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FactSage Overview: Thermodynamic Packages

Several thermochemical software/database packages with applications in
materials science have been developed over the last 40+ years.

These packages all contain large critically evaluated databases of
thermochemical properties for thousands of compounds and hundreds of
solution phases, as well as user interfaces of varying degrees of user-friendliness.

v FactSage
(The history of FactSage: Interview Part 1 and 2, highly recommended!!!)
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https://www.youtube.com/watch?v=yYqTWwTnovI&t=1389s&ab_channel=AmericanInstituteofMining%2CMetallurgical%2CandPetroleumEngineers%28AIME%29
https://www.youtube.com/watch?v=ZxConjPTJoA&t=783s&ab_channel=AmericanInstituteofMining%2CMetallurgical%2CandPetroleumEngineers%28AIME%29

FactSage Overview: Who is FactSage?

FactSage stands for Fact + Sage (2001)

F*A*C*T: Facility for the Analysis of Chemical Thermodynamics - started in
1976 as a joint research project between two universities, the Ecole
Polytechnique (Professors Christopher W. Bale & Arthur D. Pelton) and McGill
University (Professor William T. Thompson), for treating thermodynamic
properties and calculations in chemical metallurgy. In 1984, CRCT was founded.
F*A*C*T is also the name of the thermodynamic database developed at CRCT.
The Windows® version FACT-Win (1999) offered a fully integrated
thermochemical database system that coupled proven software with self-
consistent critically assessed thermodynamic data.

Sage: SOLGASMIX-based advanced Gibbs energy minimizer (SOLGAMIX is a
historic program published in 1975 by a German company that calculates the
equilibria of SOLids, GASes, and MIXtures). Since Sage was used in other
software, it was released under the name ChemSage (1987).
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FactSage Overview: Who is FactSage?

What does FactSage stand for? Fact + Sage (2001)

FactSage™ is a thermochemical software and database package developed
jointly between Thermfact/CRCT (Montreal, Canada) and GTT-Technologies

(Aachen, Germany), and is the result of over 30 years of collaborative efforts. The
FactSage web site is www.factsage.com.
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https://www.crct.polymtl.ca/
https://gtt-technologies.de/
http://www.factsage.com/

FactSage Overview: What is FactSage?

FactSage contains a number of high-quality, critically assessed thermodynamic
compound and solution databases, and uses a Gibbs energy minimizer when
performing thermodynamic calculations.

Thermochemical databases contain parameters giving the Gibbs energy, G, of
all compounds as functions of T (and P) and of all solutions as functions of T,
(and P) and composition. This dependence gives a complete database because
all the other thermodynamic properties (H, Cp, u, etc.) can be calculated by
taking the appropriate derivatives of the ¢ functions.

Gibbs energy minimizer is used when calculating the system’s equilibrium
state under a given set of constraints (such as temperature, total pressure,
total mass of each element). Mathematically, this is equivalent to solving all the
equilibrium equations simultaneously. Thermodynamic data are automatically
extracted as required from the databases.
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FactSage Overview: What can FactSage do?

Coupled with the Gibbs energy minimizer of FactSage, we can use the critically
assessed thermodynamic databases to do the following.

v" Make predictions within a short period of time. New technological ideas can
thus be generated by calculating the composition and temperature (Metal,
Waste Treatment).

AN

Increase the process productivity (Chemistry).

v Guide the selection of refractory materials in a high-temperature furnace, and
thus improve the service life of refractory material (Chemistry).

v’ Assist in root cause analysis and countermeasures (Heavy Industry, Iron- and
Steel-making)

AN

Find if a process is thermodynamically feasible (Iron- and steel-making)

v Predict the behavior of systems that are difficult to experiment with (Nuclear
materials)
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FactSage Overview: What can FactSage do?

Coupled with the Gibbs energy minimizer of FactSage, we can use the critically
assessed thermodynamic databases do the following.

v’ Calculate any phase diagram sections (Isothermal, Isoplethal, etc.)
v" Study the cooling paths of alloys (Equilibrium, Scheil-Gulliver, etc.)

v" Determine the amounts of each phase (— Estimation of amounts and
composition of microstructural constituents.)

v' Calculate the heat evolution during cooling, etc. (the thermodynamic
database permits calculation of the driving force for diffusion, precipitation
Kinetics, etc. and can be coupled to software for phase field and kinetic
modeling.)
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FactSage Overview: What can FactSage do?

FactSage: Thermodynamic Databases Plus Gibbs Energy Minimizer (which
Calculates Thermodynamic Phase Equilibria)

G FactSage 7.3 . .y . P
Thermodynamic equilibrium

Information  Programs  Tools

Calculation.

mMaerials sclence, U or 1 0rano

ctiage 7.3

caucuuate Mpipulate diagram is graphical representation of

i || phase equilibria).

T e

BT EECTEE| | eI

Phase Diagram Calculation (Phase

WWW. fElCtS age.com

- FactSage(TM) 7.3
Thermodynamlc database management
and editing. 10
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FactSage Overview: Equilibrium Calculation

What is thermodynamic equilibrium calculation?

Say we place a number of substances in a container. Under given external
conditions (e.g., temperature and pressure), if we put a lid or piston on top of the
container and then leave the system for a sufficiently long time, the system'’s
macroscopic properties such as temperature, pressure, volume, composition,
etc. will remain unchanged with time. This indicates a state of thermodynamic
equilibrium is reached.

§i0,, Ca0, Al,03 ! Equilibrium State
After a sufficiently long time State?
1650 °C, 1 atm ? Composition?

In a thermodynamic equilibrium calculation, the state of thermodynamic
equilibrium of a system is predicted by calculation based on thermodynamic
laws (i.e., Gibbs energy minimization). This requires a fast and efficient

algorithm and critically assessed thermodynamic database(s).
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FactSage Overview: Thermodynamic Properties

What thermodynamic properties/diagrams can be calculated in FactSage?

With critically assessed thermodynamic databases...

