHASES

Monoxide
MOLE FRACTION MASS FRACTION
Fe 2_.5000E-01 3.9112E-01
Mn 2.5000E-01 3.8477E-01
(e} 5.0000E-01 2.2411E-01
TOTAL AMT/mol TOTAL AMT/gram
2_.0000E+00 7-1391E+01

AVERAGE COMPOSITION OF ALL PRODUCT PHASES TAKEN TOGETHER
MOLE FRACTION MASS FRACTION

Fe 2.5000E-01 3.9112E-01
Mn 2.5000E-01 3.8477E-01
)

5.0000E-01 2.2411E-01

m
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FeO-MnO : Equilibrium cooling - Liquidus and Solidus

(&7 Results - Equilib 162023 C (page 2/13)
Qutput Edit Show Pages
D= RE F

j| 1ss0C 1540C | 1530C | 1523
Svmmary

Transitions | 1630¢ (-162023¢-)| 1620¢ | 1610¢ | 1600¢ | 1590 ¢ | 1580 ¢ | 1570 € | 1560C |

~

TIC) Platm) Eneray[J] Mass(mol] Yolllitre)

i Hd e d 3

<1l-A> MnO + <A> FeO =

>

[Equilibrium Cooling]

1.0000 mol Slag-liquid
(71.391 gram, 1.0000 mol)

(1620.23 C, 1 atm,
{ 0.50000 Fel
+ 0.50000 MnO)

Liquidus

a=1.0000)

m

- —
Q Results - Equilib 1529.11 C (page 13/13)

System component
Fe

Mn

o

+ 0 mol Monoxide
(1620.23 C, 1 atm,
( 0.307%¢ FeQ
+ 0.€9204 MnO)

System component
Fe

Mn

o]

where "A" on the reactant side is 0.50000

“°;eﬂ§;;g‘i Qutput Edit Show Pages
- da
0.25000 0O |D"'| || | T(C) Platm) EnergylJ] Massmol) Yolllitre] “'ll Bl 7
0.50000
| Summary | Transitions | 1630T [ 18 3c| 1620C| 1610C| 1sooc| 159oc| 1ssoc| 157oc| 1560CI
1550¢ | 1540¢ | 1530Cc (1529.11C-
2=1.0000)
<1-A> MnO + <A> FeO = [Equilibrium Cecoling] -
—i |l
1.0000 mol Monoxide
Mole fracti (71.391 gram, 1.0000 mol)
0.15358 (1529.11 C, 1 atm, a=1.0000) I .
0.34¢02 ( 0.50000 Fel SO I I d u S
0-50000 + 0.50000 MnoO)

System component Mole fraction Mass fraction

ol =

= — Fe 0.25000 0.39112
Mn 0.25000 0.38477
[} 0.50000 0.22411
+ 0 mol Slag-liquid
(1529.11 C, 1 atm, a=1.0000)
( 0.€7¢l8 FeQ
+ 0.32382 MnO)

System component Mole fraction Mass fraction

Fe 0.3380% 0.5277¢
Mn 0.16151 0.2486e3
o] 0.50000 0.223¢1

where "A" on the reactant side is 0.50000

— —_— =

Equilib Advanced 13.2.7

www.factsage.com



Scheil target phase

“The program performs a Gulliver-Scheil cooling calculation. That is, as phases
precipitate from the Scheil target phase they are dropped from the total mass balance.

Generally a value of T (the initial temperature) and a cooling step must be specified in
the Final Conditions frame. Normally, the Scheil calculation is repeated until the
Scheil Target phase disappears. However it is possible to stop the calculation by either
specifying a second temperature in the Final Conditions frame, or by specifying a target
mass.

The Scheil target phase must be the gas phase or a real solution. Ifitis a liquid
phase (such as FToxid-SLAG and FTsalt-liquid) then the precipitates are generally
solids - it would be unusual in this case to select and include other liguids or the gas
phase in the calculation.

If the Scheil target phase is the gas phase then the precipitates could be any or all of
the other compound and solution phases. To activate a Scheil target gas phase, first
select the gas species in the usual way. Then with the mouse-right-button click on the
gas '+' check box in the compound species frame of the Menu Window - this will open
the Species Selection window. Point to the '+' column of any selected gas species and
then click with the mouse-right-button and then select «Scheil cooling gas phase».

thtSage‘” Equilib Advanced 13.3 www.factsage.com



FeO-MnO : Scheil-Gulliver cooling — L-Option

1° Right-click on the ‘+’ column to open the FACT-SLAG extended menu and
select L— cooLing calculation.to open the Cooling Calculation Window

- standard stable phase
! - dormant (metastable) phase
F - formation target phase

F Menu - Equilib

File Units Parameters Help

D= =

TIC) Platm

Energyid] Mazzmol] Yolllitre]

=101

=ik

— Reactants [2]

[ <1

bl

v <Ay FeD |

P - precipitate target phase ~ Products _
i — Compound zpecies
C - composition target ... I— gas (% ideal € real 0
L - cooling calculation ... F SE:J:;?:SHS g
|_ pure zolidz 1]
¥ | suppreszs duplicates E‘EEIEI
TpECies 1]
2° Cooling Calculation Window =
« select Scheil-Gulliver cooling >
2 E
. check V transitions + summary. —
« click OK to close. bie
| Factsage

Salution specie

= | + | Base-Phaze |
+ | FACT-MOMO
+ CFBCT-SLAG

Full Hame
Monoxide
Slag-iquid

G Cooling Calculation - L-Option

Cuztorn Salutions

0 fised actiities
[ ideal zolutions
0 activity coefficients

[etailz ..

eeudonyms———————

|

>

Y'ou may choose any solution phase with the L-option.
However, for Liquids the calculations are most
meaningful since they relate to solidification.

L-Option

[ Solution phase: FTdemo-5LAG |

~

—> | Scheil-Gulliver cooling

" normal equilibrium calculation

[v display transitions + summary

Help I

bply Ligt ... |

include malar valumes

Bl Species [max F00] 4]
Bl S olutionz [mawx 0] 2

Drefault |

quilibrium
normnal
predaminant € oper

Calculate »>> |\|

1,
ht]

o=

I thtSage‘”
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FeO-MnO : Scheil-Gulliver cooling — step, T-auto and stop

e B e i In Scheil-Gulliver cooling the

File Units Parameters Help cooling step ('5’) defines the

=t ol T(C) Platm) E : :
Scheil-Gulliver Cooling of SLAG eeliaulEnen SE (2, GUEl :
degrees). After each calculation

. cooling step ‘5’ (0.1 — 250) any phase that precipitates from

: the solution phase is dropped
T—autO \/ automatICa||y fSoI:Jtillan‘LsplecieBsase_Ph from the tO'[a| mass balance.

calculates the starting T v | FidemoM
L FTdemo-5

» final mass ‘0’ (i.e. stops after
complete solidification)

" species: 0|

The size of the step effects the
calculated results. The smaller the
step, the more precise the
calculation and the longer the

[Lscheicosting ] calculation time.

+ - selected 1

v Output accumulated (default) <

Output incremental

v Keep nothing (default) » I Mass(mol): |0 | l ‘ SOIUNONS: 7y e | | Defaul |
Keep gas phase ~ Final Conditions — Equilibrium - ‘
Keep FTdemo-MONO <8 <B> TIC) ']P[atm] _“F'roduct Hi) _] (“ normaI " hommal + transitions
| 1650 |1 [ p
IO steps I Table | Scheil-Gulliver cooling - T(start) = T-auto, T(stop) = 0 mole | i =4l Calculate >> ||
Enter default starting temperature ‘1650’ y

— this is applied when T-auto is not used

thtSageT” Equilib Advanced 13.3.2 www.factsage.com



FeO-MnO : Schell ¢

ooling — Summary and Transitions

@
G Results - Equilib Summary (page-1/11)
Output Edit | Show Pages

D|=| @& 6

TIC) P(atm) EnergyJ] Mass(mol)

25¢ | 162023¢| 1600¢ | 1575¢ | 1550¢ | 1525¢ | 1500¢ | 1475¢ | 1450¢C |

Vollitre)

EE

~SeHeTT-GULLIVER COOLING

CONSTITUENTS AND PHASES AT 1403.47 C

(temperature of final disappearance of Slag-liquid)

CONS. PHASE TOTAL AMT/mol TOTAL AMT,
1 1 Monoxide 2.0000E+00 7.1391E

{'Double-Click' on any phase listed above to recycle it

SUMMRRY OF REACTICONS

>

Summary

(= === N

Output Edit Show Pages
D@ il S| @)
| 1625¢ | 162023¢) 1600¢ | 1575¢ | 1550¢ | 1525¢ | 1500€ | 1475¢ | 1450¢C |

TIC) Platm) Energy(J] Mass{mol) Yollitre]
1425¢ |
Svmmary

Temperature of final disappearance of Slag-liquid -> 1403.47 C

Cooling

1625 to 1620.23 C (DELTA H = -3.1022E+02 J)
Slag-liquid cocling

Constituent 1

1620.23 to 1403.47 C (DELTA H = —-8.5425E+03 J)

Slag-liquid -> Monoxide

COMPOSITION OF PHASES IN CONSTITUENTS AT 1403.47 C
(temperature of final disappearance of Slag-liquid)

Constituent 1

Meneoxide

MOLE FRACTION MASS FRACTIO
Fe 2.5000E-01 3.9112E-01
Mn 2.5000E-01 3.8477E-01
o] 5.0000E-01 2.2411E-01

TOTAL AMI/mel TOTAL AMT/g.

AVERAGE COMPOSITION OF ALL PRODUCT PHARSES
MOLE FRACTICON
2.5000E-01
2.5000E-01
5.0000E-01
TOTAL AMT/mol
2.0000E+00

TAKEN TOGETHER
MASS FRACTION
3.9112E-01
3.8477E-01
2.2411E-01
TOTAL AMT/gram
7.1381E+01

Transitions

Fe
Mn
0

REACTION BETWEEN 1620.23 C AND 1403.47 C
Slag-liquid -> Monoxide
Reactants

TOTAL AMT/mol
-2 .0000E+00

TOTAL AMT/gram

Slag-liquid -7.1391E+01

Products (Constituent 1)

Meonoxide

MOLE FRACTION
2.5000E-01
2.5000E-01
5.0000E-01

TOTAL AMT/mol
2.0000E+00

MASS FRACTION
3.9112E-01
3.8477E-01
2.2411E-01

TOTAL AMT/gram
7.1391E+01

Fe
Mn
(o]

CONSTITUENTS AND PHASES AT 1403.47 C

Equilib Advanced 13.3.3
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FeO-MnO : Scheil cooling — Start and Stop

p
G Results - Equilib Summary (page-1/11)
Output Edit | Show Pages |

D|=| 2IE 5

1425¢ | 140347¢C |

TIC) P(atm) Energy[J] Mass{mol) Vg

T X

Start of solication
at 1620.23°C

Summary | Transitions | 1625 C(| 162023¢| Je0oc | 1575¢ | 1550C | 1525C [ 1300C [ 1875C [ 1450C |

SCHEIL-GULLIVER COOLING

CONSTITUENTS AND PHASES AT 1403.47 C
(temperature of final disappearance of Slag-liquid)

-

CONS. PHASE
1 1 Monoxide

TOTAL AMT/mol TOTAL AMI( - — -

{'Double-Click' on any phase listed above te recycle it Output Edit Show Pages

SUMMRRY OF REACTICONS

Cooling

1625 te 1620.23 C (DELTA H = -3.1022E+02 J)

Summary itiond”- | 1625¢ | 162023¢| 1600¢ | 1575¢| 1550¢ | 1525¢ | 1500€ | 1475¢C | 1450¢C |

TIC) Platm) Energy(J] Mass{mol) Yollitre]

i d=d] = 7

Slag-liquid cocling

Constituent 1
1620.23 to 1403.47 C
Slag-liquid -> Monoxide

(DELTA H = —-B8.5425E+03 J)

Fe
COMPOSITION OF PHASES IN CONSTITUENTS AT 1403.47 C Mn
(temperature of £inal disappearance of Slag-liquid) fo)
Constituent 1
Moneoxide

L O R e e o

Temperature of final disappearance of Slag-liquid -> 1403.47 C

The size of the cooling step effects the
calculated results. Here the step 5°C gives
1376.68°C. The end of Scheil solidification
should be at 1370.91°C — the melting point
of FeO. With a much smaller step, 0.1°C,
one obtains ~ 1370.9°C..

AVERAGE COMPOSITION OF ALL PRODUCT PHASES TAKEN TOGETHER

MOLE FRACTION MASS FRACTION

2.5000E-01 3.9112E-01
2.5000E-01 3.8477E-01
5.0000E-01 2.2411E-01

TOTAL AMT/mol
2.0000E+00

TOTAL AMT/gram
7.1351E+01

C AND 1403.47 C

End of solidification |
ot mmn 2o AL 1376.68°C

-2 .0000E+00 =7.13%1E+01

m

MOLE FRACTION
2.5000E-01
2.5000E-01
5.0000E-01

TOTAL AMT/mol
2.0000E+00

MASS FRACTICN
3.9112E-01
3.8477E-01
2.2411E-01

TOTAL AMT/gram —
7.1391E+01

CONSTITUENTS AND PHRSES AT 1403.47 C

I GactSage‘”
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FeO-MnO : Scheil cooling — incremental vs. accumulated

=
47 Res

Incremental Scheil

)

v Output accumulated (default) <

Outpy :
2 _nosac . . Output incremental
Ble solidification at 1500°C [ Yo /@
142 . v Keep nothing (default)
smmyf Transitions | 1625C | 162023¢| 1600¢ | 1575¢ | 1550¢ | 1525 €\ -1500C- J1475¢ | 1450¢C | ¥iin gas P

<1-A> MnO + <A> Fe0 = >

[Incremental Scheil]

>

Keep FTdemo-MONO

0.223€0 mol Slag-liquid

(16.010 gram, 0.223€0 mol)
(1500 C, 1 atm, a=1.0000)
{ 0.73123 Fel
+ 0.2€877 MnO)
System component Mole fraction Mass £y
Fe 0.365¢€1 0.574
Mn 0.13433 0.204
(o] 0.50000 0.2293

+|9.€740E-02 mol Monoxide

(€.9129 gram, 9.6740E-02 mol)
(1500 C, 1 atm, a=1.0000
( 0.57467 Fel
+ 0.42533 MnO)
System component Mcole fraction Mass £
Fe 0.28734 0.44
Mn 0.212¢¢6 0.32
(o] 0.50000 0.22

where "A" on the reactant sjde is 0.50000

The cutoff concentration hag been specified to 1.0000E

Mass fraction precipitated Jccording te Scheil-Gullivex

Qutput accumulated (default)

Output incremental <

Keep nothing (default)
Keep gas phase
Keep FTdemo-MONO

| -—
&7 Results - Equilib 1500 C (page 7/11)

Output Edit Show Pages

D= &RIE
1425¢ | 140347¢C|
Summary | Transitions | 1625C | 162023 ¢ | 1600

TIC) P(atm) EngfaylJ] Mass(mol) Yollitre]

A2 4 B3

1475¢ | 1450¢C |

1575¢ | 1550¢ | 1525¢€

<1-A> MnO + <A> FeQ = I°4 [Accumulated Scheilf« -
0.77¢e40 mol Monoxide I

e e o 1 wmo00m| | ACcCumulated Scheill
+ 0 sesss 101 solidification at 1500°C |

System component Mole fraction Mass fraction
Fe 0.21870 0.333%32
Mn 0.28330 0.43638
o 0.50000 0.22430

+ 0.223€0
(16.010

mol Slag-liquid
gram, 0.223€0 mol)
(1500 C, 1 atm,
( 0.73123
+ 0.26877

a=1.0000)
FeQ
MnO)

Mcle fraction Mass fraction
Fe 0.365¢€1 0.57032
Mn 0.13433 0.20823
(o] 0.50000 0.22345

System component

where "A" on the reactant side is 0.50000
The cutoff concentration has been specified to 1.0000E-70

0.77574

Mass fraction precipitated according tc Scheil-Gulliver =

I GactSage‘”
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Scheil Cooling with Back Diffusion

* In Scheil-Gulliver cooling with back diffusion, specified elements are permitted to
equilibrate between phases during cooling. Other elements, once precipitated,
remain in their solid phases and are removed from the mass balance as in regular
Scheil cooling. After each incremental temperature decrease, Equilib permits
exchange of only the diffusing elements among phases until their chemical
potentials are the same in all phases.

» The following example is for an Fe-Cr-C alloy cooled from the liquid state with back
diffusion of interstitial carbon.

* Input is exactly as in regular Scheil cooling except that the diffusing elements are
specified.

« Output is similar to regular Scheil cooling.

thtSage‘” Equilib Advanced 13.3.6 www.factsage.com



Scheil Cooling with Back Diffusion

F Cooling Calculation - L-Option

L-Option

ou may choose any solution phase with the L-option.

X —

TIC] Platm] Energuld] kMaszslg] Yalllitre]

=10 ]

=[]

Howewver, for Liguids the calculations are most
meaningful zince they relate to zalidification.

n3s c

| [gamji084 Cr

t 098.71 Fo |dr——

System = Fe-Cr-C alloy

[ Solution phase: SGTE-LIQU ]

" equilibrium cooling — Salution phazes

(% ScheilGulliver cooling —— * |+ | Base-Phase | Full Name
Fr—1»( L SGTE-LIGQU LIguiD
" nomal equilibrium calculation 0 SGTE-FCCT FCC_A1
With S cheil-Gull l hawe the option t I X SHTEBLL] Fe
ith Scheil-Gulliver cooling you have the option ta a
back_diffusinn. _In the _Mena {Uinduw sglec_tl?appl_l,l baEEy - gglgmig@ MME%:;
diffuzion’ and click 'edit’ to specify the diffuizng elements.
0

Help |

oo —Legend
SGTE'LluU DEtlUnS | | 'il'l'll'l'liSEFiblE -I F ShDWr
Cooling step ; |1 T-auta: [ L - Scheil cooling species:
b asz(g): ID & - sakeizd J zolutions:

all i

=

215 Select |

Final Conditions

<o <B> TIC] Platm] ~||Product H |
1450 1200 1
10 steps [T | Table [ Scheil-Gulliver cooling - T(start] = 1450, T[ztop] = 1200]

|E-IMTE Intel 20181203 |

Carbon is the diffusing element

>

— Custorn Solutions————
Details ... |

0 fiwed activities
0 ideal zalutions

— Pseudonyms ——————
apply [ Edit ... |

—Yolume data————
azzume malar volumes of
zolidz and liquids = 0
ihzlude molar vaolume data
and phyzical properties data

N\
\F)ﬂppl}l back diffuzsion edit

Total Species [max S000] 1
T atal Solutions [max 200] E
Taotal Phazes [max 1500] E

E quilibrium —
£ nomal e

Enter diffusing elements ...
Help - information on Scheil and back diffusion ...

I bravsitinne anlo

Scheil back diffusing elemerts

Enter the list of elements that can diffuse.

To calculate the phasze with the minimum G, enter a

blank line.

