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Example 2 — Plotting slag sulfide capacity

This example shows how calculated functions can be plotted by Fact-XML. The sulfide
capacity of a slag may defined as:

Cs = (wt S) x (Po,/Ps,)"?

where wt S is the Wt.% solubility of sulfur in the slag, and Po, and Ps, are the equilibrium
partial pressures of O,(g) and S,(g).

In this example wt S is calculated across the SiO, — MnO binary system at 1650°C with the
partial pressures fixed at Po, = 10-'° and Ps, = 10 bar. The sulfide capacity of a slag Cs is
calculated using the Fact-Function-Builder. The results are then imported and plotted by
Fact-XML. The example involves 4 steps:

Step 1: Calculating the equilibrium using Equilib
Step 2: Defining the sulfide capacity using the Fact-Function-Builder
Step 3: Displaying the sulfide capacity in the Results Window

Step 4: Plotting the sulfide capacity in Fact-XML.
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Example 2 — Plotting slag sulfide capacity

A simple Equilib point calculation and manual calculation of the sulfide capacity
FG Reactants - Equilib = [=] g1

File Edit Table Units DataSearch Help
0 ||;.'*| il TIC) Platm) Energul)] Massimol) Vollitre] ms ™ %
1-3 |
Mass[mol] Species Phaze TIC] Pltotall™ Streamit Data
|05 [sioz | = | | [1
* o5 -0 | =] | | 1
* o E | =] | 1

[~ Initial Conditions

Hext >>

FactSage 6.3 Compound: | 3/28 databases Solutiorn: | 1/28 databases -
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Example 2 — Plotting slag sulfide capacity

’
& Menu - Equilib: comments

File Units

D= &

Parameters  Help

TIC] Platm] Energuid] Maszz[mal] Yolllitre]

— HReactants [3]

| 05502 ¢+ 05MnO + 05 |
— Products
— Compound species — Solution species — Cuztom Solutions

=+ gas & ideal  real 2 2 fined activities
I_ aqueoLE 1] 7 FTowxid zolution datasets - 1 selected. o ide*?"_s':'lu“':'”?_
I— pure liquids 0 0 activity coefficients :
|+_ pure zolids 79 : '
[~ suppress duplicates agglgl Summary ...

* - custom zelection

speciss: &1 Edit 2: 02(g): LoglO(a) = -10

Edit 10:52(g): LoglQ(a) = -6

b ety e erle (Tl 93
— Target ~L d pee i B
- hohe - | -Eilg'lner:iscil:ule 1 [T Showi* all  zelected Total Solutions [max 40] 2
Estirate T[K]; |'||:":":| species; 12
||:| solutions: 2 ﬂl
M azz[mol): g Diefault |
— Final Conditions E quilibrium
L B> TIC] Platm] ;I Product H[J] LI * namal = nomal + transitions
1650 1 € tranzitions only
— {5
A0 steps [ Table o Calculate >> |
FactSage 6.3 | C:AFactE3NE quiSulfur_Capacity_single_Calc_at_a=05.DAT

4
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Example 2 — Plotting slag sulfide capacity

Site fraction of sublattice constituents:

-
— —
&7 Results - Equilib 1650C - Lol o e
Qutput Edit  Show Pages
W ||j"| || |I|| TIC] Platr) Energyll]) Mazsmol] Yalllitre) "”laljrﬂr~
hactﬂage €.3 -
0.5 5i02 + 0.5 MnO + 0 5 = ‘_w
- 3.082Z7E-03 02 5
+ 3.0783E-03 52
0 mol gas_ideal
LY N P =10001E-08)
{ 1.0000E-0& 5z FactEBS
+ 1.0000E-10 Oz FactEBS)
+ 0.53337 mol 251lag-liggl
(e5.8e1l0 gram, 0.9%337 mol)
(1650 ©, 1 atm, a=1.0000)
| 0.457%&g 5i0z2 o FToxid
+ 0.453730 MnO o FToxid
+ 3_2354E-05 Mnz 03 o FToxid
+ Z.05Z2cE-03 5is5z o FToxid
+ Z.05Z24E-03 MnS o FToxid
+ 1.3337E-07 MnZ 33 o FToxid)

log(Cs) = log((wt S) x (Po,/Ps,)"2)=-2.521514

5i 0.50000

MnZ+ 0.43354

Mn3+ £.4373E-05

[+] 0.59589

5 4_1051E-03

System component Mole fraction Mass fraction
Mn 0.20000 0.418&e7

5 Z.4831E-03 3.0094E-03
5i 0.20000 0.21403

[¥] 0.593754 0.38423
.
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Step 1: Equilib input

The reaction is based on <1-A> Si02 + <A> MnO + 0 S

at 1650°C and 1 bair.

Sulfur is present but the amount is not defined — it will be calculated.

There are 2 species
selected in the gas phase :

S,(g), O,(9)

and their equilibrium partial
pressures are fixed:

log(Po,) = -10
log(Ps,) = -6
- how this is done is shown
in the slide on the next

page.

The liquid oxide slag phase
is SLAGA taken from the
FToxid database.

{? Menu - Equilib: last system

File Units Parameters Help
D= &

Reactantz [3]

Products
Compound species

Salution species

TIC] Plbar) Energyld] Mazs{mol] Valllitre]

<1bs 502 ¢+ <h> MnD + 05 |

Custom Solutions

FactSage 6.3

*[+ gas % ideal © real 2 = | + | Base-Phase | Full Name 2 fined activities
[T aguenus o +  Flowd-SLAGS | ASlaglig all oxides + 5 g 'd&_ﬁ'_solutwf?s_
B s 0 FTowidSLAGE | BSlaglig with 504 actviy cosflicients o
[ pure solids 0 FTorid-SLAG? ?5lagliq LDetals .3
[ suppress duplicates _apply FTD"fid'SplNB Sumrmary ...
* - custom zelection ] FToridted_B
SPECIgS! 2 FTomid-TSpi Edit 2{02(g): LoglOfa) =-10 | ..
FTouid Brau Edit 9{52(g): Logl0(a) = -6
1500] &
Target L d Tatal bpec.nas [rax
- none - +?22Tected 1 v Show* all  selected Total S olutions [max 40 1
Estimate T(K); (1000 speCies B
t i [1] solutions: 1 M
ass(mal) Default
Final Conditions Equilibrium
| <A =B I TIC] ||F'[bar] v ||Praduct HIY) ~| | | nomal " nammal + transitions
|D 101 | |185E| |-| | " transitions only
= {
10 steps u 101 calculations

Calculate >>

101 pages of results will be calculated with <A> =0, 0.01, 0.02. ...1.
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Step 1: Defining Equilib P(O,) and P(S,)

&7 Menu - Eqilb: last system 1. Mouse-right-click on products gas ‘+’
et ————ri 2. Mouse-right-click on O2(g) and on S2(g) ‘+’ cells
e e Bt 3 Select ‘a Activity > log10(activity) ...