Reliable Estimation Good Estimation

v Equilibrium composition, partial pressure, activity
v’ Equilibrium phase diagram (stable/metastable phases)
v Melting and boiling point, phase transition temperatures
v' Adiabatic combustion temperature
v' Gibbs energy, Enthalpy, Entropy, heat capacity

v' Viscosity of molten slag/glass
v" Viscosity of molten alloy
v Thermal conductivity
v Density and volume

Properties that can not be calcualted

x Mechanical properties (strength, hardness, etc.)

x Electrical conductivity x First principle calculation
x Permittivity x Diffusion analysis
x Crystallographic parameters x Fluid dynamic analysis

x Magnetic susceptibility...
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Information Module

The Information Module compiled all the teaching materials and examples files.

FactSage Overview - a quick look at FactSage Modules and Databases (pdf)

FactSage Browser - a navigation tool for database documentation ...

The theoretical background of FactSage ... I

L FactSage 7.3
Infermation  Programs  Tools  About

Materials Science,

Calculate

Slide Shows

FactSage Applications Processing: Combustion and Heat (pdf)
FactSage Applications Processing: Oxides and Pyrometallurgy (pdf)
FactSage Applications Processing: Hall-Heroult Process (pdf)
FactSage Ferrous Processing: Review of Thermodynamics (2013) (pdf)
FactSage Ferrous Processing: Database Selection (2015) (pdf)
FactSage Ferrous Processing: Applications | (2015) (pdf)

FactSage Ferrous Processing: Process Simulation (2015) (pdf)

FactSage Ferrous Processing: Applications Il (2015) (pdf) i

FactSage Alloy Design: Basic and Advanced (2013) (pdf)
FactSage Alloy Design: Metal Treatment (pdf)

FactSage Alloy Design: Sclidification and Therme. (pdf) Advanced application eXampleS

FactSage Alloy Design: Solidification Micrestructure (2017) (pdf)

Database Documentation ...
FactSage Documentation ...
Macro Processing >

FactSage-Teach »

FactSage 7.3 ~News~ from www.FactSage.com ...
What's New in FactSage 7.3 ...

FAQ - Frequently Asked Questions ...

Information, addresses, e-mails, phone numbers ...

List of references ...

FactSage Family of Products and Services ...

-1 1

nologies

View Data ...
Compound ...

Solution - Introduction ..

Selution - models and examples ...

Reaction ...

Predom ...

EpH ...

Equilib - Regular features ...
Equilib - Advanced features ...
Equilib - Fact{ML ocutput ...

using FactSage.

>

ST S N

Equilib - Fact-Function-Builder ...

Phase Diagram ...

Phase Diagrams with Various X- and -

Some theoretical basis of FactSage.
Ask your instructor if the relevant
files can not be accessed.

Phase Diagram - Article - Scheil-Gulliver constituent diagrams (pdf)

OptiSage ...

Results ...
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Directory Settings

Before we carry out any thermodynamic calculations (in the Reaction, Predom,
EpH, Equilib, Phase Diagram Module), we need to create a Directory. That can be
on any hard drive or a movable USB.

Note: the default Directory (C:\FactSage\) can be changed using any of the
above-mentioned module.

14
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Directory Settings

&7 FactSage 73 - 3

Information  Programs  Tools  About

M&terials Science, UJ. of Toronto

Calculate Manipulate

" : »
| | Letususe Reaction” to setup
the Directory.

76-2019

Thermfact EI"I'I‘_T‘G]___T—TEI:I_'I-ﬁ.EIlIJgiES

www.facts age.com

FactSage(TM) 7.3

Run the “Reaction” Module
15

Sustainable Materials Processing Lab FactSage Team MSE Department, University of Toronto



Directory

Settings

G Reaction - Reactants

File | Edit Units Data Search Help
Mew Ctrl+M TIK] Pl
Open ... Ctrl+ 0O

ﬁ' Reaction - Reactants

D[ +|=+]

File Edit Units Data3earch Help

T(K] Platrn] Energuf)] Quant

i i 1-3
Directories ... Ctrl+D f————Pp | Pl MyFiles (C:\FactSage\)

~ | Change My Files Directory ... |

ity Data

Make sure this is checked.

TDE files ¥ i
y Species F [! ¥ Always Direct 1O to My Files directory]

It l—

- Cu " W Slide Show Examples B
*+ |05 joz vlmast stable ~| [T | |

fj’ My Files Directory

m ]

| & Exeicize

v

Reac” dat filez

[T non standard states

Preferably a safe location (i.e., W drive or a removable USB drive).
Remember for ECF desktops, we are sharing one license, and it is

not safe if we use the default Directory.

Mext »»

FactSage 7.3 Compound: 1/14 databazes

Cancel

0K

File/Directories/Change My Files Directory
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Directory Settings

Now, if you run other modules, you should find that the Directory for these
modules has also been changed.

Although it is not mandatory to change the default Directory, a carefully chosen
Directory keeps your calculation files safe and well-organized.

Note: for the FactSage installed on the ECF desktop, all the FactSage settings will
be restored to default every time you log out your ECF account. Therefore, it is
recommended to check the directory settings before you perform a
thermodynamic calculation.
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Directory Settings

One can always check the Directory from the Main Screen

{7 FactSage 7.3 — e
Information  Progr Tools | About
FactSage 7.3 - ID 0311 (client), expires 12 2023 4 List of FactSage Directories
FactSage dongle status ugaliiin
,-: Fm“ﬁh“ directories, ete. ... 0311 Materials Science, U. of Toronto
Fact_':.age databases SUMMAary ... FactSage Version: 7.3 (Mar. 2019)
Installation: client
Factiage Metwork » Profiles date: 10 2019
O diE Expiration date: 12 2023
FactSage Updates
Information . ults ChemSage directory: C:\FactSage\ChemSage'
= FactSage Download Service ... Data directory: C:\FactSage\FACTDATRY
Examples directory: P:\Examples\
Upgrading to the full FactSage package *1lure FactSage directory: C:\FactSage\
[Database . . . Figures directory: P:\Figures
Sentinel SE':'-'“t:" KE}' '~':|'3nE||E] Fortran directory: C:\FactSage\F90IO\
WML Help directory: F:\FactHelp\
Remove/Uninstall FactSage ... * Macros directory: P:\Macros
Programs directory: P:\
Reset programs .. =
My Files directory: W:\MSE302\Exercise\
Debug Prﬂgram ] Hetwork directory: P:yZPublich
= Server directory: B
rnase viagram '\'ISCDSIt}I
Quit
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Documentation Module

The Documentation module is your reference point when using FactSage. Prior
to performing a thermodynamic calculation, we need to “consult” the
Documentation module to do the following.

v Choose the right database(s).
v Know the reliability of thermodynamic data.

v Determine if the thermodynamic calculations can be carried out within the
effective composition range and effective temperature range.