Select from:; Fe Cr C

X

Cancel |

C

thtSage‘”
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Al-Mg-Zn : Equilibrium cooling X,,,=0.8 X,=0.15 X,,=0.05

Four-Phase Intersection Points with Liquid

PR
NRooO TR WNER

cINOaRONE

Al-Mg-Zn polythermal liquidus projection

from FTlite — FACT light alloy databases

calculated by Phase Diagram with data taken

GactSage‘"

Zn
A

AIMgZn_Tau/FCC_AL#1 / Laves_C14#1 STL Q
AlMgZn_Tau / Beta_AlMg / Gamma
AlMgZn_Tau / Beta_AIMg / FCC_A1#1 ‘

AMgZn_Tau / Laves_C14#1 / Mg2Zn3
AlMgZn_Tau / Gamma / Phi

Gamma /HCP_A3#1/ Phi

FCC_A1#1 / Laves_C14#1/Mg2zn1l
AlMgZn_Tau / Mg2Zn3 / MgZn
FCC_A1#1/HCP_Zn/Mg2znil
HCP_A3#1/Mg51Zn20_<mg7zn3>_oil / MgZn
AlMgZn_Tau / HCP_A3#1 / Phi

AlMgZn_Tau / HCP_A3#1 / MgZn

. Mg2Znl1l

A=Zn, B=Mg, C=A
X(A) X(B) X(C) °c
0.35365 0.18471 0.46164 467.78
0.04094 0.37786 0.58120 447.57
0.04248 0.36009 0.59743 446.26
0.33110 0.60810 0.06080 428.12
0.16296 0.66052 0.17652 385.07
0.16267 0.69979 0.13755 364.35
0.80148 0.07683 0.12168 360.17
0.25899 0.69007 0.05094 353.59
0.85034 0.05789 0.09177 347.54
0.28328 0.71522 0.00150 345.23
0.23357 0.70211 0.06432 342.67
0.24168 0.70263 0.05570 340.89

50

30

MgZn <, |

FCC_Al

~
&

Betar Mg

\;0

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

Crystallization path for
Equilibrium coolin

Alloy composition:
80 mol % Mg
15 mol % Al
5 mol % Zn

g0

60

M g 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2

mole fraction

Equilib Advanced 13.4

www.factsage.com



Al-Mg-Zn : Equilibium cooling — L-Option

I . ST\
Q Cooling Calculation - L-Option u — .
L-Option .
rameters Help
You may choose any solution phase with the L-option. .
However, for Liquids the calculations are most TIC) Platm] EnergylJ] Mass(mol) Vollitre] I-W | GI Iile
meaningful since they relate to solidification. )

[80 Mg + 15 Al + 52n |

| Solution phase: FTlite-Liqu |

@ equilibrium cooling
" Scheil-Gulliver cooling

" nomal equilibrium calculation cies - Solution species - Custom Solutions
eal € real O = | + | Base-Phase | Full Name - 0 fixed activities
ite-Li e 0 ideal solutions
[v display transitions + summar 0 CIL 0 FTlite-Ligu Liquid =) al S
play Y 2 0 [T | Flikefcc | FCC_A1 0 activity coefflculeﬁts
e I 1 s 0 | FTiteHCP HCP_43 eais
d Ml duplicates _apply | | FTiteBCC BCC_A2 i
I FTielCl4 | Laves Cl4 Pse"dc'['fms :
species: 0 1| FTitelCls | Laves_C15 apply List... |
| CiMocers plaves B30 I include molar volumes
+ FTlite-Beta Beta_slMg LI :
— Equilibrium cooling G P, S— S TotaISnec.les [max 1500] 98
FTlite-Liqu rreshle 77 W Show (" all & iselected Total Solutions [max 40] 22
Cooling step : l1_0- T-auto: v L - Equilibrium cooLing species: 98
; lU_ +-selected 8 solutions: 2 Select I
Mass(mol): : Default I
i : 3 lons E quilibrium
Eq oL | I b AL CO 0 I In g <B> TIC) ,IP[alm] L“Pmdu'ct H{J) L] @ nomal € hormal + transitions
I I " tansitions only
of Liquid Al-Mg-Zn 600 I | i
H T able ilbri Ry = Tz = open
o coolin g st ep ‘10’ mfa) | Equilibrium cooling - Tstart] = T-auto, T(stop) = 0 mole | I pars_edt | Calculate >> |
 T-auto
A 1 )
« final mass ‘0

G’actSage’" Equilib Advanced 13.4.1 www.factsage.com



Al-Mg-Zn : Equilibium cooling — Summary of Results

Liquidus temperature
= 497.61°C

r© —
&7 Results - Equilib Summary (page-1/18)

Constituent 1 is
primary hcp formed
between 497.61°C
and 404.48°C

Microstructural
constituents, and
the phases in them

Output Edit Show Pages

O ||;”'| || @ TIC) Platm) Energyf)) Mass(mol] Yolflitre) "”l Bl W
420c| 410C | 40448C| 400C | 390C | 380C | 370C| 36435¢C| 36435C
Summary | Transitions | 500C | 497.61¢| 490¢C | 480¢ | 470¢C | 460¢ | 450 | 440¢ | 430C |

SUMMARY OF REACTIONS -

Cooling
>500 to 487.61 C (DELTA H = -7.4223E+03 J)
Liquid cooling

Constituent 1
497.€1 to 404.48 C (DELTA H = -5.8385E+05 J)
Liquid -> HCP_2A3

Constituent 2

Constituent 2 is a binary
Limiid o en as i cemme o PEEEESeutectic formed between
Constituent 3 404.48°C and 364-35°C

3€64.35 C (isothermal) (DELTA H = -S_.8942ZE+04 J
Liquid + Gamma -> HCP_A3 + Phi

m

COMPOSITION OF PHASES IN CONSTITUENTS AT 3€4.35 C
(temperature of final disappearance of Ligquid)

Constituent 1

4 HCP 23

1 MOLE FRACTION MASS FRACTION
Zn 1.6531E-02 4.2384E-02
a1 5.3743E-02 €.4109E-02
Mg 3.2373E-01 8.32912-01

TOTAL AMT/mol TOTAL AMT/gram

I GactSage‘”
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Al-Mg-Zn : Equilibium cooling — Plot Results

" —d - e " B
&7 Results - Equilib Summary (page-1/18) . @léj
Output | Edit Show Pages i
Save or Print g HELFim) Everpid] W assinal Volie] mllﬂl‘ﬂ'
Plot > | Plot Results ...
Equilib Results file > Repeat Plot - gram vs T(C) ... 430C l
Stream File » s _
Eormat > {7 Plot: gram vs T(C) &
LT | File Help
Fact-XML »
80 Mg+ 1541+ 52Zn
Fact-Optimal » - . =
5 Variables [ Minimum | M aximum
Fact-Function-Builder > ac“‘"':}' g _ 1. .
mole e
Refresh ... mole fract. 0 G Axes: gram vs T(C) @
—— 1| Y-axis aram 0 || Y-variable X-variable Swap Axes
Liquid -> HCP_A3 + Gamma weight % 0
' Alpha 0 Y-axis — R-axis
Constituent 3 =
364.35 C (isothermal) (DELI|| %-axis T(C) CL
Liquid + Gamma -> HCP 23 + I Platm) 1.
Cpl) 3098.4 maximum (2000 maximum (500
COMPOSITION OF PHASES IN CON G) -3.5780H . _ 2 _
(temperature of final disapyq Vollitre) 0 minimum D minirmum 360
H[J 8.3791H : :
Constituent 1 '.."([““.[ei 0 tick:every tick; every
e 50) 5542.¢
Zn - page - 1.
i; 5 e : Graph Cancel I Refresh |
J Ltabels T color WV Tullscieen =~
— Select size:[3 no:[8 V reactants T Viewer
* chemical I filename  © Figure
‘ " integer #
Repeat " nhone Plot >> |

thtSage‘" Equilib Advanced 13.4.3 www.factsage.com



Al-Mg-Zn : Equilibium cooling — Plot Results

Selection of species to be plotted
- select all solids and elements for which Gram (max) >0

_ioix
Q File Show X
4 +| # | Species | Gram [min] | Gram [max] |w.-.rt_z [min] | Wt % [max] | Act. [min] | Act. [max] il
6OLC 126 MaS1Zn20z) 1] 1] 1] 1] 3 2943E-26 9 BA02E-07
_ SOLUTIONS
127 GAS 1] 1] 1] 1] 1] 1] =
+ 128 Liquit 1] 26761 1] 1] 0.949003 1.
129 Liquit2 1] 1] 1] 1] 0.949003 1.
130 FCCH1 1] 1] 1] 1] 066603 0738147
131 FCCH2 1] 1] 1] 1] [.66E03 0738147
+ 132 HCP#H1 1] 15757 1] 1] 0876133 1.
133 HCPH2 1] 1] 1] 1] 0876133 1.
134 BLCCH1 1] 1] 1] 1] 0740645 0803593
135 BCCHZ 1] 1] 1] 1] 0740645 0803593
136 LC1441 1] 1] 1] 1] 97821E-02 0375458 _I
137 LC14#2 1] 1] 1] 1] 4 8940E-02 0110639
138 LC15#1 1] 1] 1] 1] JB461E-02 a.4836E-02
139 LC15#2 1] 1] 1] 1] 31307E-02 B A836E-02
140 LC3RAH 1] 1] 1] 1] JE7A9E-02 B.oB2TE-D2
141 LC3RAH2 1] 1] 1] 1] 32212E-04 B.oB2TE-D2
142 Beta 1] 1] 1] 1] JABETE-11 1.5177E-02
+ 143 Gama 1] FiT2q 1] 1] 1.3865E-08 1. ;I
Mazs= Order———— .
= mole (" integer # Select Top Iﬁﬂ | 4 species selected |
‘ & gram \ ™ mass [max] —
" fraction [max]
Clear | [~ source | activity [max) Refresh | 0K |
[ Click on the "+" column to add or remove species)
;I

thtsagem Equilib Advanced 13.4.4 www.factsage.com



Al-Mg-Zn : Equilibium cooling — Plot Results

gram

80Mg+ 15Al+ 5Zn [ . .
? Liquidus temperature

3000 . , . , . , : = 497.61°C

2500

2000 o Constituent 1 is

T | primary hcp formed
' between 497.61°C
and 404.48°C

1500

1000

Constituent 2 is a binary
eutectic formed between
404.48°C and 364.35°C
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Al-Mg-Zn : Schell cooling X,,=0.8 X4=0.15 X,,=0.05

Al-Mg-Zn polythermal liquidus projection
calculated by Phase Diagram with data taken
from FTlite — FACT light alloy databases

Four-Phase Intersection Points with Liquid

PR

CRINOORWNE

AMgZn_Tau /FCC_A1#1 / Laves_C14#1

AMgZn_Tau / Beta_AlMg / Gamma
AlMgZn_Tau / Beta_AlMg / FCC_A1#1

AMgZn_Tau / Laves_C14#1 / Mg2Zn3

AMgZn_Tau / Gamma / Phi
Gamma /HCP_A3#1 / Phi

FCC_A1#1/Laves_C14#1/Mg2Zn1l
AlMgZn_Tau / Mg2Zn3 / MgZn

FCC_AL#1/HCP_Zn / Mg2Zn11

HCP_A3#1/Mg51Zn20_<mg7zn3>_oil / MgZn
AMgZn_Tau / HCP_A3#1 / Phi

AIMgZn_Tau / HCP_A3#1 / MgZn

A=Zn, B=Mg, C=A

XA  XB)  XC)
0.35365 0.18471 0.46164
0.04094 0.37786 0.58120
0.04248 0.36009 0.59743
0.33110 0.60810 0.06080
0.16296 0.66052 0.17652
0.16267 0.69979 0.13755
0.80148 0.07683 0.12168
0.25899 0.69007 0.05094
0.85034 0.05789 0.09177
0.28328 0.71522 0.00150
0.23357 0.70211 0.06432
0.24168 0.70263 0.05570

°’c
467.78
44757
446.26
428.12
385.07
364.35
360.17
353.59
347.54
345.23
342.67
340.89

A

AN

o
>

-" a

&\

Bet3)

2\
' - Mg2Zn11
" % —_—

9'0

G’actSage'"

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

Crystallization path for
Scheil cooling

Alloy composition:

80 mol % Mg
15 mol % Al
5 mol % Zn
o
AN
/\ 1 ¢
o
‘©

Mg

0.9

0.8 0.7 0.6 0.5 0.4 0.3 0.2

mole fraction
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Al-Mg-Zn : Scheil-Gulliver cooling — L-Option

- —
G Cooling Calculation - L-Option

-

L-Option

You may choose any solution phase with the L-option.
However, for Liquids the calculations are most
meaningful since they relate to solidification.

[ Solution phase: FTlite-Liqu |

" equilibrium cooling
@ Scheil-Gulliver cooling
" normal equilibrium calculation

[V display transitions + summary

Help |

l

E]]

[ 47 ven - i el |
-,

Parameters Help

TIC) Platm) Energy[J] Mass(mol] YVolllitre)

m =@

| 80 Mg + 154 + 52Zn |

species

ideal €© real 0

us 0

quids 0

olids 28

ess duplicates | apply |

species: 28
rSchell cooling————
' FTlite-Liqu __Options_|

{Cooling step |10 T-auto: v

Mass{mol): lU

~ Custom Solutions

- Solution species

N 0 fixed activities

= | + | Base-Phase | Full Name
CIL 0 FTlite-Liqu Liquid
.| FTlte-FCC FCC_a1
| FTlite-HCP HCP_A3
| FTlite-BCC BCC_A2
Sl FTliteLC14 Laves C14
C 1 FTliteLC15 Laves C15
| FTlite-LC364 Alaves_C36
+  FTiteBeta Beta_AlMa |
|L -ei?n?gcible 7 V Show " all & selected
L - Scheil cooLin s
+-selected 8 3 szf:t;:z:; gg Select I

0 ideal solutions
0 activity coefficients

Details .

- Pseudonyms ————

apply | List ... I

™ include molar volumes

Total Species [max 1500] 126
Total Solutions [max 40] 22

Default |

Scheil Cooling

of Liquid Al-Mg-Zn

« cooling step ‘10’
 check T-auto

 enter final mass ‘0’

— Final Conditions

<B> TIC | Platm) v ||Product ) |
600 1 [
S [T Table | Scheil-Gulliver cooling - T(start) = T-auto, T(stop) = 0 mole|

E quilibrium

' normal  normal + transitions
{" hansitions only

" open

™ para edit | Calculate >>

I GactSage‘”
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Graphical output of Schell target calculation

Calculation ends at temperature of final disappearance of liquid.

Graph shows phase distribution

3000

80 Mg + 15 Al + 52Zn
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Al-Mg-Zn-Mn : Scheil cooling AZ91 + 0.25 wt.% Mn alloy

 Cooling step %’
« T-auto V
 Final mass(g) O’

( — : R
47 Cooling Calculation - L-Option | | Parameters Help [
e _| T(C) Platm) Energyld) Mass(g] Volllitre) W = |
4 |
You may choose any solution phase with the L-option. 4)
However, for Liquids the calculations are most
meaningful since they relate to solidification. | f(aram]8375 Mg+ 9 Al + Zn+ 025 Mn |
[ Solution phase: FTlite-Liqu] species 7 [ Solution species - Custom Solutions - o
" equilibrium cooling ideal € real 0 = | + | Base-Phase | Full Name - 0 fired activities
@ Scheil-Gulliver cooling us 0 IL . FTlite-Liqu Liquid 0 ldefa.l‘solutlons_
" normal equilibrium calculation iqui 0 | FTlite-FCC FCC_A1 s 0 achinty con_efhments
U atails
2 | FTlteHCP HCP_A3 pesls
v display transitions + summary I FTlite-BCC BCC_A2 - Pseudonyms ———————
"+ FTiteCBCC CBCC_A12 [_y :
Help | +  FTite-CUB1 CUB_A13 apply L'S_l]
l ETRelC14 Laves Cid IV include molar volumes
| FTiteLC15 Laves C15  ~| :
[ Scheil cooling I p—; Total Species [max 1500] 186
FTlite-Liqu Dptions | |- immiscible 7 IV Show® al " selected Total Solutions [max 40 26
Cooaling step : [5_- T-auto: v L - Scheil cooling species: 144
; IU_ + - selected 12 Sldins: % Select |
Mass(al Default |
— Final Conditions : ~ Equilibrium
. . . <B> TIC) IP[atm] _VJIP.IOduCl HiJ) _'_I ' nomal " normal + transitions
SC h el | CO O I I n g OptlonS B 500 |-| I " tansitions only
- - - o " " p open
for L] q uid Al-M g -Zn-Mn [T Tatle | Scheil-Gulliver cooling - T(start) = T-auto, T(stop) = 0 mole| r Di:!’i e | _ Calculate >>
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Al-Mg-Zn-Mn : Scheil cooling — Summary and Transitions

Output Edit Show Pages

D= ERIE @

510¢| 505¢| s00¢

se0c[3s5¢c| ss0c| s45¢| s40c| 535¢| s30¢| s25¢
(| - Senemary - Transitions | 595C | 594.16C| 594.07¢] s90¢C

TIC) Platm) EnergyJ) Mass(g) Volllitre)

5

52412¢| 520¢ | s15¢ |
8sc| ssoc| s75¢| s70c| sesc|

— || | AZ91 + 0.25 wt.% Mn alloy:

IL-GULLIVER COCLING

CONS. PHASE

A& 1 A18MnS_D810

2 1 HCP_A3

2 2 Al8MnS_D810

3 1 HCP_A3

3 2 Mn4R111 sl(s)

4 1 HCP_A3

4 2 Mn2l4_sl(s)

5 1 HCP_A3

El 2 Gamma

5 3 Mn2l4_slis)

3 1 HCP_A3

@ 2 Phi

@ 3 Mn42alll sl(s)

7 1 HCP_23

7 2 AlMgZn Tau

7 3 Mn4Alll sl(s)

8 1 HCP_A3

8 2 MgZn

CONSTITUENTS AND PHASES AT 340.8% C
(temperature of final disappearance of Ligquid)
TOTAL AMT/mol TOTAL AMT/gramp==S =

1.3055E-05

2_.6553E+00
7.5208E-03

€.3501E-01
4_.2235E-03

€.8848E-02
5.4346E-04

1.9793E-01
4_.5374E-01
8.0662E-04

7.1873E-03
1.0540E-02
1.3741E-0¢

7.7250E-04
€.7948E-04
3.4950E-08

1.2677E-03
9.0976E-04

89.75Al1-9Mg-Zn-0.25M¢g
(Wt%)

Summary

5.02302-04 |y Resul
6.4835E+01 Output Edit Show Pages
2c8886x=01 D|ﬁ'| gﬂ|| lj]| T(C) Platm) Energyld) Mass(g) Vol(itre)
1.5580E+01 s510¢| s05¢| seoc|
TR sasc| s40c| s35¢| s30¢| s25¢| 52412¢ 520¢ | s15¢ |
1.6956E+00 s95¢ | 594.16¢| s594.07¢| s90c| s8s¢c| ssoc| s75¢| 570 sesc|
1.7702E-02 |

SCHEIL-GULLIVER COOLING
4 _8918E+00
1.1829E+401 Starting temperature -> 555 C
2 &2 -0z Cocling step -> 5 C ., .
P Transitions
1.81502-01 COMPOSITION OF Liquid
3.7598E-01 MOLE FRACTION MASS FRACTION
4_.7318E-05 Zn 3.7803E-03 1.0000E-02

Mn 1.12472-03 2.5000E-03
1.9639E-02 Al 8.2441E-02 S.0000E-02
2.8038E-02 Mg 9.1265E-01 8.9750E-01
1.2035E-0¢& TOTAL AMT/mol TOTAL AMT/gram