T [l 4. Enterlog10(PO,) =-10; log10(PS,) = -6

File Edit Show Sort

Probucts Selected: 1423 GAS
Coftipound 3 | - no results - |
* [+ gasz (v + | Code Species Data Phaze T|¥| Achivity Minimum M aximum -
|
[ aqueau 1 O[a) FactPS | oas
[ pure il 2 02" —
[ pure so 3 03y 9 52(q)
[~ suppre 4 Silg| i
* - custam g 5 Si2lt clear
E Sl v o+ -select
7 Siof
2 g S(al v - standard stable phase
arget + 3 SEle !' - dormant (metastable) phase j
- Nane - in (g1 %
Estimate F - formation target phase
Mass| P - precipitate target phase
|
Show Sele 5 - Scheil li h J - ™
Final Condit|l —_— chetl cooling gas phase Fixed Partial Pressure ﬁ
L <E: - C - composition target ...
[ 2 | . T e
Ideal Solution [ — hnter the value of logl10[p) 0K
|01 .05 — [or for a range of values enter 'first last step’) for -
0 steps [T 3 > 2 Activity activity 2 02g) Cancel
Help ... v | loglD(activity) Press [Cancel] if the partial pressure is no longer fised,
i FactSage 6.3 - |-'H]'

n J
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Step 1: Equilib output

=
ﬁ Results - Equilib A=0.5 (page 51/101)

B e

The Results WlndOW Output  Edit Show Pages
) _ D= &E|F| TIC) Pibar) Energyll] Masslmall Yollitre) ==
contains 101 pages with A=062] A=063] =064 A=065| A=066 A=|}.6]'] A=D.63] A=D.69] A=D.]'] A=D.]’1] A=D.3’2] A=D.]’3]
<A> =0, 0.01, 0.02,... 1. A=049 | -A=D5- ] A=051| A=0.52| A=0.53| A=054| A=055| A=0.56| A=0.57| A=058| A=059| A=06| A=0.61|
FactSage ©.3 -
5i0Zz + <BA> MnD + 0 5 =
This is the EC]Ulllb OUtpUt 27E-02 02 || |
at page 51 where asE-03 s2 l
<A> - 0.5 mol gas_ideal
(1850 C, 1 bar, a2=1_0001E-0&) =
{ 1.0000E-0¢ 5z FactPS5S
+ 1_0000E-10 oz FactBS) |
The equilibrium partial 957  mol ASleg-lig
pressures (bar) are : S e o 1 e amt o000y i
{ 0.4573¢ 5i0z FToxid
P(Sz) - 10'6 + 0.43730 Mno FToxid
+ 3_.ZZ48E-05 MnzZ0o3 FToxid
P(Oz) = 10-10 + Z_05ZEE-03 5isz FToxid
+ Z_05Z4E-03 MnS FToxid
+ 1.3Z23%3E-07 MnZ53 FToxid)
The Calculated We|ght gite fraction of sublatti;n?EEEEEtituents:
fraction of S dissolved in v e tream-0
the slag is 3.0094 x 103 o T o ssses
5 4 _1051E-03
Wt% S = 0.30094 |
System component Mole fraction Mass fraction
o oz
5i O.20000 0.21403 il
ﬂ_ N 59754 N 2479
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Step 2: Defining the slag sulfide capacity

See Example 1 (slide 4.3) for
details on how to make the
following entries:

1. Create the Variable List
containing the 3 variables:
wtS a02 aS2

2. In the Functions input box
enter the expression: f1 =

log(wtS * SQRT(a02/aS2))

3. Click on Functions Preview
results to check the
calculated values

4. Save the functions group (click
on ‘File > Save ...’) as

Si02-MnO_S capacity

L3 Function Builder + [$i02-MnO_S_capacity] =NRCE X
Filegbicn | 4
“anables List clear | Fresview results Copy ta clipboardl
witD D AmountComposition (S (total)/Slag-lig)) wi - Page 1 =log{wts *SQRT(a02fa52)) =
a2 Activity (02/5Gas) A ; J—
; . E .6
aSE Activity (32/Gas) 2 3.977705
G 3 3610284 @] 3
I 1 4 -3.401473
J 5 -3,206302
K & -3.173698
L 7 -3.108675 L
L [=] T NSO CTY
Functions
f1= ||Dg|:wt8 *SORT(a02/as52))

Yanable selection

Amount/Composition -

Operations: * +- /[ 1™ abs. In. log, exp, cos, sin, tg. arc in2n: 0z, arctg or arctan, sgn or sigh, it

" mol O molfract, © gram T W frack & Wt & O kg O b

Selection l
Species/phazes:
| Speciesz | Phaze | Data | Amounts | bl | bl e, | FzeLdanym -
e nz Gas FactPs Q.O0DE+0D  D.000E+00 0.000E+00
* 52 Gas FactPS 0.O00E+0D  0.000E-+00 0 00DE+00 1
* b [total] Gas 0.O00E+0D  0.000E-+00 0 00DE+00 3
* 5 [tatal] Gas 0O00E+00  0.000E+00 0 000E+00
;h{- Si [total) Gas 0O00E+00  0.000E+00 0 000E+00
;h{- 0 [total) Gas 0.O00E+0D  0.000E+00 0.000E+00
'.'h{- S0z Slag-lig FTawid 1.000E+02  0.000E+00 1.000E+02
e Mn0 Slag-lig FTawid 0.O0DE+0D  0.000E+00 7 267E+01
e Mn203 Slag-ig FTaid Q.O00E+0D  0.000E+00 9 BBEE-02
b Si52 Slag-lig FTawid J015E-03  0.000E+00 2 BESE+00 %

“
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Step 3: Display sulfide capacity for all pages

Open the Fact-Function-Builder [
Toolbox menu :

1. Click ‘Select function group(s) >
Check V Si02-MnO_S_capacity

2. Check V ‘Always calculate function ’

3. Click on ‘Refresh Results ....’

After the results are refreshed the
“Functions” page displays f1 - slag
sulfide capacity - for all the pages..

Select function group(s)

v Always calculate function groups(s) [2.]

Refresh Results ...

|

3

k 1. Fe-MN_Sievert
v 2. Si02-MnO_S_capacity
-

\1

& Results - Equilib Functions (page 0/101)

Qutput Edit  Show Pages

][l

TIC] Pibar] EnergylJ] Masz{mal] %ol

A=012| A=013| A=0.14| A=015| A=016| 4=0.17| A=0.18| a=018| a=0
Functions|| A=0 | A=0.01| A=0.02] A=0.03| A=0.04| A=0.05| A~0.06] A=0.07

wt5
a2z
a5z

L]
W

1]
[1]

W om =] oy N R

Group Name -

2. 5i0Z-Mn0 5 capacity

: Amount/Composition (5 (total)/S5lag-ligl) wt.%
z Bctivity (02/Gas)
z Activity (52/Gas)

fl = logiwtd * SQERT (al2/a32))

-4 _ 877854
-3.972708
-3.810284
-3.401473
-3.268302
-3.173858
-3.108&7¢6
—-3.082852
-3.031001

thtSageT”
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Step 3: Display sulfide capacity for each page

]
&7 Results - Equilib A=05 (page 51!101]_- ‘

The calculated slag sulfide
capacity is displayed at the
top of each page.