19

Sustainable Materials Processing Lab FactSage Team MSE Department, University of Toronto



Documentation Module

G Welcome to FactSage Browser - FactSage Browser - [default.htm] — O X
&7 FactSage 73

File View About..

Information  Programs Tools  About @@l@l@l@l &l IE Search phase diagrams:l<chemica| farmula: £I + muszt contain :I<BHZ Cal
S

Database documentation...
Summary of databases

List of all stored phase diagrams -
How to use the databases dsage
[ELEM] - FactSage elementz database

[FTdemo] - demonstration database for slide shows

[FactPS] - FACT pure substances database, list of compounds
[3GPS] - SGTE pure substances databaze, list of compounds Data base

[FToxid] - FACT oxide database: Documentation

[FT=al] - FALCT salt database:

[FTmisc] - FACT sulfide, alloy, miscellaneous databazes:
[FTOxCN] - FACT high-T exycarbenitride database:
[FTfriz] - FALCT fertilizer database:

[FThall - FACT database for Hall aluminum process: Please select a documentation file in the
[FThelg] - FACT agueous (Helgeson) database: Navigation Panel.

Documentation -2 [FTpulp] - FACT pulp and paper database:

[FTlte] - FACT Al-alloy and Mg-alloy databases: To hide/show the navigation panel, use the|
[FTnucl - FACT nuclear database for the nuclear industry: I'I'Ql button or go in "View"="Navigation

----- o

~— - [FScopp] - FactSage copper alloy database:
[FSlead] - FactSage lead alloy database:

F Eumpuund - [FS=tel] - FactSage steel alloy database:
i T [FSupsi] - FactSage ultrapure silicon database:

Databazes

[SG=old] - SGTE solder alloy database:
[SGTE] - SGTE 2011 alloy database:
[SGTE] - SGTE 2014 alloy database:
[SGTE] - SGTE 2017 alloy database:
TRINS1 . SRTF free hinare allnw datahaze

Revised: 3/3/2019

antGTI-Technologies

Run the “Documentation” Module
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Documentation Module

Summary of Databases

G Fact5age Summary of Databases - Factf - — -
File _View About.. —»| Advanced users of FactSage must be familiar with this content.

@@@l@l@]l &I = Sedch phcmmmllbdllulllluld

Database documentation...

r= I + MLzl Contain I [=Ham e )

~

Summary of databases

W]

List of all stored phaze diagrams
How to use the databases

FactSage 7.3 - Summary of Databases

[ELEM] - FactSage elements database

[FTdeme] - demenstration database for slide shows

[FactPS] - FACT pure substances database, list of compounds
[SGPS] - SGTE pure substances database, list of compounds

[FToxid] - FACT oxide databaze:

[FT=alf] - FACT =alt database:

[FTmisc] - FACT sulfide, alloy, mizcellanecus databases:
[FTO=CM] - FACT high-T oxycarbonitride database:
[FTfrtz] - FACT fepiisasdaiabansa:

[Overview of databases —»| Only Stoi. Compounds.

I Compound Databases : I—

| By CRCT.

FactPS - FACT pure substances database I

SGPS - SGTE pure substances database :
FTDemo - FACT slide show demonstration database

[FThall - FACT d

e -racr BOth Stoi. Compounds
[FTpulp] - FACT pj

[FTite] - FACT A and Solutions.

v

I SGun - SGTE unary database |_|_> By ﬂ

Coupled Compound & Solution Databases : I

[FTnucl] - FACT n

[FScopp] - FactSage copper alloy database:
[FSlead] - FactSage lead alloy database:
[Fastel] - FactSage steel alloy database:
[FSupsi - FactSage ultrapure silicon database:

[SG=old] - SGTE =older alloy database:

[SGTE] - SGTE 2011 alloy database:

[SGTE] - SGTE 2014 alloy database:

[SGTE] - SGTE 2017 alloy database:

[BINS] - SGTE free binary alloy database: b

| EC' Package: I |

FToxid - oxide datab
FTsalt - salt databa:
FThall - Hall-Héroult a
FThelg - agueous (Helg
FTmisc - miscellaneous database for sulfides, alloys, etc.

for slags, glasses, ceramics, refractories

FTfrtz - fertilizer database (also for explosives)
FTOXCN - oxycarbonitride high temperature database

FTpulp - pulp and paper database (also for corrosion and combustion)

v

Revised: 3/3/2019 4
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https://www.crct.polymtl.ca/
https://www.sgte.net/en/thermochemical-databases
https://www.crct.polymtl.ca/

Documentation Module

Summary of Databases

ﬁ FactSage Summary of Databases - FactSage Browser - [F5Data htm] - O *
File View About.

@@@l@l@jl &I I@ Search phaze diagrams:l<chemical formulas £| + must contain :|<e:4: Cal>
-1{{=] Databaze documentation. .. ~ _r By CRCT.

=| Summary of databases | @ I_ ~
: List of all stered phase diagrams Ct Other databases

----- How to use the databases FTiite - Al-alloy and Mg-alloy databases
----- FTnuel - FACT nuclear database.