4 _04€1E+00 1.0000E+02

Temperature of transition -> 53%4.16 C

COMPOSITION OF Liquid

MOLE FRACTION
3.7803E-03
1.1247E-03
8.2441E-02
5.1265E-01

TOTAL AMT/mol
4_0461E+00

Zn
Mn
A1l
Mg

MASS FRACTION
1.0000E-02
2.5000E-03
9.0000E-02
8.9750E-01

TOTAL AMI/gram
1.0000E+02

Temperature of transition -> 534.07 C

Equilib Advanced 13.5.4
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Al-Mg-Zn-Mn : Scheil cooling - Microstructure Constituents

Summary & Transitions

Microstructure
constituents of AZ91 +
0.25 wt.% Mn alloy

after Scheil cooling.
—

s

Output Edit Show Pages
0|z RE @
s10¢| sosc| so0c|
s60C| 555¢| 550C| s45¢| s40c | W | s30¢| s525¢| s524.12¢ 520€ | 515¢C |
- Sommary - | Transitions | 595C | 594.16¢| 594.07¢| s90¢ | s83¢| ssoc| s75¢| 570

TIC) P(atm] Energy(J) Mass(g] Yolllitre)

CONSTITUENTS AND PHASES AT 340.89 C
(temperature of final disappearance of Liquid)
CONS. DHASE TOTAL AMT/mol TOTAL AMT/gram TOTAL
1 1 AleMnS_D810 1.30552-05 5.0230E-04 0.ocH
2 1 HCP_ 23 2.65532+00 6.4835E+01 3.7
2 2 AlsMas_D810 7.52082-03 2.84662-01 0.09
3 1 HCP a3 §.3501E-01 1.5580E+01 5.93
3 2 Mn4Al1l_si(s) 4.22352-03 1.45445-01 3.31
4 1 HCP 23 6.8348E-02 1.6956E+00 5.6
4 2 MnRl4_sl(s) 5.43462-04 1.7702E-02 5.1
S 1 HCP_ a3 1.97932-01 4.89132+00 2.7
S 2 Gamma 4.5374E-01 1.1825E+01 5.8
5 3 MnAl4_si(s) 8.08622-04 2.6274E-02 7.6
& 1 HCP_ a3 7.18732-03 1.81502-01 1.0
€ 2 Phi 1.0340E-02 3.7598E-01 1.3
6 3 Mn4Alll si(s) 1.37412-06 4.7318E-05 1.2
7 1 HCP_a3 7.7250E-04 1.9639E-02 1.0
7 2 AlMgZn_Tau 6.7948E-04 2.3038E-02 7.6
7 3 Mn4Alll_si(s) 3.43502-08 1.20352-08 3.2
1 HCP_a3 1.28772-03 3.22282-02 1.7
2 Mgzn 5.03762-04 3.54382-02 1.0
T —— e S — —— S

Final disappearance
of liquid at 340.89°C

CONS PHASE TOTAL AMT/Wt.%
1 1 AI8Mn5_D810 0.05%
2 HCP_A3 6483.50%
2 Al8MIn5_D810 28.47%
4 1 HCP_A3 169.56%
4 2 MnAl4_si(s) 1.77%

HCP_A3 489.19%

2 Gamma 1182.90%
MnAl4_si(s) 2.63%

6 1 HCP_A3 18.15%
6 2 Phi 37.60%
6 3 Mn4Al11_s1(s) 0.00%
7 1 HCP_A3 1.96%
7 2 AlMgZn Tau 2.90%
3 Mnd4Al11_si(s) 0.00%

8 1 HCP_A3 3.22%
8 2 MgZn 3.94%
8 3 AIMgZn _Tau 1.64%
8 4 Mn4Al11_si(s) 0.00%

DESCRIPTION

Constituent 1 594.16 to 594.07 C
Liquid -> AISMn5_D810

Constituent 2 594.07 t0 524.12 C
Liquid -> HCP_A3 + Al8Mn5_D810

Constituent4 447.41t0431.70C
Liquid -> HCP_A3 + MnAl4_si(s)

Constituent 5 431.70 to 364.34C

Liquid -> HCP_A3 + Gamma + MnAl4_si(s)

Constituent 6 364.34to 342.67 C
Liquid -> HCP_A3 + Phi + Mn4Al11_s1(s)

Constituent 7 342.67 to 340.89 C
Liquid -> HCP_A3 + AIMgZn_Tau + Mn4Al11 si(s)

Constituent 8 340.89 C (isothermal)
Liquid -> HCP_A3 + MgZn + AlMgZn_Tau + Mn4Al11_si(s)

I GactSage‘”
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Al-Mg-Zn-Mn : Scheil cooling and fully annealing cast alloy

microstructure:

Scheil cooling and post equilibration (annealing) of Scheill
AZ91 alloy + 0.25 wt.% Mn

CONS. PHASE TOTAL AMT/gram
1 1 ‘Al8Mnb5’ 5.2241E-04
k. 2 1 HCP 6.4599E+01
Tracking 2 2 ‘Al8Mn5’ 2.8231E-01
microstructure Amount & Average Composition of the HCP phase
ConStituentS 3 1 HCP 1.5644E+01
: 4 1 HCP 1.7084E+00 2 64599  96.19 3.67 0.125 195 ppm
Output : 4 2 ‘Al4Mn’ 1.7892E-02 S
Solidification 3 15.644  92.25 7.45 0.298 14.7 ppm
5 1 HCP 4.9213E+00
temperature of| s 2 \a112mg17 1.1878E401 4 1708 8922  10.34  0.440 1.2 ppm
340.89°C cooo o e 5 4921 8895  10.03  1.021 0.7 ppm
6 1 HCP 1.9669E-01
o 5 s 4 040s3m-01 6 0197  89.77 5.14 5.086 0.1 ppm
6 3 ‘AlaMn’ L.7904E-05 7 0024 9055 293 6.519 0.2 ppm
6 4 Al11Mn4 3.8196E-05
8 0042  90.57 2.90 6.538 0.2 ppm
7 1 HCP 2.4177E-02
7 2 Tau 3.5706E-02
7 3 All1Mn4 1.4894E-06
8 1 HCP 4.2084E-02
8 2 MgZn 5.1501E-02
8 3 Tau 2.1364E-02
8 4 Al111Mn4 2.3786E-06
thtSage‘” Equilib Advanced 13.6.1 www.factsage.com



Al-Mg-Zn-Mn : selecting HCP phase for full annealing

Output Edit Show Pages

D|=| G 5

51oc| soscl sooc|

T(C) Platm) Energyl)] Mass(g] Volllitre)

560C | 555¢| 550C | 545¢ | 540¢| 535¢| 530¢| 525¢ | 52412¢) 520€ | 515¢C |
- Summary - | Transitions | 595C | 594.16¢| 594.07¢| 590c| 585¢ | ss0c| 575¢ | s70c| s65¢ |

(= =)

i d B

SCHEIL-GULLIVER COOLING

CONSTITUENTS AND PHASES AT 340.89 C
(temperature of final disappearance of Liquid)
CONS. PHASE

3055E-05 5.0230E-04

38 1 A18MnS_D810 e 20

4835E+01

6
Alsfgms D810 7.5208E-03 2.84c66E-01
3 1 HCP 23 €.3501E-01 1.5580E+01
A1l =1 o V. B 1o~ 1 4~ 4 L] . 7. . b, L

Point mouse to constituent 2

wn w

-~ nm

[=

-0000E+00

TOTAL AMT/mol TOTAL AMT/gram TOTAL VOL/dm3
0.

0000E+00

-9318E-03
-5104E-05

-€839E-04
-1305E-0¢

-7840E-03
.858€E-03
.€148E-0¢

-0109E-04
-3852E-04

.2722E-08

~

FactSage 6.3: Equilib

Do you wish to recycle Phase 1 of Constituent 2?7

HCP_A3

MOLE FRACTION MASS FRACTION
Zn 4.7652E-04 1.2759E-03
Mn 8.3198E-05 1.8719E-04

Al 3.3684E-02 3.7222E-02
Mg 9.6576E-01 9.6132E-01
TOTAL AMT/mol TOTAL AMT/gram
26553E+00 6.4835E+01

oK Cancel

‘>

HCP_A3 and double-click
= T e r_ e T-o oo oL ToOI oS TYY
E] 2 Gamma 4_5374E-01 1.182SE+01
5 3 Mnal4 slis) 8.0662E-04 2.6274E-02
3 1 HCP_A3 7.1873E-03 1.8150E-01
e 2_DPhi 1 _0540F-02 3. 75923501
e 3 .

2° Click OK to recycle HCP_A3
7 -
7 2 AlMan_Iau ©.7948E-04 2.5038E-02
7 3 Mn4Alll sl(s) 3.4550E-08 1.2035E-0¢
8 1 HCP_2A3 1.2677E-03 3.222BE-02
8 2 Mgin 5.057€¢E-04 3.5438E-02

-08€€E-05
-€777E-06
.2358E-10

-7831E-05
-0882E-05

I GactSage‘”
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Al-Mg-Zn-Mn : HCP phase imported into Reactant Window

S =t

File Edit Table Units DataSearch Help

D +| T(C) Platm) Enerayl)) Mass(a) Vollite) ® %
Change mass from 100% => 100 g

V Mass(g) Species Phase TIC) Pltotalj* Stream#t Data
[100 [ ] | [ [ [2

HCP_A3 Constituent-2
Weight %:
1.0000E+02 Total
1.2759E-01 Zn
1.8719E-02 Mn
3.7222E+00 &)

9.61 32E+T Mg

List of components in HCP phase

[ Initial Conditions

Next >>

35@512 Compound: | 1/28 databases Solution: | 1/28 databases

G’actSage‘” Equilib Advanced 13.6.3 www.factsage.com



_Al-Mg-Zn-Mn : Equilibrium calculation = full annealing of HCP_

r.
&7 Menu - Equilib
File Units Parameters Help

D E T(C) Platm) Enerayld) Mass(a) Volllire) m ||5| WI

—Reactants (1)
| (gram) 100 [Rc_C2 P1] |
- Products
~ Compound species ——— ~ Solution species - Custom Solutions
[§ gas ¢ ideal € real O * |_+ | Base-Phase | Full Name a]| | O fixed activities
¥ aqueous 0 | FTiteLiqu Liquid g 'dea',solutwf?_s
[ pure liquids 1] | FTlteFCC FCC_A1 e activity coefficients
[+ pure solids 42 [ FTlteHCP HCP_43 Details .
[V suppress duplicates ‘BDE"!I"l | | | FT“[E'BCC | BCC_A2 >
'+ FTieCBCC | CBCC_A12 Pse“dc'l"_yms :
species: 42 +  FTiteCUB1 | CUB_A13 apply List ...
I e S Laves Gl [V include molar volumes
FTlte-LC15 Laves C15  ~| :
~ Target = Legend Total Species [max 1500] 186
- hone - i blei7 IV Show® al  selected Total Solutions (max 40] 26
Estimate T(K]: |1000 +-selected 12 caoiie
Mass(a): IO solutions: 26 ﬂl EER I
~ Final Conditions : E quilibrium
By ‘ <B> TIC) IP[atm] , L”P.todu‘ct H{J) ;I & nomal ¢ nomal + transitions
[150 500 5 | |1 | " transitions only
I T T o open
- e Zh T 71 caleulations [ para edi | Calculate >>
o
e Anneal at 150 to 500 °C =

G’actSage’" Equilib Advanced 13.6.4 www.factsage.com



Al-Mg-Zn-Mn : Plotting fully annealed HCP phase

p
&7 Results - Equilib 150 C (page 1/71)

™

| eEly

[ Output | Edit Show Pages

Plot

Format

Fact-XML

Refresh ...

Save or Print

Equilib Results file »

Stream File

Fact-Optimal

Fact-Function-Builder 4

G o) Enerayil] Wassiol Noie]

Plot Results ...

Repeat Plot - gram vs T(C) ...

60 C
85c| 190c| 195¢] 200¢ | 205¢ |

i ] B

oy
e

Mn
A1
Mg

La
La
c/

(1
(
+
+
+

ttice parameter
ttice parameter
a = 1.8231

gram HCP_A3§2
S0 C, 1 atm,

1.7700 wt.
58.134 wt.
4_3044E-11 wt.
S_.€335E-02 wt.

L T U

5.4508E-(
a2=1.000(

A1

Mg

Mn

Zn

a/nm
c/nm

a=1.

Mold

(=R

nn
[}

0004

rl; Plot: log10(gram) vs T(C)

File

Help

00 [Rc_C2_P1]

Axes

vs
TIC

| log10{gram)

Aues

Species

Variables I Minimum I Maximum
activity 0 1.
mole ( B
Axes: logl0 T(C
mole fract. G e vt 0
Y-axis aram Y-variable X-variable Swap Axes
weight %
Alpha —Y-axis — X-axis
X-axis T(C) log10fgram
P(atm)]
Cpl) masimum masimurn
G o o
e
HJ) tick every tick every
W(litre]
S
- page -

Cancel Refresh

Select

Repeat

| color
size: (3 no:[9 IV reactants
* chemical I~ file name
" integer #
" none

v full screen
T Viewer
* Figure
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Al-Mg-Zn-Mn : Graph of fully annealed HCP phase

Equilibrium phase distribution in HCP phase of
constituent 2 after annealing (HCP + precipitates)

100 [Re_C2_P1]

2200 N S ¥ P21 8 Vo o Y72 AN ¥ 21 K Tad o V72 R ¥ P27 § Vo » 972 AR V)51 & Vol o V72 AR ¥ Pi § Vol o VIE AN
o wigunrerTi) wigurersi) wiguroer i) wiguror i) wigunrersi)

1.00

-1.00

logy(gram)

-2.00

-3.00 b

A e e e B pden oy SF op o e e BT e s oy o A e g e pe BE o ey ey oo A g o g o
150 200 250 300 350 400 450 500

T(C)
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Al-Mg-Zn-Mn : Graph of fully annealed HCP phase

Equilibrium phase distribution in HCP phase of
constituent 2 after annealing (HCP + precipitates)

logsg(gram)

2.00

1.00

-1.00 -

-2.00

-3.00 -

-4.00

100 [Rc_C2_P1]

. 1 . 1 . 1
150 250 350 450

‘ thtSage‘”
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Al-Mg-Zn-Mn : Tracking microstructure constituents

Scheil cooling and post equilibration 2f
(annealing) of Scheil microstructure:
AZ91 alloy + 0.25 wt.% Mn

‘AlpMg,;

Al,Mn

HCP

Annealing of HCP in 2’ |

Al;;Mn,

"AlgMn’

L
250

L L L L
300 350 400 450

Temperature (°C)

500

HCP

Annealing of HCP in ‘3’ |

‘Al 12Mg 17I

Al,Mn

Al ;;Mn,

Tracking microstructure constituents :%‘_: A

Annealing: >

Phases vs T for HCP in the different

microstructural constituents %) SUS—
Amount & Average Composition of the HCP phase

at 340.89°C :

EEDDEEEEET |

2 64.599 96.19 3.67 0.125 195 ppm St

3 15.644 92.25 7.45 0.298 14.7 ppm g :

4 1.708 89.22 10.34 0.440 1.2 ppm _I—)§ TF

5 4921 88.95 10.03 1.021 0.7 ppm i

6 0197 89.77  5.14 5.086 0.1 ppm B

7 0.024 90.55 2.93 6.519 0.2 ppm a5 b

8  0.042 90.57 2.90 6.538 0.2 ppm e

1
250

1 1 1 1
300 350 400 450

Temperature ('C)

500

I thtSage‘”
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Paraequilibrium and minimum Gibbs energy calculations

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

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

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

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

- Paraequilibrium phase diagrams and minimum Gibbs energy diagrams may be calculated with the
Phase Diagram Module. See the Phase Diagram slide show.
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Paraequilibrium and minimum Gibbs energy calculations

Fe-Cr-C-N system at 900K

43 Menu - Equilib
File Units Parameters Help

sl==
Reactants [4]
Equimolar Fe-Cr with
C/(Fe + Cr) =2 mol%
and N/(Fe + Cr) =2

[atm] Energyll] Mau:ul[litre]
[ 0FFe + ORCr + 002C + 002N |

Solution speciez

o] ® =
me e

For comparison
purposes, our first
calculation is a normal

Customn Solutions

0 = | + | Base-Phase | Full Hame - 0 fixed activities e .
|0/ i I FSshel-LIOL LiQuiD 0 ideal zalutions (fu I |) eq u I I I b” u m
mo 0 0 0 activity coefficien
J FSstel-FCCT FCC_A1 Ca.lC Iaton
>+ pure zolids 15 I F5stel-BLCT BCC_A42 u I
|Defau|t zelection ﬂ apply l FSstetHERT HCF_AS FPzeudonyms
+ FSstel- CEME CEMENTITE :
+ FostelMzac M23C6 apply [ List..
Se|eCt a.” SOl IdS and B 15 * I;Sssmll-l;llgﬁ ST;E;' ﬂ include malar volumes
. * SHElr araequilibrium & Gmin  edit |
solutions from FSstel Legend- e ] (@ et
| - immizcible 3 .
d b 0 J - Timmiscible 1 . Total Species [max 3000] 82
ata ase — +-selected 6 szfuif::ﬁz: 152 Select Total Solutions [max 40] 15
) Total Phaszes [max 1500] a0
Final Conditions E quilibrium
[ @ & L—~TK  |Pam ~||Product Hi) ~| | | # nomal O
| | 1900 I |
IO steps [ Calculate >>
FactSage
/

‘ Lractsage
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Paraequilibrium and minimum Gibbs energy calculations

Output for a normal (full) equilibrium calculation

0.5 Fe + 0.5 Cr + 0.02 C +
7.4396E-02 mol
(4.0866 gram,
(900 K, 1 atm,
9.6768E-07
.1056E-06
.0286E-07
.6138E-06
.23757
.76243

BCC_A2#1

+ o+ o+ A+ A+~
O O U W

+ 2.6944E-02 mol
(43.703 gram,
(900 K, 1 atm,
( 0.54775
+ 0.45225

SIGMA

+ 2.1157E-02 mol
(2.4859 gram,

(900 K, 1 atm,
2.0659E-02
.3490E-05
.94329
.9858E-03
.3949E-02
.1468E-05

+ o+ o+ A+ o+~
~ W OB

+ 3.2602E-03 mol
(4.1658 gram,
(900 K, 1 atm,
( 0.81351
+ 0.10610
+ 7.1113E-02
+ 9.2748E-03

M23C6

0.02 N =

7.4396E-02 mol)

a=1.0000)
CrlcC3
FelC3
CrlN3
FelN3
Crlva3
FelVa3)

2.6944E-02 mol)

a=1.0000)
Fe8Cr4Crl8
Fe8Cr4Fel8)

HCP A3#1

2.1157E-02 mol)

a=1.0000)
Cr2cC
Fe2C
Cr2N
Fe2N
Cr2Va

Fe2Va)

4 phases are formed at full equilibrium

3.2602E-03 mol)

a=1.0000)
Cr20Cr3C6
Fe20Cr3C6
Cr20Fe3C6
Fe20Fe3C6)
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Paraequilibrium and minimum Gibbs energy calculations

Fe-Cr-C-N system at 900K
when only C and N are permitted to diffuse

-

{7 Menu - Equilib

== e

mee

0 activity coefficients

1° Click here

apply [ List ...

inchude molar wolumes
araequilibriurm & Gmin  edit

Tatal Species [max 3000 Enter diffusing elements ..,

Total Solutions [max 40]

Total Phases [max 1500]

puln)

LEl > Caleulate >>»

2° Click on « edit »

3° Click here

/

Help - infermation on paraequilibrium & Grin ...