Here page 51 shows :

<A>=0.5

S =0.30094 Wt.%
P(O,) =106 bar
P(S,) =106 bar

f1 (i.e. log(Cs))
= log(wtS * SQRT(a02/aS2))
= -2.521514

Output  Edit  Show Pages
M |E,’*| ||E|| TIC) Plbar) Erergyl)] Mass(mal) Yolllitre]

A=0.62 | A=0.63 | A=064| A=0.65 | A=0.66| A=0.67| A<0.68| A=0.69| A<0.7| A<0.71| A<0.72
A=049 -A=05-| A=051| A=052| A=053| A=054| A=055| A=056| A=0.57| A=0.58| A=059

_ S5i0Z-MnD 5 capacity

roup Name =

2
WwtS 0.3009442 bmount,/Composition (5 (total)//Slag-lig)) wt.%
alz 0.1000000E-0% Betivity (0Z2/Gas)
alz 0.1000000E-05 Betivity (52/Gas)
Page fl = logiwt5 * SQBRT (a02/a5Z2))
51 —-Z.521514

<l-R¥» 5i0Z + <A MnD + 0 5 =

- 3_0e27E-03 02

+ 3.0783E-03 352

a mol gas_idezal
{1850 €, 1 bar, a2=1_0001E-0%)
{ 1.0000E-0% 52
+ 1.0000E-10 oz 1

+ 0.55557 mol ASlag-lig

{65.810 gram, 0.35337 mol)
{1650 C, 1 bar, a=1.0000)
{ 0.487%3& 5i02
+ 0.4%3730 Mno
+ 3.ZZ48E-05 MnZ03
+ Z2.052€E-03 5i85z
+ Z.0524E-03 MnS
+ 1.3Z33E-07 Mnisz )

— e

thtSage‘”
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Step 4: Importing functions into Fact-XML

G Results - Equilib Functions (page 0/101)

lo@] = |

Output Edit Show Pages

T_le*lalﬁllml

Functions

—

TIC] Pibar] Energull] basz(mal] Yalllitre]

k== EvE

Group M | Ble  Units  Tools Eraphi Help
=3 [EYTIEIDAY vy D
=52 Lact  Fomat Iﬁlﬂn!m Format Tree 1| KMLI

To activate Fact-XML click on the

1 ) Graphi—Setup
XML menu button. saved graphs... | Function Builder ih
. Wariables Edit functions. .. El |
2. Click on Graph > Setup .... oS - Amaurt/ o[ ooy 1 - Fe-N Sievert I
. - = L 02 Activity (02 = =
3. Click on Function Builder. %sz:ﬂgtil:iltﬁ[szxaas] = 4
4. Import function group: - } S il - = Alpha <>
- _ . Ei - 7 .
Si02-MnO_S_capacity | Ml T~y Aic
5. Select Functions from the Y-Axis | Functions - | v + | +variable] Alpha <A> -
menu. (| W% £1=/logii=* S0RT(a02/252))
.4
6. Check \ the functions you wish to AL E—r STEF  eleven) MM MAX
T A Default | 1 0.5 a 1 Diefault
plot: set MIN, MAX, STEP, etc _l Tl ]
. — I_l- ><
7. Select X-Axis Alpha <A>, etc. | 5pecies/phases:
8 CI|Ck on DraW (nOt Shown hel’e) : | Speciez | Phaze | [rata | Activity | b 1M | bl oz,

thtSage‘”
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Step 4: Plot of slag sulfide capacity at 1650°C

<1-A> Si0, + <A>MnO + 0 5
T=1650C Lactiage”

15 | WWhere |
- WES - AmountComposition (S (lotalSiagHil)) W%
202 - AcINRy (O2Gas)
2| 352 - ACIMRY (S2/Ga)
Ji=logiwes * SORT(a0X352))

Ff=loptw ts * SORT(a02/a52))

Gh(:i:SageTM www.factsage.com



Step 4: Slag sulfide capacity at 1300 -1650°C

<1-A>S5i0, + <A>MnO + 0SS

Lactig

15 L VWhere |
) wiS . Amount/Composition (S (totalySlag-lig)) wt.%
a0z : Activity (02/Gas)
2 aS2 : Activity (S2/Gas)
I =log{witS*SQRT(a02/as2))
25 F
3
35
G
o 4
2 4
45
L Here Equilib has been used to
1 calculate the slag sulfide
Y capacity at other temperatures.
s i After plotting via Fact-XML the
graphs have been superimposed
65 '.; and labels added to the figure.
-T ||| ] I ] ] ] ] ] ] ] |
] A 2 3 4 5 6 i ] 9 1
Alpha <A>

Gh(:i:SageTM www.factsage.com



FactOptimal

FactOptimal is programmed to identify the optimal conditions for
alloy and process design using thermodynamic and property
databases, FactSage software and the Mesh Adaptive Direct Search
Algorithm.

A.Gheribi, E. Bélisle, C.W. Bale and A.D. Pelton CRCT, Ecole
Polytechnique de Montreal

S. Le Digabel and C. Audet, GERAD, Ecole Polytechnique de
Montreal
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The FactOptimal Module

FactOptimal is programmed to identify the optimal conditions for alloy
and process design using thermodynamic and property databases,
FactSage software and the Mesh Adaptive Direct Search Algorithm.

A.Gheribi, E. Bélisle, C.W. Bale and A.D. Pelton CRCT, Ecole Polytechnique de Montréal
S. Le Digabel and C. Audet, GERAD, Ecole Polytechnique de Montréal

Table of contents

Section 1 Introduction
Section 2 How does FactOptimal Work
Section 3 Example 1 : Maximize an adiabatic flame temperature
Section 4 Example 2 : Calculation of minimum liquidus temperature under constraints
Section 5 Example 3 : How to use equality constraints NEW
Section 6 Example 4 : FactOptimal coupled with solidification software
Section 7 Introduction to the Pareto concept
Section 8 Example 5 : Optimize 2 properties with two files (linked) NEW

Pﬁ vs density (T2 = T1+20)
Section 9 Example 6 : Application using the cache option (Next Run) NEW
Section 10 Example 7 : Target optimization NEW
Section 11 Optimization using the Function Builder NEW
Section 12 Example 8 : Calculation of special points on the liquidus surface
Section 13 Special points — reciprocal systems NEW
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Introduction - 1

- The Equilib module can be used to screen potential systems, searching for
compositions having a desired set of properties and phase constitution,
under a given set of constraints

- For instance, one could search for alloys within a given composition range,
with a liquidus temperature below x°C, with a desired freezing range, with a
maximum or minimum amount of precipates after annealing at y°C, with a
density or shrinkage ratio within a given range, etc. One could also search
for optimal annealing or rolling temperatures, for example.

- However, to perform such searches “by hand” for a multicomponent alloy by
simply performing thousands of calculations over a grid of compositions is
extremely time-consuming.

- FactOptimal extends the capability of Equilib by coupling it with a Mesh
Adaptive Direct Search method algorithm (MADS) developed at GERAD
by S. Le Digabel and C. Audet, Ecole Polytechnique de Montreal

GthS&gEm www.factsage.com



The FactOptimal Module

What’'s New In FactOptimal 6.3 ?

» Target calculations : in addition to minimizing/maximizing one can now target a specific value.
= Additional new property for optimization : activity of a phase/species.

» Additional new variables : temperature and pressure.

» Additional new property constraint : activity of a phase/species.

» The sum of composition variables can now be greater than 1.