[ELEM] - FactSage elements database

3 [FTdemo] - demonstration database for slide shows _I_> By CRCT and GTT‘-

[FactP3] - FACT pure substances database, list of compounds =)
—| [SGPS] - SGTE pure substances database, list of compounds |! Ecﬂage Databages:

FScopp - copper alloy database

-2 [Toxid] - FACT oxide dﬁtﬁbﬁ_"'e' FSlead - lead alloy database
[+~ [FT=alt] - FACT =alt databaze:
[#- [FTmizc] - FACT sulfide, alloy, miscellansous databases: FSstel - steel datab"flse
-0 [FTOXCM] - FACT high-T oxycarbonitride database: F Supsi - ultrapure silicon database
[#- [FTfrtz] - FACT fertilizer database:
[~ [FThall] - FACT database for Hall aluminum precess: -
[+~ [FThelg] - FACT aguecus (Helgeson) database: .)
-2y [FTpulp] - FACT pulp and paper database: SGTE ODatabases: _L» B S GTE
-2y [FTite] - FACT Akalloy and Mg-alioy databases: SGTE - alloy database y _—"
-2 [FTnucl - FACT nuclear database for the nuclear industry: SGsold - solders database
[[BINS - free alloy database}——
[FEcopp] - FactSage copper alley databaze: '—F Free but not Complete_
[FSlead] - FactSage lead alloy databaze:

QOther Databases:

[FSstel] - FactZage steel alloy database:

e e B B ra

SpMCBN - database for carbide, boride, nitride and silicide systems

[FSu
----- sereeey ) SGnobl - noble metal database

i) [SGs By FaCtsage S collaborators. TDnucl and TDmeph - Thermodata nuclear databases

[+~ [SGTEl -SGTE Z0TT Aoy database;

[#]- [3GTE] - 3GTE 2014 alloy database:

-2 [SGTE] - SGTE 2017 alloy database: General FactSage Database Documentation

[#- [BINS] - SGTE free binary alloy database: b (V]

< >

[ Revised: 3/3/2019
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Documentation Module

Compound Database Compound Database & Solution Database

FactPS FACT compound database FS Collaborators "

SGPS SGTE compound database coPP opperatoy

FSlead Lead alloy
FSstel Iron alloy

Compound Database & Solution Database (FACT) FSupsi Ultra-high puritysilicon
FToxid Oxide (slag, glass, ceramics, refractory) SGTE Alloys of various systems
FTsalt Salt SGsold Solder system

FThall  Hall-Héroultmethod (aluminum smelting) BINS Binaryalloy

FThelg Di_IUte solution _ SpMCBN Refractory (Metal C-B-N series)
FTmisc Molten steel (main Fomponents are Fe, C1.1, Ti, SGnobl Noble metals

Pb, etc.), sulfur/sufide compounds, solutions.
: : : Tdnucl IRSN nuclearrelated systems
FTpulp Blackliquordischarged duringthe pulp .
manufacturing process Tdmeph IRSN nuclear fuel
FTfrtz Chemical fertilizer
FTOXCN High temperature a;id /charcoal/nitride Compound Database
(ceramics, etc.)

Ftlite Aluminum alloy/Magnesium alloy FactSage Database

FTnucl FACT nuclear fuel Solution Database
FTdemo Demonstrationdatabase.Used in help

examples
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Documentation Module

47 Data Search x
Databases - 0/14 compound databases. 0/15 solution databazes
thlt SG TE compounds anly Fﬁvara Darabases
[ FactPs [ [ BINS solutions only | —f-FRAR—
I FToxid [ [ sGPs no database l
[ FT=at [ O sGIE
] FTmise [ O sG .. . . .
[] FThall This is very important information.
E E::t“z':" Oth|{ FactPS: only compound database

Ll FThels  [JELEM L1 S6q FToxid: a commercial oxide database contains both compound database
[0 FTpulp [ FTdemo [ Sp

0 104 and solution database with the same name.

[ FTlite [0 FTnucl [ TDr . . ,
Since we didn’t purchase the access to all databases, some databases,

Information -

Click on 'Cancel to ignore ary changes. | €.8., FSCOpp dappears as gray background.

Rule No.1 in selecting databases: at least one compound database must
be selected.

Options - search for product species

Include compounds —— Lirnitz
- ] gaseous ions [plasmas) Organic species CaHw... #mas] = |2
etault D :
aqueous Ipecies . .
. I Lt ke O 1 2 cpt
] limited data compounds [25C) inimum solution components: ¥ 1 & 2 cpts
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Documentation Module

For the solution databases in FactSage...

v Not all databases contain a solution database; some databases only contain
compound database.

v" The thermodynamic data of solution phases such as molten slag, oxide solid
solutions, liquid iron, molten steel, alloys, etc. are stored in the solution
databases.

v" While the gas mixture is classified as a solution phase, in FactSage, the
thermodynamic data of gaseous species are stored in the compound database
(FactPS). This is because the gas mixture is normally treated as ideal solution
and the Gibbs energy of the gas mixture is determined by the Gibbs energy of
the individual gas components.

v" When using the solution databases, one should always consult the
Documentation Module to ensure appropriate selection of solution databases

and the solution phases.
25
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Documentation Module

General tips when using the solution database

v The user should consult carefully the general description of the database in
the Documentation Module for the systems that have been fully/partially
assessed. Searching the relevant phase diagram is very helpful.

v Each solution database has its own unique feature, and thus the method/rule
of phase selection might be different.

v" Some databases by default set the immiscibility as [I]- or [J]-option for a
solution phase; but these settings might not be necessary.

v There are phases that are exclusive to each other and should not be selected
at the same time. This is especially true if multiple solution databases are
selected. Typical examples: molten slag and liquid metal.

v For high-order systems (No. Components > 4), one should be aware that it is
impossible to know the optimal phase selection before calculation. Multiple

trial-and-error calculations are usually needed.
26
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Documentation Module

List of All Stored Phase Diagrams

The Documentation module provides a larger number of phase diagrams
calculated using the commercial databases of FactSage (unfortunately, our
school didn’t purchase the full package and some commercial databases are
inaccessible.) or SGTE alloy databases.

27
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Documentation Module

List of All Stored Phase Diagrams

‘? All Phase Diagrams - FactSage Browser - [F5_Al_PDs.htm] — O x
File View About..

