The OptiSage module

Use the OptiSage module for the assessment of Gibbs energy data.

Various types of experimental data can be utilized in order to generate optimized parameters for
the Gibbs energies of stoichiometric compounds as well as the excess coefficients of a wide
range of non-ideal solution models.

In the present example we will use OptiSage to treat the various phase diagram, enthalpy and
activity data for the NaCI-SrCl, system in order to obtain polynomial parameters for the Gibbs
energy of mixing in the liquid phase.
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Introduction to the Data Optimization procedure

The OptiSage module is used to generate a consistent set of Gibbs energy
parameters from a given set of experimental data using known Gibbs energy
data from well established phases of a particular chemical system.

Typical experimental data include:

phase diagram data: transition temperatures and pressures as well as amount
and composition of the phases at equilibrium

calorimetric data: enthalpies of formation or phase transformation, enthalpies
of mixing, heat contents and heat capacity measurements

partial Gibbs energy data: activities from vapor pressure or EMF
measurements

volumetric data: dilatometry, density measurements.

The assessor (user of OptiSage) has to use his best judgement on which of
the known parameters should remain fixed, which set of parameters need
refinement in the optimization and which new parameters have to be
Introduced, especially when assessing data for non-ideal solutions.

thtSageT” OptiSage 2.1 www.factsage.com



Overview of the data to be optimized in the NaCl-SrCl, system

Various experimental data on the binary NaCl-SrCl, system are available:
— phase diagram data (liquidus points, eutectic points)
— liquid-liquid enthalpy of mixing (at 894C)
— activity of NaCl(lig) at 3 different temperatures (800C, 825T and 850C)

OptiSage will be used to optimize the parameters for the liquid interctions (GE terms).
All other data (G°of the pure stoichiometric solids, as w ell as the pure liquid
components) will be taken from the FACT database (i.e. remain fixed).

A substitutional solution model with a polynomial for the excess Gibbs energy will be
used: G=(X;G° +X,G%) +RT(X;In X; +X,InX,) + GE

where GE = AH — TSE

Using the binary excess terms:

AH =X, X; (Ay) + X12X; (A,)

-SE = X1 X, (By) + X12X; (By) I G°,
one obtains: G
GE =X X; (Ap + B1T) + X2X; (A + B,T)
Where A, A,, B, and B, are the 4
parameters to be optimized.

NacCl - SrCl,

X
SrCI2
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The 3 Steps in the Optimization Procedure

In general a three step procedure is adopted for the optimization:
Step 1. Set a thermodynamic datafile (ChemSage file)
Step 2. Organise the various experimental data values (Excel file)

Step 3. Execute the optimization program interactively (run OptiSage)

In order to create a ChemSage file (step 1.), it is necessary to use the
Compound, Solution and Equilib modules as outlined in the following

slides.
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Creation of a private (r/w) compound database

* OptiSage uses a ChemSage thermodynamic datafile containing all known and
unknown (to be optimized) model parameters. The ChemSage file is created by

Equilib.

» G°of each component of the liquid phase is taken from t he FACT database.

Component | Index G°
NaCl 1 Liquid from FACT
SrCl, 2 Liquid from FACT

* You have to create a private r/w (read/write) COMPOUND database containing
NaCl(lig) and SrCl,(liq) using the Compound module. Public data (read-only)

cannot be used in OptiSage.

» To create a private Compound database: see Compound section 3.
» To transfer data between databases: see Compound section 11.
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Private Compound Database

A private Compound database nicknamed USER containing NaCl and
SrCl, should look like:

=Tk
File w Units  Wiew Tools WiewData Help

Farmula|MaCl El

..... ¢ 1 SGnoblBASE = Infarmation on USERBASE

""" r B SGnuclBASE Mickname (4 chars)

#- ¢ £ SGFSBASE IUSER
----- r & SGSLEASE
----- r & SGsoldBASE
----- r & SGTEBASE
----- r &1 SGTEBASE
EREMES | ISEFEAS
=@ Mall Description (79 chars max)
L~_" 51 Fure liquid data for the OptiSage example
ComeLT L
Bl G
- SrCI2

L: =

m-LT 52

Lr_” L1

L G
#-r & FTsaltBASE
----- r & SGnohlBASE
----- r 2 SGnuclBASE
M., B SGPSBASE =l
|Fau:tSage | |C:'l,FactSage'l,USERDATA'I,LISER.CDB (w500 2 compounds read/write 4

Note: Gaseous NaCl and SrCl, are not needed in the present example.
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Creation of a new solution database

* You have to create a private solution file containing all parameters (either
known and/or to be optimized) for each solution phase to be optimized.
You cannot perform an optimization using a public database (read-only)
such as FACT.

* The solution file must include all parameters to be optimized (with their
coefficients set to zero or to any initial value).
* For the NaClI-SrCl, system:
— one phase is to be optimized: the liquid solution.

— a polynomial model will be used (see slide 3).
4 coefficients are set to zero:
.e.A;=A,=B,=B,=0

* A solution database nicknamed SOLUTION has been created using the
Solution module.

— to create a private solution database: see Solution section 5 .
« Save this solution file.
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Private Solution Database

In the Solution module, a new private solution
database named SOLUTION.dat should look like:

F SOLUTION - [C:4FactSagetSOLUTION.dat]

=101 x]

File Actions Preferences Wiew Add Meps Item  Help
FIEEELT Y = = (=
bl | Solution - SOLU_ID - 1 [LIQS]

= =B C!H%CtSBQ General |Cumponents| Listsl Parameters | Temary Grouping
L - Display - FREmage j
g Tuesday, 21 Apr 2009 9:35 AN =
Energy : Joules
NICkname Of the IIqUId SOIUtlon Report on Solution Phase in : C:)Fact3age) SOLUTION. dat
A 4
quEme : LIS  —~JWumber : 1 Date created :9 APR 2009
o <E‘HE|H. Polvnomial | Hohler/Toop ) <
. . . Description |
> LIQNASRC .
Name Of ;he |IqUId SOIUt|On  Thermodynemic data for Liquid NaCl-SrCl2 Phd POIynomlaI MOdEI
g _________________________________________________________________
i 2 Total nuwber of Cowmponents
&i /__IIJQET R=RREY F—hrim
E q 2 Total nuwber of Excess Parameters >
- Magnetic factor P @ 0.000e0000E4+00
o Magnetic factor 3F @ 0.00000000E4+00
&

Excess parameters (i.e. A;, A,, B, and B,) are setto 0

Type Binary Excess Polynomial: -l
(XM**INXN**T)(A + B*T + C*T*In(T) + D*T"2 + E*T"3 + F*T"(-1))
Select your components M and N

[ Total databases : (1) [ Units are in Joules [4721/2009 B
Enter the values of the parameters A, B,C.D.E and F _lLI
Ly Z
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Generation of a ChemSage file

The following four slides show how the above Compound and
Solution private databases are linked with the Equilib module, and
how the selection of the relevant phases in Equilib is used to
generate the ChemSage file.
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Creation of a ChemSage file for the optimization

The procedure is:
— open the Equilib module
— enter the components NaCl and SrCl, in the Reactants window of Equilib

-1 x]
File Edit Table Units DataSearch Help
0 ||;'*| il TIC) Platm) Energul)] Mass(mal] Yol(itre] ml !| j;f|
1-2

Masz[mol) Species TIC] Pltotal]™ Streamit Data

[HaCl =] |
f=ici2 =1 |

[ Initial Conditions

FactSage Compound: | 3/28 databases  Solubion: | 1/23 databazes v
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Adding your private databases to FactSage list of databases

Do not forget to add and activate the newly created private databases to the list of databases in
the Equilib module (see Equilib Advanced slide 26.3 and Phase Diagram slide 6.1).
From the Menu Bar in the Reactants-Equilib window, select: Data Search

Make sure that the ELEM compound
database is also selected and that no

Databases - 2/28 compound databases. 1/24 solution databases
other databases are selected. SGTE orics Miscellaneous

| £ O BINS solutions only Ocorr OExaM [ FTL

O sePs no data O Frsalt- ] SGSL O SGTE-
B-serE > SO0LU USER
D SGnobl Clear All

O FTzalt O SGsold

O FTmisc O 5Gnuel Select Al |

[ FThall

O FThelg [ Tonuel (_Add/Remave Data [ e
—

O FTpulp [ OLIP O ouc
and add your 1 Friite O ous O oLiL RefrezshD atabases |
. Information_-
re ad and Write (r/W) If a database is stored on wour PC but not listed here then it is not accessible to FactSage.
Click here to add the database to the list of files accessible to FactSage. You will be requested to identify the twpe
databases [compound and/or solution] and the full file name of the database file.

Options

Include Lirnits

[ oaseous ions (plasmas) Organic species CxHy..., ¥max] =
Drefault | |2_

O aqueous species
Cancel

fimited data compaunds [25C) Minirum zolution components O 1 @ 2 cpts
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Equilib Menu window

— in the Menu window of Equilib, select all the species and the solutions
(including the solution(s) to be optimized) involved in the actual
optimization from your USER databases.

— save a ChemSage (ASCII format *.dat) file.
In the menu bar, select File > ChemSage file > Save ChemSage file...

F Menu - Equilib: last system - |EI|5|
Vel .
@ Onits  Parameters  Help
Dl g TIC] Platm] Energyld] Massmol] Yollire] W |B| 1”
—Reactants [2]
F Selection - Equilib T(C) = 1000 ~1al x|
File Edit Show Sart NaCl + SiCl2
Selected: 3/6 SOLID ~ Products
+ ] Eudel Species | Data | Phase |T |‘I|I'| Code — Compound s?ecies— — Solution species —Eustlcnm SD|L!ti.CI!"IS
10 Mais) ELEM | zalid [ oas & ideal € real 0 = | + | Base-Phase | Full Hame 0 fined activiies
] 0 ideal zoluti
M s ELEM fcc C e : S DR 0 sctivity cosfiients
12 5i0s2) ELEM bee W= 'q:fr Details
13 NaClg) USER halite_(rock_s.. ¥ pap L
14 SiCI2[z) USER  =zolid [caf2 fl.. W v $'-"l:'l:"EI LiplizarEy | — Pzeudohyms —————
i . f b .
15 SiCI2(s2) USER solid Y ELIStOm Seecslggcies: 3 apply [ List... |
— Target ™ include molar volumes
- hiahe - —Legend .
i - selleelzd) V¥ Show ™ al  zelected | Total Species [max 700 5
Estimate TIK]: |1 000 * o Eene . Total Solutions [ma= 30) 1
Select Al Select/Clear ... Clear Ok IpECiEs: 2 Select
b azs[mol] ID zalutions: 1 _leec Drefault |
— Final Conditions Equilibrium
i <Bx TIC] Platrn] j Product HiJ1 j i+ nomal 7 transitions
1000 1 " predominant € open
o steps T Table 1 calculation Calculate >> |
| FactSage | v
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Saving a ChemSage File

Saving an ASCII ChemSage file (*.dat) under the name :
NaCl_SrCl2.dat

File Units Parameters Help

Save @mﬁ age

)—ﬁﬁ"

Mew kel
CIpEM. .. Chrl+0
Directaries..,  Ckrl+D
Save Chrl+5
Save hs ...
Chemsage File Save Chem3age File ... h
Help ...
Exit
* v ASCII ChemSage file (*,dat)

Hiztary

Desktop

(u]
|7
w0

by Documents

File name:

Save az type:

Transparent Chem=age File (%, cst)

» | ChemSage
N

I ChemS age ASCI files [*.dat)

[
=

Save

Cancel

Help

L

>

My Docurments
-j My Computer
S 3% Floppy (4]
age Local Disk [C]
I3 FactSage

]
A DVD-RAM Dri

ocuments
Deszktop

age Mew Volume [E:]

% Factlan on ‘sopdou’ [J:)

E pa34411 on ‘zopdoutiuzers’ [+
E groupe on ‘zopdou’ [7]

(D]

OptiSage

4.4
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Experimental datasets to be used in the optimization

Step 2: Organize the experimental data.
Various types of experimental data can be used in an optimization.

In the present example activity data, enthalpies of mixing and phase
diagram data will be employed. Each phase boundary will be treated as
a separate dataset.

The datasets will be given the names GROUP #1, #2, ..., #5. This leads
to five different datasets.

The following three slides show how the five different groups are
defined.
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Group #1 — Experimental Data Points: Activity Data.

 We want to utilize the experimental data to obtain optimized model
parameters for the NaCl-SrCl, liquid phase.

« Data are divided into five different groups where each group corresponds
to a specific type of Equilib calculation .

o Group #1: Activity of NaCl in the liquid phase
— Experimental conditions:

« Amount of NaCl in the liquid 1
phase 0.9f ) ® Ostvold(850C)
« Amount of SrClI , in the liquid oy é 4 Egan and Bracker(825C)
phase § 0.7 A O Emons et al.(800C)
« Temperature T 06 4
» Pressure 3 %3 o
. ~ 04} e
— Measured variables: 3 .
 Activity of NaCl in the liquid - ®
— Selected phases: 0 . . . .
. . 0 0.2 0.4 0.6 0.8 1
» Liquid phase Molefraction SrGl
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Group #2 — Heat of mixing data

Group #2: Enthalpy of mixing of the NaCIl-SrCl , liquid mixture
at 1167K (894C).

— Experimental conditions:
« Amount of NaCl(liquid) °
« Amount of SrCl ,(liquid)
 Initial Temperature
 Initial Pressure
* Final Temperature

-0.25r

Enthalpy of mixing (kJ/mol)

-0.5¢ L4 Exp. Points of Ostvold (892C) PY
« Final Pressure
— Measured variables: .| .
« Enthalpy of mixing (liquid) o .
— Selected phases: . e e |
° quu|d phase 0 0.2 0.4 0.6 0.8 1

Molefraction SrCJ
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Groups #3, #4 and #5 — Data related to phase equilibria.

Group #3: Eutectic temperature

Experimental conditions:
* Amount of NaCl in the liquid phase
* Amount of SrClI , in the liquid phase

e Pressure
Measured variables:
* Temperature

(Formation Target on liquid)

Selected phases:
* Liquid phase

Group #5: SrCl , liquidus data

Experimental conditions:

* Amount of NaCl(s)
* Amount of SrCl ,(s1)
* Pressure

Measured variables:

 Temperature
(Precipitation Target on liquid)

Selected phases:
* Liquid phase

* NaCl(s) * SrCl,(s1)
* SrCl,(s1) * SrCl,(s2)
90
« Group #4: NacCl liquidus data . 874°+
: . Scholich
—  Experimental conditions: 0 . Vertieor °
+ Amount of NaCl(s) goa 801 O Bukhalova 9‘3
* Amount of SrCl ,(s1) G . DD
»  Pressure ® S2.
. = ] iqaui
— Measured variables: g od o Hiquid oo 727 g
e Temperature % -
(Formation Target on NacCl(s)) et o Q
— Selected phases: cod " o o mO
* Liquid phase o °
| | | | |
« NacCl(s) 565 - .
50 . . - -
0 0.2 0.4 0.6 0.8 1
Molefraction SrCl,
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Experimental Data

The experimental data are stored in an Excel spreadsheet.

Microsoft Excel - NaCl_SrCI2.xls =10 x|
lzﬂ File Edit Wew Insett Format  Tools  Data  Window  Help  Adobe PDF - 5 X
NEHRSSQIVE & BRI I - 2 x-zl%illile @ A-H
&SnagIt &f' | Fenétre "5 '@ '@ ﬁ El

A - o

A E | ¢ | D | E F G H —
1 =
2 Activity of NaCl in the liquid phase
3 Experimental Conditions Measured Variable
4 P moles moles T activity error
] SrCl2 NaCl K NaCl |{estimated at 1%)
A atm liguid ligquid ligquid
7 1 0.2 0.3 107315 | 0777 0.00777
8 1 0.3 a7 1073.15 | 0.659 0.00559
d 1 0.4 0.E 107315 | 0.533 0.00533
10 1 0.9 0.1 1055 0.0805 0.0005803
11 1 0.5 0.2 1055 0162 0.00152
12 1 0.5 0.5 10593 0.454 0.00454
13 1 0.3 a7 10593 0.6582 0.00532
14 1 0.401 0.598 1123 0.5457 0.005437
15 1 0.6 0.4 1123 0.33581 0.003331
16 1 0.799 0.201 1123 0.1553 0.001593
17 1 0.45 0.54 1123 0.63 0.0053 —
18
19 -

LI I H[\,Eruup #1 4 Group #2 4 Group #3 4 Group #4 4 Group #5 ,.i'l *ll LlJJ
Ready LM S

™ :
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Executing the OptiSage module

Step 3. Execute the optimization program interacti  vely.