» Thus, variables can now be of type integer or real.

= When using two input files, the "linked" button is now activated in order to use the
temperature from the first file in the second file.

= When using two input files, properties constraints can now apply to each of the input files.

» Latest optimizations are saved with Equilib files and can be recalled by using the “Recent”
button

= Convenient MIN/MAX buttons to set all minimum/maximum values of composition variables
= For a Scheil cooling system, the mass of specific species/phase(s) can now be optimized

= Better optimization for composition constraints having equality rules

» Table display of result for the special points option

» Use of cache file to restart any optimization from the latest calculation

GthS&gEm www.factsage.com



Introduction - 2

o The purpose of FactOptimal is to minimize and/or maximize a set of

functions: {f,(x,,x,..T, P); fo(x4,X,....T, P)}

o The functions are calculated by Equilib

o The functions may be non-smooth (e.g. liquidus )

o The estimation of derivatives is problematic

o Evaluations of f can be time consuming

o The function calculation may fail unexpectedly at some points

o The constraints may be non-linear, non-smooth or Boolean

GthS&gEm www.factsage.com



Example 1. Maximize an adiabatic flame temperature - 1

The objective is to maximize the adiabatic flame temperature of : (1-A) CH, + (A) O,

By varying A from O to 1 in steps of 0.01, you can calculate the adiabatic flame temperature
as a function of A using the Equilib module (see Equilib regular slide show, section 10).

Plotting the results you find that: T_, ., ~3075 K when A ~0.65
<1-A> CH4 + <A> 02

&ctSage
sa00 | o
3200

r Maximum _—
3000

[\
[22)
[=)
[=]

[
[=2]
o
[=]

2400 B
2200 B
2000 R
1800 L
1600 B
1400 B
1200 B
1000 R

Abiabatic flame temperature (

0800 [
0600 [

0400
0200

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0.050.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00
o

GthS&gEm www.factsage.com



Example 1: Maximize an adiabatic flame temperature - 2

Compound:

To calculate the maximum temperature with FactOptimal, the first step is to perform a single
equilibrium calculation at any arbitrary composition and then open FactOptimal.

=" E=T

Reactants - Equilib

I File Edit Table | Units | Data Search Help

-
G Menu - Equilib: Maximun adiabatic temperature

Bl-m-ll

File Units Parameters Help

O |D~| il TiK) Platm] Energyid) Mass(mol) Vol(itre] =] m TiK) Platm] Energyl)] Massimol) Yollitre) m |B| I’l
- Reactants (2]
12 05CH4 + 0502
[298.15K.0.81] [298.15K.0.81]
Mazz[mol] Species Phasze TIK] Pftotal)™ Stream#t Data  Product
|D.5 |EH4 Igas - | |l I‘I I‘I r— Compound species ~ Solution specie Custom Solutions
. [+ gas & ideal  real 37 Base-Phase Full Hame 0 fixed activities
[os [0z |gas v [29218 " |1 [1 S eseens 0 0 ideal solutions
I— e s 0 0 activity coefficients
,\{ - |+— pure solids 1 Detailz ...

¥ suppress duplicates aEE'EI

* - custom selection

¥ Initial Conditions

Mext >>

Pseudonyms
apply List ... |

species 38
[ include molar wolurnes
- Tatal Species [max 1500
Temt ~Legend Total S eries max 1500] 38
Target phase: v Show al  selected Total Solutions [rmax 40 1]
Estimate T{K): 1000 species: 0
I solutions: 1] ﬂl
Masz(mal): |0 2 Default |
 Final Conditions Equilibrium —————
<y <B TIK] Platm) —TJ Delta HIJ) vI\ & nomal 7 nomal + trarsitions
I 1 \ 0 € tranzitions only
-
O ceps [ Tabie open Caloulate >> |

1725 databases Solution:

0/25 databases -—
= [} Results - Equilib 2612.05 K

m@g

—

Output Edit Show Pages
FactOptimal Icon

Ol = Tik] Platm] Ernergeil] Massirmal] Valllitee) "”lalm

| FactSage .3 -
0.5 CH4 + 0.5 02 = =
(298.15,1,q9,#1) (298.15,1,g, £1}
1.s5221 mol  gas ideszl 3
{24 021 gram, 1.5221 mol, 326 25 litre, 7.3627E-05 gram/cm3)

(2612 .05 E, 1 atm, a=1.0000)
™ f
ct age www.factsage.com



Example 1. Maximize an adiabatic flame temperature - 3

When you “click” on the FactOptimal icon the first window of the module appears. If you are using
the stored example files, click on “Recent...” to load the FactOptimal file. There are 5 tabs.

The first tab is “Properties” where we define the quantities to minimize and/or maximize.

In this example, we specify that :

1 - we consider one property

2 - we want to maximize this property
3 - the property is temperature

ﬁ? Fact Optimal

(= |-

Recent.. Help

O phirmizatior
¢ | property 1

Mazs/moal.. !

Activity...
Wapor Pressure
D engity
Yalume
Wiscoszity [Pa.g]

Delta H
Delta Cp
Delta 5
Delta G

Include cost
™ yes

* no

Properties | \-"ariables] Cnnstraintsl Parameters] Hesults]

(" 2nd property

=
~
~

Temperature
tagsdmal..
Achiviby.
Wapor Pressure
Density
Wolume
Wiscozity [Pa.z)

Delta H
Delta Cp
Delta 5
Delta G

Click on Next

Newst »» to go tO the

| UNITS | Temperature : K, Mass: mol

Variables tab

G’actSage‘”
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Example 1. Maximize an adiabatic flame temperature - 4

In the “Variables” tab we define the permissible range of composition and the initial values for
the first estimate. Alternatively, select “Q-Random” and let the program choose the initial

values. (see page 3.9)

Use “ALL” buttons to
set the same value for

REAL type is chosen

INTEGER type, see
example in section 3.7.

[ & Fact Optimal SRS
Recent.. 'f Function Builder  Help
Properties [ELELEES | Constraints F'arameters] Hexults]
Composition Y anables all variables.
No.  Species MIN [ ALL [ wax [ ALL | it vauel ALL |
|'I |EH4 J [~ Congtant |I:| |‘I |EI.5 [ O-Random
No | Species MIN | Max | Initial alue |
1 CH4 0 1 [IR4]
2 0z 0 1 [IR4] . ]
Yariable bype . .
& REAL [ with values varying
« wrecer| |l from 0 to 1. For
Only composition
variables are used
in this example.
Additiongl variables
e o [ [ 10 v [T Click on Next to
[ |Pressure |1 1 1 Mewt »> gO tO the

| UMITS | Temperature: K, Mass : mol

Constraints tab.

G’actSage‘”
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Example 1: Maximize an adiabatic flame temperature - 5

In the “Constraints” tab the sum of composition variables is set by default to 1. In the
“Parameters” tab we define the maximum number of Equilib calculations and the search
region. If the initial point is a good estimate of the expected answer, choose Small (0.1),
otherwise choose Large (1) or Medium (0.5).

ﬁ! Fact Optimal - [PROP #1: max Temperature (CH4+02)]

Recent.. § Function Builder  Help

Propertie&] Wariables PEEEIETE | Parameters] Hesults]

| Composition constraintz!  Properties conshraints

Expression builder

The program will stop after the
selected maximum number of Equilib
calculations, or it may converge earlier.