J_I_I_I_I _I I@ Search phase dlagrams|<chemlcal formulay £I + must contain |<EH Cal>

E;é Database documentation...
~
il flow to use T catabsses FactSage 7.3 - List of Stored Phase Diagrams (6845)

[ELEM] - FactSage elements database

[FTdemo] - demenstration database for slide shows

[FactPS] - FACT pure substances databasze, list of compounds FACT Databases &ct

[SGPS] - SGTE pure substances database, list of compounds - FTmi Ifid I

FToxid FACT oxide data (454) FTsalt salt data (338) Aﬁc suti E& a D‘;:g
-7 [FToxid] - FACT oxide database: micellaneous data (33)
-2 [FTsalt] - FACT salt database: FThall data for Hall FTpulp pulp and paper data FThelg aqueous (Helgeson)
-2 [FTmisc] - FACT sulfide, alloy, miscellanecus databases: aluminum process (14) (22) data (0)
(5] [FTOXCN] - FACT high-T oxycarbonitride database: FTlite Al-alloy and Mg-alloy FTOxCH high-temperature -
-3 [FTirtz] - FACT fertiizer database: light metal data (854) oxycarbonitrides (55) FTirtz fertilizer (210)
[#H- [FThall] - FACT database for Hall aluminum process:
[#- [FThelg] - FACT aguecus (Helgeson) database:
[~ [FTpulp] - FACT pulp and paper databasze: FactSage Databases thtgaggm
[~ [FTIite] - FACT Alalley and Mg-alloy databases: £S I I
-3 [FTnuel) - FACT nuclear database for the nuclear industry: ﬁﬂﬂ copper alloy data  pqjead lead alloy data (161) ESstel steel alloy data (187)
- [FScopp] - FactSage copper alloy database: F Supsi ultrapure silicon data
[+ [FSlead] - FactSage lead alloy database: [DJ
[#H- [FSstel] - FactSage steel alloy database:
[#- [FSupsi] - FactSage ultrapure silicon database: )
i) [SGsold] - SGTE solder alley database: SGTE Databases SGTE‘)
B2 [SGTEL - SGTE 2011 aloy database: SGTE2011 2011 alloy data ~ SGTE2014 2014 alloy data ~ SGTE2017 2017 alloy data
[+~ [SGTE] - SGTE 2014 alloy databaze:
(535) (970) (1176)

[#- [SGTE] - SGTE 2017 alloy databasze: .
-2 [BNS] - SGTE free binary alloy database: v SGsold solder alloy data (55) :ﬁhi:e{ﬁﬂt;;ﬂw SGTE v
L4 >

[ Revised: 3/3/2019

28

Sustainable Materials Processing Lab FactSage Team MSE Department, University of Toronto



Documentation Module

List of All Stored Phase Diagrams

G‘ FTlite - FACT Al-alloy and Mg-alloy Phase Diagrams (854) - FactSage Browser - [FTlite_Figs.htm] - O ht
File View About. D

J_I @lal@jl _I IE Search phase d|agrams|<chemlca| formula: £| + must contain |<B>= Calx

Liﬁ Database documentation...

----- = FTlite - FACT Al-alloy and Mg-alloy Phase Diagrams (854) Ak

----- List of all stored phase diagrams

""" ls] How 10 use the databases Click on a system fo display the phase diagram.

=| [ELEM] - FactSage elements database
=| [FTdemo] - demonstration database for slide shows

=| [FactPS] - FACT pure substances database, list of compounds
=| [SGPS] - SGTE pure substances database, list of compounds review
Ag-Bi -
[+ [FToxid] - FACT oxide database: Ag-Cu Ag- Al
[#H- [FT=al] - FACT =alt database: ag-.u Dai from FTUw - FACT bght alloy dambases EartSane
- [FTmisc] - FACT sulfide, alloy, miscellaneous databases: Ag-In ! ! ! !
[#- [FTOxCN] - FACT high-T exycarbonitride database: Ag-Na
[~ [FTfrtz] - FACT fertilizer databaze: Ag-Sb
[+~ [FThall] - FACT database for Hall aluminum process: AaT
[+~ [FThelg] - FACT agueous (Helgeson) databage: ag-1a
[#- [FTpulpg] - FACT pulp and paper database: M
= [Frl'rte] FACT Alalloy and Mg-alloy databases: Al-Be
- (p-dﬂ general description and list of optimized systems Al-Co
g and soluticns
Al-Eu
[~ l.q_ij [FTnucl - FACT nuclear database for the nuclear industry: AlLH
----- Al-La
[+ 3 ]
=4 You can find the phase diagram for the et s
[+ :
_____ system of interest under each database FTEY T o
[+ .
=i section. ALl Ashy v
< > I|| s As Ge As-In

Revised: 3/3/2019 4
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List of All Stored Phase Diagrams

f o ,| You can ALSO search the phase diagram by typing
2lo0l2[%| &[G [Care — [ o[ -ms| the elements for the system of interest.
qu“| Database documentation... ~ A
- =| Summary of databases .
List of ;—ﬁrstured phase diagrams Sea rCh resu Its for' Ag AI
----- | ——
2 {Fl'dz;ll'lu]--:em:ng;:a;;'le;:tﬂ;ﬂ:.eﬁ;:slide shows Eﬁ\g -Al - | FScopp e can AN 2017 | TDnucl |
—| [FactPS] - FACT pure substances database, list of compounds &-ﬁ\l -Zn - Ag : | SGnobl |
=| [SGPS] - SGTE pure substances database, list of compounds &N _Ti -Ag - | SGnobl |
B2 [FToxid] - FACT oxide database: &1~ 3n-Ag | SGnobl | -l
28 q_E‘] [FT=ali] - FACT =alt database: &-ﬁ\l -5n-Ag :| SGnobl | D= from FTIEe - FACT Ight alloy dambases EactSams
28 q_‘_‘] [FTmisc] - FACT sulfide, alloy, miscelaneous databases: &N -Si-Ag:| SGnobl | j ! !
[ FTOxCH] - FACT high-T oxycarbenitride databaze: .
- E {Fl'frtz] ]FACT fertlﬁzer d:t};base Baisi. Ag :| SGnobl |
& hﬁ [FThall - FACT database for Hall aluminum process: &N -Pb - Ag :| SGnobl |
You might notice that the phase diagram of the Ag-
Al system can be calculated by various databases.
Although these diagrams look pretty similar, some
details (phase boundaries) might differ depending
on the correspondlng assessment work. . P
% v EN In : | BINARY | FScopp | FSstel | FTlite | SGTE2011 | SGTE2014 | SGTE2017 |
l q_‘_‘] [SG=old] - SGTE solder alloy database: E‘N Yb - | FTlite |
(' U [SGTE] - SGTE 2011 aloy databsse: - @Al .Y | FTlite | SGTE2011 | SGTE2014 | SGTE2017 | SpMCBN | v