4° Enter elements
that can diffuse

-

Eile Units Parameters Help
O = E TIE] Platmn] Erergull] kazz(mol] Wolllitre]
Reactants [4]
[ 05Fe + O5Cr + 002C + 002N |
Products
Compound zpecies Solution species Custorm S olutions
[ gas (¥ o 0 = | + | Base-Phase | Full Name a 0 fived activities
[ aqueous 1] I FSstel-LIOU LIGLID 0 ideal zolutions
[ pure liquids n J F5stel-FCC FCC_A1
[+ pure solids 15 I FSstel-BCC1 BCC A2
- I FSstelHCP HCP_A2
- | apply 4
| Default zelection JJ " Fo otol CEME CEMENTITE Pzeudonyms
+ FSstel-td 230 M 23CE
species: 15 + FSsteltd7C3 M 73 L
) + FSstel-SIGHM SIGkA ﬂ @
Target L d
- hohe - I-Ei?nerrn-liscil:ule 3 v Show (* all " zelected
E ztimate T[K]: 000 J - F-immizcible 1 SDECiE‘-‘SZ E7 cel
Mazzmol]; |D @l B golutions: 15 ﬂ
Final Conditions E quilibrium
<A & | 1K [Pam) v|[PeductHE] <] || nomal O
| | 500 1 I o,
10 steps [ 0]
5" calculate
FactSage
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Paraequilibrium diffusing elements l/

Enter the list of elements that can diffuse.

Cancel

To calculate the phasze with the minimum G, enter a
blank fine.

Selectfrom: Fe Cr M C
IC N




Paraequilibrium and minimum Gibbs energy calculations

Output when only C and N are permitted to diffuse

(900 K, 1 atm,
1.1737E-03
1.1737E-03
.7310E-02
.7310E-02
.43152
.43152

+ o+ o+ o+~
o O oy o)

System component
Fe

Cr

N

C

+ 2.5870E-02 mol SIGMA
(41.848 gram, 2.5870E-02
(900 K, 1 atm,
(0.61111
+ 0.38889

System component
Fe
Cr

+ 3.2752E-03 mol M23C6
(4.2978 gram, 3.2752E-03
(900 K, 1 atm,
( 0.25000
+ 0.25000
+ 0.25000
+ 0.25000

System component

0.5 Fe + 0.5 Cr + 0.02C + 0.02 N =

0.14857 mol FCC_Al#1l
(8.2952 gram, 0.14857 mol)

a=1.0000)
CrlcCl
FelCl
CriN1
FelN1
Crlval
FelvVal)

mol)
a=1.0000)
Fe8Cr4Crls8
Fe8Cr4Fell)

mol)
a=1.0000)
Cr20Cr3Cé6
Fe20Cr3C6
Cr20Fe3C6
Fe20Fe3C6)

Mole fraction
0.43977
0.43977
0.11840
2.0646E-03

Mole fraction
0.50000
0.50000

Mole fraction

Mass fraction
0.50010
0.46563
3.3771E-02
5.0496E-04

Mass fraction
0.51785
0.48215 —

—

Mass fraction

Fe/Cr molar ratio = 1/1 in
all phases

3 phases are formed at
paraequilibrium when only C

re 0.35655 0.48341 and N are permitted to diffuse
Cr 0:20690 5:4917E—O2
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Paraequilibrium and minimum Gibbs energy calculations

Paraequilibrium diffusing elernents
Enter the list of elernets that can diffuse.

To calculate the phaze with the minirmum &, enter a
blank. line.

Select from: Fe Cr N C

_ox | Input when only C is permitted to diffuse

C

Paraequilibriumn diffusing elements
Enter the list of elermnets that can diffuze.

To calculate the phase with the minirmum G, enter a
blank line.

Select frarm: Fe Cr W C

el | < INnput when only N is permitted to diffuse

N

Paraequilibriumn diffusing elements
Erter the list iffuse.

To calculate the phasze with the minimum G, enter a
blank. line.

Select fram: Fe Cr W C

calculation)

S|
Input when no elements are permitted
_Cxed | L to diffuse (minimum Gibbs energy

I thtSage‘”
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Paraequilibrium and minimum Gibbs energy calculations

Output when only Cis permitted to diffuse

0.94732

0.5 Fe +

0.5 Cr +

+ o+ o+ o+~

System component

Fe
Cr
N
C

(

O O W wo

+ 1.7560E-02 mol

(3.0536 gram, 1.7560E-02 mol)
(900 K, 1 atm,
0.

mol

1460E-04

47000

+ 0.47000
+ 3.0000E-02
+ 3.0000E-02

System component

Fe
Cr
N
C

BCC_A2#1
(51.387 gram, 0.94732 mol)
(900 K, 1 atm,

6.
.1460E-04
.3333E-03
.3333E-03
.49605
.49605

CEMENTITE

0.02 C + 0.02 N =

a=1.0000)
CrlC3
FelC3
Cr1N3
FelN3
Crlva3
Felva3l)

Mole fraction
0.48843
0.48843
1.9537E-02
3.6023E-03

a=1.0000)
Cr3Cl
Fe3Cl1l

Cr3N1

Fe3N1)

Mole fraction
0.37500
0.37500
1.5000E-02
0.23500

2 phases are formed
at paraequilibrium

Mass fraction
0.51475
0.47927
5.1642E-03
8.1649E-04

—_

Fe/Cr molar ratio = 1/1 in
all phases

N/(Fe+Cr) molar ratio =
0.02 in all phases

—

Mass fraction
0.48172
0.44852
4.8329E-03
6.4926E-02

I thtSage‘”
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Paraequilibrium and minimum Gibbs energy calculations

Output when only N is permitted to diffuse

0.81037

+ 0.18963
(10.549

0.5 Fe +

0.5 Cr + 0.02 C +

mol

(900 K, 1 atm,

(3.
.3333E-03
.4375E-05
.4375E-05
.49664
.49664

+ o+ o+ + o+
O O NN W

3333E-03

System component

Fe
Cr
N
C

mol

(900 K, 1 atm,

(1.
.0000E-02
.2423E-02
.2423E-02
.43758
.43758

+ o+ o+ o+ o+
o o o 0o

0000E-02

System component

Fe
Cr
N
C

BCC_A2#1
(43.892 gram, 0.81037 mol)

FCC_Al#1
gram, 0.18963 mol)

0.02 N =

a=1.0000)
CrlC3
FelC3
Cr1N3
FelN3
Crlva3
FelvVa3)

Mole fraction
0.49013
0.49013
1.4336E-04
1.9605E-02

a=1.0000)
CrlcCl
FelCl
CrlN1l
FelN1
Crlval
Felval)

Mole fraction
0.44451
0.44451
9.3209E-02
1.7780E-02

2 phases are formed
at paraequilibrium

Mass fraction
0.51553
0.48000
3.7820E-05
4.4350E-03

all phases

0.02 in all phases

Fe/Cr molar ratio = 1/1 in

C/(Fe+Cr) molar ratio =

Mass fraction
0.50194
0.46734
2.6399E-02
4.3181E-03

I thtSage‘”
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Paraequilibrium and minimum Gibbs energy calculations

Minimum Gibbs energy calculation (no elements permitted to diffuse)

0.5 Fe + 0.5 Cr + 0.02 C+ 0.02 N =

1.0000 mol BCC A2#1

(54.441 gram, 1.0000 mol)
(900 K, 1 atm, a=1.0000)
( 3.3333E-03 CrlC3
+ 3.3333E-03 FelC3
+ 3.3333E-03 CrlN3
+ 3.3333E-03 FelN3
+ 0.49333 Crlva3s
+ 0.49333 Felva3)
System component Mole fraction Mass fraction
Fe 0.48077 0.51290
Cr 0.48077 0.47755
N 1.9231E-02 5.1457E-03
C 1.9231E-02 4.4124FE-03

The phase with the lowest Gibbs energy of this
composition at 900K is the bcc phase

thtSagem Equilib Advanced 14.9 www.factsage.com



Using Virtual Elements to Impose Constraints

« FactSage permits the use of “virtual elements” with chemical symbols Qa,
Qb, Qc, ........ , Qz with atomic weights of 0.0. Virtual elements may be used
In the modules EQUILIB, PHASE DIAGRAM, COMPOUND and SOLUTION
In the same way as real elements.

* The use of virtual elements provides a useful means of applying
constraints to certain equilibrium calculations as will be illustrated in the
examples in this Section.

« For many of these examples you will need to activate the databases VIRT
and SURF which can be found in the FACTBASE sub-folder of your
FactSage folder.

« For additional examples, see:
R. Pajarre, P. Koukkari and P. Kangas, Chem. Eng. Sci., 146 (2016) 244-258
and

P. Koukkari, VTT Technology Bulletin 160 (2014), VTT Tech. Res. Ctr of
Finland, Espoo, Finland.
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Aqueous solution with redox reactions prohibited

* |n aqueous solutions, redox reactions between oxidation states of
elements (as, for example, between SO,[2-], S[2-] and SO,[2-] ions in
solution) are often kinetically hindered. An unconstrained FactSage
equilibrium calculation will always permit such reactions. In order to
prohibit such reactions so that, for instance, the amount of SO,[2-] in the
output is equal to the amount of SO,[2-] in the input, virtual elements can

be employed to provide the required constraints.

« The present example considers an equilibrium between an aqueous

solution, a gas phase and solid salts with such constraints applied.

thtSage‘" Equilib Advanced 15.2.0 www.factsage.com



Only FactPS has been activated in this example

& Equilib - Reactants
File Edit Macro Table Units DataSearch Data Evaluation  Help

D= +] T(C) Pibar) Energyl)) Guantity{mal] Vollitre] @[

1-10 | 11-14]
Quantity[mol] Species Phaze TIC] Pltotal]*™ Streamit Data

100 {Hz0 | =] | f1
* 2 [K2504(02] | =l | |
e |K25(0t) | =l | |
* |52 | E2 | I
* |0z | =l | I
i |F2 | =l | I
+ [5 [KFEd) | =l | | |
+ 7 [k2s03ac) | =l | | |
v e IN=F(0d) | =l | |
+ [0 [so4ialz] | =l | | |

[~ Initial Conditions

Mext »>

In the Input, all SO,[2], S[2-], SO4[2-] and F[-] ions are associated with equal
amounts of Qa, Qb, Qc, and Qd virtual elements respectively

G’actSageT” Equilib Advanced 15.2.1 www.factsage.com



47 Equilib - Reactants — *
File Edit Macro Table Units DataSearch Data Evaluation Help

Ol = ﬂ TIC) Pibar] Energyll) Quantity{mal] Vollitre) m | ™|
110 11-14 |
Quantity[mol] Species Phaze TIC] Pltotall™ Stream#t Data
+ o HS04(0al[] | = | | L
* o S0z | =l | i
* o [503(0c)2] | =l | 1
* o (F(GdL] | =] | | [

Zero amounts of SO,(Qa)[2-], HSO,(Qa)[-], S(Qb)[2-],SO4(Qc)[2-] and F(Qd)[-]
species are entered in order for them to appear in the species selection lists on
the menu window. (Note, that SO,(Qa)[2-] and HSO,(Qa)[-] are both
associated with the same virtual element Qa.)
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For simplicity, only
0O,, F,, S,, SO, and
SO, gases have
been selected

File Urnits Parameters

0= &

Help

TIC] Plbar] Energull] Quantitemal] Wolllitre]

m =™

—HReactants [9]

pr |+ gas @ ideal ¢ real B

* |+_ agqueous 7

|_ pure liquids 1]

* |+_ pure zolidz G
* - cugtonn selection

FPECiEs 13

| 100 H20 + 2 K2504/0a) + 3 K250Ob) + 52+ 02+ F2+ G EKFEd) + 7 K25030c]  + & MaF[Qd) |
~ Products
— Compound species — Solution phases — Customn Solutions :
= | + | Base-Phase Full Hame 0 fived activites _DEtals |

— Target L d
- HoRE - == ¥ Show & all 7 selected Total Species mas 50001 19
. otal species [max
E stimate T[K): |1EIEIEI -
e [ ) " ID— szlljuﬁ;?::ﬁz: g Select | Total Solutions [max 200] 1
Uuantity[mal) ' Total Phases [max 1500] 8
— Final Conditions E quilibrium
i <Bx TIC] Pibar] ;I Praduct HiJ] LI * nomal € nomal + branzitions
25 1 € tranzitions only " open
100N steps [T Table

0 ideal zolutions

— Pzeudonyms -
apply Edit ... |
—%olume data

(v GsIUme rnalar wolumes of

zolids and liguids =0
e include malar walurme data

and phyzical properties data

[ paraequilibrium & Gmin  edit |

- hia tirne lirnit - Calculate >3 |

GactSage‘”
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Agueous species selection

File Edit Show Sort

Selected: 7/36

AQUEDLS

Page 141 : TIC) = 25, Plbar) =1

Only these species

selected.

K[+](aq]
504(0a)[2]1aq)
H504(0 )]
(and Na[+]) are —
5030 c)2]aq)

S[b)E-]laq)

FL][-Jlag)

F 3

AJQuUEDLE

+ | Code | Species | Data | Phaze [T|V]| Activity | Minimum | M aximum a
124 H5[-][aq] FactPS | agueous
125 H25[aq] FactPS | agueous
126 S02[(aq) FactPS | agueous
127 S03[2-)ag) FactPS | agueous
128 SO4[2-)aq) FactPS | agueous
129 52032 ][aq) FactPS | agueous
130 S204[2-]aq) FactPS | aqueous
13 S208[2-]aq) FactPS | aqueous
132 S206[2-][aq) FactPS | aqueous
133 S208[2-]aq) FactPS | aqueous
134 S3A06[Z-][aq) FactPS | aqueous
135 S406[2-][aq) FactPS | aqueous
136 SEOE[2-]iag) FactPS | aqueous
137 HS03[-)aq) FactPS | aqueous

HS04{-Jaq] FactPS | aqueous

FactSage automatically assigns the properties of SO,[2-] to SO,(Qa)[2-], the
properties of HSO,[-] to HSO,(Qa)[-], etc.

‘ Lractsage
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Solid species selection

Only these species
(and Na[+]) are
selected.

File Edit Show Sort
Selected: £/58] [50LD]
Page 1/1: T[C] =25, Plbar) =1
+ | Code | Species | Data | Phaze [T[v] Activity | Minimum | M aximum -
182 k.F(z] FactPS | Carobbite_[MaC W
133 KIHF 2] FactPS  Solid_slpha W
184 KIHF2][=2) FactPS  Solid_Beta W
185 k.25(z) FactPS  =zolid W
186 K252z FactFS | prototppe_Ma20 W
187 K.253z) FactPS | prototppe_ K253 W
148 k.254(z] FactPS | aPd2 W
184 kK.258(z] FactPS | prototppe_TI25E W
1490 k.256[z) FactPS  aPS6 W
191 k.2503(z] FactPS  solid ]
192 k.2504z) FactPS  Solid_slpha W
193 k.2504(s2) FactPS  Solid Beta W
134 KAF[S04]=) FactPS  beta 36 (1400 W
195 FAF[S04)=2] FactPS  alpha_cP9 [21E5 W
196 K.aMa[504)2(=] FactPS  =alid W
+ 197 K.2504[0 a)(z) FactPS  Salid_Alpha b 1.000
+ 193 K.2504(0a)(=2] FactPS Solid Beta W 3.2719E-02
+ 199 K.25[0b](=] FactPS  =alid W ZH700E-19
+ 200 k.2503(0c)(=) FactPS  =alid a 1.000
+ 201 MaFd][z] FactPS  Viliaumite_Rock W 1.000
+ 202 FFCd)[=) FactPS Carobbite_[HaC % 1.158BE-03 T{

FactSage automatically assigns the properties of K,SO,(s) to K,SO,(Qa)(s), etc.

‘ Lractsage
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OQutput Edit Show Pages

0| RS @

Final Canditions

TIC) Plbar) Energel]] Quantitylmol] “alllitre]

Z.5000

+ 5.3%43

+ 1.%%32

L4

mol

mol

mol

gas_ideal
{134 .13 gram, 2.5000 mol,
{25 C, 1 bar,

{1105.9 gram, &.9%377 mol)
{25 C, 1 bar, S1, a=1_0000)

£l1_574 litre, 2_.1642E-03 gram.cm—3)
a=1.0000a)

{ 0.40000 S0z
+ 0.40000 F2
+ 0.20000 52
+ 1.€510E-18 503)
+ 115.25 mol agueous
({2425%.3 gram, 11%.25 mol)
{25 C, 1 bar, a=1.0000}
{ 55.508 H20 liguid
+ €.1205 E[+]
+ 2.8341 E{Qd) [-]
+ 1.&E53 Si{Qb) [2-]
+ 5.8€85E-02 Hal[+]
+ €.8380E-03 S03(Qc) [2-]
+ 4 _4g523E-04 504 (Qa) [2-]1)
+ £.9877 mol F2502 (Qc)_solid

WaF{Qd) Villiaumite Rocksalt_Bl_cFa_ (225
{247.45 gram, 5.8543 mol)
{26 ©, 1 bar, S1, a=1.0000)

K2504 (Qa)_Solid_Alpha
{345.38 gram, 1.5552 mol)

All redox reactions have been prohibited, both between phases and within the
aqueous phase. For example, the total amount of SO is (100/55.508) * 0.006838
+ 6.9877 = 7.000 mol as entered on the reactants window

thtSage‘” Equilib Advanced 15.2.6
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Entering data in a private COMPOUND (cdb) database for

species containing virtual elements

- Rather than entering 0.0 moles of species such as S(Qb)[2-], SO5(Qc)[2-],
etc. on the reactants window in order for them to appear in the species
selection lists as in the previous example, they may be entered and stored

In a private database just like any other compounds.

- The following slides show how the species SO,(Qa)[2-] may be entered

and stored in a private database with the properties of SO,[2-]aq copied

from FactPS.

GactSage‘” Equilib Advanced 15.3.0 www.factsage.com



& Energy: Joules Pressure: atm 504[2-] — O
File Edit Units View Tools ViewData Help

Fl:nrmula|504[2—] JE

v B BINSBASE ~ [ =04[2] properties
¢ B3 ELEMBASE Weight |36.0626 g/mol Modified: 1981 Jul 16
E| r & FactPSBASE Compound MName Feference no.

- -G ELP |Sulfate Dinegative lon 5
El---r.fWEI YWIRTBASE
w4 S04[2-] v

- Open FACTDATA/VIRTBASE.cdb which you will find
in your FactSage folder.

- Drag and drop SO4[2-] from FactPSBASE to
VIRTBASE

‘ thtSage‘”
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Click "Tools", then, in
the dropdown menu
that appears, click on !
"Copy data to new Tools
compound"

ViewData Help

=Rl

A [ S04[2-] properies
Waight: |36.0626 g/mal Modified: 1981 Jul 16
Compound Marme Reference no.
|Su|fate Dinegative lan 4

Copy compound data * _
alculations

Compound which will get SO04[2-] data

Enter new name [—— > [s040al2] |

k. | Cancel

BNy B VIRTBASE
> 6@ S04[2]
eF MS04(0a)[2-

!
S04(Qa)[2-] now in
VIRTBASE

Now delete SO4[2-]
from VIRTBASE
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Aqueous solution with redox reactions prohibited

This is the same example as in Section 15.2, but with

data taken from the private database VIRTBASE

thtSage‘" Equilib Advanced 15.4.0 www.factsage.com



Add FACTDATA/NVIRTBASE (which is in your FACTSage folder) to
your list of active databases and check the "VIRT" box

!