The number of calculations can be
extended later if desired without losing
the first set of calculations. Similarly,
the stop button can be used at any
time to terminate the optimization
calculations. See section 9 for more
details.

W SUM [Comp. varables) =

|I:H4 ﬂ ADD | Operations: j j ﬂ ﬂ ﬂ ﬂ ’17

ults |

Max # of Equilb calculations |25

Initial search region - |0.1

Default

f* Small  Medium  Large

Click on the “Calculate >>"
button to start the optimization.

Calculate »»

| UNITS | Ternperature : K, Mass i mo

thtSage‘”
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Example 1. Maximize an adiabatic flame temperature - 6

We obtain the results after 25 Equilib Calculations. The Equilib Results Window with the
equilibrium calculation corresponds to the calculated maximum adiabatic flame temperature.

Y

G Fact Optirmal E@ {7 Results - Equilib 3057.86 K
Recent.. f Function Builder  Help Output  Edit  Show Pages
i ) 0Ol 1 TIK) Platm] Energvil] Mass(mal) Yolllitre)
Properties] \-"ariables] Eonstrainlsl Parameters ;T
Status : Done, Continue Run »> |
0.35 CH& + 0.65 02 =
0. 325000000000000 0.500000000000000 — - (288.15,1,9, £1] (298.15,1,q,£1)
» ; 0.375000000000000 O.500000000000000 — T T
MNumber of Equilib calculations: 2h/25 0.350000000000000 0.525000000000000 — 1 ze3s mol  gas_ideal
) il (26.414 gram, 1.2&38 mol, 317.11 litre, &.3285E-05 gram/cm3)
B el S (3057.8% B, 1 atm, a=1.0000)
Temperature : 3057.86 K 4 L t { 0.39548 Hz0
+ 0.17000 co
& . 1/,,. + 0.10834 coz
+ 8.9509E-02 OH
+ 8.61752-02 Hz
2100 Results + §.2708E-02 oz
Lt aalifem o + 5.4331E-02 H
a3 so.ulon s0504 - !__._ -.-__ -l---* B =_-‘ H + 3.42352-02 o
Species il | 3000%-- '"'"'""""""""”"'".’""'T'""T + 5.7500E-05 HOO
CH4 035 o 28504 : e o= Fe---- [ R LEE TR T : EZ;ZEE‘EE ﬁggﬂ
o2 0.65 E’29I:|D- - '"E" """"'E' """""""""""""" + 1._70325-08 03
T i e e S + 8.4044E-02 HzCo
Constraints - S 2a004-t--- [ S— (R [ L F— 1 + 1.0388E-10 HCOOH
: g 2750 , I L N S S + 2_5783E-11 c
o H i H . . + 3.6171E-12 CH
= 27004 Tt e + 2.4648E-12 CHZ
e e + 1.73522-12 CHS
2500?...-: ______ [ [ [ [N [N i + 5.4482E-13 cz0
23550 t 4 : : - . . + 1.23832-13 CH4
5 10 15 0 25 30 35 j: f-?ﬂ;:jji ?};"H
# of Calculations + 5 26202-16 cons
| UMITS | Termperature @ K, Mass @ mol

GthS&gEm www.factsage.com



Example 1. Maximize an adiabatic flame temperature - 7

To decrease the number of significant digits and thereby decrease
the computation time, you can choose to work with INTEGER type

variables.

G Fact Optirnal

Compaosition Y anables

Recent.. 'f Function Builder  Help

.F'ru:uperties CEUEE ] Constraints | Parameters | Results |

=)

M. Species MM ALL | Max  ALL | InitialWalue  ALL

[1 [CH3 | Constat [a 1000 [500 W i-Fandam

No | Species MIN | MaX | Initial Value |

1 CH4 0 1000 a00

2 oz 0 1000 a00 Ve (e
i REAL
+ INTEGER

Additional wariables

[~ Temperature |'|EIEI |2EIEID 10 2612

[ Pressure |'| |'IEI 1 1 Mest »»

Using the same example,
INTEGER type is chosen with
values varying from 0 to 1000.
By selecting this option as
opposed to real values varying
from O to 1, we are limiting the
number of significant digits to 3.

| UMITS | Termperature : K, Mass @ maol

& Fact Optirnal

Becent.. f Function Builder  Help

.F'rcuperties] "v"arial:ules] Constraints | Parameters

[ o]

Mumber of FactSage calculations: 75

Best angwer zo far

Temperature ;: 3057.94 K

Last solution ;
Species il
CH4 352 P
0z E48

thtSage‘”
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Example 1. Maximize an adiabatic flame temperature - 8

When choosing the Quasi-Random option, we have to define the number of such calculations.

In the present example 50 quasi-random calculations will be performed in order to get the best

initial point, then 25 subsequent Equilib calculations will be performed to determine the Pareto
Front (see slide 7.1) for a total of 75 calculations.

ﬁ Fact Optimal - [PROP #1: max Temperature (CH4+02)]

Recent... "' Function Builder

Properties [WEIEEES | Caonstraints Parameters] Hesultsl

ﬁ' Fact Optirnal
Recent.. ' Function Builder  Help

Propetties | Wariables | Constraints JEEEIECEN Fesuls |

# of Duasi-Flandam calculations : |50

Max # of Equilib calculations ;|25
Initial search region: |0.1

Help

Composition ariables
No. Species MIM - ALL | max ALL InitialVaIue_ﬁLL
2 oz =l |0 1000 |500 I¥_Q-Bandom
Mo | Species | MIN | Max | Initial Value |
1 CH4 1] 1000 500
2 o2 1] 1000 500 - .
Warahle type :

f* Small  Medum  Lage

Calculate >

| UMITS | Temperature : K, bass : mol

G Fact Optimal
Recent.. '§ Function Builder  Help

-Propertiexl \-’ariable&l Constraints | Parameters

Mumber of Equilib calculations: 7a/7h

Best answer o far
Temperature : 3057.94 K

Lazt zolution :
Species | ol |
CH4 035219
0z 064781

Seve Putoport]

thtSage‘”
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Example 2 : Minimize the liquidus temperature under constraints - 1

System: Al-Cu-Mg-Zn. Constraints: « Sum of mole fractions (X,, + X¢,) < 0.2
* Density < 2.2 g/ml
« Cost <2900 $/ton

Step 1: Using Equilib define the system and select the appropriate databases: FTlite.