When the thermodynamic datafile (ChemSage file) has been created
(Step 1.) and the numerical values of the experimental data to be
used in the optimization have been organised into groups (Step 2.),
the OptiSage module can be executed and the ChemSage file
loaded.

The following two slides show how to initiate OptiSage.
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The OptiSage Module

 After creating :
—a compound database =10l x|

. Slide Show  Programs Tools  &bout
— a solution database
—a Chemsag e .I:Ile CRCT. -Etole Polytechnique de MONTREAL

* and organising the age 6.1

eXpe rl m e n tal d ata Calculate Manipulate
IntO grOUpS Reaction

* OptiSage is ready to Predom

Databazes
be employed Fact XML

‘ . Phase Diagram Reset

g

OptSage

"2l

www.facts age.com

neHGTT-Teo };u"i.n:n logies

FactSage(Th) 6.1
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OptiSage main window: New optimization

> OEE new ST Then open your ChemSage file by selecting:
* Select File > New from the Menu bar 1. File > Open ChemSage File from the Menu
or clickon || from the toolbar to bar, or
open a New optimization. 2. Thermodynamic File from the treeview and
e == double-click to select an input ChemSage
File EMit Units Farameters Groups  Caloulate  Options  Help thermodynamlc flle

DB R & 4B

F OptiSage =13l x|
File )Edit Units Parameters Groups  Caleulate  Options  Help

= G OptiSage
= Optionz
i Thermodynamic File

File Edit Units Farameters|

H =0

Open Optimization

Open ChemSage File k
N Save
Ll

Save a5,

B Close

Save to Databases

Exit

File Edit Units Parameters
O
CriEEgE Open Optimization 4

@pen Chemsage File

~ Save
Save a5, | Optisage &

& Clase

Sawe bo Databases

Exit
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Creating OptiSage input for the experimental data

The thermodynamic data of the system are already stored. Since the
thermodynamic datafile also contains the names of the phases and their
constituents these names are also available in OptiSage.

The following eight slides show how the data for experimental Group #1,
Activities of the components in the liquid phase at a given temperature, are
entered into the calculation.

NOTE: For all experimental input, there is a distinction made between the
experimental conditions and the measured variables. In the
present case, activities have been measured as function of
temperature and composition. Thus temperature and composition
(as well as total pressure) are experimental conditions and the
measured activities are the measured variables. Different parts of
the input window are used for these different data.
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Importing the data into Group #1

Open the ChemSage

file previously created.

Open Thermodynamic Data File

Lok in: Iﬁl:hemSage j " EF Ef-
MaCl_5rClz.dat

21X

At this point, the OptiSage window
shows the tree view (fully expanded) and
we are ready to enter the experimental
data that will be used in the optimization.

Dl
File Edit Units Parameters Groups Calculate  Options  Help
TR ]
El--ﬁ' OptiSage
4 Optionz
E-B Themadynamic File
File narne; MHalZl SrCl2. dat ----- C:MWFactS agetChems agetMalCl_s
Files of type: ChemSage ASCIl fles [*dat) = SPStSE:" camponents:
hemie S 3 >
ChemS age binary files [“:bin] i Ma
ChemS age transparent files [*.cst)
El-df Phazes
- LIONASRCL
. REN]
: 512
: ) : @@ NaCl halite_frock_salls] Expetimental Crata
Aright-click on Experimental Data el —
opens the pop-up menu. Select <Add> > I
- Edit
to open the ‘Add Group’ window.
‘I Delete el
1] B0
| OptiSage | v
™ .
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The Add Group window

group #1: Activity of AC, are calculated. (ex: adiabatic T, AH,;,, etc...)
NacCl in the liquid phase Ademum . ST
I
“Group's name [Activiy of NaClin the liquid phase e oncba |
Add variable, ., [ | = s = [ = [o APF 5 |le—or Select units
Edit: wariable T rormeiel] Gl e — Mpdsured Yaniable(s) =
a |l B [ ¢ | bp | - a [ B | ¢ | o [ E | £ =
':l:ll:l':." Ctr|+C “ariable j “ariahle j
'ﬁ' CUt Ctr|+x Cpr:rtsueerd CP::uem
2 Faste g ) Sustcomp. Svstcomp.
2. Paste Special % %
‘I Delete e Esji Eﬁ
Delete Yariable 2 2
Farmat Cellis) k ; ;
Load fram file. .. 7 7
Save o file... 2 2
* o T
Aright-click in each C L
spreadsheet opens a pop-up C C
menu where you can add, - - =
edit, delete, load from a file, as —1 %L " '
save to a file either the I F[” e
Experimental Conditions —| I -
or the Measured Variable(s) -
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Adding new Experimental Conditions

. Group #1: Activity of NaCl in the Activity of NaCl in the liquid phase
”quid phase Experimental conditions Measured variable
: — P |moles [moles | [T\ [activity error
/1. Experimental conditions I srcl2 | NaCl | \K ) | NaCl |estimated at 1%)
1. Amount of NaCl in the liquid phase atm | liquid_|liquid §__[liquid
. . 1 [ 02 ] 08 [107815] 0777 0.00777
2. Amount of SrCl , in the liquid phase 1 | 03 | 07 |1078.15| 0.659 0.00659
3. Temperatu re 1 0.4 0.6 1078.15| 0.533 0.00533
1 | 09 | 01 | 1008 | 0.0808 0.000808
4. Pressure 1| 08 | 02 | 1008 | 0.162 0.00162
1 | 05 | 05 | 1008 | 0.454 0.00454
\ / 1 | 03 | 07 | 1008 | 0.682 0.00682
_ 1 | 0401 | 0599 | 11p3 | 0.5437 0.005437
2. Measured variables: 1 | 06 | 04 | 11p3 | 0.3381 0.003381
1. Activity of NaCl in the liquid phase 1 10799 ] 0201 | 11p3 | 0.1593 0.001593
1 | 046 | 054 | 11p3 | 053 0.0053

2. Enter an experimental condition . For

3. Selected phases: .
example, temperature , on a linear scale X .

1. Liquid phase

Add Experimental Condition X

Experimental Condition mm =

1. Right-click in the Experimental o ::;m ﬂ
Conditions spreadsheet and select Stieam # [i =
Add variable... from the pop-up L[ v o | X Cance |
menu or click on the i |button in the ——
menu bar to open the Add 3. Click OK.
Experimental Conditions _ window. 4. Repeat for the 3 other experimental conditions
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The «Add Experimental Condition » Window

Note: Choosing the experimental conditions is equivalent to
entering reactants and fixing final conditions in Equilib.

List of the experimental conditions you can declare.
Add Experimental Condition x|
/N
<[ Experimental Condition ITemperaturE b | ll List Of ScaleS ava”able
<[ Phase MaSCl _= v
<;"“jﬂ'““"e"‘ I =1 |l List of the phases available
; # 1 - . .
== R =1 || (when the option is enabled)
........................................................ OK @ Cancel
v

Amournt [mol] of @ phase constituent List of the phase constituents
Arnount [gramsz] of a phaze congtituent .
Activityfugacity of a phase constituent aval Iable When needed .
Incoming temperature of a stream

Inzoming pressure of a stream

List of streams (max. 20)

,| Enabled if the «initial conditions  » checkbox in the unit frame of
the Add Group window is checked and needed when there is
any difference between the initial and the final conditions
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Adding the 3 other experimental conditions

of Group #1

Changing Units

P\ressures are in bar and your data are in atm. Select the appropriate unit.

F Add Group #1
le  Edit

=101 %]

® @ | i

D |

roup's name IActivit_l,J of MaCl in the liquid phaze

[Maw. B0 Char.)

N

=

B

| ¢ D

I initisl condiions K %{ N N R
—Experimental Danditions { ol —Measzured ¥ariable(s)
| B c_ [ o [ e\ A
Wariable N T [moles] [maoles] Wariable
Phase MNasrc! MNasrct Fhase
Constituert Srl2 Mailf Constituent
Syst. Cotmp. - - Syst. comp.
Shream # - - Stream #
Unit ol ol Unit.
Scale X X Scale
Expt. 1 Expt. 1
2 2
3 ™ 3
4 g
g g
| Al
~Phases 7
—Entered [Stabla}—7 —Darmant [Mé@stablej

—Eﬁm@

W MaSCl
@ NaCl_halite_[roc
o T2

M SiCi2(s2)
I[5]

Add Experimental Condition 3| Wl Add Experimental Condition Add Experimental Condition x|
Experimental Condition IPressure j |>< j Experimental Condition IAmount [mal) of a phase constituent j |>< j Experimental Condition IAmount (o) of & phase constituent j I>< j
Phasze I MaSiCl j Phase INaSrCI j Phaze I MaSiCl j
Phase constituent IS[CIQ j Phase constituent |S|C|2 j Phase constituent INaCI j
Stream # |1 j Stieam # |1 j Stream # |1 j

| o OK | X Carcel | | o OK 1 X Carcel | | o OK | X Cancel |
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Adding new Measured Variables

o Group #1: Activity of NaCl in the liquid phase

1. Experimental conditions:
Amount of NaCl in the liquid phase
Amount of SrCl , in the liquid phase

. Temperature Activity of NaCl in the liquid phase
. Pressure Experimental Conditions _Meqsured Variable
P [ moles | moles T /zfctivity error
SrCI2 | NaCl K NacCl (estimated at 1%)
: . liquid |liquid liquid
2. Measured variables: w 0.2 0.8 [1073.15] 0.777 || 0.00777
Activity of NaCl in the liquid phase J 0.3 || 07 [1073.1p) 0659 | | 0.00659
0.4 0.6 [1073.15] 0.533 0.00533
0.9 0.1 1098 || 0.0808 0.000808
3 Selected phaseS' 0.8 0.2 109 0.162 0.00162

0.5 0.5 1098| [ 0.454 0.00454
0.3 0.7 1098| [ 0.682 [ | 0.00682
0.401 | 0.599 [ 1123\] 0.5437 | | 0.005437
0.6 0.4 1123 \]l 0.3381 |/ 0.003381
0.799 | 0.201 | 1123 Y 0.1593 0.001593
0.46 | 0.54 [ 1123 0.53 0.0053

Liquid phase

)
ol Ll el Lt e el e el el e ] B4
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Adding a Measured Variable

1. Right-click in the Measured Variable(s) spreadsheet and select Add variable... from the
pop-up menu or click on the P |button in the menu bar to open the Add Measured Variable

window.
F Add Measured Variable =10] %
2. Enter a measured variable . /mﬁahle I.-’-'-.u:tiv-it_l,la’fugacit_l,l of a p@ j(IK j/
Here, the activity - [Phase  [NaSiTo<— F =
Of NaC| ——><maituent ED j
in the NaSrCl (liquid) phase System components | [Z
. 1 .
on a linear scale X . a?:get type % | Formation target = Precipitation tanget
T arget phaze I MasiCl j
—Alpha <A Target
Slpha (b always wanes linearly between [ and 1.
Select Bi] and define far each phase constituent [i] the walue of B[] at <bs=0 and at <&:=1
% Fil = males of [i] ) Rlill= gramz of [i] € Blill= logfact. (i)
3. Click OK.

4. Repeat for the other measured
variables if necessary .

X Cancel
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The «Add Measured Variable » Window

List of the measured variables you can declare.

AN

Freszure

Temperature

Alpha <b

Amount [mol] of a phase constituent
Arnount [grams] of a phaze conztituent
Activity/fugacity of a phaze constituent
Muole fraction of a phase constituent

Activity of a misture phase

Heat capacity of a phaze constituent
Enthalpy of & phaze constitugnt
Entropy of a phaze constituent
Gibbs energy of a phasze constituent
Yolume af a phase constituent

Heat capacity of the system
Enthalpy of the syztem

Entrapy af the system

Gibbs energy of the system

Yolume of the zpstem

Denzity af the system

Maole fraction of a syztem component in a mixture phaze

A

F Add Measured Variable =10 x|
/N
Measured wariable IAu:tivitya‘fugacity of a phaze CDM j(IX/‘ ;i > LlSt Of Scales avallable
Phase [Masic e
Phase constituent |NaEI ;i
System components ISr i
— Target
Target pe % Farmatior tanget € Precipitation target
A 4
Target phasze I MaSrCl j .
—Alpha <4 Target o LISt Of the phaseS
i Alpha [<h] always vanes lineary betwesn 0 and 1. | bl h h
Select Bl and define for each phaze congtituent (il the value of B[il at <b:=0/and at 44 =1
= B[il = moles of [i] 1 Bl = grame of [i] £ RBlill= loglact(i]] aval a . € (W en t €
option is enabled)
SiCl2(s]
SiCE =2
List of the phase
= » constituents available
. J X Concol || when needed e

More are available for
agueous systems.

The Target frame is enabled if the
final T (P or <A>) is not specified
but generated by way of a Target
calculation. See slide 7.22.
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Group #1: declaration of variables

The declaration of all variables is completed. Each Measured Variables

The «Add Group» window should look like: declaration creates 2 columns:
* One for the data

« One for the estimated error

File Edit

0 € & | i D (positive absolute value)
Group's name |.":'l.l:|:i'-.-'it_|,' of MaCl in the liquid phase [Maw. 80 Char.)
I'Uﬂlt [w initial conditions IK j Iatm j Idm3 j Irnu:nl j I.J j
Expenmental Conditions Meazured ¥anable[z]
A B | ¢ | o | E | F i’ B | ¢ D E | ﬂ
Yariahle T P M [meles] M Imoles] Varighle |, 7 AC Err AC 1\
Phaze - - MNaSrli MNaSrCi MNaSrii MNaSrCi
Conzstituent - - SrCI2 MGl Nz CF MNa il
Syst. comp. - - <
Stream # - -
Unit K aten kol ftel - -
Scale x x X x \ X x /
Expt. 1
2
3
4
5 - -
e " .
Phazes
—Entered [Stabla} —Darmant [Metastable) [ Eliminated
MaSrCl & 5012(:2)
MNaCl_halite_[rock_sallz)
SrCI2(z)
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Import the data into Group #1

You can enter your data manually or, if your data are in a
spreadsheet, copy and paste them in the «Add Group » window.

Ed Microsoft Excel - NaCl_SrCI2.xls
@ Bichier ~ Edition  Affichage  Insertion  Format  Outils  Données Fenétre ¢

D=Edan &V

Y EBB-C ooz -@

Ld @ ?@ = T @ | % gﬁ ¥ Répondre enincluant des modifications... Ter

F Add Group #1 =10 x| masquer - . Arial -0 -G I 5 = E
File  Edit E7 < & 0777
b3 ®& @ | i D | 1 A | 0B [ ¢ [ o [E | F [
" Group's name |Activity of NaCl in the liquid phase [Max. 80 Char.] 2 Activity of NaCl in the liquid phase
ylls T . . .
’7 v initial conditionsIK j |atm j |dm3 j |m0| j IJ j | 3 Experimental conditions Measured \@u@ble
i — I - 4 a1 } G k activity ferror \
—Exp tal Conditions— M d Variable[s) 5 | SICI2 NacCl NaCl _[{estifhated at\1%)
A | o [ E | F-= A | B | ¢ D E | = 6| ath | liguid | liquid iquid | [ \ |
= = 7 1 0.z 0.8 1073.15)1/0.777 TD.DD??T '
Y ariakle M [meles] M [meles] “ariakble AC Err AC 5 1 03 07 107315 0E55 l 0.00558 \
Phase NaSrCi MaSrCi Phaze MaSrCi MNaSrCi 9 1 0.4 0.6 1073.15 0.533 0.00533
Conztituent SeCi2 Naci Constituent Nacl Nacr 10 1 0g 0.1 1098 0.0808 0.000808
11 1 08 0.2 1095 0162 0.00162
Syst. comp. - - Syst. comp. - -
4 4 05 0.5 1093 0.454 0.00454
e - - Sl - - &l N 03 07 ||| 98 [} nee2 0 D0B&2
Sl 2 mal mal Ea - - 4] 1 0401 | 0599 [[[ 1123 [] 0.8457 0.005437
Scale 2 v X oy X Scale x b's 5[] 1 05 0.4 1123 [{ 0.3381 \ 0.005381 |
— -) 7 A ¢ 16 1 0.759 0.201 1123 0.1593 \n.oo15e3 |
=2 1rsas) 1 b2 04 SR 17 [ 046 | 0547 ([ 1123 JIN053 |\ 00053 | /)
2 107315 1 0.3 07 2 aidd variable, .
3 107315 1 0.4 06 3 Sl v // \ /
4 1088 1 03 0.4 4 : A
Copy Chrl+C .
5 1095 1 0a 0z o
: e R : s as | | 1. Copy of 2 colums of data in
: . E Paste
T 1095 1 03 o7 T J
5 123 ] 0401 0599 3 ﬁ Paste Special EXC E L
q 123 1 06 04 g 1 Delete Del I _h 1 1 1
10 1123 1 0.799 020 10 Delete Yariable 2. nght CIICk In the fIrSt Ce” In
o e " Foma co) > OptiSage to select Paste.
—I;I'Ilasle r | Load from file... L
:3 -
—E ntered [Stable] —Diarmant [Metastable) [ Save ta file...
MaSiCl M SiC12052)
MalCl_halite_[rock_salz)
SiCI20s)

Experimental or estimated error must be entered if date are to be considered in the
optimization. If a cell is blank or has a value of zero the corresponding data will be ignored.
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Group #1, Selection of the phases

1. Experimental conditions:
Amount of NaCl in the liquid phase s
Amount of SrCl , in the liquid

phase

2.