Revised: 3/3/2019
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List of All Stored Phase Diagrams

['[4 ] = | FTiite
EI:: Edit View Help - Home share  View
[ Mew Ctrl+N = " X - o
oo cnn Ag-Al = I actep
Data from FTlite - FACT light alloy databases MName
: : : : FaCtsaqe 7 CQuick access VAR
£ Close > [ Desktop * 4\ Ag A : f_g
iy -ALULTI
= i * Downloads E g © Az-B.figg
%Prir‘lt... | Ctr|+P Liquid l":-:'] Documents F 2 -Q‘_ Ag-BEflg
I P:\FactHelpFTlite\Ag-Alfig = | Pictures b4 ‘&,- Ag-Befig
[ This PC £ Ag-Bifig
- #)) Ag-Cfig
¥ Network #) Ag-Cafig
. 600 H .
&)
= FCC-A1 HCP-A3 FCC-Af
400 4 This is the directory of Ag-Alfig calculated using the
FTlite database.
200 m » Ag-Alfig stores the coordinates (X, T) for all the
g phase boundaries, which are essentially Zero-
0 . | Phase-Fraction (ZPF) lines.
0 0.2 04 0.6 - T
Al/(Ag+Al) (mol/mol) J
-
FactSage 7.3 27 1 X = -0.074074074 ¥ = 1271.3115 P:\FactHelp\FTlite\Ag-Alfig

31

Sustainable Materials Processing Lab FactSage Team MSE Department, University of Toronto
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List of All Stored Phase Diagrams

= | Phase Diagrams

| 4

Home Share View
-

ul

MAMSEID2Phase Diagrams

Mame

#F Quick access
[ Desktop g
; Downloads -

|| Ag-Alfig.tet

Copy Ag-Al.fig to a safe directory
and change the format to txt.

T ThisPC

¥ Network

Sustainable Materials Processing Lab

218PEN
218PEN

128EXP
128EXP
120EXP
120EXP
128EXP
128EXP
128EXP
128EXP
128EXP
128EXP
128EXP

| Ag-Alfig.tit - Notepad
File Edit

Format View Help

Fil
Fil

%
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1

@ 3.00000000000RGRE-B001 (mode
6 2.00000002980232E-0001 (mode

style width)
style width)

255 255 255 @ 1 ZPF: Liquid#l

1
1
1
2
il
6.
7
9
1
1
1

. 0E000006008B0BE -0B05
.BB593835008000E -0803
.32368036000000E-0002
.4654393980000008E -0002
.47386942000000E -0002
23189576000000E-B002
. 8685597 20000008E -00082
.42426122000000E-0002
.B89594671008000E -0801
. 24894307008000E -0801
.48386725008000E -0801

[Le)

S0 S0 S0 C) 0) WD WD WD WD WD

.61779077000000E+0082
.61680277800000E+0002
.58343652800000E+00082
.53247328806008E+00082
.36872285806000E+0002
.17328671606008E+0002
.96457329006008E+0082
.75881e13866008E+0082
.53297122600000E+0002
.31543484800000E+0082
.B958964119800000E+0002

Use Notepad to open the Ag-Al.fig.txt, you should be

able to find the coordinates of various ZPF’s for
different phases. The third and fourth columns
correspond to X, and T, respectively.

TZoCot

128EXP
120EXP
120EXP

FactSage Team

T

)

T O IO I IO O T ooo T

-1 2.76919690000880E-0081
-1 3.819191960000008E-80081
-1 3.25391813000008E-00081

T

7.
7.
7.

O e A S i vy ryryrymy gy vy ey

31346699000008E+0002
31346699000000E+0002
313466599000000E+0002
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Documentation Module

List of All Stored Phase Diagrams

G’ Search Results - FactSage Browser - [search_results.htm]
File View About..

JznF

QRIQRI% &

e

+ must contain :l— Found: 379

th:l Database documentation..

l] Summary of databases

----- ﬂ List of all stored phase diagrams I
- |=| How to use the databases

- |=| [ELEM] - FactSage elements databaze
- =| [FTdemo] - demonstration database for slide shows

—| [FactPS] - FACT pure substances database, list of compounds
—| [SGPS] - SGTE pure substances database, list of compounds

- q_‘g [FToxid] - FACT oxide databasze:

- q_‘g [FTsalt] - FACT salt database:

F-4{=) [FTmizc] - FACT sulfide, alley, miscellansous databases:
-l [FTOXCN] - FACT high-T oxycarbenitride database:

Search results for: Zn P

&dvb - 7n - | FTlite |
By 7n - | FTiite |

BTm - zn - | FTlite |

E‘T: o L e e L LT

List of Phase Diagrams:

20 - zr - | FScopp | FTlite | SGTE2011 | SGTE2014 | SGTE2017 |

BV - zn - | FScopp | FTlite |

E‘TI -In ;| SGTE2014 | SGTE201MT |

LT a4 L T E Al coTE o047 1

The Documentation module can help us check if the system under investigation
(especially binary system) has been optimized in the FactSage databases.

Let us use the Zn-P system as an example. No pre-made phase diagram can be  [e2014] seTe2017
found; therefore, it is highly likely that none of the FactSage databases contains
the optimized model parameters for the Zn-P system. If one insists to calculate
the phase diagram for the Zn-P system using the FactSage databases, the

calculated phase diagram would be unreliable.

IGTE201T |

[F-H{=) [SGTE] - SGTE 2011 alloy database:
= >

W

Revised: 3/3/2019
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Documentation Module

How to use the databases?

G FactSage Database Documentation - FactSage Browser - [Database_Documentation.htm] — O Lt

File View About...

“v  Search phasze diagrams; 1+ must contain Found: 833
Clol0la[%| &l [@ £
lq{j Database documentation...