,F/Reactants - Equily,

D= +| @] Plaim) Energ)) Mass(mo) Vollie) =0 {7 Data Search
1-4 | Databases - 2/25 compound databaszes. 1/25 solution datah
G’hﬂt SGTE compounds only
; Mass(mol) & Species | Phase =l 1(C) }.|“”M“l' - N FactPs [] FScopp [ BINS zolutionz only
[0 Floxid [J FSlead [J SGPS no data
*h [Cu | = [ f O Frzat [J Fslite [ SGTE
i Mg | =1 | f [0 FTmisc [] FSstel  [J SGnobl Cleardl |
O FThal [J FSnobl  [] SGsold
* Z v 1
! B ! 1 ! ! ] FTOxCN [ FSupsi [ SGnucl Selectall |
] FTintz
[] FThelg Add/Remave Data |
] FTpulp [ ELEM Other
FTlite [ FTdemo [J] TDnucl RefreshDatabases |

I Initial Conditions

Compound: | 1/28 databases Solution: | 1/27 databases

thtSage’” www.factsage.com



Example 2 : Minimize the liquidus temperature under constraints - 2

Step 2: Perform a single equilibrium calculation at an arbitrary composition and specify a
precipitate (P) calculation on the liquid (i.e. liquidus temperature calculation) and “include
molar volumes” (for the calculation of the density):

F Menu - Equilib: last system E] = @

File Units Parameters Help
DEd T(C) Platm) Energyil) Mass(mol) Vol(itre) mo m |
Reactants (4)
[ Als Cus Mg+ Zn|
Products
Compound species Solution species Custom Solutions
[E o C 0 * | + | Base-Phase | Full Name
7] 0 (®)  FliteLiqu Liquid
[~ pure iquids 0 I FTiteFCC FCC_A1 =
[+ pure sobds 43 I FTlte:HCP HCP_A3 _J
= I FTite-BCC BCC_A2
~ze] | FTRelCl4 Laves_C14 Pmifm :
species: 43 | FTiedlCl5 Laves_C15 wpy [ Lst.. |
| FTlhte-LC384 Alaves_C36 :
FTieLC368 Blaves C36 v/ T@"c'"“,m" '°1'“'"°$ =
Preciptate Target _@i&m[mw_m
FTHeLiqu I ¥ Show( al (" selected | ol Sokuions (maxd0) 31
Estimate T(C} [1000 P - precipitate target species: 182
- I— +-selected 17 odions 31 Select
' Default |
Final Conditions E quilibrium
10  |Pam) v||ProductHY) ~v| @ nomal
c 5
I I
l_ I 1 calculation Calculate >>
FactSage

G’actSage’”
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Example 2 : Minimize the liquidus temperature under constraints - 3

Equilib Results Window

Calculated liguidus temperature : 700.53°C

F Results - Equilib 700.53 C

Output  Edit o=

0Ol = TIC] Platm] Energuld] Mass{mal] Yolllitre] "' EI W

| 41 + cu+ Mg+ 2Zn = ”~

4 0000 maol Licpaidgl =
(120.2Z gram, 4.0000 wmol, 4.4Z87E-0Z litre, 4.0694 gram/ml) < I DenSIty
(700_53 C, 1 atm, a=1_0000)
{ 0.Z5000 Al v
+ 0.Z5000 Cu v
+ 0.ZE5000 Mo v
+ 0.Z5000 Zn L]
Svysten compohnent Mole fraction Mass fraction
Zn o_z5000 0.36283
Ccu 0.ZE5000 0.35Ze0
Al 0.zE5000 0.14371
My 0.ZE5000 0.1l3486
Wiscosity /Pa.s = 4. 9335E-04
+ 0.00000 mol Laves_Clogz

(700_53 C, 1 atm, a=1_0000)
[ Z.6E5639E-04 AlZAal
+ 1.3505E-04 AlZCu
+ 0.Z0007 AlZMy
+ 3.4477E-04 AlZZn a
+ 6. 03Z9E-04 CuZil
+ F.1E73E-04 CuZitu
+ 045478 CuzMeo
+ 7.8Z88E-04 CuZin =]
+ 1.3361E-0§& MgZal
+ &_99Z7E-07 Mgzl
+ 1.0081E-03 MgZMy v

thtSage’“ www.factsage.com



Example 2 : Minimize the liquidus temperature under constraints - 4

Step 3: Click on the FactOptimal icon and set up the calculation.

If you are using the stored example files, click on “Recent...” to load the Fact Optimal file. In
this example, we specify that:

[ G Fact Optimal - [PROP #1: Temperature] E@
Becent.. F Eunction Builder  Help

1. we consider one property

Properties "Jariables] Cost I Canstraints | Parameters | Results |

2. we want to minimize this Optirizstin
e m ooy :
property * minimize 2 {*
H " maximize o
3. the property is temperature C tagel c 3
4. the COSt IS tO be InCIUded 1 Ea_ssl.-’mol... Ea_ssl.f'mol...
. . . CvIb. .. cHvIb. ..
the Optlmlzatlon éz:r:]ziltfressure éz:r:giltfressure | -

m

Yiscozity [Pa.z] Yiscozity [Fa.z]

Function... Function...
H 4 - r
Cp Cp =
5 5 J
Include cost §
v pez 4

" no Mest >

| UMITS | Termnperature : ©, hass @ maol

GthS&gEm www.factsage.com



Example 2 : Minimize the liquidus temperature under constraints - 5

Step 4: Define the permissible composition range and a set of initial estimates

-ﬁ Fact Optirnal - [PROP #1: Ternperature] E'@
Recent.. 'J Function Builder | Help
Propetties |LCUEEE Cost | Constraints | Parameters | Results |
Composition % ariables
Mo, Cpecies MIM - ALL | MAx  ALL | Initialalue  ALL
|1 |AI J [ Constant |I:| |1 |I:|_25 [ 3-Random
Mo | Species | MIN | M | Initial Value |
1 Al .05 0z .05
2 Cu .oz 0z .oz \ariable o -
3 Mg 0.75 0.4 0.75 s
4 Zn 0.03 0.15 0.03 f+ REAL
" IMTEGER
Additional variables
[~ Temperature o0 2000 o 374
[ Pressue 1 1o 1 1 Mext »»

| UMITS | Termperature : ©, Bass @ ol

GthS&gEm www.factsage.com



Example 2 : Minimize the liquidus temperature under constraints - 6

The materials costs can either be defined (if they
are not available) or updated using the tab “cost”.

i

{,:r' Fact Optirnal - [PROP #1: Termperature]
Becent.. F Eunction Builder  Help

. F'ru:uperties] Yariablez m Constraints | Parameters | Results |

o be e |

Yar. Mo Components % it
| | =] 8T [=]
Mo | R aw material | % | |t |
1 Al 2132 T

2 Cu Fila T

3 g 2980 T

4 £n 2100 T

Prices already in Fact5age were taken from the London ketal Exchange as of August 2000

Memt =

| UMITS | Ternperature : ©, Mass : ol

G’actSage‘”
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Example 2 : Minimize the liquidus temperature under constraints - 7

Step 5: Define the constraints on composition: X(Al) + X(Cu) < 0.2

i - |
& Fact Optimal - [PROP #1: Temperature] EM

Recent.. f Function Builder  Help

F'rn:nperties] "Jarial:nles] Cost W] Parameters] Hesults]

| Composition constraints}  Properties constraints |

Expreszion builder v SUM [Comp. variables) =
A =] a0 | opsstions: 4| - | A 2] (]3|
M. E wprezzion Walue or expression
|'I |<L|se expreszion bulder: ﬂﬂ ﬂ |EI Mew
Mo | Desciiption | x | Bound value | Save/idd
1 Al+Cu { nz
With zelected :
delete

Mert >

| UMITS | Temperature: C, Mass: mol

thtSage’“ www.factsage.com



Example 2 : Minimize the liquidus temperature under constraints - 8

Step 6: Define the constraints on properties : p <2.2 g/ml cost <2900 $/Ton

& Fact Optirnal - [PROP #1: Termperature] El@

RBecent.. F Function Builder  Help

.F'n:uperties] "»-"arial:ules] Cost W Parameters | Reszults |

Composgition constraints || Properties constraints;

Mo, Dezcription W alue File
|'I |Densit_l,l j «| =] >|(|0 1 b
Savestdd
Mo | Description | * | Bound value | File | e |
1 Drengity L 22 1 . .
5 Cost ¢ . a0 1 With selected :
delete

Mest >

| UMNITS | Ternperature 1 ©, Mass @ ol

GthS&gEm www.factsage.com



Example 2 : Minimize the liquidus temperature under constraints - 9

Enter the maximum number of Equilib calculations
and the initial search region (see slide 3.5).