Temperature
Pressure
Measured variables:
Activity of NaCl in the liquid phase

[3.

Selected phases:
Liquid phase (NaSrCl)

J

A 4

This is equivalent to species
selection in Equilib

_(O] %[
By default, all phases are eliminated
Group's name [Activity of KaClin the liquid phase (Mar. 20 Char]
i
% sl condiions [k, HAlam = fema = [ea = o =l |
. V.
A B | ¢ | o | E [ F ﬂ A | B [ ¢ D E_ | ﬂ
Variable T P M[moles] M[moles] Variable AC Err AC
Phase Nasrc! Nasrc! Phase NasrCl NasrCl
Constituent Sriiz Na G Constituent Nat Nat
Syst. comp. - - Syst. comp.
Stream # - - Stream #
Urit. K atm ol ol Urit. - -
Scale x x x x Scale ke ke
Expt. 1 = | 1orsas 1 02 08 Expt. 1 0777 | 000777
2 = | 1orsas 1 03 07 2 0559 | 000859
3 I 107315 1 o4 06 3 0533 0.00533
4 o 1098 1 k] o1 4 00808 0000808
B I 1093 1 08 02 B 0462 | 000162
3 I 1053 1 0s 0s 3 0454 | 000454
7 | 1098 1 035 a7 7 0682 0.00682
B r 123 1 0401 0509 B 05457 | 0005437
3 r 123 1 06 04 3 0338 | 000331
10 I 23 1 079 o201 10 01593 0001583
11 o 23 1 048 054 - 1 083 00053 -
< | 3 lJ <1 3 lJ
~Phase: A 2
Entered [ Domant (Metastable) fiminated
I NaSTl o 5iCI2(s2)
| MaCl_halite_{rack_salls)
o 5iC12ls) )

To select

a phase:

1. Click on a phase in the Eliminated frame and
2. Drag itin the Entered(Stable) frame

Phases
—Entered [Stable} —Diarmant (Metastable)
bélite_[rock_zal(s)
Phases
[ Entered [Stable] rDomant [Metastable) —Eliminated
NaSrC\A @ MaCl_halite_[rock_sal(s)
|
4 4 50123
M SiCI22)

thtSage‘”
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Saving experimental data and closing Group #1

To save data and return to the OptiSage main window, select File > Save and close

To select or unselect all points, use Edit > Select (or Unselect) all points

F Add Group #1 ;|g|5||
[ File Edit
Warning : Reset will clear all the entries in the Add Group #1 window =
ity of MaCl in the liquid phaze [kdax. &0 Char.] ¥ cut Chrl
¥ initial conditiars [ N EEE I R N I e X =] | Copy Cr+C
R Paste Chrl+y
—Expenmental Conditions —Measured Vanable[s) ER, Paste Special
B B I E I L | £ I G ﬂ B | B I i D I £ | ﬂ Select all points
Wariable T P M [moles] M [moles] Wariahle AC Err AC Unselect all points
Phaze - - MaSriCl MNaSel Phasze MaSrct! MaSeC)
Constituert - - seciz Naci Constituert NaCi NaCi 1 oelete B
Syst. come. - - - - Syst. come.
Sireamn # = = = = Siream @
Uit K atrn ool mal Uit
Scale Y x x x x Scale x x
Expt. 1 ﬁ 107315 1 0z 08 Expt.1 | 0777 | 000777
2 [F || 107315 1 03 07 2 0653 | 000659
3 [ # || 107315 1 04 05 3 0533 | 000533 Add variable. .
4 e 1098 1 09 04 4 00808 | 0.000808 Edit variable
5 e 1098 1 08 02 5 0162 000162 _
B ¥ 1098 1 05 s 6 0454 | 000454 Copy Chrl+C
7 Jv 1098 1 03 07 7 0E6a2 0.00652 dh Cut Cerl+X
g I 1123 1 0.4m 0599 g 05437 | 0.005437 & Paste Chrl+y
g I 1123 1 06 04 g 03381 | 0.003381 B, Paste Special
10 \ M| 1123 1 0799 0201 10 01593 | 0001593
11 \F[ | 1123 1 0.48 054 - 11 0.53 0.0053 . M Delet= Del
| AV ,H A | ,H Delete Yariable
—Phases
—Entered (Stabls} —Darmant [Metastable) —Eliminated m align. .. 3
M NaSiCl :EJ?EEI;;_[?]ahte_[rock_saI[s] Y E{i Fankt... .
o 5 D122 Save tafile. . 74 artbering..
‘3 Color, ..
To format the experimental data spreadsheet cells,

use the pop-up menu (right-click in the spreadsheet)
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Importing the data into Group #2

Group #2: Enthalpy of mixing of the NaClI-SrCl

Aright-click on Experimental Data opens the pop-up menu.
Select <Add> to open the ‘Add Group’ window.

F Optisage

File Edit Units Farameters Groups Caloulake  Options  Help

, liquid mixture at 1167K (894 <C).

=10l x|

EEB e R ) DR

El--b OptiSage
- Optiohs
=B Themodynamic File
----- C:hFactSagesChemSageMaCl_SCl2 dat
= Syztemn components:
..... St

[—:I* Phazes
El* LIOMASRCL
N - MalCl

e SiC12
o MaCl_halite_[rock_szal(z)

* SICI2_saolid_[cafd_flulz)

Expetimental Daka

..... cclid]52) Dpen

\ 4

-] Ewperimetal D atay
—FeGronprd

: ctivit_l,l af MaCl i the liquid phase Edit | !

‘I Delete

el

OptiSage |

A

OptiSage 7.13
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Group #2: Heat of mixing data

Enthalpy of mixing of the NaCI-SrCl , liquid mixture at 1167K (894<C)

1. Experimental conditions: stream 1 stream 2
—  Amount of NaCl(liquid) NaCl (liquid) SrCl, (liquid)
—  Amount of SrCl ,(liquid)
— Initial Temperature

— Initial Pressure N
: Initial
—  Final Temperature "
. conditions _ .
—  Final Pressure Mixture of NaCl-SrCl, (liquid)
2. Measured variables:
—  Enthalpy of mixing (liquid) Final |
3. Selected phases: conditions AH iy
_0 qu,wd phgse (NquCI) ‘ Enthalpy of mixing in binary
= liquid mixture of NaCl-SrCI2
£ at1167K
\2,0.25- ° Experimental Conditions Measured Variable
CE” P moles | moles T H error
X srcl2 | Nacl K J J
E 1 _ | Here, atm | liquid | liquid
S 0.5 Exp. Points of Ostvold (834 . P=P,=P,=1atm (> L [ 0095 | 0905 | 1167 290 50
= 1 | 0204 | 0.796 | 1167 -845 50
£ . T:T1:T2: 1167 K 1 | 0.294 | 0.706 | 1167 962 50
g 7 1 | 0412 | 0588 | 1167 996 50
7 1 | 0498 | 0502 | 1167 962 50
* ) 1 | 0.608 | 0.392 | 1167 703 50
o . 1 | 0.704 | 0.296 | 1167 510 50
-1 : . : ' 1 | 0904 | 0.096 | 1167 269 50
0.2 0.4 0.6 0.8 1

Molefraction S.ClI

0
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Group #2: Declaration of Experimental Conditions

F Add Group #2 =101 %]
.. File  Edit
1. Enter a group description % ® & i D |
2' SeIeCt the unlts .En]up's name IEnthaIp_l,J of mixing of the WaCl-SiC12 iquid misture at 1167 [334°C) [Max. 80 Char.]
3. Check the initial conditions — »( iilcondions)k =] [am =] [ams =] [0 o] [ = |
4. Declare all Experimental Conditions
\ 4
Experimental Conditions: * Amount of NaCl(liquid) * Final Pressure (P)
« Amount of SrCl ,(liquid) * Initial Temperature [Ty, T,]
* Final Temperature (M) * Initial Pressure [Py, P,]
[[Initialconditions] J [[Tl]] [[Tz]] [[Pl]] [[Pz]]
Expenmental Conditions v v 7 v '
A [ B | C | b [ E | F [ & H 1{ | Amount of
Wariahle T IT [iIncoming T] IT [incoming T]| P IP [incoming P] IP [incoming P] |M [moles] |[M [moles] NaCI(IIqUId)
Phaze - - - - - MaSrC! MaSrC!
Constituent - - - - - NaCi SrCiz Amount of
Syst. comp. - - - - - SfClZ(lquId)
Strearm # - 1 z - 1 z 1 2
LInit K K K atim atem atim ol ol
Scale x X x x x x X X
o e /

(Final conditions)
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Group #2: Declaration of the Measured Variable

1. Experimental conditions:
— Amount of NaCl(liquid)
— Amount of SrCl ,(liquid)
— Initial Temperature F Add Measured Variable

=10l x|
— Initial Pressure > Hoasured varoble  [ETEIENIERTER % =
— Final Temperature Phase [Nasri 2
_ Flnal Pressure Phasze constituent INaEI j
2. Measured variables: ) Spstem companent B [
- Enthalpy Of miXing (|IQUId) J al?.:r;et Hipe % Farmatior target " Frecipitation target
Target phase MaSrCl j
3. SEleCted phaSGS —Alpha <A Target I
Alpha [zéx] always vanes nearly between 0 and 1.
— Liquid phase (NaSrCl) St ] e s e[;:h> Lhaseymnstituent ithe e of Rii] at <4>=0 and at <43=1
= F[il = moles of [i] £ Filill= grams of [i] Rl = loglacki]
stream 1 stream 2
NaCl (liquid) SrCl, (liquid)
Tl T2
Pl I:)2
Mixture of NaCl-SrCl, (liquid)
T 0K I X Carcel
P
AI_Imix -/
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Group #2: Summary of the variables

The «Add Group #2» window when the declaration’of all variables is finished

F Add Group #2 =10l x|
File Edit

$ B @ & | i D |

Group's name IEnthaIp_l,l af miring of the MaClSC2 Tquid misture at 167K [894°C). [Max 80 Char.)
It
) © itdcondtons [« =] [am =] | =] [0 =P =]
ﬁxperimental Conditions N Meazured Yariabhle[s]
A |lB| c | b ||l F]| 6 Iil A | B | ¢ | bp | i’
“ariakble T IT [ IT [ith.. P IP [in. 1P [in... Sariable H Err H
Phaze - - - - - - Phaze Slestern Slestern
> Constituerit - - - - - - Constituent - -
Syst. comp. - - - - - - Swst. comp. - -
Strearn # - 1 z - 1 2 Streatn # - -
LInit K K K airm | atm aten IInit J J
Scale X 4 4 X X J Scale Ed Ed
Expt. 1 Expt. 1
2 ~ 2 &
| | 5 1| | 5
—Phazes
[~ Entered [Stable] —Dormant [Metastable] Eliminated
M asCl MHaCl_halite_[rock_zallz]
SiCl2(z]
SiCl2(=2)

Please see slide 7.15 for the complete declaration of Experimental Conditions
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Import the experimental data into Group #2 window

Finally, save data and return to the OptiSage main window, select File > Save and close _l
|

F Add Group #2 [ Fle Edt
Reset
¥ 2 @ | i D
Group's name IEnthalp_l,l of mizing of the NaCl-SrCI2 liquid misture at 1167E, [234°C). Close without saving
[ All points selected | miieonditons [k, =] Jam =] fem3  =| fvel =l ] =l
Ekperimental Conditions Measured Yariable[s]
Al c | o el F |6 | u | 1 \i’ a | B | ¢ | b
“ariable T IT[in... IT[in...| P [P [in... IP [in... M[meoles] M [meoles] “Yariable H ErrH
Phaze - - - - - - NaSrCy NaSrC! Phase Syatem Systern
Constituert - - - - - - MNalt SrCiz Constituent - -
Syet. comp. - - - - - - - - Syst. comp. - -
Stream # - 1 2 - 1 2 } 2 Stream # - -
Linit K K K gtm | atm gt flely kel Unit J J
Scale X X X X X X x X Scale x X
Expt. 1 F\ TeF | 1167 1167 1 1 1 0.905 0.095 Expt. 1 -490 =0
) M| 1167 117 teT 1 4 1 0798 0.204 2 -545 50
3 | 1187 1187 1187 1 1 1 0.708 0.294 3 -952 =0
4 Wi 1187 1187 1187 1 1 1 0588 0.412 4 -996 a0
3 W | |1167 1167 1167 1 1 1 0502 0.495 a2 -962 a0
- W 1187 1167 | 1187 1 1 1 0392 0.605 - -703 a0
T V| 1187 1167 1167 1 1 1 0.295 0704 7 =310 a0
g v'/ 1167 | 1167 1167 1 1 1 0.095 0.904 g -2649 a0
3 v . 3
<« | g I_I « |
Phazes
[ Entered [Stable} —Dlarmant [ etastable} Eliminated
j : MaC|_halite_frack_salls]
L/ B SiC12(s)
1 SrCI2(=2)
Phase selection: Drag and drop from Dormant
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Importing data into Group #3

Group #3: Eutectic Temperature

Select <Add> to open the ‘Add Group’ window.

Aright-click on Experimental Data opens the pop-up menu.

F OptiSage
File Edit Units Farameters Groups Calculate  Ophions  Help

=101 %]

HEBR= & B2R k|

EIE OphSage
e Options

=B Themodynamic File
C:MFact5age\ChemS age'MaCl_SiCI2 dat

= Systemn components:
: Sr
Cl
Ma
- Phases

[+ LIOMASRCL
-l MaCl_halite_[rock_salz)
-l SICI2_solid_[cafZ_flulz)
I||:|[32]

Expetimental Daka

6]x]=Tp]
Edit !

\ 4

i E |:n-'r|r||!-'r|f:|| Drata
fctivity of MaClin the liquid phasze

- Gr-:uup H#2 : Enthalpy of mising of the MaClF5CI2 liguid misture at 1167E, [894°C]

‘I Delete Dl

v

| OptiSage |

www.factsage.com
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Group #3: Eutectic Temperature

900
874°+
. .y O Scholich O
1. EXxperimental conditions: of = Vortisch o
_  Amount of NaCl(liquid) e &
—  Amount of SrCl ,(liquid) g N R
—  Pressure § oo ° Haud o0 s
. : "o 8"
2. Measured variables: ol "L o
—  Temperature _ = = = = &% & a
(used in Formation Target 565 "
for liquid phase (NaSrCl)) 500 = - - - )
Molefraction SrCl,
3. Selected phases:
—  Liquid phase (NaSrCl) | Eutectic Temperature |
_ NaC|(S) EF>)<perlmenrtnaollecsondl'uonr;osleS M(Te(z?sured Va”a:):rir
- SrCi2(s1)
1 0.5 0.5 838 2
1 0.4 0.6 837 2
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Declaration and input of the Experimental Conditions

Group’s name entered, units selected E
File Edit

=10l x|

$ = B % | i D | v

\[mag Char.]

roup's name IEuteu:tiu: Temperature [formation target of the liquid phaze].
it
[ initial conditions K MR e R B R R E

- —

E xperimental Conditions N M eazured Yanable[zs]
A B | ¢ | o | E ﬂ ' . . I p__| i’
Yariable P M [moles] M [moles] Wariakhle Edit wariable
Phaze - NaSeCr NaSeCr Phaze
Ep
Constituent - NaC SrCiz Constituert o Chrl+C
Syst. comp. - - - Syst. comp. o Cut CLrl%
Strearmn # - - - Stream # E Faste L
Linit gt o o Linit E Faste Special
Scale x x x Srale ¥ oelete el
Expit. 1 1 na na / Expit. 1 Delete Wariable
< ! 0E& o4 Forrmat Cellis) r
3 A
- v
Load from File. ..
| | g « | - g
—Phazes Save ko file. ..
—Entered [Stable] —Dlarmant [Metastable] ~Elirniti=Sted
NaSrCl M SiCI2(:2)

<]

MaCl_halite_[rock_zall

SiCI2(s)

i

Experimental Conditions
variables and data entered

We will select a formation target of the liquid phase
for the eutectic temperature measurements

Gh(:‘tSageTM OptiSage
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Measured variable: formation and precipitation target features

The Target frame is enabled
because the final T is not specified.

Blpha [fbe] always vanes inearly between 0and 1.