File Edit Macre Table Units Data Search Data Evaluation  Help

E@ ﬂ TIC) Plbar) Energyl)] Guantity(mal] Yolliive] M
1-9|
HTErlEo el S Phase T(C) Pltotal)= Stream# Data
o i | ) |
* 2 [K2504(04) | =0 | ;
* 3 k25(0t) | =R | ;
T 52 | = | | [
T jo2 | = | | [
o IF2 | =l | | [
* IKFId) | EN | i
ik K2503(0¢) | = | | |
* 6 INaFad] | =l | ;

[ Initial Conditionz

It is not necessary to enter 0.0 moles of SO4(Qa)[2-], etc. as in the previous
example since the data will be taken from FACTDATA/VIRTBASE
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0O,, F,, S,, SO, and
SO, gases have
been selected

> * [ gas & ideal " real 5
* [, aqueous 7
[ pure liquids 0
* |+_ pure zolidz B

* - custom selection
Fpecies: 19

0 ideal zolutionz

— Peeudaryms ————————
apply Edit ... |

—Yolume data——————————————

S
r

File Units Parameters Help
1= E TIC) Plbar) Energull] Quantitulmal] YWaolllitre) Iﬁ |B| :fl
—Reactants [9]
[ 100 H20 + 2 K2504({0a) + 3 K25Qb) + 52+ 02+ F2+ GEFAd + 7 E25030c) + E MWaFdd) |
For simplicity, only | | Froduets
' — Compaound species — Solution phases — Custarn Solutions ————
+ | Baze-Phase Full Hame 0 fiwed activities 4|Detalls

azzume maolar volumes of
zolids and hquidz = 0
include molar volume data
and phyzical properties data

[ paraequilibrium & Gmin  edit |

— Target = d
- D - =aEn V¥ Show & al  zelected S ——
. otal Species [max
Estimate T[K): |1EIEIEI o
e [ ] 0 ID— szfu‘i;ﬂﬁz: g Select | Total Solutions [max 200] 1
Uuantity(mol ' Total Phases (max 1500] 8
— Final Conditions E quilibrium
£h = TIC) Pibar) LI Product H[J) j i namnal 0 pommal + ansiions
25 1 £ transitions only £ open
MO stepz T Table -notime mit- Calculate >» |

GactSage‘”
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All required data have already been entered in FACTDATA/VIRTBASE.cdb.
Select only these aqueous and solid species.
Output will be identical to slide 15.2.6

1 S et ay) gLl o | OgusUds

14 H503[-)ag) FactFS | agueous
142 H504{-Jaq] anqueoLs
K[+][ang] ; 5 | aqueous
144 [EiE I aquens
HS04(Qa]Jiaq]
5(0b)[2-][aq)

50332 Jiaa)
FiQd)[-llaqg]

[ permit selection of ' species | | |
198 E3F(S04])z) FactPS | beta_H3E_[140) |V
199 K3F(S04]s2) FactP5 | alpha_cP9_[21E W
200 E3Ma[S04)2(z) FactP5 | zolid W
+ 201 F.25030c](=] FactPS  =olid ]
EE i) VIRT ol W
203 Oalz) VIRT 51 0
204 |Malla)lz) VIRT solid W
+ 205 K2504[0a)z) VIRT Solid_alpha W
+ 206 E2504[0a)=2) VIRT Solid_Beta W
+ 207 E25[Eb)E) VIRT saolid W
+ 208 MaF[ad)s) VIRT  Willaumite_Rock ¥
+ 209 EF[Qd]=) VIRT Earu:ul:ul:uiite=[N at W [
| permit selection of ' species | | |
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Heating in a crucible which partially reacts with its contents

- 100 g of PbO are placed in an Al,O4 crucible at 25 °C and heated to
1200°C. The crucible weighs 100 g.

- Calculate the heat required (assuming no heat losses) if only 5 g of Al,O4

dissolve in the PbO. (That is, the liqguid PbO does not become saturated in

AlLO,.)

- This calculation can be performed by associating Qa with the Al,O5; which

does not dissolve.
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Activate FACTDATA/VIRTBASE in which Al,04(Qa) has been stored
with the properties of Al,O4 (corundum)

File Edit Macro Table Units Data Search Data Evaluation  Help

0l ﬂ TIC) Platm] Erergyld] Quartindg) Yollitre] m |3| |
1-3]
Quantity[g) Species Phaze TIC] Pltotall™ Streamit Data
|95 |PLD |solid1-FToxid Litharg: ~ | [BE 1 1 FToxid
S _g of A|203 3 |5 |4/203 |solid-1-FToxid gamma » | [25 1 1 FTowid
dissolve + [55 |41203(0a] [salid1VIRT gamma = | [25 1 1 WIRT
95 g of ALLO, do /
not dissolve

Initial Conditions

(Note: If an initial condition for a species containing a virtual element
such as Al,O;(Qa) is to be selected, then the compound must first be
entered in a compound (cdb) database.)

thtsagem Equilib Advanced 15.5.1 www.factsage.com



Select only
Al,05(Qa)

File Units Parameters

[ | = &

Help

TIC] Platm] Energpl)] Cuantity(g] “olllitre]

me ™

—Reactants [3]

[gram] 95 FbO +
[25C,51-FT omid, #1]

5 AI203
[25C,51-FT owid #1]

v 95 AE030a]
(250,51 VIRT #1]

— Products
— Compound species

[ gas & ideal € real

|_ aquenLs
|_ pure iquids

. .
< [+ pure salids

* - custom selection
species:

L I e N o Y e }

10

— Target
- NiohE -

E stinnate T[K): |1 ]

Cluantite(g]: IEI

— Solution phazes

= | + | Base-Phase |

Full Hame

+  FToxd-SLAGA

— Legend
+-zelected 1

¥ Show @ 4l

species 2 S elect |
solubions: 1

A-5lag-g all oxides + 5

" selected

— Cusgtam Solutions ———
O fived activiies _DEtalls |

0 ideal zolutions

— Pzeudormyms ————————
apply [ Edit ... |

—%olume data———————————
< assume malar volumes of
zolids and hauids = 0
include molar volume data
and phypzical properties data

[ paraequilibrium & Gmin  edit |

Total Species [max 5000 12
Total Solubiong [max 00] 1
Total Phazes [max 1500] 11

— Final Conditions E quilibrium
e <Bx TIC] Platrm] ;I Delta HEJ] LI * nomal £ nomal + branzitions
1200 1 € tansitions only ' open
100N steps [T Table

- ha tirme lirnit - Calculate >3 |

GactSage‘”
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File Edit Format Wiew Help

(gram) 95 PbO + 5 A1203 + 95 A1203(Qa) =
(25,1,s1-FToxid,#1) (25,1,s1-FToxid,#1) (25,1,s1-VIRT,#1)

188.68 gram 5lag-liqg
(166.88 gram, 8.47467 mol)
(1200 C, 1 atm, a=1.0008)
{ 5.0066 wt.® Al203
+ 95._888 wt.% Pb0)
+ 95.668 gram Al203(Qa)_ corundum{alpha)

(95.800 gram, ©.93173 mol)
(1200 C, 1 atm, S4, a=1.0000)

DELTA H DELTA G DELTA V DELTA S DELTA Cp
(3) (3) (litre) (3/K) (3/K)

1.68492E+85 -2.64684E+85 ©.00000E+88  2.24696E+82  5.74884E+81
|

The required enthalpy
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Preventing Unwanted Reactions and adding virtual elements

to end-members of solutions

- The 8.1 version of the FTsalt database contains data for solid
compounds, solid solutions and a molten salt phase in the system NaNO,
NaNO,, NaClO,, NacCl.

- In a calculation with unconstrained Gibbs energy minimization, the

following reaction will occur:
4NaNO, + NaClO,= 4NaNO,; + NacCl
Furthermore, if air is present, the salt will react with N, and O,

- In reality, the amounts of NO;, NO;, CIO, and CI- remain constant. This

constraint can be applied through the use of virtual elements.
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The next three slides illustrate the results when the equilibria
are unconstrained

Input equimolar NaNO,, NaNO,, NaCIO,, NaCl plus air

&7 Equilib - Reactants — X
File Edit Macre Table Units DataSearch Data Evaluation  Help
Nl ﬂ TIC) Plbar) Ernerauld] Quartit(mel] Yollire) ms ™ v
1-6 |
Quantity[mol] Species Phasze TIC] Pltotal]™ Steamit Data
[NaCl | = | [
+ o3 | I F
+ 1 INaMO2 | BN | 1
+ 1 INaCIo4 | = | 1
e N2 | =11 | I
* 02 | =l | 1
||
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Calculation of unconstrained equilibrium

File Units Parameters Help

D il TIC) Plbar) Energyl] Quantitlmol) Yolliire) W ™|

Reactants [6]

[ MaCl + MaMO3 + MaMOZ + Mall0d + 73 M2 + 21 02 |

Products
Compound zpecies Solution phases Custom Solutions
= | + | Baze-Phaze | Full Hame 0 fized activities Q
[+ gas + ideal " real 29 FTsalt-54LTA, £-5 alt-liquid U ideal solutions
[T aqueous 0 + | FTsal-SALTE -5 al-liquid Pseudonyms _
[ pure liquids 0 FTsal-54LT7 ?5alt-iquid apply - Edite |
* |4 pure zolids 1 FTzal-E1 Rocksalt Yolurme data
) _ FTsalt-hA24 ht-Na [KJNO3 @ assume molal volumes of
- custom selection - FTzalt-MaME M MO Z[bets] inchude mu:ulaqr vu:ulu_me data
TpECies a0 { : X
and phyzical properties data
| paraequilibrium & Gmin  edit
Tanget Legend 4
- nane - + - selected 1 W Show & &l " selected _
: Total Species [max 5000] 44
Estimate T[K]: 1000 species: 4 . 1
syimol) [T colufiore 1 Select Total Solutions [maw 200]
Huanfity{mol) ' Total Phases (max 1500] 13
Final Conditions E quilibrium

| <A | <B> | TIC] || Plbar] j | Product H[J) j o nomal
| | |50 i | C

~
10 steps [ 1 calculation - 1 tirnes lirmit - Calculate >
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With unconstrained equilibrium
It can be seen that there is virtually complete reaction of CIO;1 as
well as reaction between salt and gas

MaCl + MNaNO3 + NaMNO2 + NaCl0d +

J9ONZ2 o+ 2102 =

181.52 mol  gas ideal

(2933.5 gram, 161.52 mol, 6947.8 litre, #4.2222E-84 gram.cm-3)
(556 C, 1 bar, a=1.0008)
{( 8.77820 M2
+ B.22179 a2
+ 3.4784E-86 MO
+ 8.5175E-87 Moz
+ 2.1p48E-87 MaCl

+ 3.2048 mol  Salt-liquid

(239.85 gram, 3.2848 mol)
(556 C, 1 bar, a=1.0608)
{( 8.37578 MaCl
+ B.61438 MaM03
+ 9.8458E-83 Mahoz2
+ 1.5255E-28 MNaCl104)

+ B8.79597 mol  MNaCl Halite rocksalt Bl cF8 (225) Fm-3m
(46.519 gram, B©.79597 mol)
(558 C, 1 bar, S1, a=1.0000)
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The following slides illustrate the use of virtual elements to
maintain the amounts of NO'Z, NO'B, CIO;1 and CI|™ constant.
A different virtual element is associated with each anion.

File Edit Macro Table Units Data Search Data Evaluation Help

M |E,’* ﬂ TIC) Plbar) Energyl)] Buantity(mal] Yalllire) m B|H|
1-6 |
Quantity[mol] Species Phaze TIC] Pltotal]™ Streamit Data
INaCIad) | =l | |
*+ i NaND3(@a) | = | |
* i INaNDZ(ab) | = | |
+ 1 INaCI04[0c) | =l | | |
*+ 79 Nz | =l | i
* [ 02 | =l | i
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Solid compound selection

B 1 -Clis)
E 1aCi04s)
EE 1 aC104(s2)
N 1 -t0(04) )
N 1 -t0(04)s2)
R 1 -t02(0b)s)
R 1 -t02(0b)s2)
| RESLECEE
B 0400 ) (=2

- MaCl[ad)s)

+ + + + o+ 4+

FTzalt
FTzalt
FTzalt
FTzalt
FTzalt
FTzalt
FTzalt
FTzalt
FTzalt
FTzalt

Halite_rockszalt_
Solid_alpha_oS:
Solid_beta_[225
prototype_CaCO
prototype_MahC
Solid_alpha_ol8
Solid_beta_ol1B
Solid_alpha_oS:
Solid_beta_[225
H aliteircucksalti

These species are those entered in the reactants window. They are
automatically and temporarily created in FTsalt with the same properties
as the corresponding compounds without the virtual elements.
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File Units Parameters Help

O = H TIC] Pibar] Energyl)] Quantity(mol] *olflitre] lﬁ B

Reactants [G6]

| MNaCi@d] + MaWO3[@a) + MaWNO20b] + MNaCO4[Qc) + 7INZ + 21 02 |

Products
Compound species Solution phazes Cuztom Solutionz
= | + | Base-Phase | Full HName 0 fized activities Q
*[+ gas ( ideal © real 23 FTsalt-SALTA -5 alt-liquid U ideal solutiors
[ aquecus 1] + FTzalt-SALTE K.-5 alt-liquid Fzeudonyrms g
[ pure liquids 0 FTsah5ALT? 75 alt-liquid apply - _ Edit.. |
* [+ pure solids 1 FTzalt-B1 Rocksalt Yolurme and physical prop data
P FTsalt-hR24 ht{Ma[KNO 3 (v 3saume melar volmes of
- cLstom s& EEstDQCiES' 40 FT zal-MakB Mal02[beta) " Lse only maolar volume data
’ " uze & phys. property data
| paraequilibrium & Gmin  edit
T arget Legend
- hahe - + - selected 1 v Show (&l 7 gelected _
i Total Species [max 5000] 44
Estimate T(K): (1000 speCies; 4 2 1
_ o clufine ] Select Total Solutions [max 200]
Uuantity{mal) ' Total Phases (maw 1500] 13
Final Conditions E quilibrium
| b | <B> | T |Pibar ~||ProductH) ~| || nomal O
| | 1550 " | e 2
- steps [ -notime mit - Calculate >3

The end-members of the solutions must now also be associated with the
virtual elements. This could be done by creating a private solution (sin)

file with the SOLUTION module, but can also be done during execution
as shown on the next slide.
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Adding virtual elements to the end-members of a solution

1) Right click on the name FTsalt-SALTK on the menu window (previous slide).

+ |Eude| End-member | D ata | Phasze |T|"|"|
70 iMaCl

+ |+ |+ |+

fil MaMO3
a2 MaMOz
3 MaClo 4

FTzalt | FTsal-SALTK
FTzalt | FTsal-SALTK

Uzing the elements

KO MNaCl
FTzal-SALTE

FTzalt  FTzalt-SaLTE.
FTzalt

2) Click on the name of
an end-member

Modified end-member

enter the modified chemical farmula

[or enter a blank, line to return ta M ak03]

it

Cancel

[NaNO3|

Madified end-member

Ilzing the elements

WO MNaCl

enter the modified chemical formula

[or enter a blank, line ta return to Mak03]

3) Ready for editing

End-member

| D ata | Phaze |T|'1|F'|

»
+ | Code |
Cancel 92 iMaCiad)

MNaMO3[Ea)
MNaMO2[0b]
NaClo4[Ge]

+ |+ |+ |+

95

INaNO3(Qa)

FTzalt  FTzal-SALTE
FTzalt  FTzal-SALTE
FTzalt  FTzal-SALTE
FTzalt  FTzal-SALTE

4) Enter modified
chemical formula

5) Repeat for other
end-members

- The end-members of the three solid solutions (see previous slide)

are modified in a similar fashion
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Output at 550°C. No reactions within the salt or with the gas occur

& Equilib - Results 3530 C EQUIINTE Intel 2020-11-06
Output  Edit  Show Pages  Final Conditions

0| BB @

TIC) Plbar] Energell] Quantitymal] aolllitre]

— | >

mS @)

[

HaCliQd) + HNaMNO3(Qa) + HNaNO2(Qb) + NaCl0o4(Qc) +

7% M2 + 21 02 =

100,000 mol gas_ideal
(2885.0 gram,100.000 mol, ©844.1 litre, 4.2154E-04 gram.cm—3)

{550 €, 1 bar, a=1.00aad)
{ 0.75000 N2
+ 0.21000 ]
+ 3.4102E-0¢ HO
+ 8.1254E-07 Ho2
+ 2.8430E-10 H2O
+ 1.0€21E-13 ]
+ 3.0241E-14 HO3
+ 2.0€33E-14 03
+ 4.3525E-17 H203
+ 2.7323E-1%8 H204)

+ 4.0000 mol Salt-liguid

({334.87 gram, 4.0000 mol)

{550 C, 1 bar, a=1.0000]
{ 0.25000 Hal02 (Qa)
+ 0.25000 WNall (Qd)
+ 0.25000 HalOoZ (Ob)
+ 0.25000 WaC104 (Qc) )

FactSage 2.0 w

I thtSage‘”
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Output at 200°C Tome 4 o -

180.6e mol gas_ideal
(2885.8 gram, 100.00 mol, 3934.8 litre, 7.3336E-84 gram.cm-3)
(208 C, 1 bar, a=1.00808)
{ 8.79008 N2
+ B.21668 02
+ 2.56B85E-88 NO2
+ 1.9548E-16 NO
+ 4.8681E-14 N20
] + 1.4525E-17 NO3
Solid compounds appear, but " 9.4120E-15 Ha0d)
1 + 2.5692 mol Salt-liquid
numbers of moles of each anion o aa grom 2. 5002wt
: (200 C, 1 bar, a=1.8000)
remain constant. For example, the o 35022 o5 (oo
number of moles of ClO4 IS I O
2.5692(0.19572) + 0.49715 = 1.000 + 0.19572 NaC104(Qc))
mol as entered in the reactants " e gpa:‘jlg_g;g;‘gj}falm—f"“"—”“—m““‘*’
\Alir](j()\hl. (200 C, 1 bar, S1, a=1.8000)

+ 8.49715 mol  NaCl04{Qc) Solid alpha
(68.871 gram, ©.49715 mol)
(200 C, 1 bar, S1, a=1.0000)

+ 8 mol  NaMNO2({Qb)_Solid_beta
(200 C, 1 bar, S2, a=0.81513)

+ 08 mol  NaMNO2{Qb)_Solid_alpha
(200 C, 1 bar, S1, a=0.79226)

+ @ mol  NaN0O3(Qa) Solid II
(200 C, 1 bar, S1, a-8.78888)

+ 8 mol  NaM03(Qa) Solid I
(200 C, 1 bar, S2, a=B.69470)
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Preventing internal equilibria within a spinel phase

In this example,

FeAl,O, spinel is cooled rapidly from 1473 K to 298.15 K in a calorimeter.
Calculate the heat evolved, given that the equilibrium cation distribution
between tetrahedral and octahedral sites at 1473 K is retained metastably at