& Fact Optimal - [PROP #1: Min Temperature] EI@
Recent.. F Function Builder  Help

SR Results |

.F'rcnperties] "»-‘arial:ules] Cozt | Conztraints

b ax # of Equilib calculations ; |'I 50l

Initial search region ; ||11 ¢ Smal  Medum  Large

Calculate »»

| UMNITS | Ternperature : ©, bass : mol

GthS&gEm www.factsage.com



Example 2 : Minimize the liquidus temperature under constraints - 10

FactOptimal Results Window

Minimum

Composition at
the minimum

Values of the
chosen
constraints

& Fact Optirnal - [PROP #1: Min Termperature] EI@
Recent.. 'f Function Builder  Help
-F'rnperties] '\-"ariables] Cost | Constraints | Parameters HESU"S
Status : Done. Continue Bun »>
0.115289001464844 0.020000000000000 0O »
N ] 0.115442810058594 0.0z20000000000000 0
Mumber of Equilib calculations: 1304150 0.115186462402344 0.020026367187500 0
Best ahzwer 2o far -
Temperature | 436.75 C 1 i 4 Save and
&| &= print the
1 graph or
445
Last zolution : Lo Change the
Species mal | 4451.:-:-.: EEEET TR e LEEE T LEEE T .
Al 011534 5 i # axis scale
Cu 002 Rt I T A R
Mo 0.75 = | :4' R e
Zn 011466 - E LA IRt A S S
Constraints : & T
E I | | \ \ | \ | \ \ \ |
Al+Cu=011534 xz 440 '"}'":'-":'"."":'"T'":'"T'":"'T'":'"f'
Density=2.19997 435 '-'i---r"'u--i_-'.—" ----- :---f---:---?---:---}-
/ S . . ‘I— ARl
- Cost $=2899.65833 436
- 0 1EI 2EI 3I:I 4EI SD ED T"I:I SI:I EIEI 1DD11D12I:I
# of Calculations
| UMITS | Ternperature : ©, Mass @ rnoal

G’actSage‘”
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Example 2 : Minimize the liquidus temperature under constraints - 11

Equilib Results Window

e

G’ Results - Equilib 436,77 C
Output  Edit  Ehow Pages

D= E|E|m|

TIC] Platm] Energwld] Masz(mol] Wollitre]

[o ][O s

A= 1

[

1.0000 mol Licpaid#l
(30106 g 1 QOO0 mol,
: 1l atm,

[ O £
+ £.0000E-0%
+ 0_7E5000
+ 0.11481
Bystem component
Zn
Cu
Al
Mg
+ 0 mol Licpaidgz
(436.77 C, 1 atm,
[ 0.11533
+ Z.0000E-0Z
+ 0.75000
+ 0.11461

Svstem component
54 1
Cu
Al
Hyg

0.1153% Al + 0.0 Cu + 0.

75 Mg +

1_3685E-02 litref Z.1992 jgrawm/cm3)

Al
Cu
Mo
En

Al
Cu
My
Zr

0.1146l Zn

a=1.0000)

Mole fraction Mass fraction

0.11l4el
Z.0000E-0Z
0.11533
0.7E5000

a=1.0000)

Mole fraction Mass fraction
0.
Z.0000E-0Z
0.

0._75000

11461

11539

0.z4889
4 ZE14E-0Z
0.10341
0.&e0542

0.
4 ZZ14E-0Z2
0.

060548

Z45589

10341

aSaa

FactSage &.3

s
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Optimization using the Function Builder - 1

In addition to optimizing properties that can be [Ee==== ST
calculated by Equilib, FactOptimal also allows ] P

optimization of user-defined properties, in the form of
functions of properties calculated by Equilib.

Functions
. 1= +] 8 Preview res s
F O r eXa m p I e y Red kl n [1 ] h aS p rO pOSed th at th e Operations: * +- /)™ abs, In, log, exp, cos, sin, g, arcsin, aiccos, arctg or arctan, sgn o sign, sgrit
. . . . . Variable selection
electrical conductivity o of molten chloride solutions | it
. Selection
can be expressed as : e
| Speies | Phase [ Data | Amountmal) [ MIN = | Pseudanym
& Lo AkChss_o FTsat  OOODE+00  OODOE+00  (LOD0E+00
& Nl AKChss ro.. FTsak  000CE+00  OODDE+DD  0.000E+00
In(0) = 4.9%*exp[-(2747-33724/V)IT]*exp(53.7/V) i MO, Fa QWEAD QWD 006D
& Mallz AKChss_ro.. FTsak  00OCE+00  OODDE+DD  0.000E+00
A Caltotsl) AkChss_n OO00E+00  OOD0E+00 (LO00E+00
A Kt Akhss 1o 0000E+00  OO0DE+00  0.000E+00
. . . . . & Clfetal AkChss_ro.. 0.000E+00  OO0DE+00  0.000E+00
where V is the volume of the solution in litres. This i Geew. omem ooem s
. . " & Lifotal AlkClss_o.. 0000E+00  OODDE+00  0.000E+00 5
formula can be saved in the [Function Builder and & o retiot 3o St 1 b

then chosen as a property to be optimized.

(1A Redkin, Relationship between Electrical Conductivity and Thermodynamic Properties of Binary Molten Salt Mixtures
http://www.electrochem.org/dl/ma/201/pdfs/1420.pdf
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Optimization using the Function Builder - 1

In addition to optimizing properties that can be [Ee==== ST
calculated by Equilib, FactOptimal also allows ] P

optimization of user-defined properties, in the form of
functions of properties calculated by Equilib.

Functions
. 1= +] 8 Preview res s
F O r eXa m p I e y Red kl n [1 ] h aS p rO pOSed th at th e Operations: * +- /)™ abs, In, log, exp, cos, sin, g, arcsin, aiccos, arctg or arctan, sgn o sign, sgrit
. . . . . Variable selection
electrical conductivity o of molten chloride solutions | it
. Selection
can be expressed as : e
| Speies | Phase [ Data | Amountmal) [ MIN = | Pseudanym
& Lo AkChss_o FTsat  OOODE+00  OODOE+00  (LOD0E+00
& Nl AKChss ro.. FTsak  000CE+00  OODDE+DD  0.000E+00
In(0) = 4.9%*exp[-(2747-33724/V)IT]*exp(53.7/V) i MO, Fa QWEAD QWD 006D
& Mallz AKChss_ro.. FTsak  00OCE+00  OODDE+DD  0.000E+00
A Caltotsl) AkChss_n OO00E+00  OOD0E+00 (LO00E+00
A Kt Akhss 1o 0000E+00  OO0DE+00  0.000E+00
. . . . . & Clfetal AkChss_ro.. 0.000E+00  OO0DE+00  0.000E+00
where V is the volume of the solution in litres. This i Geew. omem ooem s
. . " & Lifotal AlkClss_o.. 0000E+00  OODDE+00  0.000E+00 5
formula can be saved in the [Function Builder and & o retiot 3o St 1 b

then chosen as a property to be optimized.