=1 Fi] = moles of (i 1 Bil = gramz of [i] £ Fi] = loglact[i]

Select Bi] and define for efch phaze constituent [i] the walue of B[] at <& =0/and|at <=1

F Add Measured Variable 1Ol =l
Measured variable ITemperature j IX j
Phase [NasiCl =l
Phase constituent INaEI j
System components ISr j
—Target

< Target type % Formation target " Precipitation targst
@rﬂ j

Alpha <&x Tanget

A 4

{EE]

1.Select the target type:

* Formation Target: The program calculates
when this phase first forms (activity = 1, and
normally zero mass). Note that one of T, P or
alpha (<A>) must not be specified (i.e. blank)
so that OptiSage can calculate the limiting T
(P or <A>) 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). (See also Equilib
Advanced slides 3.1 to 3.6).

» Precipitation Target: The program
calculates when a second phase first starts
to precipitate (activity = 1, zero mass) from
this target solution phase (activity = 1, 100%

2.Select the target phase > géc"‘itﬂ-{mck—ﬁ'isl mass). Note that one of T, P or alpha (<A>)

SiCI2(s2] must not be specified (i.e. blank) so that

OptiSage can calculate the limiting T (P or
/ <A>) when the second phase precipitates.

X Cance The precipitate target phase must be a
solution phase. (See also Equilib Advanced
slides 3.7 to 3.11).

3.Press OK.
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Declaration and input of Measured Variable , phases’ selection

3. Finally, save data and return to the OptiSage main window, select File > Save and close

F Add Group #3 =10 x|
»i File Edit
: M Reset
% @ % i D
Group's name IEuteu:tiu: Temperature [formation target of the liguid phaze]. [k ax. 80 Char.] Clase without saving
[t
) ialcondtions [k =] Jam =] e = [0 = =
E xperimental Conditions Meazured Yariabhle[s]
A B | ¢ | b | i’ a | B | ¢ | b i’
“ariakle P M [moles] M [moles] Sariakble T Err T
Phaze - MNasrCr MNasrCr Phaze MNasrC! Systerm
Constituent - MNaCt SeCi2 Constituent Formation -
Syst. comp. - - - Swst. comp. - -
Streamn # - - - Strearmn & - -
LIt St kol kol LInit K K
Scale X X X Scale Ed
(
Expt. 1 v 1 0.5 0.5 Expt. 1 835 2
2 i 1 0.5 0.4 2 | &7 2
5 - 3 A -
] | 'rl_I < | 'rl_I
“Phases
[~ Entered [Stable] —Drarmant [k etastable] Elimingted
MaSiCl Sil2(=2)
MaCl_halite_[roc...
SrCI2[z)
N
1. Select the phases 2. Enter the data for the measured variables
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Importing the data into Group #4

Group #4: NaCl Liquidus Data
Aright-click on Experimental Data opens the pop-up menu.

Select <Add> to open the ‘Add Group’ window.

F Optisage -0 x|
File Edit Units Farameters Groups  Calculate  Options  Help

L]

Elb (pti5 age
b Optias

=B Themodynamic File

------ C:hFact5Sage'\ChemS ageMaCl_SrCI2 dat
EI System compaonents:
: Sr
Cl
Ma
=g Phases
[+ LIOMASRCL
i Mall_halite_[rock_zallz] Experimental Daka
- SrEIE_snIid_[cafE_flu[s]
DREn
m AN
e H Edit
- Grnup #2 : Enthalpy of mixing of the MaCl-SrCI2 liquid misture at T167E. [334°C]
"I Delete Del

- Group #3 : Eutectic Temperature [formation target of the liquid phase).

A

optiSage
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Group #4.:

NaCl Liquidus Data

900
874°$
O Scholich o
. B Vortisch %-:‘D
: - 800w O Bukhal
1. Experimental conditions: - . e .
— Amount of NaCl(s) e o . - o S2.
—  Amount of SrCl ,(s1) 5 700 o oo s
—  Pressure 5 " o°
_ 600 o :
2. Measured variables: T .
— Temperature
(used in Formation Target 500 55 v Ay o .
for NaC|(5)) Mole fraction SrCl,
3. Selected phases: NaCl Liquidus Data
. . Experimental Conditions Measured Variable
- quU|d phase (NasrCI) P moles moles T(K) error
- NaC|(S) SrCI2 NaCl Formation Target (K)
atm liquid liquid NaCl(s)
1 0.146 0.854 1023 4
1 0.258 0.742 973 6
1 0.365 0.635 923 8
1 0.465 0.535 873 10
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Metastable Phases (Filling the Add Group #4 window)

A\ 4

Do not forget to save your data (select File > Save and close )

F Add Group #4 O] x|
Edit Fle Edt
& B @# | i D | : reset
Group's name INaEI Liquiduzs Data [formation target of the HaCl zolid phasze). [ta=. B0 Char.] Close without saving
B e e R e | e
E xperimental Conditions Meazured Yariable[zs]
A | B c | D Iil a | B | ¢ | ﬂ
“ariable P M[moles] M[moles] “ariable T Err T
Phaze - NaSrts NaSrts Phaze NaCl hali.. | System
Constituert - Na Y Sz Constituert Formation -
Syst. comp. - - - Syst. comp. - -
Stream # - - - Stream # - -
LInit atem Fad Fad LInit K K
Scale X X X Scale X X
Expt. 1 v 1 0.854 0.146 Expt. 1 1023 4
2 Iv 1 0.742 0.235 2 973 5]
3 v 1 0635 0.365 3 923 g
4 v 1 0535 0465 4 a73 10
5 l;l 5 IL|
R » i »
~Phaszes
Entered [Stable] Armant [Metastable} —Eliminated |
E:glrl_:P:alite_[ruc... ::EEE]E] \: Dormant or MetaStable phases

thtSage‘”
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Importing the data into Group #5

Group #5: SrCl , Liquidus Data

Aright-click on Experimental Data opens the pop-up menu.

Select <Add> to open the ‘Add Group’ window.
_iox]
File Edit Urnits FParameters Groups Caloulate  Options  Help
IR
El--b OptiSage
- Optiong
=B Themodynanic File
----- C:hFact5agehChemSagehMaCl_SrCl2 dat
El System companients:
- 5
- Cl
i MNa
- Phazes
+-gf LIGMASRCL
- MaCl_halite_[rock_sallz] Experimental Data
SICI2_golid_[cafZ_fuls
/..* _'_[2] s Open
e — " !
T - Activity of MaCl in the liquid phase Edit:
-EE] Group #2 : Enthalpy of mixing of the MaCl-S1C12 liquid misture at 1167, [894°C)
-EE] Group #3 : Eutectic Temperature (formation target of the liquid phase). ’I Delete Del
-EEE] Group 4 : WaCl Liquiduz D ata [formation target of the MaCl solid phase).
| OptiSage | &
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Group #5: SrCl , liquidus data

90 zf&
87
O Scholich O
807 B Vortisch o
1. Experimental conditions: ! © Buknalova &
~  Amount of NaCl(s) T ° . 0=
—  Amount of SrCl ,(s1) g 200 o Haue oo 727 s1]
—  Pressure & " o°
| m O
- 6007 o o"
2. Measured variables: : = = = ©%a =
— Temperature 565
(used in Precipitation Target for soo. - — — - )
liquid phase (NaSrCl)) ' Mole fraction SrCl, '
SrCI2 Liquidus Data
3. Selected phases: Experimental Conditions Measured Variable
— LIC]UId phase (NaSrCI) P moles moles - T.(K) error
SrCI (Sl) SrCI2 NaCl Precipitation Target (K)
- 2 atm liquid liquid liquid
—  SrCl,(s2) 1 0.97 0.03 1116 5
2 1 0914 | 0.086 1082 5
1 0.86 0.14 1047 5
1 0.81 0.19 1013 5
1 0.762 0.238 985 5
1 0.68 0.32 933 5
1 0.6 0.4 882 5
1 0513 0.487 843 5
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Add Group #5 with data entered and phases selected

F Add Group #5 — =10O] =]
d » Do not forget to save your data.
& B @ | i D | v
File Edit
Uit Group's name ISrEIE Liquiduz D ata [precipitation target of the liquid phaze). [Max. 80 Char.] Resct
r ! [ inifisl conditions [k~ | Jam x| Jdm3 = fma =] | =l
E xperimental Conditions Meazured Yariable[z] sz oLt seviy
A B | ¢ [ p | Eﬂ A | B | ¢ | b i’
“ariable P M [moles] M [moles] Wariakble T Er T
Phaze - NaSrC! NaSrC! Phaze M, i) Systerm H H -
Conzstituert - Na i Sz Constituernt ﬁ%: ThIS :tlr_ne’ _It IS a
—— i i - Svet.comn. — precipitation target
Stream # - - - Stream # - -
Uit aten roat et Uit K K
Scale X X X SCale X X
Expt. 1 v 1 003 0497 Expt. 1 1116 5
2 ¥ 1 0.056 0914 2 1082 =
3 v 1 014 0.56 3 1047 5
4 ¥ 1 0148 0.8 4 103 =
a2 v 1 0.238 0.762 a2 953 a2
=3 ¥ 1 0.32 055 =3 933 =
7 v 1 04 0§ 7 882 5
g v 1 0.457 0513 g G543 =
3 Iﬂ 9 IL|
| | 3 a | 3
—Phases
Entered [Stable] Dommant [Metaztable) —Eliminated
MHasrCl MalCl_halite_[roc...
SrCl2(z)
SrCl2(s2)
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Creation of (Save as...) a FactSage optimization file

Your Experimental Data are saved in a default folder (FACT-51\OptiO\Default, in the present case).

The next step is to create a FactSage optimization file.

Select File > Save as... to open the Save Optimization File dialog box.

File Edit Units Farameters
H [
Dpen Gptimization

Cpen ChemSage File

Save

T

E Close

Save to Databases

Ezxit

JRL=TEY
@ Edit  Units  Parameters  Groups  Calculate  Options  Help
KB (& 5B
El--b OptiSage
- Options
=B Themodynanic File
----- C:\FactSagehChemS agetMaCl_SrCI2 dat
El Syztemn components:
. S
...... Cl
o Ma
El-gf Phazes
- LIOMASRCL
- MaCl_halite_[rock_zallz)
- SIC12_zolid_[caf2_flufs)
- S1C12_zolid(2)
--EF] Group 1 : Activity of Mall in the liquid phase
--EF] Group #2 : Enthalpy of mixing of the MaCl-SrC12 liquid misture at 1167k [394°C)
g Group #3 : Eutectic Temperaturs [formation target of the liquid phase).
-[EF] Group #4 : MaCl Liquidus Data [formation target of the MaCl solid phase).
-[EF] Group #5 : MaCl Liquidus D ata (formation target of the M aCl solid phase).
| OptiSage i

OptiSage 8.1
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Saving a FactSage optimization file

1. Browse or create your own folder »| 53 OptiSage_I0 M
[ My Recent Documents
é Dezktop
Save Optimization File 21x] (L) My Documents
<Savein: |\ OptiSage I — b« BEHE :{;‘ éliDFTnppu;jr[ﬁ:]

g Local Dizk [C:]

Rk
g Mew u:ulume [E.]
=# Factlgh on "sopdou’ [J:]

' % p534411 on sopdoutusers' [X)
2. Enter the file name % EmumDn-:lr;uspudpwulL[JY L:J]sers

Folder OptiSage 10
created in FactSage

File name: MaCl_SiCi2 =N
ave as ype: FactS age optimization files [*.opt] j> Caneel | .
Warning:
T You must save an optimization file

before closing the application.
Failing to do that operation will
result in the loss of your
experimental data files.

A\ 4

3. Save your optimization file (*.opt)

Note: You can save your file after adding a group of experimental data.
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Location of your files

ptiSage_. -
@ Optisage_I0 O| x
. . : i ; ; ¥
Your experimental data files | %= ® = e T 2
and G Back - L A 7 Search [L Falders El'
e Address Iuﬂ C:\FactSage\Optisage_I0 j Go
Falders ® | _Mame | Size | Tvpe | pate Modified =
=) FACTDATA ;I ‘B Mal_Srlz_O5_DY_Groupl.ini 10 KB Configuration Settings  4/15/2009 3;55 P
3 FScopp F:j MaiZl_SrCl2_0S_GI_Groupl.txt 1KB Text Docurient 4/15/2009 3:55 PM
) FSlead _I _'_—}NaCI_SrCIE_OS_IV_Groupl ini 11 KB Corfiguration Settings  4/15/2009 3:55 PM
3 Fite _'_-}NaCI_SrCI2_OS_DV_Gr0up2.ini 10KE Configuration Setkings  4/15/2009 3:55 PM
F Dptisage 2 FSnabl _'_-}NaCI_SrCIZ_OS_DV_GroupS.ini 10KE Configuration Setkings  4/15/2009 3:55 PM
File Edit Units Farameters Groups  Calculste  Options  Help 3 Fstel ;';}NaCI_SrCIE_OS_DV_Group‘}.ini 10KE Configuration Settings  4/15/2009 3:55 PM
= - = Fite > _'_—}NaCI_SrCIE_OS_DV_GroupS.ini 10KE Corfiguration Settings  4/15/2009 3:55 PM
ﬁ = | ‘ c'ﬂ:- ﬁ i | £ Fmisc I?J MaCl_srCl2 _05_GI_GroupZ.txt 1KE Text Document 4/15/2009 3:55 PM
E‘"E’ Optis age =] 0 ré_w] MaCl_SrCl2_0S_GI_Groupd. bt 1 KB Text Document 4/15/2009 3,55 FM
Ot ) Phas,_dat E] MaCl_srCl2_0S_GI_Groupd,kxt 1KB Text Docurent 41512009 3:55 PM
| _puonz o & s [Z] Matl_SrClz_05_GI_Groups. bxt 1KE Text Document 4/15/2009 3:55 PM
Thermodynannic File Stnue = - A . .
3 sGTE __-}NaCI_SrCIZ_OS_IV_GrDupZ.|n| 13KE Configuration Settings  4/15/2009 3:55 PM
- C:4F acts agehChemS agehh aCl_S{CI2.dat ) USERDATA S NaCl_srCl2_os_Iv_Group3.ini 10KEB  Configuration Settings  4/15/2009 3:55 PM
B~ System components: [ | sl ini Fi i i ]
. @ KPCMS Mall_Srlz2_oS_ IV _Groupd.ini 10KE Corfiguration Setkings  4/15/2009 3:55 PM
: Sr . ) . ) .
Lﬂ Letters =
c @ Lvaop| q EI MaiZl_SrCl2 . opt 1KE ©OPT Fil 41512009 4:03 PM
Ma ) MsOCache - \': CSoltirn, dat 6KE  Wideo CD Mavie 41572009 4:03 PM
- Phases 1] L 4] | B
=-¢f LIONASRCL
MaCl
Sicl2

-l MaCl_halite_[rock_zalls)
- S1CI2_sold_[caf2_flu(s]

/_‘ SiCI2 solid{z2)

imental D ata

- Group #1 : Activity of MalCl in the liquid phaze
R Group #2 : Enthalpy of mixing of the MaCl-5CI2 liquid misture at 1167, [834°C)
- Group #3 : Eutectic Temperature [formation target of the liquid phase].

R Group #4 : NaCl Liquidus D ata (formation target of the MaCl solid phase).
--fEE Group #5 : MaCl Liquidus D ata [formation target of the MaCl zalid phase).

You may now quit the application
without losing any data.

OptiSage

@:actSage'l,OptiSage_IO'l,NaCI_SrCIZ.|:||:|I: <

... your optimization file
are saved in the same folder.

ctlage”
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Opening an OptiSage file

The next time you want to work on your optimization,
just open your file in the OptiSage main window by:
clicking on the « Open OptiSage file » button or
(selecting the menu File > Open Optimization

F Optisage =10] x|

File Byit Units Farameters Groups  Caloulabe Options  Help

FeRXE|iae ¥
N

...to open the « Open Optomizer file » window.
select your *.opt file and press Open

Save bo Databases

Open Optimizer file 2lx|
Lok in: Ia OphSage_[0 j " I‘fF Ed-

Exit

Type: OPT File
Size: 739 byvtes

OpkiSage Y

A 4

File name: INaCI_SlCIZopt j ( Open I
|| Files of type: [ Optisage files [*.opt) = Cancel |
o

thtSagem OptiSage 8.4 www.factsage.com



Execution of an optimization

The actual execution of the optimization consists of several
actions which a user has to go through one after the other.

— The parameters that shall be optimized have to be selected.

— Initial values for these parameters have to be entered and estimated
values for the errors of the parameters have to be defined.

— In some cases it is necessary to provide numerical relationships
between the parameters if they are not mathematically independent.