298.15 K.
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Input to calculate equilibrium cation distribution

File Units

0= =

Parameters  Help

TiK] Plbar] Energell] Guantitemal] Yolllitre]

m s

—Reactantz [1]

Feal204

— Products

— Compound species

— Solution phazes

= | + | BasePhase | Full Hame
I- gaz {* ideal {~ real 1] FTaoxid-5LAGA | A-Slaglig all oxides + 5
I- aquenLE 0 + FTowid-5PIMA, A-5pinel
I_ pure liquids 1] FTomid-bed_a A-Monozide
I_ pure zolids 1] FTomid-CORU M 20 3[Cormndurn]
species 1]
— Target —Legend————
- hiohe - +-selected 1 W Show( al  selected
Estirnate T(K); |'| 0oo species; 12 S elect |
uuantity[mtd]: ||:| solutions: 1 ElEC
— Final Conditions
< <B> TIK) Plbar] v ||Product HY]  ~|
29815 1473 1
M steps [T Table

— Custam Solutions

0 fised activities
0 ideal zolutions

azzume malar volumes of
zolids and liguids = 0

Detailz ... |
—Pseudoryms ——————
apply Edit ... |

—Yolume data————————————

izlude molar volume data
and phyzsical properties data

[ parasquilibrium % Gmin  edit |

"Wirtual species: 1]
Total Species [max 5000] 12
Total Solutions [mas 200] 1
Total Phazes [max 1500] 1
E quilibrium
& nomal O nomal + transitions

™ transitions only " open

- b tirne: firniit - Calculate >> |

GactSage‘”
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Equilibrium cation distribution at 298.15 K

Output  Edit  Show Pages  Final Conditions

0 ||;’*| | ﬂ T[K) Plbar) Energyl)] Buantitymal) “alllitre] m Bl o

298.15K | 1473k |

Fehliod = "
1.000a mol Spinel
(173.81 gram, 1.0000 mol)
(298.15 E, 1 bar, a=1.0000a)
{ 2_7177E-0& Fe304[2-]
+ 0.55999%9 FelRl2Oo4
+ 5.4353E-0& 21304 [14]
+ 1.4771E-11 2l11Fe204[1-1)
Site fraction of sublattice constituents:

. . Fel[2+]T 0.959933 Stoichiometry = 1
Degree of inversion ALI3HIT §.43532-0¢
A|[3+]T = 0.00 [Ferz+1o 2 _7177E-0€| Stoichiometry = 2
21[3+]0 1.0000
System component Amount,/mol bmount,/gram Mole fractiom Mass fractio
Fe 1.0000 55.845 0.l428¢ 0.32131
21 2.0000 53.5&63 0.28571 0.31048
] 4 0000 £3.558 0.57143 0.3€821
Cut—off limit for phase actiwvities = 1_.00E-20

O O

H G v 5 Cp
(4 (T {litre) (TFE) {T/E)

E o i e S R S I T e e e

-1.5785%2E+06 -2.00727E+06  0.00000E+00  S.SLO0TE+01  1.23593E+02 W

£

At equilibrium at 298.15 K the degree of inversion is 0.00.
That is, no tetrahedral sites are occupied by Al** ions: (Fe)[Al],O,
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Equilibrium cation distribution at 1473 K

Output  Edit  Show Pages  Final Conditions

D || E|E @ TiK) Pibar] Energyil) Quantity{mal] Vollitre) m B‘l o

FeRl204a = F
1.000a mol Spinel
(173.81 gram, 1.0000 mol)
(1473 E, 1 bar, a=1_0000)
{ 8.T742€E-02 Fe304[2-]
+ 0.83741 Felkl20o4
+ 0.23001 R1304[1+] (AN[AI],O4[+]
+ 3.5156E-02 211Fe204[1-1) (AN[Fe],O,4[-]
ngh-temperature S5ite fractiom of subklattice constitpents:
. . Fe[2+]T 0.7324584 Stoichiometry = 1
degree of inversion |+———[zEaT 7.zesie
= 0_265 Fe[2+]0 0.1325 Stoichiometry = 2
R1[32+]10 0.8e742
System component Amount,/mol mount,/gram Mole fractiom Mass fractio
Fe 1.0000 55.845 0.l428& 0.32131
Bl 20000 53.563 0.28571 0.31048
o 4_0000 €3.5358 0.57143 0.3e821
Cut—-off limit for phase activities = 1_.00E-20
L S e I I I I I T i i S T o o i e S S S S
H G v g Cp
Entha'py at 1T (I {litre) (I/E) (I/E)
B T S e T T R R R i S
1473 K at p-1_75790E+06 -2 _31351E+06 O.00000E+00  3_77182E+02 2 _04723E+02 w
4 >

equilibrium
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Input to calculate enthalpy at 298.15 K when
degree of inversion is constrained to be 0.265

File Edit Macro Table Units DataSearch  Data Evaluation  Help

0 ||3.'=-| il TIK) Plbar) Eneravll] Quantitylmol) Yolllire) ml B‘| ];r|
1-2
Quantitp[mol] Species Phaze T(K] Ptotall™ Streamit Data
[1 [Fealzna | | | [
+ [02e5 [Ga | =l | |

Enter 0.265 /

moles of a virtual
element to be
linked to the end-
members related
to Al[3+]T

[~ Initial Conditions

Mext >»
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File Units Parameters Help

| = E TiK] Plbar] Energell] Quantitemal] Wolllitre] Iﬁ |B| Ul

—Reactants [2]

|  FeAl?04 + 0265 Qa |

— Products
— Compound zpecies — Solution phazes — Custorn Solutions ———
= [+ ] BasePhase [ FullName 0 fred sctives D215 - | Right click to add
W gas & ideal € real D FTowid-5LAGA | A-Slagdiq all oxides + 5 0 ideal solutions )
7 aquecus 0 * | 4+ | FToxd-SPIMNG < -5t — P EETHar : VI I‘tu al e | eme nt tO
[ pure liquids 0 FT oxid-e0_ A-Manoxide apply [~ EBdit |
[ pure solids 0 FTowid-CORU M 20 3{Corundurn] ~Volume data————————— end-members
(v GszUme molar volumes of
zolids and liguids =0
species: i e inchude molar wolume data
and phyzical properties data
T t [ paraequilibrium & Gmin  edit |
— Targe L d . .
- hone - +'?E'|Szf|'lect8d 1 ¥ Show @ all © selected Virtual SPECIES. 0
Estimate T(, [T000 _ Total Species [max 5000] 12
o " ID— szlljuﬁ;f::ﬁzi 112 Select | Tatal Solutions [maw 200] 1
Uuantity(mal) ' Total Phases (mau 1500] 1
— Final Conditions E quilibrium
£ <Bx TIK] Pibar] ;I Product H[J] LI ' nomal € nomal + ranzitions
29815 1 = tansitions only = open
M0 steps [T Table -notimelimit - Calculate >> |
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F Selection - Equilib Page 1/1: T(K} = 550, P(bar) =1

Add Qa to formulae
(see slide 15.6.7)

Feklil4 =
1.00aa mol Spinel
{173.81 gram, 1.0000 mol)
{1473 E, 1 bar, a=1.0000;
{ S_T7426E-02 Fe304[2-]
+ 0.€3741 FelZlald
+ 0.23001 RB1304[1+]

+ 3.515€E-02

Al1Fe204[1-])

S5ite fractiom of
Fe[2+]T
B1[3+]T

Fe[2+]0
RL[3+]0

sublattice constituents:
Stoichiometry

0.734584

0.2651¢

Stoichiometry

File Edit Show Sort
[Selected: 12/412] [ FT Wfamming! It is recommended that you select all the components of a solution phaze.|
| Page 1/1: T[K) = 550, P(bar) =1
+ |Code| End-member | Data | Phase |[T|¥| Activity | Minimum | M aximum
+ B {Fe304 FTowid  FTouid-SPIMNA
+ 43 Fea0d4(1-] FTowid  FTosid-SPIMNA
+ 1] Fel304[1+] FTowid  FTosid-SPIMNA
+ a1 Fel0d[z-] FTowid  FTosid-SPIMNA
+ 52 Fel04[5] FTowid  FTowid-SPIMA
+ 53 Fel04{E-] FTowid  FTowid-SPIMA
+ 54 Felalz04 FTowid  FTowid-SPIMNA 1.000 1.000 1.000
+» |55 A0 40 a[1+] FTowid  FTowid-SPIMNA
+» |GG ANFe20404(1-] FTowid  FTowid-SPIMNA
+ 57 ANO45] FTomid  FTowid-SPIMNA
+ ha Felal204[1+] FTomid  FTowid-SPIMNA
+ | AlFe204[1+] FTawmid  FTawid-SPINA

The degree of inversion is equal to
Al[3+]T which is the sum of the
amounts of end-members
(AN[AI,0,4[+] and (A)[Fe]O,[-]. By
adding Qa to these formulae, we
constrain the degree of inversion to be
equal to Qa.

I thtSage‘”
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Output at 298.15 K with degree of inversion constrained to be 0.265

File Edit Format View Help

FeAl204 + B.265 Qa =

1.8068 mol  Spinel
(173.81 gram, 1.0886 mol)
(298.15 K, 1 bar, a=1.0000)
( 9.7387E-82 Fe304[2-]
+ B.63761 FelAl204
+ B.22989 A1304(Qa)[1+]
+ 3.5112E-02 Al1Fe204(Qa)[1-1)

Site fraction of sublattice constituents:

] ] Fe[2+]T 8.73500 Stoichiometry = 1

Degree of inversion = 0.265 |——— A1[3+]T 8.26500
Fe[2+]0 B.13250 Stoichiometry = 2

A1[3+]0 B.86758

= G v S Cp
eeee ) e Q) veenns (LIEre)  vens QIK)  eenns am

— -1.96299E+86 -1.99642E+86  0.00000E+00  1.12130E+02  1.23895E+02

with constraint
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-1750 v T v T ’ T ” T v T

-1800

-850

H{kJ/mol

-1900

-1950

-2000

300 | 560 | 760 | 960 | 1160 . 1360 | 1500
T(K)

Heat evolved during rapid cooling from 1473 K to 298.15 K

Constrained inversion: (1.96299 — 1.75790) x 10% = 205090 Joules/mol

Equilibrium inversion: (1.97892 — 1.75790) x 10°% = 221020 Joules/mol
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Following the course of a reaction with time

- 1.0 mol of an equimolar Zn-Mg solution is placed in a 50 litre container

with 1.5 mol Ar at 1273 K.

- Follow the compositions of the liquid and gaseous phases with time as
evaporation occurs, assuming gas/liquid equilibrium with constraint on

the total amount of remaining liquid.
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File Edit Macro Table Units Data Search Data Evaluation Help

Dl + =

T(K] Platm] Energul]] Cuantity[mol] “olllire]

neE ™

1-4|
Quantity[mol] Species Phase T(K] P[total]™ Stream# Data
05 jzn | =1 | | I
* [05 [Mg | =l | [
+ [15 lar | = | I
* R I0a | =1 | | 1

The amount of Qa
will vary with time

‘ thtSage‘”
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liquid in total

Associate Qa with
each end-member of
the liquid. There are
thus Qa moles of

File Units Parameters Help

0| = =

Reactants (4]

T(K] Platm] Energuld]

Cuantitymal] Yalllitre]

| D5Zn + D5 Mg + 154 + Oa |
Products
Compound species Solution phazes
= | + | Basze-Phasze | Full Hame
[+ gas 0+ ideal  real 4 + FTlite-Ligu Liquid
[T aquecus 0 FTlite-41 FCC-A1
[ pure liquids 1] FT lite-&2 BCC-42
[ pure solids 0 FTlite-43 HCP-&3
FTlite-43" HCP-£n Prototype-tg
. FTlite-C14 C14 Prototype-tgZng
B 4
FpeciEs FTlite-C36 C36 Prototype-MoNiz
Target Legend
- honE - + - selected 1 W Show ™ al  selected
Estimate Platr): [1.0 species: % g
Cluantityrmal); {0 solutions: 1 JEED
Final Conditions
[ @ I | TK |Pram || Product wiitre = |
| | [1272 | |50

10 steps [

[Selected: 2/2]

[ FTlite-Liqu |

1 calculation

" =™

Cuztom Solutions
0 fiwed activities

0 ideal zolutions
appl_l,l I_ Edit ...
Yolume data

5 GFIUME rolar wolumes of
golids and liquids =0
~ include malar volume data

and physical properties data
[ paraequilibrivm & Gmin w
Wirtual zpecies: 1
Total Species [rax 5000 E
Total Solutions [max 200] 1
Total Phases [max 1500 2

Pzeudonyms

E quilibrium
* nomal O

i i

- o birme: lirnt - Calculate >»

FPage1/1: T(K)=1273, Platm) = 5222

—>

+ |Code | End-member

| Data |

Phasze

[T|¥| Activity |

Minimum |

M aximum

+

FTlite
FTlite

FTlite-Ligu
FTlite-Ligu

I thtSage‘”
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Outputs as amount of liquid decreases from Qa=1.0 (only liquid) to Qa = 0.0 (only vapour)

Qa = 1.0 : All Mg and Cr in liquid

[

[

Qa =0.9: Zn passes into gas
phase more readily than does Mg

0.5 Zn + 0.5 Mg + 1.5 Br + @a = 0.5 Zm + 0.5 Mg + 1.5 Rr + 0.5 Qa =
1.5000 mol gas_ideal 1.€000 mol  gas_ideal
{59%.5%22 gram, 1.5000 mol, 50.000 litre, 1.1%34E-032 gram.cm—3) {€5.€02 gram, 1.€000 mol, S50.000 litre, 1.3120E-03 gram.cm—3)
(1273 E, 3.1333 atm, a=1.0000) (1273 E, 3.3427 atm, a=1.0000)
¢ 1.0000 ar) [ 0.53750 Ar
b4.8a39m-02 zn Gas contains
+ 1.0000 mol  Liguid + 1.3061E-02 Mg
(44.843 gram, 1.0000 mol) + 2.71€4E-07 Mgz} more Zn than
(1273 K, %.1332 atm, a=1.0000) ..
{ 0.50000 Mg (Qa) + 0.30000 mol  Liguid Mg LIC]UId
+ 0.50000 ZniQal) {39.163 gram, 0.3%0000 mol) .
(1273 E, 3.3427 atm, ==1.0000) | CONtAINS less
| 0.53234 Mg (Qa)
[ + 0.4€766 Zn(Qa)) Zn than Mg
0.5 Zn + 0.5 Mg + 1.5 Zr + 0.1 Qa = m
5 3333 mol  gas_ideal 0.5 Zn + 0.5 Mg + 1.5 &r + 0 Qa =
{101.31 gram, 2_.35%5%8 mol, 50.000 litre, 2_0263E-03 gram.cm—3) - .
{1272 K, 5.0127 atm, a=1.0000) 2-2338  mol = gas_ideal . e
¢ 0. £2%08 r {104 .76 gram, 2_.4%5%5%8 mol, 50.000 litre, 2_05%53E-03 gram.cm—3)
{ .e2505 r1ae C 27373C = Q00
+ 015795 7n ':l.:.f? E, F-:l..:..:..:.a atm, a=1._000a)
+ 0.17€89 Mg + ;f;;;f 2‘
+ 7.4738E-05 Mg2) S o
+ 0.13382 Mg
+ 0.10000  mol Liquid *o9-38alEm0s Hg2)
{3.451% gram, 0.10000 mol)
{1273 E, 5.0137 atm, a=1.0000)
[ 0.75134 Mg (Qa) ] ]
Polee  zmom Qa = 0.0 : All liquid has
o . evaporated. Gas is now
Qa =0.1: Zn/Mg ratio in gas now close to . :
equimolar in Zn and Mg

105
EhctSage‘”
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Paraequilibrium calculation

- For a description of paraequilibrium, see Section 14 where the

FactSage software for calculating paraequilibrium is described.

- The present example illustrates the principle behind these calculations.

- An Fe(0.96)Cr(0.04)C(0.01) alloy is rapidly cooled from the y-austenite
(fcc) range to 700 °C. Carbon diffuses between phases, but the Fe/Cr

ratio remains constant in all phases.

thtSage‘” Equilib Advanced 15.9.0 www.factsage.com



The FSstel database is activated

File Edit Macre Table Units Data Search Data Evaluation Help

N |l;,’*| il TIC) Platm] Energull] Quantitylmol) Yolllire) mis ™
1-6 |
Quantity[maol] Species Phasze TIC) Pltotall™ Stream#t Data
|0.04 |Cx | =l | |
*+ |osE |Fe | BN | [1
* et Ic | =l | | 1
* o |9a | =l | | |
* o Ok | =l | | |
* o 9c | =l | | |

Zero amounts of three virtual elements are entered

GactSage‘” Equilib Advanced 15.9.1
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File Units Paramneters Help

1] = E TIC) Platm) Energell] Quantityimol] Yalllitre] Iﬁ B )‘.;J’

Reactants [G]

| 004Cr « 09 Fe + <A>C + O0Qa + 00Ob + 0 0Qc |

Products
Compound species Solution phaszes Cuztom Salutions
= | + | Basze-Phaze | Full Hame 0 fiwed activities Q
CI|Ck tO add [} gas ¥ . 0 FSstel-Liqu LIGuUID 0 ideal solutions
i [ aqueous 1] + FSstelFCC FCC_a1 Pzeudonyrs :
virtual elements — prrerlguid B +»  FSstelBCC BCC_A2 appy [ Edte. |
| pure solids 0 +  FSstel-CEME CEMEMTITE Yolumne data
to end-members FSstelM23C M23CE (v Gssume molar valumes of
golidz and liquids = 0
species: i} FastelM7C3 b7C3 ¢~ include molar volume data
FSatel-SIGM SIGMA and phyzical properties data
[ paraequilibriurn & Grin edit |
T arget Legend Virtual species: 1]
- none: - +-selected 3 W Show & al " selected RECIES.
i Total Species [max 5000] 10
Estimate T[], (1000 species: 10 : 3
i [ solufions. 5 Select | Total Salutions [max 200]
Huantity(moll ' Total Phases [max 1500] 3
Final Conditions E quilibrium
| o | | 70 [Pam v||PeductHE] <] || @ nomal  ©
0,01 | 700 1 | o, " open

10 stefs [ 1 calculation - i tirne lirmit - Calculate 3 |

A=0.01 (1% C)
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+ | Code | End-member | Data | Phasze |T |"|l"| Activity | Minimum | M aximum
+ 21 iCiQa%e) FSstel | FSstelFCC 3.1304E-02 3.1304E-02 3.1304E-02
+ 22 Fella-d] FSstel | FSstelFCC 0.9351 09381 09381
+ 23 CrC[H &35 FSstel | FSstelFCC T.1491E-02 71491E-02 71491E-02
+ 24 Fel[lla-4) FSstel | FSstelFCC 3.8211E-04 3.8211E-04 3.8211E-04
+ | Code | End-member | D ata | Phasze |T |'1|f'| Activity | Minimum | M aximum
+ i2A G CC30bSA) FSstel | FSstel-BCC 4. 3652E-24 4. 3652E-24 4. 3652E-24
+ 26 Cr3B3E) FSstel | FSstel-BCC 0.1565 01565 01565
+ 27 FeC3[lb-4] FSstel | FSstel-BCC 3.3041E-22 3.3041E-22 3.3041E-22
+ 28 Fe(QE-4] FSstel | FSstel-BCC 0.3622 09622 09622
+ | Code | End-member | D ata | Phasze |T |'1|F'| Activity | Minimum | M aximum
+ 29 CAECT[0c96) FSstel  FSstel-CEME 1.5822E-04 1.5822E-04 1.5822E-04
30 Fe3C1([c-4) FSstel  FSstel-CEME 0.8533 08533 08533

In each phase, 96 moles of Qi are associated with each
mole of Cr and (-4) moles of Qi are associated with each
mole of Fe. Since the total amount of Qi = 0.0, this
constrains the Cr/Fe ratio in every phase to be equal to 4/96
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Output at paraequilibrium 0.4 Cr + 0.96 Fe + <A>C + 0Qa +

at 700°C 0% + 00 -

g.74794 mol BCC_A2
(41.664 gram, 8.74794 mol)

(766 C, 1 atm, a=1.0688)

( 1.4488E-85 CrC3(0Qb9s)

+ 3.998RE-B2 Cr(Qb96)

+ 3.4559E-84 FeC3(Qb-4)

+ B.95945 Fe(Qb-4))

Site fraction of sublattice constituents:

Cr 4.B000BE-B2 Stoichiometry =1
Fe g.96800

+ B.25286 mol FCC_AL
(14.148 gram, 8.25286 mol)

(76@ C, 1 atm, a=1.00008)

In each hase ( 3.8541E-82 Cr(Qag96)

P ! + 0.92499 Fe(Qa-4)

(total Cr/total Fe) = 4/96 + 1.4588£-03 Crc(Qad6)
+ 3.5818E-82 FeC(Qa-4))
5ite fraction of sublattice constituents:
Cr 4.B000BE-B2 Stoichiometry =1
Fe 8.96888

+ @ mol  CEMENTITE

(768 C, 1 atm, a=0.96293)
( 4.0000E-02 Cr3C1(Qc96)
+ B.960808 Fe3C1(Qc-4))

where "A" on the reactant side is 1.8868E-82
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Surface tension of a solution

« According to Butler (1), the surface of a solution may be considered as a separate phase consisting of a
monolayer of atoms.