(1A Redkin, Relationship between Electrical Conductivity and Thermodynamic Properties of Binary Molten Salt Mixtures
http://www.electrochem.org/dl/ma/201/pdfs/1420.pdf
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Optimization using the Function Builder - 2

- ] &3 Function Builder = | [ i S
Click on the Function Builder icon to | [fe e
open the FaCtSage Function Builder. ariables List clear | 1 -Preview resuls
Edit or build a new group of functions,
then save it. For help click on the
Function Builder icon and then on
‘ H ’
Help > PDF SlideShow
Functions
r fl= +| Gl Preview results
ﬁ Fact Optimal - -— . ' 7 . . J
f— — Operations: * +- /[ ] ™ abs, In, log, exp, cos. sin, tg, arcsin, arccos, archg or arctan, sgn o sign, sqrt
Recent... | Function Builder | Helg
WYariable selection
3 \-"aliables] Eonstlaints] F'alameters] Fiesultsl | |
Amount ~
Optimizatior -
(e | property " 2nd property peleEtian l
Species/phazes:
(% minimize o
" maximize ) | Species | Phase | Data | Arnount(rmal] | MIN | M | Pseudanym -
" target f'“ = LiCl AlkClss_ro..  FTzal 0.000E +00 0.000E +00 0.000E +00
Temperature Temperature e M aCl AlkClss_ro..  FTsalt 0.00CE+00  O.O0CE+O0  0.00CE-00
Elc‘lt_SS_«t’ml--- zlc‘lt_ssi’mol--- i KClI AkCles_ro..  FTsat  0.000E+00  0.000E+00  0LOOOE+00
Chivity... chivity... Y
Yapor Pressure Yapor Fressure ‘h‘ CaCl2 AlkClss_mo..  FTsalt 0.000E+00 0.000E+00 0.000E+00
Denzity Deehsity & tgCl2 AlkClss_ro..  FTzalt 0.000E +00 0.000E +00 0.000E +00
Valume "Walume * Ca [total) AlkCl-zs_ro... 0.000E +00 0.000E +00 0.000E +00
Wiscosity [Pa.s] Wiscosity [Pa.s] & Kot AKCls3_ro.. 0.000E+00  0.000E+00  0.000E+00
P [y — % Clitotal AlkChes o DO0CE+00  0.OOOE+00  CLOOOE+00
e Mg [total] AlkClss_ra... 0.00CE+00  0.000E+00  0.000E+00
E E &  Nalotal AlKCls3_ro.. 0.000E+00  O.00CE+00  0.0OCE+00
Sp - & Li [total] AlkCl-zs_ro... 0.000E +00 0.000E +00 0.000E +00 -
& mol O molfract. O gram O Wwhiract. © ko O b
Include cost $
" yes
* no Cloze
| UNITS | Temperature : C, Mass : maol T]
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Optimization using the Function Builder - 3

Here we enter the formula for electrical conductivity in the Function Builder. A group of
functions is created in Function Builder, saved as « Electrical Conductivity In(x) ». We want
to use the fuction f1 from this group (a group can contain up to 10 functions f1, 12, f3, etc.)

‘3 Function Builder + [Electrical Conductivity In(x]]

== &

File Help
‘Wariables List

cle

=l | Preview results

T: Temperature
W Total Wolume

— T oM

Functions

m

Vanable selection

Amount/Composition ~

M= [49%exp(-2747-33724/(v*1000))/T)*exp(53.7/(v*1 000))

Operations: * +- /[ ] ™ abs. In, log, exp. cos, sin, tg. arcsin, arccos, arctg or arctan, sgn or sign, sqrt

ﬂ EL. Preview results

Selection l

Species/phaszes:
| Species | Phase | Data | Amount/Co... | MIN | s | Pseudorym -
= LiCl AlkClss_ro..  FTsal 0.000E+00 0.000E+00 0.000E +00
o Matl AkChss_ro..  FTsalk 0.000E+00  C.O00E+O0  CO.000E-+00
o KCl AkClez_ro..  FTzalk 0.000E+00  O.000E+00  O.000E-+00
= CaCl2 AlkClss_ra..  FTsalt 0.000E+00  0.000E+00  O.000E-+Q0
F tgCl2 AlkClss ro..  FTsal 0.000E+00 0.000E+00 0.000E +00
b Ca [tatal] AkChez_ro... 0.000E+00  O.000E+00  O.000E-+00
= K. [tatal) AlkClss_ra... 0.000E+00  0.000E+00  O.000E-+Q0
F Cl [tatal] AlkClss_ro... 0.000E+00 0.000E+00 0.000E +00
b Fg [tokal) AkChez_ro... 0.000E+00  O.000E+00  O.000E-+00
= Ma [total] AlkClss_ra... 0.000E+00  O.000E+00  O.000E-00 il
O maol O molfract. O ogram O W frack © Wt E O kg O b

Close

To minimize the Electrical Conductivity, select
the saved function as the first property.

/

ﬁ Fact Optimal

/

Recent.. Function Builder Help

Optimization

F'T'Z'F'E”-i'35=| Constraints | Parameter. Fiesults]

Include cost §
" yes

(* no

{* | property " 2nd property @
(% minimize =
" maximize i Q
(" target i 0
t Temperature Temperature
b azssmal.. b azssmal..
Achivity. .. Activitg
Wapor Pressure Wapor Pressure
Density Density A
Yolurme Waolume
Wiscozity [Pa.s] Wiszozity [Fa.z)
Furnction...
A H I
Cp Cp
5 5

| UNITS | Temperature: C, Mass : mol

™

A
mh
o
O
oQ
®
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Optimization using the Function Builder - 4

fjr Fact Optimal l = | [=] |_i:-?-l
Recent.. Function Builder Help
Properies PUEIER | Ennstraints] Parameters] Hesults]
Composition % ariables
Ma. Species MIN - ALL | Max  ALL | IntialValie ALL
|1 |LiEI J [~ Constant |I:| |1 |I:| [ 3-Random
Mo | Species | MIN | M | Initial Value |
1 LiCl 1] 1 0z
% EEF' g 1 gg Wariable type :
4 CaCl2 0 1 02 f+ REAL
] [ Pa e 1] 1 0z " INTEGER
—idditienaleaniak!
v Temperature MM |EEIEI b il |'|2EIEI precizion : |10 Iriitial % alue - | 1000
[ Fressure i 1 i I T L Mest =
| UMITS | Temperature : C, Mass: maol

In this example, the
temperature is set as an
additional variable.
FactOptimal will now
determine the
composition and
temperature which
minimize the electrical
conductivity.

Additional options can then be selected and the Electrical Conductivity can be optimized.
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