After that the optimization calculation can be started.

thtSageT” OptiSage 9.0 www.factsage.com



Selection of the phase to optimize

To select the phase to optimize, click on its In our example, we want to optimize the

name and the Solution (or phase component) parameters of the liquid phase. Please

panel appears. review slide 2.2 where we define GE as
F OptiSage GE - X1X2 (Al + BlT) + X12x2 (AZ + BZT)

File Edit Units Farameters iGroups  Calculate  Options  Help

HEBRs &% Ee k|
E--J? Opti% age Solution

- Dptions | LIGNASRCL
=B Thermodynamic File
----- C:AFactS age\ChemSagehaCl_SiCl2 dat

m components:;

Farameter List Generall polynomial Eohlers T oop formaliz

=- Glbbs el ﬂ
MaCl™[1] - SiCIZ"[1] |

|narl,l NaEI [2]- SiCI2" 1

A Phazes

* MalCl_halite_[rock_zal(z)
- S1C12_zolid_[caf2_flu(s)
- S1C12_solid(s2)
=-EF] Experimental D ata
- EF] Group #1 : Activity of MaCl in the liquid phase
Group #2 : Enthalpy of miking of the HaCl-5CI2 liquid misture at 1167F. [834°C)
g Group #3: Eutectic Temperature [farmation target of the liquid phaze).
- g Group #4 : Mall Liquidus D ata [farmation target of the MaCl zolid phaze)
- EH) Group #5: MaCl Liquidus D ata [farmation target of the MaCl zolid phaze),

‘ CptiSage C:\FactSage\Optisage_I0\MaCl_SrCl2. opk 4
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Selection of the first set of parameters to optimize

F Optisage
File Edit Units Parameters Groups Calculate Options  Help

Then click on the first set of parameters:

FEBs (& 2R X1 X5 (A + ByT) B
Elb QptiSage Solution
D ?Etiansd - | LIONASRCL
=I Ermnodynanmic rie .
. C\FactSage\ChemSage‘MaCl SiCI2 dat Parameter List
E| Syztem components: LI
..... S j
- o | The parameters pane appears.
- Ma
=l-¢f Fhazes
= LIGNASRCL et
..... KaCl
o Sl - i
- MaCl_halite_[rock_zalls) Coefficients T ~
- SICI2_zolid_[cafZ_flu(z) a a W optimize
g SITI2_solid(s2) i 1 ¥ optinizs”
=-EE Experimental Data 0 T T K optimize
-] Group #1 : Activity of MaCl in the liquid phaze .
- Gru:uup R2: Enthalp_l,l af mixing of the NaEISrEIE Ilquu:l ml:-:ture at 1167k [894°C) D 2 [ Dpt?m?ze
: N < _ 0 3 I optimize
0 1 =L [ optimize
The variable Y; is the equwalent molar fractlon of component L | —, M i
See Solution sllde show, section 6 for more details. 0 T I optimize
In our example, Y; = X; which is the molar fraction. . vty — eplnizz
LO is a polynomial having the general form: : — :: o
LO=A+BT+ C(TInT)+DT?+ ET3+ FT! 0 1 | I optimize
In our example, LO has the form: LO = A + BT, where A and B
are the parameters to optimize.
Check the optimize check boxes for these two parame  ters.
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Selection of the second set of parameters to optimize

_lojx
File Edit Units Parameters Groups Calculate Options  Help
T = (& % Be K|
Elb QptiSage Solution
- UOntions LIQNASRCL

=B Themadynamic File
----- C:\FactSagehChemS agetMaCl_SrCI2 dat
=- Syztem components:

FParameter List

General polynomial Kohler/Toop formalizm

..... S

- Phases

=@ LIQNASRLL

..... Mall

..... 52

- MaCl_halite_[rock_sallz]
-l SIC12_solid_[cafZ_flu(s)
- S1C12_zolid(z2)

=EE Experimental Data

--FEH Group #1 : Activity of MaCl |n the liquid phase

E
d {MaCl-

=Y
ErCl MalCl| 5
M ate: u:urrerntgner y FIEJI'_"

B
<]

INE Cl

+
INa (] ISrCI

Y, o L0

qy unit iz

--EH] Group H2
-] Group H3
--fEH] Group H4
--fEF] Group HE

: Enthalpy of miking of the MaCl-SrCI2 iguid misture at 11E7K, [234°C]

: Eutectic Tempe
: MaCl Liquidus D
: MaCl Liguidus D

ature [formation target of the liquid phase).
iata [formation target of the MalCl zolid phaze).
iata [formation target of the Mall zolid phaze].

is selected

The second set of parameters:

X12X5 (A + B,T)
the same way as previously.

Lo
Coefficients

1] n optimize
1] 1 optimize
1] Th T aptimize
1] 2 optimize
1] 3 optimize
0 -1 p! optirnize
1] 1 1 optimize
1] 1 1 aptimize
1] ThT N aptimize
1] 2 1 | aptimize
0 3 1 ™| optimize
1] -1 1 [T optimize

| OptiSage

|C:'I,FactSage'l,OptiSage_IO'I,I"-.IaCI_SrCIZ.Dpt
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Parameters menu and edition of selected parameters

P Pararneters

A 4

eset Selection

Clears your selection

« the initial value of a parameter
» the standard deviation (i.e. error) of a parameter
 the coupling state of a parameter

Opens the Selected Parameters pane where you can edit:

F OptiSage =10l x|
File Edit Units (Parameters ) Groups Calculdte  Options  Help
DeEBsE]sER H v
E---ﬁ' OptiSage Selected Parameters
: Dptiors Click to edit the initial value of a parameter in the cument unit

|_:_| Thermadynarnic File
[ C:AFactSagetChemSagehMaCl_Srill2. dat

Click. to edit the standard deviation of a parameter in the curent unit [absolute value ; >= 0]
Double-click to change the coupling state of a parameter. Enter all coupled-independent parameters first, then enter all couped-dependent parameters

-] Group #1 : Activity of MaCl in the ligiid phase

--EF] Group #2 : Enthalpy of miking of the NaCl-SiCI2 liqui
--EF Group #3 : Eutectic Temperature [formation target o
--EF Group #4 : MaCl Liguidus Data [formation target of t
--EF Group #5 : MaCl Liguidus Data [formation target of t

< | 2

This operation initializes your parameters and enables
the functions Calculate > Optimize with...

E| : Syztemn components: - XS -
o s ol J 0 - GEAS) Wil Binary: MaCl'[]- Sroizi] 131111
...... Cl 1} J 100000 Hon - LICNASRCL - G Lo | T  Binary: MaCl(1]- SrCiz*f1] 131121
. Ma 1} J 100000 Han - LIOGHASRCL - GHE) L0 | T  Binarmy: MNaCl[2] - SrCl2*(1] 132111
H"' Phases 1} J 100000 Hon - LICNASRCL - G Lo | T  Binary: MaCl[E] - SrCIlz*[1] 132121
=-df LIGNASRCL
----- MaCl
o NaCl fteroc_ssl] It is imperative to select Parameters > Selected , even
T S if you start with the default values (i.e. Initial Value = 0 ,
-1-EE) Experimental D ata c
o » Std Dev = 100000, coupling state = Non Coupled).

— | Note: The Coupled feature allows the user to provide numerical relationships between the
parameters if they are not mathematically independent. It is an advanced feature of
the Optisage module and will be demonstrated during FactSage workshops.

b

thtSage‘”
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Initiating an optimization

[
Calculate | Options  Help
| B Estimate Parameters with NOMAD i

. @llﬂpﬁmize with Bayesian

From the menu bar, select Calculate > Optimize
with Bayesian to start calculation of your first

Calculate with current set of par

Abort
e sl optimization using the Bayesian technique.
Eptimization Errors I
F OptiSage o ] [
Filz Edit Units Parameters Groups \ Calculate Options  Help
D e (&% 2R T
El"“? OptiSage Selected Parameters
Options Click to edit the initial walue of a parameater in the curent unit
B Themodynamic File Click to edit the standard deviation of a parameter in the current unit [abzolute walue : >=0]
C:“FactSagetChemS agetMaCl_SiCI2. dat Double-click to change the coupling state of & parameter. Enter all coupled-independent parameters first, then enter all couped-dependent parameters
= ) System components: # XS I N I
E ar B L Q - LIOHASRCL [ il Binary: MNaCl[1]- SrCiz1] 121111
Cl i 1] o 100000 Mon - LIQHASRCL - Lo T  Binary: WNaCl*[1]- SrCIz°[1] 131121
Ma 3 0 o 100000 Mon - LIQHASRCL W0 TO  Binary: MaCl*f2] - SrCIZ°(] 122111
4 0 o 100000 Mon - LIOHASRCL W T  Binary: MNaCl*f2]- SrCIZ°(] 132121
- Phases
El' LIQHASRCL
; MaCl
SiCi2
- o MaCl_halite_[rock_salls)
- SICI2_zolid_(caf2_fluls)
- o SICI2_solid(z2)
E-EF Experimental Data
-] Group #1 : Activity of MaClin the liquid phase
- EF] Graup #2 : Enthalpy of miking of the NaCl-SiCI2 liqui
-EF] Group #3 : Eutectic Temperature [formation target o
- EF] Group #4 : MaCl Liquidus Data [formation target of t
[ Group #5 : NaCl Liquidus Data [formation target of t
1] | 2
| OptiSage CH\FactSagelOptisags_TO\NaC)_Srcl2.opt y
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Optimization results after 5 iterations

File

Save ko file. .,

Result: No solution was obtained with only 5 iterations

[FIterations:

iteration #1

iteration #2
[Eliteration §3

- pl#z] =
- plg2] =
- pl#g] =
- pl#3] =
- pl#d] =
- pl#d] =
parameter

A priori
co8um of chi square
[Fiteration #4

- wlfg] =
- pl#z] =
- pl§d] =
- pl#3] =
- plfd] =
- pl#d] =
parameter

b priocedi
- Bum of chi square
[Fl-iteration #5

- pl#gl =
- pl§s] =
- pl#d] =
- pl#z] =
- wlfd] =
- pl#d] =
parameter

b priori

o Bum of chi square

[ Correlation{s) between parameters

8.730915932753E-01

[l Correlation{s) betwsen parameters

: —0.ElE96l18E54E-
9. 47937092224 E-
8. 6E19F78574983E-0
2. 730602347 205E-0
—9_Z939393915673E-
-3 12303343733 E-

[l Correlationis) bhetween parameters

S.6E128080730E-01
2.7305422096ZE-01

g ptiSag - —
) Kill |
— Dptimized Parameters
# New Value |Units| Correction Uncertainty |Dependenqr|PhaselCnnstituentlTypel | - | Xs | - |
B 1 | -1 6E7STONOGS0EHDS J | -2ATOTHISTEEDZ | 2 B1402T0EAS4EHI - MNaSrCl - Gr¥S) | L0 | T Birary: MaCl[]- SrCize(] [ 31111
5. 479%3437743E-01 2 | ezistesinnen J | 2EET4ETDRMIDEDS | 2.83518023515E01 Masril GrXE) W T Binary: MaCl[]- SrCi21] | 21121
8.65217548192E-01 3 | -4.10088502124E403 J | 447201004405E-02 | 5 113077141 7EEHIZ MNaSrCl Ge¥S) | L0 T Birary: MaCl[z]- SrCize(l] | 321114
4 | zeiszezsoszEEdD J | -200H4ESTIDIEDS | 6. 10000450556E01 Masril GrXE) | W T Binary: MaCl[z]- SrCi21] | J22121
-3 79945473730E-01
-3, 12934224560E-01
2. 0409Z686502E =
sl Information b | — P
cipitation target of the liquid phase).
Optisage:
B |c| D | E F i’
CORNYERGED SOLLITIOMN CBETAIMNED ErrT | Chisquare contribution
System 9.39456261648E+01
2.04092197291E -
2.59504248421E -
iy =t fas ™ s K
Scale x X X Scale x X Cale. Val. Correction Residual Warnings
-3, 21E92750528E-01
-9 47934836456E-01 Expt.1 || 1 0035 0a7 Expt. 1 1118 5 112691424676E+03  -1.09142467570E+01 | 2 0B071063793E-02 FERD AMC
2 vl 1 0.086 0a14 2 1082 5 1.09033910824E+03  -8.33910823858E+00 1 397201 S9633E-01 FERD AN
3 vl 1 014 086 3 1047 5 105590052214E+03 | -8.9005221 3805E+00 3 075261 32037E-01  FERD AN
:z'i;g;izzi:ji:gi 4 vl 1 018 0.8 4 1013 5 102452180442E+03 | -1.15218044172E+01 4 7T681592393E-01 FERD AN
5 04029412829E-03 5 ] 1 0233 0752 5 985 5 0.95842833920E+02 | -1.09425339250E+01 4 85275554334E-01 ZERD AN
2.59504746575E402 6 ] 1 032 058 5 933 5 9.55621277414E+02 | -2.26212774138E+01 7 03529279379E-01 ZERD AN
7 Il 04 0.6 7 ga2 4 9.13010850754E+02 -310108307535E+01 | §.72404941053E-01 ZERD AMC
g Il 0.457 0513 5] 843 4 5.61537919300E+02 -1.88379193005E+01 | 9.84694118339E-01 ZERD AMC
9 = k| =
« T 3| o T H
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Options Features

Different options are available in OptiSage, you can select:
1. The directories for your results and errors files;

2. Optimization options;

3. The way to display the phases and the constituents.

> Information

F OptiSage -0l
File Edit Urits Parameters Groups Calculake ( Options \geln

b B

odvnamic File
C:\FactSagetChemS agesMaCl_SrCI2. dat
System components:

: Sr

Cl

Na

- Phases
- LINASRCL
- MaCl

e 5iC12

- MaCl_halite_[rock_sal(s)

- SICIZ_golid_[caf2_fiu(s)

- SIC12_solid(z2)

=B Experimental Data

-] Group #1 : Activity of MaCl in the liquid phaze
--EF] Group #2 : Enthalpy of miving of the MaCl-SCI2 liquid misture at 1167 (894°C)
&) Group #3 : Eutectic Temperature [formation target of the liquid phase].

options x|

| Ophimization I Digplay I

Results file Ic:\Fac:tSage\DptID\DptiSage_lesuIts.th Browse |
Errar file |u::\Fac:t5age\DptID‘\DptiSage_errc-rs.t:-:t Browse |

Results file is the ChemS age optimizer result ASCI file, |t containg all output infarmation
without any special graphical interface treatment.
Error file iz the ChemS age optimizer emor ASCI file. |t containg warning and errar

Messages.
o 0K x Cancel |

i

"Files
~ BATYESIAN
b 2%, mumber of iterations |5 j
 MOMAD
tax. number of black box evaluations [BEE) 5000 :Il
tezh size (>0 and < 1; recommended 0.939) ID.SSS
Digplay level [0 none - 4 max; recommended : 2] |2 ﬂ

" OK X Cancel |

Group #4 : NaCl Liguidus Data [formation target of the Mall solid phaze). il
- Group #5 : NaCl Liquidus Data (formation target of the MaCl solid phase). Files I Optimization
_lFragEDrt names
rConglituents——
> ™ Shart names
. . . . ¥ Particles
| To open the Options window, double click on Options
in the tree view or select Options in the Menu bar.
xows |
thtSage'" OptiSage 9.7 www.factsage.com



Changing optimization options

x
Fies { Opfiizaficr ] Display | In our case, we want a larger number of
— BAYESIAM . . 5
N — E—= iterations. The default value is 5. Let's put
~ NOMAD 8 as the maximum number of iterations.
tax. number of black box evaluations [BBE] R000 ill
Mesh size >0 and < 1; recommended 0.939) IIJ.E!EIEI
Dizplay level [0 hohe - 4 max; recommendead ; 2] |2 j We Can nOW Start
a new optimization
| o OE I X Cancel | |
_|ol x|
File Edit Units Parameters Groops(| Calculate  Oplions  Help
s} = ‘ =t | & \ [ Estimate Parameters with NOMAD
" § Optirrize-with Bayesian ul
E Optis
- G |:||r|:5: Calculate with current set of parameters
EI Thermodynamic File Abort
: E:\FactSage\ChemSage\ Optimization Results
= _ Syztem components: Optimiza®on Errors
- o
. l
[ Ma
[—]* Fhazes
EI' LIOMASRCL . .
o NaD To reopen the OptiSage: Results window and
b SrCI2 . . . .
& NaCl_hate_rock_sals] see the results of the previous optimization,
- S1CI2_solid_[caf2_flufs) . . . .
& SCI2_solids?) select : Calculate > Optimization Results
=B Experimental D ata
- EH] Group #1 : Activity of MaClin the liquid phase
- Group #2 : Enthalpy of mixing of the MaCl-5iCI2 liquid misture at 1167K, [834°C)
[ Group #3: Eutectic Temperature (farmation target of the liquid phase).
-[Eg Group #4 : MaCl Liquidus D ata [formation target of the Nall salid phase].
- Group #5 : MaCl Liquidus D ata [formation target of the NaCl zalid phase].
DptiSage C\FackSageloptisage _I0iNaCl_SrClZ opt V7

|
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Convergent solution of the 2"d optimization