—| Summary of databases HOW TO USE THE DATABASES ~

Lizt of all stored phase diagrams
How to use the databases

—| [ELEM] - FactSage elements database Table of Contents

—| [FTdemo] - demonstration database for slide shows

This section provides a general || ;s nrropucriox

guidance to the use of FactSage Ll Overview
d t b Y t d 12 References
atabases. ou are expec e 2.0 GENERAL COMPOUND DATABASES
to read thls SeCtlon thoroughly 21 The FactPS (F533Base.cdb) general compound database
. 22 SGPS (SGPSBase.cdb) — the SGTE pure substances database.

SO that you fee} Confldent When 23 The former FACT pure compound (F830Base.cdb) and solution (F330soln.sda) databases:
choosin g the ri ght database (S) 30  CORRESPONDING SOLUTION AND COMPOUND DATABASES
and the rlght SpeCleS from the 3l Cormresponding solution and compoun!d databas.es:

. 311 Recommended procedure for species selection
database when carrying out a 312 Database naming comvention

thermOdynamIC Cal Culatlon 4.0 THE FACTSAGE FLFM COMPOUND DATABASE

0 DOCUMENTATION FOR ASSISTANCE WITH SPECIES AND PHASE SELECTION

l qu |5iz50ld] - S1E solder alloy database: =

. L‘-ﬂ [SGTE] - SGTE 2011 aloy database: 51 General Description of a database

A [SGTE] - SGTE 2014 alloy database. 5.2 List of optimized systems and calculated binary phase diagrams

q_é [SGTE] - SGTE 2017 alloy database: _— .

.2 RN _ AT frae hinany alnr datahass: w7 a3 Phase Diagrams W
< > 54 List of compounds and solutions

Revised: 3/3/2019
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Documentation Module

[ELEM] - FactSage elements database

ﬁ? ELEM Compound Database - FactSage Browser - [ELEM_Documentation.htm] — O >
File View About.

©|©|@||j|@j| w| ’_ Search phase diagrams; p

q‘j Database documentation...
----- =| Summary of databages
----- —| List of all stored phase diagrams

""" = How to use the databases The FactSage ELEM Compound Database

+ riust contair ; Found: 833

SM[ELEM] - FactSage elements database
----- [FTdemo] - demonstration databaze for slide shows
----- [FactP3] - FACT pure substances database, list of compounds
----- [SGPS] - SGTE pure substances database, list of compounds The ELEM compound database contains standard state data for all the elements taken from the FactPS compound

----- database.
-2 [FToxid] - FACT oxide database:
IIHE‘] [FT=al] - FACT =att database: There is no need to select the ELEM database in your data search. If elemental data are required by a program it will

fl I-qj [FTmizc] - FACT sulfide, alloy, miscellaneous databases: automatically retrieve the data fram the FactPS database.
]h_E‘] [FTO=CHN] - FACT high-T oxycarbonitride database:

[
A
[
£
[#- h_‘_“| [FTirtz] - FACT fertilizer database:
[
A
[
£
[

H-1i=5] [FThall] - FACT database for Hall aluminum process:
H- lq_‘g [FThelg] - FACT aqueous (Helgeson) database:

363 (FTpuip) - FACT puip and paper database: Recall from MSE302, “absolute” Enthalpy and Gibbs energy

]h_E‘] [FTIite] - FACT Akalloy and Mg-alloy databases:

713 [FTnuc) - FACT nuckear databsse for e ucearnausty: | TeqUire the selection of a reference state. The most common

523 [FScopp] - FactSage copper aloy databass reference state is Standard Element Reference (SER) State,
[ I.q_‘_“| [FSlead] - FactSage lead alloy database: .

(3 [FSstel - FactSage steel aloy database: and FatcSage databases use this SER State.

[]--ﬁtﬂ [FSupsi] - FactSage ultrapure silicen database:

[#- lq_‘j [SG=old] - SGTE =older alloy database:

[ I.q_‘_“| [SGTE] - SGTE 2011 alley database:
[]--h_E‘] [SGTE] - SGTE 2014 alloy databaze:
[]--I.'q_-‘% [SGTE] -SGTE 2017 alloy databasze:
W1-H2% TRINST _ STF fres hinans allnw datahaze

Done Revised: 3/3/2019
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Documentation Module

[FTdemo] - demonstration database for slide shows

ﬁ? FTdemo Databases - FactSage Browser - [FS50_SlideShows.htm] — O >
File View About..

J_I_I_I_I _I IE Search phaze d|agrams| £| + st contain I Found: 833

= Database documentation...
Summary of databazes ~
List of all stored phase diagrams

_____ ow o use the datanases FTdemo Demonstration Slide Show Databases

----- | [ELEM] - FactSage elements database
é] [FTdemo] - demonstration database for slide shows
----- —| [FactP5] - FACT pure substances database, list of compounds

----- [SGPS] - SGTE pure substances database, list of compounds The worked examples ("slide show examples”) which are included with the Reaction, Predom, Equilib and Phase
----- Diagram modules generally use the FTdemo demonstration databases (these are the old FACT databases from
-y [FToxid] - FACT oxide database: FactSage 5.0). In this manner the species, phase selection and thermodynamic data presented in the Slide Show
- [FT=alt] - FACT =at database: documentation will not change when FTdemo data are employed since these databases are not being updated.
[H- [FTmisc] - FACT sulfide, alloy, mizcellaneous databases:
B3] [FTOxCN] - FACT high-T oxycarbonitride database: The FTdemo databases should only be used for slide shows and teaching Since the results can be imprecise and
H-4f=) [FTirtz] - FACT fertiizer database: even totally wrong you must never publish results that employ FTdemo data.
- [FThall] - FACT database for Hall aluminum process:
[~ [FThelg] - FACT agueous (Helgeson) database:
B2y [FTpulp] - FACT pulp and paper databaze: &c{ SGTE
[~ [FTlite] - FACT Al-alloy and Mg-alloy databases: .
[~ [FTnucl] - FACT nuclear database for the nuclear industry: D Fa:ll_’s D J f":'t'pp D BINS
[ FToxid [J FSlead [ SGP5

B2 [FScopp] - FactSage copper alloy database: ) F'“,It O rSstel [ SGTE

) O Fimise [ FSups: O sGsold
- [FSlead] - FactSage lead alloy database: . .