« For a solution with components M-N, Pajarre et al (2) proposed treating the surface phase as a solution
M(Qa)-N(Qa) containing the virtual element Qa. (See also Kang (3) and Koukkari (4).)

« The Gibbs energy difference between M and M(Qa) is the molar surface energy A0, (J/mol), where
Ay is the molar surface area (m?/mol) and oy, is the surface tension of pure M (N/m). A, can be
calculated from lattice parameters, and oy, is determined experimentally.

« It can be shown (2) that the surface energy Ac of the binary solution is equal to the chemical potential of
Qa (where the molar surface area A of the solution is estimated as varying linearly with the surface mole
fractions between the molar surface areas of pure M and N.)

* It may be noted that this situation is formally analogous to an equilibrium between a solution M-N and a
very small amount of an oxide solution MO-NO.

 The present example calculates the surface energy of a liquid Ag-Pb solution containing 30 mol% Pb at
1000 K.

« (1) J.A.V.Butler, Proc. R. Soc. London A: Math. Phys. Eng. Sci., 135 (1932) 348.

* (2) R. Pajarre, P. Koukkari, T. Tanaka and J. Lee, Calphad, 30 (2006) 196.

« (3) Y.-B. Kang, Calphad, 50 (2015) 23-31.

 (4) P. Koukkari, VTT Bulletin 160 (2014) VTT Tech. Res. Ctr. of Finland, Espoo, Finland
« (5 T. Tanaka, K. Hack, T. Ida, S. Hara, Z. Metallkd., 87 (1996) 389-389.
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The SOLUTION module is used to create a bulk
solution phase, and surface solution phase.

- Data are stored in FACTDATA/surf

# AxSigmaAg
= 43353

Functions Ag#liquid
and Pb#liquid are
Gibbs energies of

File Edit Units Opticns Tools Help

Function Marme |

-2 sufsoln ﬂ
-} Functions

pure Ag(liq)
and pure Pb(lig)

> =Ag(l)
Liquid (2}

taken from FactPS

Functions #AxSigmaAg
and #AxSigmaPb are
surface energies of pure
Ag and Pb at 1000 K

» =-Phl)
Liquid_1 (2)

- & (2]
/v AxSigmadg (1)
AxSigmaFh (1)
- 2olutions (2)
=7 bulk (1-1) (QKTO)
- SublLattice
- A2
A
Fh
-I- End Members (2]
(0) Ag
(11 FPh
+- hdixables (1) W

£ >

surfsaln. Func{#AxSig
Function Mame
AxSigmadg &
AHZ298 Jfmol 5288 Jimol k) Fefs (2 max.

43353 &~ [ |

Thiin (K) Thiax (K)
2

kdalar vaol. (cofmol)

|238.15 (1000
Cp(T) Jiimol K)
0 Similarly, function
# AxSigmaPb= 27243

Thermal expansivity [/ K

Compressibility [/ bar)

Bulk modulus derivative

At 1000 K: A, = 47329, 6,, = 0.916. Thus A, o 4= 43353 J/mol (4)
Ap, = 70215, Gp, = 0.388. Thus, Ap,Gp, = 27243 J/mol (4)

‘ Lractsage
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Ternary Interpolations (0) Al ZiAg(0al)
gEuk) parameters for > Inerectons (3 Swic I i
bulk solution at 1000 K > acrt ITTGEI' Tl
_ g(Qa * MNaorma
(See bel()W) A surEfzgigjfEleToj Formula, " Discarded
xS SubLattice |A_'§|(Qﬂ:| _ { Main Sokvent
S A2 Gikbbs Energy Function " Salvent
' > - AgiOs) Agtliquid +#AxSigmaig
surface solution PhiQa) ‘L’EEE;Therm.expans.;DDg;(:uress.;Eiulk kAo,
-1 End Members (2) |
(0) Ag(Ca) /
(1) PhiQa,) ;
Mixables () Gibbs energy of
Ternary Interpolations (0
gEGU parameters for . Interactions () AgQa end-member |
' > (0) Ag(Qa)Pb(Qa) similarly for PbQa
surface solution at R ( y Qa |]i
1000 K (see below) @Agi0aPos) v | €nd-member)
< >

ook = Xag X (6741.7-1464.8X,, X, -1978X5 Xz,) (4)
ook = 0-83g7"

(as proposed by Tanaka et al. (5) due to the effect of
the reduced coordination number of surface atoms)
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File Edit Units View Teools ViewData Help

Formula|Qa Jﬁ

..... v B FTliteBASE ~ 21 properies
_____ . B FTriscBASE * Heatofform. + Entropy
----- r £ FTOXCNBASE Form. of 517 4298 { Joules ) S298 [ Jfimal K] )
o g guilldgigg 10.0001 10.0007
_____ : - I-_FEELIFEIASE Fhase MName Feterence no.— Density gfco
----- ¢ B SGhoblBASE | | |
----- ¢ B SGPSBASE
----- ¢ £1 SGsoldBASE
----- ¢ B SGTEBASE
----- . £ SGTEBASE Because of the FactSage
B SoMcoNBAsE restriction that species with
----- ¢ £ SOMIBASE zero Gibbs energy do not
----- ¢ £ TDMephBASE : : .
_____ . B TDnuclBASE appear in the lists of species in
Dgi ‘ngBASE the menu window, it is
&8l necessary to give Qa a very
e LU small non-zero Gibbs energy

Use the COMPOUND module to enter the species Qa into the

private VIRTBASE.cdb database with Gibbs energy = 0.0

‘ Lractsage
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File Edit Macre Table Units DataSearch Data Evaluation  Help

Ol= ﬂ TIK) Platn) Eneraul)] Quartity(mel) Yolllire) mis ™|
1-3]
Quantity[mol] Species Phaze T[K] Piltotal]™ Streamit Data
<] Fo | =1 | |
M GEE A | =l | |
* |oooot 0a | J | | L

A very small value of Qa is entered in order that the amount of
the surface phase is very small. (As long as Qa is very small,
the result will be independent of Qa.)
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File Units Parameters Help
== E Tk Platm] Energel]] Quantitplmol] Walllitre]

— Reactants [3]

[ <A PB + <145> Ag + 00001 Oa |

— Products
— Compound species———— — Solution phases
= | + | BasePhase | Full Hame
B oas & ideal € real D + surf-bulk, bulkzaln
7 aqueaus 0 + surf-surf surffzoln
[ pure liquids 0
* [, pure solids 1
* - cuztom selection
species: 1
— Target ~ Legend
- nong - +-selected 2 ¥ Show ™ al " selected
Estimate T[K]: |'||:||:||:| species: 4 oea
Cluantity(rmol]: IEI zolutions: 2 _IE EE

Final Conditions

<ho <B> TIK] Platm) v ||ProductHW) +| | | ¢
03 1000 1 {
10 [steps [T Table

Bulk phase to contain 30 mol% Pb

GactSage‘”
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i iAg gurf gurf-bulk,

+ |Code | End-member | Data | Phaze [T|V]| Activity | Minimum | M aximum I

+ +

3 Fb gurf surf-bulk,

Bulk phase

Surface phase

|

+ |Code| End-member | Data | Phase |[T|V| Activity | Minimum | M aximum
+ G4 ihgda) surf surf-surf
] Ph(a) surf surf-zurf
+ | Code | Species | Data | Phase |[T|¥| Activity | Minimum | M aximum I
! i1  [alz] YIRT 51 o
Set Qa to be “dormant Select Qa from
(metastable)” VIRTBASE
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Equilibrium at 1000 K

Output  Edit  Show Pages  Final Conditions

D= B @ TIK] Platm] Energull] Quantitylmol) Yolllire) ™ B‘l e

m FactSage 2.0 A
<A=> Fb + <1-A> Rg + 0.0001 Qa =
Qa_Slis), selected as a dormant (metastable) phase, has an activity = 1
0.95550 mol bulksoln
{137.65 gram, 0.99%30 mol)
{1000 E, 1 . =1._0000)
Bulk phase C omoose 7 ag
. T+ 0.25934 Pk
composition
System component hmount,/mol hmount/gram Mole fraction Mass fractio
Bl 0.25551 g2 .142 0.255954 0.4514¢
Ag 0.€5555 75.508 0.70008 0.54854
Amount Of »+ 1.0000E-04 mol surffsoln
1 (1.5344E-02 , l.0000E-04 1)
Surface phase IS -!l-]-]gr;],n 1l atm, a:T.CICICI-II:I
. { 0.13854 LgiQa)
negllglbly Sma” + 'II.BEl:E PE-ZD:H
/ System component Imount,/mol Amount/gram Mole fractiomn Mass fractio
Qa 1.0000E-04 a 0.50000 a
Surface phase / Plx 8.€614cE-05 1.7845E-02 0.43073 0.92275
a Ag 1.3854E-05 1.4544E-03 &.9270E-02 7.7255E-02
composition .o mol Qs sl !
(1000 E, 1 atm, 51, a=53%.3783)
W
u(Qa) = RT In a(Qa) = 8.315(1000) In (53.978) = Ac
A = (0.13854)(47329) + 0.86146(70215). Therefore ¢ = 0.495 N/m
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Selection of an Industrial Grade Alloy

Several hundreds of standard alloys grade compositions were introduced in the new
FactSage “Alloy Grades” Form. They presently consist in aluminum (wrought &
cast), magnesium, copper (brass, bronze & casting) and titanium (o/B, a-near o, )
alloys compositions. Fe-based alloys will be introduced soon.

The user selected alloy LB | - B} 8
L File Edit FRunMacro Table Units DataSearch Data Evaluation Help

grade composition can ' 0| AddanewReactant Ctri+R  egyld] Quantitimol) Vollire] il

then be introduced as a peennen ot -

m U Itl'l I n e m IXtu re Or aS a Delete all blank reactants

SI n g I e_l I n e m |XtU re In Mixtures and Streams > Phaze J | T[C) P|[tula|]“ |5tleamll Data

EQUILIB Reactants. - :

Import list of reactants »

Select an Alloy Grade ...

Clear

Example

Click on “Edit | Select an
Alloy Grade...” to open
the “Alloy Grades” Form
in “EQUILIB — Reactants”

[ Initial Conditionz

FactSage 8.4 Compound: | 1/25 databazes Solution: | 0/22 databazes
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Selection of Alloy Type

FactSage “Alloy Grades” Form.

&7 Alloy Grades = O >

Aluminum alloys 1000 ~||1035 -

Aluminum aloys -
Copper alloys elements) | - Help

Magnesium aloys (bal.)

Click in an elerment compo box for help.

Click to choose among wt.9% bin [0
Al-, Cu-, Mg- or Ti- alloys wt.3 i [01

[ save asa "Mixture”

[ include elements with 0 wk.%

v 0K X cancel
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Selection of Aluminum Alloy Series 1000-7000

&7 Aoy Grades = O x

IAIuminum alloys j 1000

wt.% Al I99.?5{ba| 3000
’ 4000
wi.%% Cu IU Sonn

6000

wt.% Fe IU-15 7000
casting 100 .
wt.% Mg [0 Click to choose

wt 9% tn [0 \ Aluminum series

W% i [0.1 1000-7000

W% Ti [0 (wrought alloys)
wt.9% v [0

wt.% Zn |U

[ save as a "Mixture"

[" include elements with 0 wt.%

v 0K X cancel
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Selection of Aluminum Alloy in the Series 1000-7000

G Alloy Grades — O Y
|Aluminum alloys j |4DDD j ‘4[}[}4 j C“Ck_ t.O ChOOSG a
Alloy Composition (wt.%) - (7 elements) Hel4006 | SpeCITIC Al-4000

w5 A1 B85 (Ba) 4007 alloy in the
4008 :

% Cu [0 4009 selected series.
4010

wt.% Fe |U-25 4011

15 4013

Wt.% Mg | i min. wt.% accepted = 0.01

wt.% Mn |EI max. wt.% accepted = 0.8

wt.% Si [3-75

wi.% outside these limits are marked
wt.%% Zn |E| with orange color.

Your entered value will still be taken

[+ save asa "Miture” | | D
even if outside those limits.

[ include elements with 0 wt.%
FTlite

AN

W OK X cancel ‘

Recommended FactSage Database for the
selected alloy composition.
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Selection of Aluminum Alloy in the Series 1000-7000

: ‘3‘ Alloy Grades
|Alum|'num alloys j |4000 j |4[}[}4 j

'~ Alloy Composition (wt.%) - (7 elements) Help
| Wt.% A |as.s (bal.)

Click in an element compo box for help.

wt.% Cu |0

wt.% Fe |0-25

wt.% Mg |1.5

wt.% Mn |0

Wt.2% Si {975

[ includte elements with 0 wt.%
FTlite

W 0K X cancel |

Check “save as a “Mixture™, if you want to create an input stream in EQUILIB

with this alloy composition.
Otherwise, a multi-line input will be entered in EQUILIB.
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Selection of Aluminum Alloy in the Series 1000-7000

Save mixture in CAFACTSAGEWS\ X O After clicking “OK” to accept the AA4004

Enter the misture name grade, using the “save as “Mixture™, you get...

Cancel | |

' Midure comments S X O Asi ngle-l Ine mixture is created.
CEEIEEE enerone e of conmens Add a comment if you wish...
Cancel | |
| | FSAlloys 8.4 X
| Q Equilib - Reactants
[ * FSalloys: ‘ File Edit RunMacro Table Units Data Search Data Evaluation
O 225 o o nlE| ] o st
1 Al Wit% 88.5
2 Fe Wi% 0.25
3 Mg Wi% 1.5 1-1]|
4 Si Wit%9.75
e EQUILIB glves gi\th:(r'le'SAfil(e;:EWS\Aluminum_m.mbd Quantity(g) Species Phase
y0U the a||0y S S 1100 |[A|umlnum_4004] j |
- In Equilib the selected databases are
composition, NOT Fiite
including the
elements 0 wt.%
(see previous slide)

O Finally, the single-line mixture is entered in
EQUILIB, with a default mass of 100 grams.
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Selection of Aluminum Alloy Series casting 100-800

47 Alloy Grades = O >

IAIuminum alloys j casting 200 201.0 j

— casting 100
— Alloy Composition (wt.%) - (8 - a 200 elp

wt.o5 & |[93.85 (casting 300
casting 400

s IF casting 500 Click in an element compo box for help.
casting 700

wt.% Cu |4-5 casting 800
Other
s [0.1 i
wt.% F I \ Click to choose

wt.% Mg [0.25 Aluminum series
wt.% Mn [0-3 casting 100-800
wt.% Si [0-05
W% Ti [0-25

¥ save asa "Mixture"

[" include elements with 0 wt.%
FTlite

 OK X cancel
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Selection of Aluminum Alloy in the Series casting 100-800

- a X

E &7 Aoy Grades
: |Aluminum alloys j |cast'ng 200 j ‘201.0 j |
201.0 -
: wt.% Al [93-35 (bal.) 201.2
203.0
wt.% Ag (0.7 203.2
204.0
; wt.% Cu |4-5 204.2
| 206.0
wt.% Fe |0-1
wt.% Mg |U.25
wt.% Mn |U-3
wt.% Si |0-05
wt.% Ti |0-25
[~ save as a "Mixture"
[~ include elements with 0 wt.%
FTlite
v 0K X cancel

Click to choose the
alloy in the selected
series

I GactSage‘”
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Selection of Aluminum Alloy in the Series casting 100-800

Fslloys 8.4 X O After clicking “OK” to accept the AA201.0
D E— . 17 7 . )
| am Fsalloys | grade, with “save as “Mixture™ NOT checked,
| 0 Aloyname 2010 " | you get the information about the alloy.
2 AL Wi%93.85 |
3 Cu Witk 45 | - - - ! I
; ::gmodﬁ . ' 47 Equilib - Reactants — X
6 Mn Wik 0.3 | | Eile Edit RunMacro JTable Units DataSearch DataEvaluation Help
7 51 Wi% 0.05 |

8 Ti W% 0.25 D +] TIC) Platm) EnergylJ) Quantitylg) Vollitre) W EZIESR

|
!
! In Equilib the selected databases are
|
|

FTlite 18]
Quantity(g) Species Phase TIC)  Pltotal)]** Stream#t Data

07 lag I =l | [
*+ [93.85 |a] | ~| | [ I
* 45 ICu | = | [
*+ o1 [Fe [ =] ] | 1
* Jozs Mg | = l [
+ [03 Mn | = | L
* [005 B I = | [
*+ oz ITi | =l | I [

® Finally, the multi-line mixture is entered in EQUILIB,
based on a total default mass of 100 grams. [TE——

| 1/26 databases  Solution: | 1/22 databases

{ FactSage 8.4 Compound:
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Min., Max and Average of Each Element

&7 Aoy Grades = O *
| Aluminum alloys ~| |4000 ~| |4007 -
Alloy Composition (wt.%) - (10 elements) Help

Wt.% Al |9r5.225 (bal.)

wt.% Co [0

wt.% cr |0-15

wt.% Cu [0

wt.% Fe [0.7

wi.% Mg |0

wt.% Mn |1.15

wt.% Ni [0-425

Wt.9% i |1.35

wt.% zn [0

[~ save as a "Midture”

& OK

Cr - Chromium
M = 51.9961 g/mol
average wi.% = 0.15
min. wt.% accepted = 0.05
rmax. wi.% accepted = 0.25
wi.% outside these limits are marked
with orange color.