Information x|
We have a convergent OptiSage:
.
solution after 7 iterations COMVERGED SOLUTION OBTAINED AFTER 7 ITERATIONS
DptiSage : Re o ]
File  Kill
[F Tterations:
; teration f1 @ Kill |
iteration 2 — Optimized Parameters
teeranion ﬁj #| New Value |Units| Correction Uncertainty |DependenquPhaselCnnstituentlTypel | - | XS | - |
-iteration
E| iteration #5 1 J 3196451027 7ZEDS 281 A02GG3G02 B+ - MasrCl - Gi¥5y W0 T0 Binary: MaCIt[1]- SrCiz*(1] 121111
B Correlation(s) |betwsen paramsters 3 | -osssioaosE01 | g -2 BITERI0MTOE-0 .83627218200E.01 - NasrCl - G(48) LD T Binary: MaCl[1]- SrCIZ°(1] 131121
: - pl#d] = -2 _Z1E9412Z07EZE-01 3 -4 190651 10529 E+HF J -4 DEaGE 1 G506 E-03 11323002202 BE+02 - MasrCl - G¥8) W TO Binary: MaCl[2]- SrCIz°(1] 122111
- pl#Y] = -9 47935554231 E-01 4 | 261633543012 E400 J 409315249977 E-0G S 19114426 112 E01 - Masrcl - G(¥5) LD T Binary: MaCl"[2]- SrCIz°(1] 132121
- pl#qd] = 28.6E512896113T2E-01
- pl#d] = £.73056665015E-01
T plFql = -5.259938153378E-01 Group #1 | Group #2 | Group #3 | Group #4 GroupﬂEl
- plfd] = -3 1E23005335E544E-01 - - — - . -
L prieri parambter = 1. 69193005338E-1% SrCI2 Liquidus Data (precipitation target of the liquid phase).
- 8num of chi soqubre = Z.L53L0ZZ05984E+0Z
O iteraticn #6 —Experimental Conditions Measured Yarniable(s]
=8 Correlacion(s) |between parameters A|B I C I D ﬂ A I B ICI D | E I F ﬂ
: pl£3] = -3.21534026723E-01 “ariable P M [moles] M [mol “ariable T Err T Chi square contribution
PLE] = -9, 479361067598 -01 Ph WNaSrcl | NaSeC NaSrcr 4 9.39456683452E+401
pl#4] = 8.65190312269E-01 chase - il aar d System .
pl#d] = 8.73057191302E-01 Constituent - Na i Sriiz Frecipitation| -
plfd] = -9 29932E96ZEEE-OL Syst. comp. - - - _ _
pl#d] = -9.12301456348E-01 Stream # - - _ - _
aranetear = 4 51335051951E-13 Unit atm mal mal i I
= Z.L9LOEEQESE3E+0Z
o Scale X X X X X Cale. Val. Correction Residual Warnings
=] betwesn parameters Bt | ] 1 0.03 047 1116 5 1 A2691424660E+03 | -1 0914246801 6E+01 | 2 06071 257155E-02 | ZERO AMOL
pl#2] = -3.21598047309E-01 2 R .05 0914 1082 g 10903391 08756403 -8.3391 0GT5446E+00 1 397201 65215E-01 ZERO AMOL
plE3] = -3 47338345257E-01 3 M| 014 0,55 1047 5 1 05500052371E+03 | -8.00052370755E+00 | 3.07828053221E-01 ZERQ AMOL
plEd] = 8. 651970782 7ZE-01
4 R 019 0.1 103 5 1024521 807426403 -1 1521B074204E+01 4 77581440795E-01 ZERO AMOL
pl#3] = 8.730683514763E-01
pl§4] = -9.29942076872E-01 5 N 023 0.762 985 5 995042637435E402 -1 0D4283743495E+01 4 B62TSETISETE-01 ZERO AMOL
pl#4] = -3.12905382882E-01 = M 032 0.6 933 5 955621282957E402 | -2 2621 282057 2E+01 | 7.03530016511E-01 ZERO AMOL
& priori parameter = 5.458352Z84914E-13 7 M| 0.4 06 a2 5 9A3010857451E+402 | -3.101 08574500E+01 | 8.72407553754E-01 ZERO AMOL
wofuw of chi square = Z.53E0ZZ0E33EE+0Z & |1 0.487 0513 243 5 BE1837924741E+402 -1 S8379247412E+01 9.84700324780E-01 | FERD AMOL
a = =
4 I I 3 »
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Convergent solution of the 2"d optimization, saving the results

We save those results with: File > Save to file...

File

) 4

I OptiSage : Results

[F Iterations:

; teration #1
fz
#3
fid
#5

iteration
teration
-iteration

El iteration

- pl#z] =
- pl#3] =
- pl#d] =
- pl#s3] =
- plgd] =
- pl#d] =
parameter

-+ A priori
<+ 8w of chi square
[ iteration #€

- plg2] =
- plg2] =
- pl#d] =
- plg3] =
- pl#d] =
- plgd] =
parameter

-+ A priori

<+ 8w of chi square

El..

- plg2] =
- plg2] =
- pl#d] =
- pl#3] =
- pl#d] =
- pl#d] =
parameter

-+ A priori

<o Bum of chi square

< Correlation{s) between parameters

-9 _Z1E941ZZ07ZE-01
—3.47335654E31E-01
2.6E1289c11272E-01
8. 730EGEEE01EE-O1
-3_F9338153378E-01
-3 1z30032E5544E-01
= 1.631920053238E-1Z
= Z.5350zz05354E402

L:_I Correlationis) between parameters

-3 E15940Z57Z3E-01
-3.4732c1057E2E-01
8. 6E190312Z69E-01
8.7305713130ZE-01
-3 ED3322LRCELEE-OL
-3_12301456348E-01
= 4. 5133E051351E-13
= Z.5350zz05353E4+02

L:_| Correlationis) hetween parameters

—-3_E1593047303E-01
-3 4733834525 7E-01
8. 6E13707827ZE-01
8.73063514763E-01
-3 E934E07¢27ZE-0L
-3 _1230583282838ZE-01
= 5. 45836Z84914E-13
= Z.EREDZZ0OESZEE+OE

BETNY

=10l

— Optimized Parameters

# New Value

2| -9.21551010206E-01
3| -4 190651 1052040
4 | 261633848012 E+00

Units| Correction |

J 318045102773 E03 2]
J -2 BITEEI04TOE- DB 2
J -5 05562 1 50506 E-02 &
Jd < D98 15240077 E-06 i

Group #1 | Group #2 | Group #3 | Group #4  Group #5 |

SrCI2 Liqu

—Experimental Conditions

ale| c | b ﬂ
“Yariahle P M [moles] M[mol
Phase - MasrCs Nasrl
Constituert - MNaCl Srcie
Syst. comp. - - -
Streatn # - - -
Unit atm mal mol
Scale X X X
Expt.1 [ | 1 003 047
2 |1 0.086 0ol4
3 I’ I 014 0.86
4 |1 019 0
5 Ir 0233 0.762
£ |1 032 058
7 Vi o 0.4 06
& |1 0.487 0513
9
4] |

Save Results

Save in: I 5 OptiSage |0

x| «®exE-

x|

Your results are saved
as an Excel file

File: name:

Save az type:

| EXCEL file [W

=

F— e )

Canicel |

g

\ 4

Cale. Val.

112691424680
109033910873
105390032371
102452180742
995942337433
955621282957
913010337451
G E1837924741

8y

U‘IU‘IUIU‘IUIU]UIU]}(}Q

OpkiSage:

File:

C:\FactSagelOptisage_I0YOptiSage_Results, xls

has been saved.

x|

.
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Optimization results, EXCEL file

Microsoft Excel - OptiSage_Results.xls

&) Fle Edt w¥ew Insert Format Tools Data  Window Help  Adobe PDF Type aquestionforhelp  « _ & X
NEHRS SQIVE | LE2R-F 9 - - -4 2] B @ énrial »10 | B I U $ % '&'é'ﬁ
@Snaglt &' | Fendtre "5 '@ '@ ﬁ =
F101 - fx
A | B [ ¢ | D | E | F L 6 | 5 T ¢ [ 4 Tkl L b [ M [ o =
i / OPTIMIZED PARAMETERS (iteration #7) . .
2 # New Value  Units Correction Uncertainty Dependency Phase Constituent Type = = XS = Values Of the Opt” I “Zed
i 1 ¥ 1 BaTE4432123E-03 l F 318645102773E-02 | 2 81S026863602E-02 MasSrCl - G[XE] Lo T*0 Btinary: MaCI[1]- 171n t
3 iz p m ( A A B
" H " .8 FIB5I10205E 01 J o TzEeveEaaTE-DE | 283527 HER09E-01 MasiCl GIHE) Lo T Einarg MaCIf]- 131121 ara e ers 1 27 1
4 SrC1z[M] .
i 3 ¥ 4 19065 106SAE 05 b T 03 | 5N323085802E.02 MaseCl GIKE) Lo T0 | Einarg MalCl2]- 1z and BZ) See Sllde 9 . 15
5 Sz
i 4 " 2 BIB33E4ETZE LD J T apagise4asrrEDs T B1STH4ZEIZE-ON MasiCl GIHE] Lo T Binary: MaCl'[2]- EEIER f d I
= \ S Or I I IOf'e etal S
|7
Activity of NaCl
{in the liquid
o A B C D E A B C D L L =
d - ' Calculated val fth
“ariable T P M [moles] M [moles] Wariakle AC Err AC Chi square a Cu ate Va’ ues O t e
1 contribution d 0 bI 0 h h
2 Phaze - - PiaSrCy MaSrCS Phaze NaSeCl | MaSeCl 1 157080511 00E+02 I I Ieasure Va-rla- eS Wlt t e
{5 |  Constivent - - SeCiz NaCi Consfituert ~ NaCi | NaCf 0 tl m |Z e d aram et ers S ee
_4_ Syst. comp. - - - - Syst. comp. - - p p "
1 | Strearn # - - - - Stream # - - Id 9 17 9 20 d 9 22
15 sliaes Y. to 9. an .
g Linit. K atrm rmal rmal Linit. - -
Era Scale x X x Scale x x Calc. Val. for more deta”s
15 ) )
g Expt. 1 107315 1 0z 0a Expt. 1 0777 | 0007TT "7 52618755115E-01 \5.615875511509E-03 "8 55267671615E-04 -
j_' ] 107345 1 03 or & 2 0659 | 000859 "B.68105787552E-01 T4 10578755223E-03 1 5386651 5704E-03 -
_‘1_' 3 107315 1 0.4 0& & 3 0533 | 000533 "5.55009242708E-01 2\20092427077E-02 1 342290381 26E-03 -
jz_' 4 1085 1 04 a1 & 4 00303 | 0.0008 "7 BBOTEE5501 9E-02 399231 440808E-03 5 53641995659E-04 -
_‘3_' 5 1085 1 0a 0z & 5 0162 | 000162 "1 59339532054E-01 2 41016794551E-03 7 .39175122779E-04 -
_“,_1_' g 1085 1 0s 0s & ] 0454 | 000454 4 47777350950E-01 5. 42264304956E-03 M 79551681 7T19E-03 -
_‘5_' 7 1085 1 03 or & 7 0652 | 000652 "5.59258954546E-01 1 37410454539E-02 M1 54214635001E-03 -
jE_' ] 1123 1 0.4 05899 & ] 05437 | 000544 75 565T50681583E-01 1131 7596518336-02 1 B5064668424E-03 -
_‘?_' g 1123 1 0E 04 & ] 03351 | 000335 "3 .46344409578E-01 73.24440957757E-03 1 4650641 3033E-03 -
ja_' 10 1123 1 0798 02m & 10 01593 | 000159 "1 B1091553306E-01 J1.79155330565E-03 17 461571 26390E-04 -
B¢ 11 1123 1 045 054 & 11 053 00053 4.92238522559E-01/ 3. 77614774114E-02 11 57021452508E-03 J
30 -
M 4+ M|\ Sheetl |41 | |
Ready UM s
" OptiSage 90.11 www.factsage.com
ctdage : factsage.



The OptiSage window: general view

To abort an optimization: click on Kill in
the menu bar or press the Kill button

The Optimize Parameters frame

F OpliSage : Results o ] 54|
File
[ Icerations:
H-iteration #1 @ 5'" |
iteration #Z — Dptimized Parameters
iteration #3 # N . . g a
B Com 44 ew Value |Units| Correction Uncertainty Dependency | Phase | Constituent| Type| - | - XS -
iteration
S ireration £5 1 J 318645102773 E03 2 31502663602 EH0Z . NaSrCl - GrXS) | L0 T0 Binary: NaCl[i] - SrCI2°[] 131111
B Correlation(s) between parameters z | oxssinozeenr | 4 -2 F2TEEI04470E-06 2 53527218 209E01 NasrCl GXS) | L0 T Binary: NaCl[i] - SrCI2*[1] 131121
Lepl[8l] - plfz] = -5.21594122072E-01 3 | -410085110509803 | U -5 (5565159506603 511323903302 B2 NaSrCl GrXS) | L0 T0 Binary: NaCl[z] - SrCI2*[] 132111
~plfl] - pl#3] = -9.4733EEE4231E-01 4 | zeisazedas012E400 | 4,095 15240077 E-06 5.10114426112E01 NasrCl GXS) | L0 T Binary: NaCl[2] - SrCI2*[] 132121
~pl#1] - pl#4] = B.6E189611378E-01
~pl#2] - pl#3] = B.730E66650L5E-01
pLEE] - pl#4] = -3.23938153378E-01 Group #1 | Group #2 | Group #3 | Group #4  Group #5
~pl#3] - plf4] = -9.12900935544E-01
A prieri parameter = 1. 69193005335E-12 SrCi2 Liquidus Data (precipitation target of the liquid phase).
- Bum of chi segquare = E.E9E0ZEZ0E384E+0Z
E-iteration #6 —E xperimental Conditions Measzured Vanable(s]
B Correlation(s) between parameters A|B I C I D+ A | B ICl D I E | F ﬂ
: - plfz] = -3.21534026723E-01 Yariakle P M[moles] M[mole— Yariakle T Err T Chi square contribution
- PLE3L = -3 4TRISI08TEIE-OL Ph NaSKCi | NaSeC NaGrC t 9.39455683482E+01
- plfd4] = 5.65190312269E-01 Chase - il il d Systerm :
- pl#3] = 9.73057191302E-01 Constituert - Pz Cf SrCi2 Precliatation -
- plfi4] = -9.29938596255E-01 Syst comp. - - - _ _
- pl#4] = -9.12901456348E-01 Stream # _ _ _ _ _
-+ A priori parameter = 4_61335051951E-13 Unit atm mal mal K I
5 £ chi = Z.59E0ZZ05953E+02
ey o Scale X X x X X Cale. Val. Correction Residual Warnings
Expt.1 [V ] 1 0.03 nar 1116 5 112691424680E+03 -1 0914246501 6E+01 | 2.06071257188E-02 FERO AMOL
~pl#l] - pl#2] = -9.21538047209E-01 2 ' 0.086 0914 1082 5 1.09033910875E+03  -8.33910875446E+00 1.39720165215E-01 FERO AMOL
"pl#l] = pl#2] = -3.47338345287E-01 a |1 014 086 1047 5 105500052371E+03  -5.800523707586+00 3.07828053221E-01 ZERO AMOL
~plfl] - 4] = 8.8E5197078272E-01
pl#l] pl#d] 4 W 019 0.1 1013 5 1.02452180742E+03 -1 15218074204E+01 |4 77851440795E-01 ZERD AhACL
~pl#2] - pl#3] = B.73063514763E-01
pl§2] - plfd] = -5.29942076872E-01 5 M1 ozm 0782 585 5 9.95042637435E+02 | -1.08428374345E+01 45627567 IF67E-01 | ZERD AMOL
~pl#3] - plf4] = -9.12905382882E-01 5 Vi 1 0.32 0.65 933 3 9539621 252957 E+02 -2 26212582957 2E+01 | 7.03530016511E-01 | ZERC AMOL
A priori parameter = §.45836284914E-13 7 V| 0.4 06 842 5 913010857451E+02 -3 10108574505E+01 | 8.72407553784E-01 FERO AMOL
cBum of chi square = Z.53502205335E+02 8 v | 1 0.487 0513 843 5 8E1837I247THIEAD2  -1.8E3792474126+01 9.847003247A0E-01 FERD AMOL
9 = =
4| | » »
A

|

f

The tree view frame

The Groups frame
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The OptiSage window: the tree view frame

[ Iterations:
E"iteratinn #1
H-iterarion #Z

iteration #3

iteration #d
E"iteratinn #5

E"Cnrrelatinnisj between parameters

?"p[#l] - pl[#E] = -9 215541 EE072E-01
?"p[#l] - pl#3] = -9 47335654231 E-01
?up[#l] - pl#4] = 8_.65189611378E-01
?up[#Z] - p[#3] = 8_730E6665015E-01
?up[#Z] - pl#4] = -9 _Z93381E53378E-01
L"p[#g] - pl#4] = -9 1300335544 E-01
A priori parameter = 1.&63193005332E-12
coBum of chi soquare = 2. E3L50Z2Z05334E+0:2

[Fl-iteration #6

E"Cnrrelatinnisj between parameters

: - pl#E] = -2 zZ1E5240Ee723E-01
- pl#3] = -2 473351058753 E-01
- pl#4] = 8. 6513031E263E-01
- pl#3] = 8_7305719130ZE-01

- pl#d] = -9 EF338L5982L5E-01
- pl#d4] = -3 _1E5014E563483E-01
b priori parameter = 4. &1335051951E-13 . . . .
. Sun of chi sgaare = Z.E9E0220695SR40Z !ndlcates 'tht the results of the iteration #7 are viewed
s in the Optimized Parameters and the Groups frames.
—|-Correlationi(s) between parameters . . . . .
= tHz] = 5. 21858047505%-01 To see the results of a previous iteration, click on it.
- pl#3] = -2 4732382452 57E-01
- pl#4] = B.6E197078ETEZE-01
- pl#3] = B.73063514763E-01
- pl#d] = -9 FE334z707687EZE-01
- pl#d4] = -3 _1ES0E32ER8ZE-01
b priori parameter = L. 453362834914E-13
o Bum of chi square = . E9E0ZEZ0LES3IEE+0Z
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The OptiSage window: Review of the Optimized Parameters

Remember (see slide 2.2) that OptiSage is used to optimize the parameters for the liquid Gibbs
energy model (XS terms) and that a polynomial model for the Gibbs energy of the liquid was used:

G=(X;G° +X,G%) +RT(X;In X; + X5 In X,) + GE

where GE = AH — TSF

Using the binary excess terms: AH = XX, (A;) + X;2X, (A,) and -SE = X, X, (B,) + X,2X, (B,)
Hence: GE = X X, (A, + B;T) + XX, (A, + B,T)

Where A, A,, B, and B, are the 4 parameters to be optimized and the subscript 1 and 2 are
respectively for NaCl and SrCl,. We have 2 sets of parameters, one in X, X, and one in X;?X..
OptiSage uses a more general form for the expressions of these excess energies, GE =2gF where:

— —_ XNaCI
g(ENaCI—SrCI2 )~ YNaCIYSrCIZLO and g(ENaCI—SrCIZ) - YNaCIYSrCIZLO
/YNaCI + /YSrCI2

where the variable Y; is the equivalent molar fraction of component i.

See Solution slide show, section 6 for more details.

In our example, Y; = X; which is the molar fraction.

LO is a polynomial having the general form:

LO=A+BT+C(TInT)+DT?+ET3+ FT!

In our example, LO has the form: LO = A + BT, where A and B are the parameters to optimize.

Then, = Xyam X A, + BzT)(XNaCI)

g(ENaCI—SrCIZ) NaCl“*SrCl, (
g(ENaCI—SrCIZ) - xNaCIXSrCI2 (Al + BlT) and
- XlilaCIXSrCIZ (Az + BzT)
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The OptiSage window: the Optimized Parameters frame

E — N1 1
g(NaCI—SrCIZ) - NaCIXSrCI2 +K-D)

— Optimized Parameters
# New Value |Units Correction Uncertainty | Dependency | Phase [ Constituent| Type| - | § X5
1 | 1627544321 22E403 e SIS TTIEDD 2 B130266IE02EHZ - Nasrel Goés) | W0 (70 )Binary: NaCi1]- SrCize] | 121111
2 || -0FESI0I0NEEM |G EBETEEIOMITIE DR 7 £3EI7 218300 E01 . NaSeLl GEHE) L&%T“%Einary: NaCP[1] - SrCIZ'[1] | 13 1121
2 | -4.19085110520 6403 J -5.05562 150506 E-02 511323002802 E402 - MasrCl GRS) | W T Binany: MaCl[2]- $rCIZ[1]) 122111
4 | 261633248012 E400 J 400315249977 E-06 5.19114436112E01 - MNasrel GO4S) | LD T Binany: NaCP[3] - SrCIz[] ) 132121
A

g(ENaCI—SrCIZ) = X;aoxlsrmz (AzTO + Ble)

The Correction value is the difference between the New Value of the Optimized
Parameter (obtained in this iteration) and it’'s value obtained in the previous iteration.

The Uncertainty term is the error on the new value of the optimized parameter.
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OptiSage main window: another view of the optimized parameters

Return to the OptiSage main window to have another view of the optimized parameters.

First set of parameters:

Second set of parameters:

\
2 1 0 1)
=X X 0 +B.T? =x2 X (A,T°+B,T
Oinac-srcl) = Xiaci Xs, <l AT +BT } Qnaci-sicl,) = AnaciNsic, |2 2!
=101 —gerution
File Edit Units Parameters Groups Caloulate  Options  Help | TEEEEEL
e B3 o
i} & ‘ | c'ﬁli ﬁ ’I | Parameter List General polynomial F.ohler/T aop farmalizm
=-dy OptiSage Solution ~Binan: & ]
[ pters | LIGNASRCL By Nacl 12 S(CE (1] B
=B Thermodynamic File : : - -
. C:\F actS age\ChemS ageANaC)_SiCI2 dat F'aramn-eter List Geteral palynamial Fohler/Toop formalizm i .
B System components: = Gibbsefirgy parameters — il g v, L0 Natl
s QEnay NaCr[1]- Sz [1] Note“cﬁrénﬁ'@nergy“uﬁlt S N e
ol iy - | MaCl  AsrCl,
" v 10 Lo | |
=g Phazes g NaCl8rCl Na: Cosfficierts T
= @ LIGNASRCL Natd! cunent%nergy TRt i e 4190649711 30572 D% 5 ¥ optimize
: MaCl — (|2 51633763403415 1 Iv optimize
Lo
SiC12 o : 0 T T ™ optimize
@ NaCl halite_[rock_salls) —Laoefficients T - e
o SICI2_solid_[caf2_fluls -1687.71355847 084 0 IV optimize 0 2 optimize
- SICI2_solid(=2] -0.93155074903275 1 v optimize . 3 _ ™" optimize
- Experimental D ata 0 7y TInT W s 0 K p! [~ optimize
- Group 1 : Activity of HaCl in the liquid phase 0 > B e 0 I 1 [~ | optimize
- Group #2 : Enthalpy of|mixing of the MaCl5iCI2 liquid misture at 1167K [834°C) r o 0 1 ] L wminizs
-[EE] Group #3: Eutectic Tdmperature [formation target of the liquid phase). u 3 . optimize : == = oniios
-] Group #4 : MaCl Liquidus Data [formation target of the MaCl solid phase). 0 Gl p! [~ optimize p- :
-] Group #5 : MaCl Liquidus Data [formation target of the MaCl solid phase]. ] I 1 ™| optimize o 2 1 I aptirize
. 1 1 I aptimize ) ElI L I optimize
A 1: '168771359847888 i T I I optimize g -1 1 I~ optimize
0 2 1 [™ | optimize
0 3 1 [™ | optimize _
B, = -0.931550749032757 D I A= -4190.64971130572
Optisage C:\FactSagelOptisage_ICINaCl_SkCI2, opk —_
| pise CiPacage OpiSage JOAC €205 A— B,= 2.61633769403415
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The OptiSage window: the Groups frame, group #1 tab

Measured value = Calculated Value + Correction

Color code for correction term C:
e Less than Err: black
e 1 x Err<C<2xErr: blue

e 2 X Err <C < 3 xErr: mauve

 More than 3 xErr: red

\ 4
/ Correction \

-5.61875311509E-03
-90378755223E-03
-2 200824270V FE-O2
3.99231440805E-03
251016734581 E-03
G.222643043:36E-03
1.27410434539E-02
-1. 31759681 533E-02
-5.24440957 F5VE-O3
-1.791553350565E-03

IITE147T4114E-02

S /

Giraup #1 I Group #2 I Group #3 I Group #4 | Group #5 I
Activity of NaCl in the liquid phase.
—Experimental Conditions M eazured Yarjable[s]
al B |[c| o | E i’ B |c] 0
Yariahle T P M[moles] M[moles] variagie | . A C ...... Err AC Chi square contribution
Phaze - - NaSrCl NaSeCl MNaSeCl NaSelt 1157030511 90E+02
Constituent - - SrCeE Mg S Mg S NaCf
Syst, comp. - - - - - -
Stream # - - - - - -
LInit K aten il mal - - v
Scale ¥ ow ps X ps x /7 caleval O\
Expt. 1 Wl107315 | 1 0z s 0777 | 000777 7.82618755115E-01
2 W l107315 | 1 0.3 07 0.E59 | 000659 6.63105737552E-01
3 107315 1 0.4 0E 0.533 | 0.00533 5.55009242705E-01
4 Iv| 1098 1 049 01 0.0305 |0.000805 7 B307E555919E-02
5 V| 1098 1 0 nz 0462 | 000162 1.593595320:54E-01
5] V| 1098 1 05 05 0.454 | 000454 4 47777 3509:50E-01
7 | 1098 1 0.3 07 0632 | 0006582 6. B9253954545E-01
g M1 1123 1 0.401 0.599 0.5437 |0.0024357 5565739651 33E-01
9 vl 1123 1 06 04 0.3381 |0.003381 3.46344403575E-01
10 Wl 1123 1 0.799 0.201 0.1:593 |0.001593 1.61091553306E-01
11 M| 1123 1 0.46 0.54 053 | 00053 C.EEESBSEZSBEE-Dy
12 - A
K1 _>I_I

Residual

9.55267671615E-04
1.53566515704E-03
1842290351 26E-03
5.836419956:29E-04
T3 TE1 227 TOE-04
1.79531631719E-03
1.54214635001E-03
1.39664635424E-03
1.465064130335E-03
7481571 26390E-04
1.870214532505E-03

Warnings

r

Calculated values of the measured
variables with the optimized parameters.
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The OptiSage window: the Groups frame, Group #2 tab

To view the results of a group, press on its tab

Group ﬂ‘( Group #2 ])Gmup #3 I Group #4 I Group #5 |
Enthalpy of mixing of the NaC|-SrCI2 liquid mixture at 1167K (894°C).
/Expelimental Conditions Measured Yariable[s] \
ale| c | o |e|] F | 6| H I lii a | B |c D E F | @ Iﬂ
“ariahle T IT[in.. IT[in..| P |IP[in.. IP[in.. M[moles] M[moles] Wariahle H ErrH Chi square contribution
Phaze - - - - - - MNaLeCi MaSy ! Swster  Syater 1.09522392351 36+
Constituent - - - - - - MNalf SrCiz - -
Syst. comp. - - - - - - - - - -
Stream # - 3 z2 - i z2 i 2 - -
Unit K K K atm gt atem ol kel o J
Scale x x x X x X x X X X Cale. Val. Correction Residual Warnings
Expt.1  |M|1167 1167 | 1187 1 1 1 0.805 0.095 -490 =0 -4 7T1150065755SE+02  -1.85499342454E+01  1.85225119661E+01 -
2 M 1167 1167 | 1167 | 1 1 1 0.798 0.204 -gd5 a0 -8.15703833625E+02  -2.92961663745E+01 | 2. 7017448457 9E+01 -
3 Wl1187 1167 | 1167 1 1 1 0.708 0.294 052 a0 -9 B43T254224E402 23721 5422365E+00 2 69329247930E+01 -
4 Ml1187 1167 | 1167 1 1 1 0.588 0.412 -096 =0 -1.00576148896E+03  9.76148895701E+00 | 2.3210656665TE+D1 -
5 M 1167 1167 | 1167 | 1 1 1 0.502 0.493 952 a0 S94TTIITOI114E402 1 42022088863E+01 2. 25546469507E+01 -
E Wl1187 1167 | 1167 1 1 1 0.392 0.608 -703 a0 -7 A3725795221E+402  QOT257952214E+01 | 2 658888755356+ -
7 Ml1187 1167 | 1167 1 1 1 0.295 0.704 -510 =0 -6.10143921456E+02  1.00143921456E+02 | 3.04653082822E+01 -
g M 1167 1167 | 1167 | 1 1 1 0.098 0.904 -2E9 a0 -1 81365501 656E+02  -B.763449533443E+01 | 2. 04363249461 E+01 -
9 : _/ :
R > _'*I_I

These are the values entered previously (see slide 7.18)
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The OptiSage window: the Groups frame, Group #3 tab

Group #1 | Group #2  Group #3 | Group 4 I Group H5 I
Eutectic Temperature (formation target of the liquid phase).
~Expenmental Conditions Measured Yanable[z]
ale|l ¢ | b Iﬂ A | B |c] D | E F | & i’
“ariable P M[meoles] M[moles] Wariable T Err T Chi square contribution
Phasze - MNaSeC) MNaSeC) MNaSrCl | System 3.344TESE46:36E+01
Constituert - MY hov g pery Formation -
Syst, comp. - - - - -
Stream # - - - - -
LInit atm mao¥ mao¥ K K
Scale X X X X X Cale. Val. Correction Residual Warnings
Expt. 1 2 0.5 0.5 438 2 8 45663658061 E+02 -7 BE3ESBO0B0E4E+00 | 4857726221 HE-M
2 V| 1 3] 04 a37 2 5 45663655061 E+02 -5 BE3655806065E+00 | 48577 2620792E-M
3
-

=

the Experimental Conditions

If you want to have a better view of your results, you can slide the barrier between
and the Measured Variable(s) spreadsheets.
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The OptiSage window: the Groups frame, Group #4 tab

Group #1 | Group #2 | Grouwp #3  Group #4 | Group #5 I

MNaCl Liquidus Data (formation target of the NaCl solid phase).

B -

—Expenmental Conditions Meazured Yanable[s]
AlB c | o | il | B |c] D | E F G| il
Wariakble P M [moles] M [moles] “ariable T Err T Chi square contribution
Phasze - MNaSrCl MNaSrCl MNa Tl halite_(rock_salls)  Swsterm 541843705011 E+00
Constiuent - Na i Srciz Formation -
Syt comp. - - - - -
Stream # - - - - -
Unit atin el mal K K
Scale X X X X X Calc. Val. Correction Residual Warnings
Expt. 1 Vil 0554 0145 1023 4 1.01520359657E+03  4.79640342777E+00  2.22753690429E-01
2 1 0.742 0.255 973 = 9ET935167242E+02 5.06453275507E+00 | 5.45246161407E-01
3 ) 0635 0365 923 g 914077612750E+02  5.92235724967E+00  8.457693413534E-01
4 FF 1 0535 0.465 G673 10 §.55772795534E+02 1.42272041464E+01 | 1.04051157430E+00

ul

If you want to remove a data before making another optimization, simply unselect it.
Here, we remove experimental data point 3.
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Selection of a group of data

F OptiSage
File Edit Units Parametey?

To select or unselect a group of data for an optimization, go to the OptiSage main
window menu bar and click on Groups > Select to open the Select Groups window.

Groups  Calculate\ Options  Help

=10l x|

0 =8 |

E--G OptiSage
----- |:| plilj | g}
E-B Themadenamic File
----- C:AFactS agehChemS age\MalCl_SrCI2. dat
E| Syztem components:
..... Sr

- Phazes
- LIGHASRCL
- MaCl
e SICI2
i WaCl_halite_[rock_sal(s]
- S1CI2_zalid [caf2_flufs)
g S1CI2_solid(s2)
B Experimental Data
-] Group #1 : Activity of NaCl in the liquid phass
- EF] Group #2 : Enthalpy of mixing of the MaCl-5rC12 liquid mixture at 1167, [834°C)
- EF] Group #3 : Eutectic Temperature [formation target of the liquid phase].
B Group #4 : MaCl Liquidus D ata [farmation target of the MaCl zolid phase).
- EH] Group #5 : NaCl Liquidus D ata [formation target of the MaCl solid phase).

F Select Groups

=10l x|

Group Mames [click to zelect/unselect]

Group #1: Activity of HaClin the liguid phase.

Group 2 Enthalpy of mizing of the M aC-SrCI2 liquid misture at 1167 [834°C).

Group #3 id phaze].
Group #4: MaCl Liquiduz Data [farmation target of the MaCl zolid phase),
Group 85 SCl2 Diquidos Tata [precipitation farget of the liquid phaze].