Your entered value wil stil be taken
even if outside those limits.

In this example, the AA4007
aluminum wrought alloy
(UNS A94007; Aluminium
4007; Al4007) is selected.

The user may want to adjust
the chromium content.

Min., max and

A

X cancel

average wt.% of a
selected alloying
element are
displayed for
information.

You can edit that
composition (in wt.%)
modifying the major
element composition
accordingly.

‘ thtSage‘”
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Min., Max and Average of Each Element

ﬁ Alloy Grades

|Aluminum alloys j |4[}DD

Alloy Composition (wt.%) - (10 elements)

~| |4007

wt.% Al |9En.[]?5 (bal.)

wt.% Co |0

wt.% Cu |0

wt.% Fe |07

wt.% Mg |0

wE.% Mn |1-15

wi. %% Mi |EI.425

wt.% Si |1.35

wt.% Zn |0

[+ save asa "Midure”

W OK

wt.% cr |03 <

Cr - Chromiurn
M = 51.9961 g/mol
average wt.% = 0.15
wt.% accepted = 0.05
max. wt.% acce
wt.% outside these limits are marked
with orange color.

Your entered value will still be taken
even if outside those limits.

X cancel

In this example, the AA4007
aluminum wrought alloy
(UNS A94007; Aluminium
4007; Al4007) is selected.

The user may want to adjust
the chromium content.

wt.% outside the min.-
max limits are marked
with orange color, but
the value you entered
will still be taken even of
outside those limits.

‘ thtSage‘”
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Min., Max and Average of Each Element

In this example, the AA4007
aluminum wrought alloy
E Alloy Grades = O hod (UNS A94007, A|Um|nlum

oo aloys <] 000 =]/foo7 7] 4007; Al4007) is selected.
Alloy Composition (wt.%:) - (10 elements}l Help
Wt.% Al |95.225 (bal.)|
Al - Aluminum
wt.% Co [0
e 815385 g/maol
e O | ' This element is the sa Th|S element IS the
wt.% Cu |I:I Its wt.%% is calculated by baknce. SOIVent
wi.% Fe |0.7
wt.% Mg |7 Its wt.% is calculated
wt.% pn [115 by balance from
wt% Ni [0-425 100% and you can't
Wt.% si [L.35 change it by itself,
wt.% zn [0 you must change
W save as a "Mixture” another alloying
W OK X Cancel element. ..
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Creating an Input Stream in EQUILIB

In this example, the AA301.0
aluminum cast alloy (UNS & Aloy Grades S
A03010; Aluminium 301.0;
Al301) is selected.

*

|Aluminum aloys j |casting 300 j |3[}1.[} j

Alloy Composition (wt.%) - (9 elements) Help

wt.% Al |33-325 (bal.}

Click in an element compo box for help.
W% Cu [3-25

wt.% Fe |1-15

wt.% Mg |u.3?5

Check “save as a wt.% Mn [0-65
“Mixture™, if you want to wt.% Ni [1-25
create an input stream in wt.9% si [10
EQUILIB with this alloy wt.% Ti [0
composition. @ e s iure”
[ include elernents with 0 wt.%
Otherwise, a multi-line input e
will be entered in EQUILIB. 7 o Py
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Creating an Input Stream in EQUILIB

In this example, the AA301.0
aluminum cast alloy (UNS
A03010; Aluminium 301.0;
Al301) is selected.

Check “include elements
with 0 wt.%”, if you want to
have alloying elements with
0 wt.% included in the
MIXTURE or the multi-line
input in EQUILIB.

This will generate a longer
list of possible products
including these elements in
the COMPOUNDS and
SOLUTIONS.

ﬁ Alloy Grades

|Aluminum alloys

Alloy Composition (wt.%:) - (9 elements)

j |casting 300

Help

~||301.0 M

Wt % Al |33.325 (bal.)

W% Cu |3-25

wt.% Fe |1.15

wt.% Mg [0-375

wt.% M [0-65

wt.% Ni |1-25|

wt.% Si (10

wt.% Ti |'J

wt.% Zn [0

Iv save asa "Miture”

\'F include elements with 0 wt.%%

o OK

Mi - Mickel
M = 58.69344 g/mal
average wi.% = 1.25
min. wt.% accepted = 1
rmax. wt.% accepted = 1.5
wt.% outside these limits are marked
with orange color.

Your entered value wil still be taken
even if outside those limits.

X Ccancel

‘ Lractsage
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Selection of Copper Alloy Series

In this example, the UNS
ﬁ Alloy Grades — O b C908OO bronze a”Oy (CaSt

|C0pper aloys j |br0nze jLﬂ.G\MACL A UNS C90800 j UNS C90800; Cast Grade
Ip

C90800; Cast ASTM B427,
B505) is selected.

brass

Alloy Composition (wt.%) - (3 ooy

wt.% Cu |87.8 (bcasting
Other

Click in an elerment.compo box for help.
wt.% P [0.2

wt.% Sn |12

| save as 3 "Mixture"

[ include elements with 0 wt.%

Click to choose
Copper series

 OK X cancel
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Selection of Copper Alloy in the Selected Series

& Aoy Grades - 0 X Click to choose
|Copper alloys | |bronze ~| [AGMA CL A UNS c90800 -+— the AGMA CL A
AGMA CLAUNS co0800 @
— Alloy Composition (wt.%) - (2 elements)— |~ He 9 i u U NS C90800
wt.% Cu [B78 (Bab) AMPCO 15 Cu-bronze alloy
AMPCO 18 )
we.se p [02 AMPCO 22 In the selected
AMPCO 45 .
wt.% 5n |12 AMPCO 483 series
¥ save as a "Midure” AMPCO 642 d
[T include elernents with 0 wt.o%

v 0K X cancel
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Selection of Magnesium Alloy Series

In this example, the
- 0 X HM21 magnesium alloy
IMagnesium alloys | {Hm = |HM21 \ ~| is selected.

G Alloy Grades

Alloy Composition (wt.%) - (3

t.% Mg |9¥.225
w2 Mn |0.773
wt.% Th |2

| save asa "Mixture”
[ include elements with 0 wt.%

Friree Click to choose the
magnesium HM-
series.

Then click to select
the HM21 alloy.

v oK X cancel ‘
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Selection of Magnesium Alloy in the Selected Series

In this example, the

& Alloy Grades - o x EA55 magnesium alloy
|Magnesium alloys j |EA j ‘EASS 1S SeIeCted-
Alloy Composition (wt.%:) - (4 elements) Help

wt.% Mg [85-1 (bal.)

Zn - Zinc
wt.% Al [5
M = £5.382 g/mol
wt.% Nd [+9
average wt.% =35
wt.% zn 3

min. wt.% accepted = 0

- o .
Bl=rmz=r oo rmax. wk.% accepted = 5

[ include elernents with 0 wit.%

FTlite wt.% outside these limits are marked
with orange color.
Your entered value wil still be taken C“Ck tO ChOOSG
even if outside those limits.
the Mg EA55
alloy in the
selected EA
series.

v 0K X cancel
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Selection of Titanium Alloy Series

In this example, the AT
&3 Aloy Grades - 0 x Allegheny Ludlum
ATI Allegheny Ludlum Grade 23 j Grade 23 OC/B titanium
alloy is selected.

|T'rtanium alloys j |AIphafBeta

Alloy Composition (wt.%) - (8

Alpha/Near Alpha ;

wt.2 Ti [0 (bal| Beta Aloy
Other .
Al - Aluminum
wt.% Al [6
M = 26.9815385 g/mol
wt.% C |0
average wt.% =6
0
SERDIR | min. wt.% accepted = 0
wt.% H |EI max. wt.% accepted = 6.5 C“Ck to ChOOSG
wt.% N |0 : : :
| wi.% outside these limits are marked Tltan|um series
wt.% O ||:| with orange color.
Your entered value wil still be taken
4
wt.% V | even if outside those limits.
Iv save as a3 "Mixture”
[ include elements with 0 wit.%
FTlite
o OK X cancel
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Selection of Titanium Alloy in the Selected Series

G Aoy Grades e Click to choose
IT'rtanium alloys j Alpha/Beta j IATI Alegheny Ludium Grade 23 ji the A”oy in the
Alpha/Beta :
- Alloy Composition (wt.%) - (8 3 Mo Aha 2P selected series
wt.% Ti Igg{ba| Beta Aloy
’ Other .
Al - Aluminum
wt.% Al [6
M = 26.9815385 g/mol
WE.% C |U
average wt.% =06
0
SR I min. wt.% accepted = 0
wt.% H IG rrax. wt.% accepted = 6.5
wt.%% N |U
wt.% outside these limits are marked
wt.% O IU with orange color.
Your entered value wil stil be taken
s I4 even if outside those limits.
[V save as a "Mixture"
[ include elements with 0 wt.%
FTlite
W OK X cancel

GactSage‘” Equilib Advanced 16.20 www.factsage.com



	Slide 1: Advanced features of Equilib
	Slide 2: Advanced features of Equilib - Table of Contents (continued)
	Slide 3: Advanced features of Equilib - Table of Contents (continued)
	Slide 4: Target phase options
	Slide 5: Formation target phase
	Slide 6: Setting a FACT-SLAG formation target at a given composition
	Slide 7: Calculation of the FACT-SLAG formation target at a given composition
	Slide 8: Formation Target phase: specifying the target phase mass
	Slide 9: Setting a FACT-SLAG formation target at a given temperature
	Slide 10: Calculation of the FACT-SLAG formation target at a given temperature (1800°C)
	Slide 11: Precipitate target
	Slide 12: Setting a FACT-SLAG precipitate target at a given composition
	Slide 13: Calculation of the FACT-SLAG precipitate target at a given composition
	Slide 14: Setting a FACT-SLAG precipitate target at a given temperature
	Slide 15: Calculation of a FACT-SLAG precipitate target at a given temperature
	Slide 16: Precipitate target phase calculation for a more complex system
	Slide 17: Setting a ternary system in the Equilib Reactants Window
	Slide 18: Setting the FACT-SLAG precipitate target at a given composition
	Slide 19: Precipitate target Results
	Slide 20: Performing a composition Precipitate Target calculation
	Slide 21: Composition Precipitate Target calculation: Results
	Slide 22: Composition Precipitate Target calculation: setting another estimate
	Slide 23: Compostion target phase
	Slide 24: Transitions in the CaO-SiO2 binary phase diagram
	Slide 25: Isothermal phase transitions in the CaO-SiO2 binary system
	Slide 26: Step 2°: Products Selection – compound species
	Slide 27: Step 2°: Products Selection – solution species
	Slide 28: Compositions at the two ends of the 1800°C tie-line
	Slide 29: One-phase and two-phase stability at 1800°C
	Slide 30: Constant composition in the CaO-SiO2 binary system
	Slide 31: Transition Temperatures for XSiO2 = 0.35 in CaO-SiO2
	Slide 32: Solution Properties: FACT-Salt in the NaCl-KCl binary system
	Slide 33: Solution Properties: opening the window
	Slide 34: Solution Properties Window and menus
	Slide 35: Solution Properties: Changing Standard States
	Slide 36: Solution Properties: Molar Partial Properties Spreadsheet
	Slide 37: Solution Properties: Molar Integral Properties Spreadsheet
	Slide 38: Include dilute solution: Cr in Cu-Fe alloy
	Slide 39: Include dilute solution: Cr in Cu-Fe alloy – Possible products
	Slide 40: Creating an ideal Henrian solution of Cr(liq)
	Slide 41: Merging the ideal solution diluteCr and FACT-CuLQ
	Slide 42: Calculation including a dilute solution: Cr in Cu-Fe alloy
	Slide 43: Cr in Cu-Fe alloy – Results
	Slide 44: Include dilute solution: Tl2O and HfO2 in FACT-Slag
	Slide 45: Tl2O and HfO2 in FACT-Slag – Reactants
	Slide 46: Tl2O and HfO2 in FACT-Slag – Possible products
	Slide 47: Creating an ideal Henrian solution of HfO2(s)
	Slide 48: Creating an ideal Henrian solution of HfO2(s) – setting g
	Slide 49: Adding Tl2O(l) to the ideal solution
	Slide 50: Adding Tl2O(l) to the ideal solution – setting g
	Slide 51: Henrian activity coefficient, g and new mixing particles, P
	Slide 52: Merging the ideal Henrian solution DilOxide and FACT-Slag
	Slide 53: Calculation including a dilute solution: Tl2O and HfO2 in CaO-SiO2-Al2O3 slag
	Slide 54: Tl2O and HfO2 in CaO-SiO2-Al2O3 slag: Results (FACT format)
	Slide 55: Tl2O and HfO2 in CaO-SiO2-Al2O3 slag: Results (ChemSage format)
	Slide 56: Limitations and restrictions of merging dilute solutes into solutions
	Slide 57: Using Pseudonyms
	Slide 58: Pseudonyms
	Slide 59: Pseudonyms
	Slide 60: Including molar volume data
	Slide 61: Include molar volumes : graphite to diamond transition
	Slide 62: Graphite to diamond transition: equilibrium calculation
	Slide 63: Open versus closed system calculations
	Slide 64: The OPEN Command
	Slide 65: Desulphuring of Cu2S
	Slide 66: Desulphurisation of Cu2S by air: setting the Reactants Window
	Slide 67: Desulphurisation of Cu2S by air: setting the Menu Window
	Slide 68: Desulphurisation: Closed system equilibrium calculation
	Slide 69: Desulphurisation of Cu2S by air: Open calculation 
	Slide 70: Desulphurisation: Open system equilibrium calculation
	Slide 71: Deleading of a copper melt 
	Slide 72: Deleading of a Cu-1wt%Pb alloy by argon vacuum refining
	Slide 73: Deleading of a Cu-1wt%Pb alloy: setting the Menu Window
	Slide 74: Deleading of a Cu-1wt%Pb alloy: Closed system equilibrium calculation
	Slide 75: Deleading of a Cu-1wt%Pb alloy: Open calculation 
	Slide 76: Deleading of a Cu-1wt%Pb alloy: Open system equilibrium calculation
	Slide 77: Deleading of a Cu-1wt%Pb alloy: Graphical Output
	Slide 78: Menu Window – Parameters menu
	Slide 79: Menu Window – Parameters menu
	Slide 80: Parameters menu: Dimensions Frame
	Slide 81: Parameters menu: Target Limits Frame and Stop/Kill Button
	Slide 82: Parameters menu: Predominant Species Frame
	Slide 83: Parameters menu: Dilute Extrapolation-Print Cut-off-Output Mass Units Frames
	Slide 84: Reactants screen options
	Slide 85: Combining reactants into one composite chemical species
	Slide 86: Converting reactant mass units (mol g or lb)
	Slide 87: Converting reactant mass units (mol, g or lb)
	Slide 88: Mixing reactant mass units of mol g and lb
	Slide 89: Importing a stream or mixture
	Slide 90: Exporting and importing an equilibrated molten salt stream - CaCl2-NaCl-KCl-MgCl2
	Slide 91: Saving an equilibrated stream
	Slide 92: Importing the stream into a reaction
	Slide 93: Equilibrated <0> and <5> MgCl2 + 95g [Mg-electrolyte] stream at 750°C
	Slide 94: Adiabatic <5> MgCl2 (solid, 25°C) + 95 g [Mg-electrolyte] stream
	Slide 95: Adiabatic <A> MgCl2 (solid, 25°C)+ 95 g [Mg-electrolyte] stream at 725°C
	Slide 96: Adiabatic <100A> MgCl2 (solid, 25°C)+ 95 g [Mg-electrolyte] stream at 725°C
	Slide 97: Using Reaction Table input
	Slide 98: Reaction Table
	Slide 99: Editing the Reaction Table
	Slide 100: Reaction Table – Results Window
	Slide 101: Data search options
	Slide 102: Data Search Menu: gas ions, aqueous species, limited data
	Slide 103: Reactants window – Data Search Menu: CxHy, databases
	Slide 104: Databases Window
	Slide 105: Equilib Cooling Calculations 
	Slide 106: FeO-MnO : Phase transitions - binary phase diagram
	Slide 107: FeO-MnO : Equilibrium phase transitions at XFeO = 0.5
	Slide 108: FeO-MnO : Phase transitions showing liquidus and solidus 
	Slide 109: FeO-MnO : Simple equilibium cooling – L-Option
	Slide 110: FeO-MnO : Simple equilibium cooling – step, T-auto and stop
	Slide 111: FeO-MnO : Equilibrium cooling – Summary and Transitions 
	Slide 112: FeO-MnO : Equilibrium cooling - Liquidus and Solidus 
	Slide 113
	Slide 114: FeO-MnO : Scheil-Gulliver cooling – L-Option
	Slide 115: FeO-MnO : Scheil-Gulliver cooling – step, T-auto and stop
	Slide 116: FeO-MnO : Scheil cooling – Summary and Transitions 
	Slide 117: FeO-MnO : Scheil cooling – Start and Stop 
	Slide 118: FeO-MnO : Scheil cooling – incremental  vs. accumulated
	Slide 119
	Slide 120
	Slide 121: Al-Mg-Zn : Equilibrium cooling XMg=0.8 XAl=0.15 XZn=0.05 
	Slide 122: Al-Mg-Zn : Equilibium cooling – L-Option
	Slide 123: Al-Mg-Zn : Equilibium cooling – Summary of Results 
	Slide 124: Al-Mg-Zn : Equilibium cooling – Plot Results
	Slide 125: Al-Mg-Zn : Equilibium cooling – Plot Results
	Slide 126: Al-Mg-Zn : Equilibium cooling – Plot Results
	Slide 127
	Slide 128: Al-Mg-Zn : Scheil-Gulliver cooling – L-Option
	Slide 129: Graphical output of Scheil target calculation
	Slide 130
	Slide 131: Al-Mg-Zn-Mn : Scheil cooling – Summary and Transitions 
	Slide 132
	Slide 133
	Slide 134
	Slide 135
	Slide 136
	Slide 137
	Slide 138
	Slide 139
	Slide 140
	Slide 141
	Slide 142
	Slide 143
	Slide 144
	Slide 145
	Slide 146
	Slide 147
	Slide 148
	Slide 149
	Slide 150
	Slide 151
	Slide 152
	Slide 153
	Slide 154
	Slide 155
	Slide 156
	Slide 157
	Slide 158
	Slide 159
	Slide 160
	Slide 161
	Slide 162
	Slide 163
	Slide 164
	Slide 165
	Slide 166
	Slide 167
	Slide 168
	Slide 169
	Slide 170
	Slide 171
	Slide 172
	Slide 173
	Slide 174
	Slide 175
	Slide 176
	Slide 177
	Slide 178
	Slide 179
	Slide 180
	Slide 181
	Slide 182
	Slide 183
	Slide 184
	Slide 185
	Slide 186
	Slide 187
	Slide 188
	Slide 189
	Slide 190
	Slide 191
	Slide 192
	Slide 193
	Slide 194
	Slide 195
	Slide 196
	Slide 197
	Slide 198
	Slide 199
	Slide 200
	Slide 201
	Slide 202
	Slide 203
	Slide 204
	Slide 205
	Slide 206
	Slide 207
	Slide 208
	Slide 209
	Slide 210
	Slide 211
	Slide 212
	Slide 213
	Slide 214
	Slide 215
	Slide 216
	Slide 217
	Slide 218
	Slide 219
	Slide 220
	Slide 221
	Slide 222
	Slide 223
	Slide 224