[ ox |

Select Al Clear

x Cancel |

Here, we unselect Group #4

CptiSage CiiFackSage\Optisage_IO\MaCl_SrCl2,opk
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The OptiSage window: the Groups frame, Group #5 tab

Group #1 | Group #2 | Group #3 | Group ##4  Group #5 |
SrCI2 Liquidus Data (precipitation target of the liquid phase).
—Expenmental Conditions Measured Yanable[s]
aAle| ¢ | b i’ B |c| D | E | F G | i’
“Yariahle P MImoles] MImoles] e T ................ Err T Chi square contribution
Phasze - MaSecy MNaSrCi MNaSrCl | System 9394566534 82E+01
Constituernt - NaCf SECE Frecipitation -
Syat. comp. - - - - -
Stream # - - - - -
Linit aim ol ol K K
Scale x x x x x Cale. Val. Correction Residual Warnings
Expt. 1 V| 0.03 a7 1116 5 1.12691424680E+03 | -1.09142468016E+01 | 2.060712571585E-02 | ZERD AMOUMT OF SrCl20s)
2 Il 0.086 0914 1082 5 1.09033910875E+03 | -5.33910375446E+00 1 39720165215E-01 | ZERD AMOUMT OF SrZl20s)
3 N 014 0.56 1047 5 1.05590052371E+03 -53.900523707F58E+00  3.07582805321E-01 | ZERO AMOUMNT OF SriZl2i=)
4 V| 013 0.51 1013 a3 1.02452180742E+03 -1.15218074204E+01 4. 775581440795E-01 | ZERC AMOUMNT OF SriZl2is)
5 I 0.235 0762 985 5 995942557435E+02 | -1.09428374345E+01 | 4 BE2TSETISETE-01  ZERD AMOUMT OF SriZl2[s2)
[ 2 0.32 0.65 933 5 955621 282957E+02 -2262125829572E+01 | ¥.03530016511E-01 | ZERC AMOUMT OF SrZl2i=2)
7 2l 0.4 0.6 ga2 5 9130M0857451E+02 | -3.10108574508E+01 | §.724075537534E-01  ZERD AMOUMT OF SriZl2[s2)
g N 0457 0513 543 5 G E1837924741E+02 -1.88379247412E+01 | 9.84700324730E-01 | ZERO AMOUMT OF SrZl2i=2)
9 o - o o

A colored background indicates a warning
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Close OptiSage: Results window

| File

Save ko file. .,

Close the OptiSage: Results window to return to the main window

OptiSage : R i |m] 3
File ) Kill
[E- Iterations:
; +iteration #1 @ Kill |
teration £2 — Dptimized Parameters
ineranion #j #| MNewValue [Units| Correction Uncertainty |DependenquPhaselCunsﬁtuentlT}tpel | : | XS | . |
B iz:i:::zi is 1 J 218646 1027 T2E03 2 81 502EAE0Z B+ - MasrCl - G(XE) | W0 | TO | Binary: MaClo[]- SrCIzo(i] 131111
B Correlation(s) betwsen paramsters 2 | wassi0iozeEDT | J -2 BITHEE0TOE DR 2835272 1820901 MaSrCl G(XE) | LD T Binary: MaClo[]- SrCIZo1] 131121
- plgz] = -9.21594122072ZE-01 3 | A 1o0es1108E0ENE | J -5 D556 | 50505 E-03 5.1 1523005802 BT MasrCl GXE) | LD TO Binary: MaClf[E] - SrCIzi] 13Z 111
- pl#3] = -9_47935654231E-01 4 | zai6338den1ZEd0 | 4 00715740977 E-06 510114426112 E-01 MaSril GO | L0 T | Binang: MaClf[] - Sroizo] 132121
- plf4] = 8.6E189611378E-01
- pl#3] = 8. 73056665015E-01
T plgdl = -3.29938153378E-01 Group #1 | Group #2 | Group #3 | Group #4 GroupﬂEl
- plf4] = -9 12900935544E-01
A priori parameter = 1.69193005338E-12 SrCI2 Liquidus Data (precipitation target of the liquid phase).
- 8um of chi square = Z.L53L0ZZ05984E+0Z2
Eiteration #6 —Experimental Conditions Measured Variable[s]
L:_| Correlacion(s) between parameters A|lB I C I D ﬂ A I B ICI 1] | E I F ﬂ
- pl#E] = -3.215340267Z3E-01 “ariable P M [moles] M[mol “ariable T Emr T Chi square contribution
- plf3] = -5_47936108759E-01 ——— ——
- plg4] = 5. 65190312Z69E-01 Phase - MaSrCl NSl MaSrCl | Systerm 9.39456653452E+01
- plf3] = 8.73057191302E-01 Conzstituert - MaCh S Frecipitation -
- pl#d] = -3.29338596255E-01 Syst. comp. - - - - -
- plf4] = -9.12901456345E-01 Stream # _ _ _ _ _
A priori parameter = 4.&133E0519E51E-132 Unit atm mal ol i K
Sumof S STuare = Z.S3E0ZENSSEIENZ Scale x X X X x Cale. Val. Correction Residual Warnings
Expt.1 || 1 003 0ar 1118 5 112691424650E+03 | -1 03142463016E+01 | 206071 257188E-02 TERD AMOL
pl§2] = -9 21598047309E-01 2 N 0.036 08914 1082 s 1.09033910875E+03 | -5.339105875446E+00 1 39720M65215E-01 ZERD AMOL
T PI#3] = -3 47338345257E-01 5 Ml 014 066 1047 5 1 05590052371E+03  -5.90052370755E+00 | 307528053221E-01 | TERD AMOL
T pl#a] = 8. 6E1S707827ZR-01 4 I’ 018 081 1013 5 102452180742E+03 -1 15218074204E+01 4 77881440795E-01 FERD AMOL
- pl#3] = & 73063514763E-01
- pl§4] = -5.25342076872E-01 5 I/l 1 oz 0.762 985 5 9.95942837435E+02 | -1.09428374345E+01 | 4.86275873567E-01 ZERC AMOL
- plg4] = -9.12905382882E-01 6 I’ 032 063 933 5 955621282957E+02 -2 2621282957 2E+01 70353001 6811E-01 ZERD AMOL
i parameter = 5.45836284314E-13 7 Ir 04 0.6 a82 3 913010357451E+02 =301 03574505E+01 8.72407533754E-01 | ZERD AMOL
Sam of chi square = Z.53502205335E+02 & M o1 0487 0513 743 5 BE1837924741E+02 -1 BE379247412E+01 |9.84700324750E-01 | FERC AMOL
9 hd -
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Creation (Save data to databases) of an optimized Database

You can save your data to a database.
In the OptiSage main window, select File > Save to databases to open
the Save Phase Parameters to Database(s) dialog box.
F OptiSage =10l |
ie Edit Units Parameters Groups Calculate  Options  Help =
ile:
[ Hew 2 ¥ |
Open Optimization m Mews
Open ChemSage File Dpen Optimization
Sewig Open ChemSage File
SavE 85, .. e agesMalCl_SrCl2. dat Sz
= Close Bt Save as...
Save to Databases I & Close
Exit Save to Databases
EI* LIGHASRCL Exit
- Mall
. SrCl2
- MaCl_halite_[rock_zal(z]
- SICIZ_solid_[caf2_flufz]
i g SICI2_solid(=2)
E| -EE] Experimental Data
--[EE Group 1 Activity of MaClin the liquid phaze
-5 Group #2: Enthalpy of miking of the MaC-SrCI2 liquid misture at 1167K [894°C)
[ Group #3: Eutectic Temperature [formation target of the liquid phase).
-[EH Group #4: NaCl Liquidus Data (formation target of the MaCl zolid phaze).
-[EH Group #5: NaCl Liquidus Data (formation target of the MaCl zolid phaze).
OptiSage C:\FackSage\OptiSage_I0MNaCl_SriZlz, opk 7
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Saving Phase parameters to a database

1. Browse or create your own folder > O OplinizedD8 [
FE ty Recent Documents
é Desktop
Save Phase Parameters to Datahase(s) ed | %} by Documents
W My Computer
<Savein: | ‘3l OptimizedDE e fIEYE- 4, 3% Floppy (4]
age Local Dizk [C:]
1 FactSage
[Lme [E:]
Z# Factlan|on ‘sopdou’ [1:)
. ;‘g pa34a1 | on ‘zopdoutusers’ 2]
2. Enter the f||e name ;‘g groupe ph 'zopdou’ [
Folder Optimized DB
created in FactSage
v
ile narne: MaClSr_baze j> Save I
by Mebwork P...
! ave as type: FactSage SOLUTIOM database - A5C1 [*dat] v >  Caneel |

Facisans COMBOUND database [-.cdb I 7.

FactSage SOLUTION database - ASCI[* dat] X

Chem5 age thermpodynanic data - ASCH [F.dat]
\‘f) OpkiSage:

3 . Save your datab ase. procedure TOptiSage Store ChemSage File:
—

In our example, we save a Solution database.

File {C:\FactSagelOptimizedDE\MaClSrl _Base.dat) has been saved!

Note: You can save your parameters manually.
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Generation of diagrams: comparison between experimental and calculated curves

The OptiSage module has no own calculational capabilities for
thermodynamic properties or phase diagrams. From our newly created
private database, Equilib and Phase Diagram can extract the data for
appropriate calculations. To add your database to your list of databases
available, please see slide 4.2.

The graphical comparison between calculated and experimental data can
be made by use of overlays in the Figure module. For the addition of
experimental points into a calculated diagram please see the section 8 of
the Slide Show on the Figure module.
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Comparison between experimental and calculated curves

Use the Equilib module to calculate activity curves for NaCl in the liguid phase
then overlay the experimental data from an appropriate FIG-file that was prepared
earlier.

Also use the Equilib module to calculate the enthalpy of mixing curve  from the
new database. Make sure you use the correct ,initial conditions* in the reactants
screen:

<A> NacCl(lig, 894 ) + <1-A> SrCI2(liq, 894 T)
Thus only the mixing enthalpy is calculated and not the full enthalpy of the liquid.

1 T T T T 0

0.9¢F ® Ostvold(850°C)

0.8F A Egan and Bracker(825°C)

o
N
o

0.7} O Emons et al.(800°C)
0.6
05¢ Exp. Points of Ostvold (894°C)

04t

a, (liquid ref. state)
@

03¢

Enthalpy of mixing (kJ/mol)
o
()]

©
oy
ol

0.2¢

0.1t
0

0 0.2 04 06 0.8 1 0 0> o4 0.6 0.8 1
Molefraction SrCl, Molefraction SrCl,
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Comparison between experimental and calculated curves

Use the Phase Diagram module to generate a phase diagram with the
appropriate temperature and composition range. Then overlay the FIG-file
which contains the experimental points, the legend etc.

900 T
O Scholich
I ® Vortisch
800 0 Bukhalova

Temperature ("C)
\l
o
o

600

500

thtSageT” OptiSage 11.2 www.factsage.com



Estimation of parameters with NOMAD (version 6.2+)

NOMAD is a Non-linear Optimiser with Mesh Adaptive Direct sear ch
algorithm developed at GERAD (www.gerad.com/nomad). It permits the
minimisation of an objective function (like the sum of squared-errors in
OptiSage) without involving any derivatives (black-box optimisation).

=]

ThE NDMAD project
. f zan, C. Audet, G. Couture, J. E. Dennis. Jr.. and 5. Le Digabel.

voftwa :|'-.-':|I|:||:||-' at:

bt ey gerad. cafnomad

Nan with the kMADS algorithm,
echric Fh-'l: it [3-2 _": . Lez rz du GERAD . 2009
S Le |:||:|:||:|-'|

NOMAD has been integrated in OptiSage from version 6.2 to give the user the option of
estimating the selected optimized parameters from scratch (starting with O values). Every
iteration of NOMAD is usually quite fast, and several hundreds of iterations can be

performed.

At any point, the OptiSage user can kill the NOMAD window, and the latest best solution of
estimated parameters is kept and transfered automatically to OptiSage, so the user can
perform a Bayesian optimisation from this initial estimated set of parameters.
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Estimation of parameters with NOMAD (version 6.2+)

i F OptiSage

File Edit Units Parameters Groups | Calculate Options Help

| H = ‘ e I I Estimate P
E«“j’ OptiSage Optimize WI'Fh Bayesian
] - Oipticirs Calculate with current set of parameters

=
5

Thermadynamic File

@ Phazes

- LIGMASRCL

- MaCl_halite_[rock_zalls)
- SrC12_sohd_[caf2_fuls]
- SiC12_solid(=2) —
Expermental D ata

The new features associated to NOMAD in OptiSage are:

F OptiSage

File Edit Units Parameters Groups Calculate DpﬁnnslHeIp

KEBRe | &)f 2R K|
Evﬁ' OptiSage

: Thermodynamic: File

E| o Phases

. - LIGNASRCL

- MaCl_halite_[rock_sal(z]
- SICI2_solid_[caf2_flu(s)]
- SICI2_solid(s2)

+-EEF] Experimental Data

opions x|
I Files |1 | Displa_l,ll
fFopisage ~ BAYESIAN
File Edit Units Parameters Groups Calculate Options | Help Max. hurber of terations I‘ID j
SRR EE:

HE| %E‘I| — MOMAD
= Opt X Maw. humber of black box evaluation: [BEE] |2IZID j

?I’fzrnr:zdynamic File tdezh zize [0 and < 1; recommended 0.559) ID_EIEIEI

EI* Phazes Display level [0 none - 4 max; recommended : 2] |2 ﬂ

. - LIONASRCL The NOMAD project
] * NaEI_haIite_[ru:uck_Sal[s] t, G. Couture, J. E. Den .
] SCI2_solid [caf2_flu(s) c
| s x| X Coed |

.. EHFIE-'fiITIEI"ItEII Drata r optimization with th

™ 1
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Estimation of parameters with NOMAD (version 6.2+)

The new features associated to NOMAD in OptiSage are:

= Calculate > Estimate Parameters with NOMAD
Run this option to have NOMAD performing an optimisation with
its MESH ADAPTIVE DIRECT SEARCH algorithm.
The recommended procedure is to run a few hundred of
iterations in NOMAD, kill the DOS-type window, and then use the
current set of estimated parameters to run a complete
Bayesian optimisation using Calculate > Optimize with Bayesian kil

W C¢:\FactSage\nomad_for_d

F OptiSage
File Edit Units Parameters Groups | Caloulate Options Help

1 H = | | .:',’é. I Estimate Parameters with NOMAD
b E‘"b DptiS age Optimize with Bayesian o
] - Options Caloulate with current set of parameters

Thermodpnarnic File hart

- Phases

- LIGNASRCL
. g MaCl halite_[rack_sal(s]

-- Esperimental D ata

ey
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Estimation of parameters with NOMAD (version 6.2+)

The new features associated to NOMAD in OptiSage are:

= Options | Optimization...

1- The “max. number of iterations* now applies to the standard
Bayesian method.

2- NOMAD optimization options are “Max. number of black box
evaluations (BBE)“ (in fact the max. number of iterations for
NOMAD); the “Mesh size“ (up to 0.999 to cover the complete
range of error of all parameters; or down to 0.001 if your
starting estimates are excellent); “Display level* is how much
information will be displayed in the NOMAD DOS-type

- (0 = —all 2 = )
File Edit Units Parameters Groups Calculate  Options | Help WIndOW O none’ 4 a”, 2 recommended )
: les Optimization :| Display
S0 e o
hmcl_l,lnamic File aw. number af iterations I1EI ﬂ
E|* Phazes — NOMAD
- - LIONASRCL bl . number of black box evaluations [BEE] |2EIEI ﬂ

- NaCl_halite_[rock_
i o SICI2_solid_[caf2_| tdesh zize (>0 and < 1; recommended 0.939) ID,SSS

- SiTI2_solids2) : P : =
1B Esperimental Data Dizplay level [0 nane - 4 max; recammended : 2] 2 =

| o OK I X Cancel |
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Estimation of parameters with NOMAD (version 6.2+)

The new features associated to NOMAD in OptiSage are:
= Help > About NOMAD...

Gives a link to the NOMAD Website (www.gerad.com/nomad)
and information about its developpers.

i F OptiSage

File Edit Units Parameters Groups Calculate Options | Help

HEBRe (&b e About... [
! e About NOMAD...
= Optiaage I .
: - Dptions Slide Show 3
B Themaodynamic (LM R
- Phases

=R Wl | | he NOMAD project
‘ * MaCl_halite. k. A Abramzon, C. Audet, G. Couture, J. E. Denniz, Jr., and 5. Le Digabel.

* SRRl | S oftware available at:

- o SICI2_solid] hitp:/weeeer gerad. ca/normad

-- Experimental Dz

MORMAD: Monlinear ophi n with the MADS algarithm.

5. Le Digabel
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