[ FThall For research and publications use data from
Bl 7 [FSstel - FactSage stecl aloy database: ] FTOxCH any protected public database except FTdemo
-2 [FSupsi] - FactSage ultrapure silicon database: 01 F : Other Ve P :
[LF4
[~ [3Gsold] - SGTE =older alloy database: E E:h::g B E%E:'mn E :G:T::IN
-2 [SGTE] - SGTE 2011 alloy database: pup 0 T;meph
- [SGTE] - SGTE 2014 alloy database: .
-2 [SGTE] - SGTE 2017 alloy database: O Frite  [JFTnucl  [J TDnucl
.. TRINST _ SRTF fres hinar allnw Aatahaze: R4 W
< >
Done Revised: 3/3/2019
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Documentation Module

|

FTdemo]

— demonstration database for slide shows

G FACT oxide database - documentation - FactSage Browser - [FToxid_Documentation.htm] — O *

F

ile  View About..

_J_I @l [ | @jl _I I_ Search phase dlagramsl £| + must contain I Found: 233

e IO ey B e B

----- How to use the databazes

[ELEM] - Fact3age elements database

----- =| [FTdema] - demanstration database for slide shows

[FactPS] - FACT pure substances database, list of compounds
----- [SGPS] - SGTE pure substances database, list of compounds

- general description

- list of compounds and sclutions
- description of solutions

=| - phase diagrams

[+~ [Frsalt] FALCT salt database:

[#]- [FTmisc] - FACT sulfide, alloy, miscellaneous databazes:
[+~ [FTO=CN] - FACT high-T oxycarbonitride database:

[#]- [FTfrtz] - FACT fertilizer database:

[#H- [FThall - FACT database for Hall aluminum process;

[+~ [FThelg] - FACT aguecus (Helgeson) database:

[#- [FTpulp] - FACT pulp and paper database:

= [FTIite] - FACT Akalloy and Mg-alloy databases:

=| - (pdf} general description and list of optimized systems
=| - list of compounds and sclutions

=| - phagse diagrams

H- Eﬁ [Frnucl] FACT nuclear database for the nuclear industry:

FScopp] - FactSage copper alloy database:
FSlead] - FactSage lead alloy database:
FSstel] - FactSage steel alloy database:
FSupsi] - FactSage ultrapure silicon databasze:

o
£

0. 12Renidl - 2ATF anlder allnw datahaza:

THE FACT FToxid OXIDE DATABASES .
The FToxid solution database contains oxide solutions evaluated/optimized by the FACT group. The FToxid
compound database contains all stoichiometric solid and liquid oxide compounds evaluated/optimized by the
FACT group to be thermodynamically consistent with the FToxid solution database.

Svstems and Components

The FToxid d.atabases contajn da.ta for pu.re oxides and oxide solutions of 20 elements (as we]l as for dilute

composition ranges which have been evaluated and oph:r:mzed are described in the fo]]owmg The most accurate
calculations will be obtained in or near these sub-systems and composition ranges.

(1) Major oxide components: AlL,O,. Ca0,FeO. Fe,0,. MgO, 5i0,

All major oxide components have been fully optimized and evalnated together at all compositions. All available
data for binary, ternary and quaternary sub-systems have been fully optimized [2004, 2020, 2025, 2028, 2030,
2031, 2032, 2050, 6009, 6020].

(2) Systems containing MnO, anos, Co0O, NiO, PbO, ZnO with the major oxide components A1203=

Ca0, FeO. Fe,0;. MgO. Si0,,.
W

|Done

Revised: 3/3/2019 ,
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Documentation Module

Solution Databases

G FACT oxide database - documentation - FactSage Browser - [FToxid_Documentation.htm] — O *

File View About..

@|@|@| [ |@j| (‘;| ’_ Search phase diagrams; ):‘?| + must contain ; Found: 233

----- é How to use the databazes

=| [ELEM] - FactSage elements database

=| [FTdemo] - demenstration database for slide shows

=| [FactPS] - FACT pure substances database, list of compounds
[SGPS] - SGTE pure substances database, list of compounds

H- 1.1_":1 [FToxid] - FACT oxide database:
=| - general description

THE FACT FToxid OXIDE DATABASES .
The FToxid solution database contains oxide solutions evaluated/optimized by the FACT group. The FToxid
compound database contains all stoichiometric solid and liquid oxide compounds evaluated/optimized by the
FACT group to be thermodynamically consistent with the FToxid solution database.

Svstems and Components

- list of compounds and sclutions
- description of solutions
—| - phase diagrams
[FT=alt] - FACT =alt databasze:

-4

[#]- Eﬁ [FTmisc] - FACT sulfide, alloy, miscellaneous databazes:
[ 1.1_‘_‘1 [FTO=CN] - FACT high-T oxycarbonitride database:
£
[

H- 14_‘_‘] [FTfrtz] - FACT fertilizer database:
[FThall] - FACT database for Hall aluminum process:
[FThelg] - FACT agueous (Helgeson) database:
- [FTpulp] - FACT pulp and paper database:
Fl- 1.14__‘] [FTIite] - FACT Akalloy and Mg-alloy databases:
- (pdf) general description and list of optimized systems

- list of compounds and solutions
- phase diagrams

]1.1_‘\5‘1 [FScopp] - FactSage copper alloy database:
H- 1.1_‘5‘] [FSlead] - FactSage lead alloy databaze:

H- 1.1‘_‘1 [FSstel] - FactSage steel alloy database:

- 1.1_‘_‘] [FSupsi] - FactSage ultrapure silicen databaze:

W r2nenidl - @ATF snlder allny datahage:

Done

The FToxid databases contain data for pure oxides and oxide|solutions of 20 elements (as well as for dilute
solutions of S, SU . PD . H O/OH, CD . F, Cl and I in the tholten (slag) phase.) Not all binary and ternary sub-

systems have been E&al'uated and optm:uzed_ nor are a]] compésition ranges covered. Sub-systems which have not
been gua = o 2 ,

. You should use the 1nformat10n pr0V1ded here asa

dictionary. When you are performing a calculation for a
given system, check if the system has been optimized.

47" You can also access the solution description in the

2031 Equilib and Phase Diagram Module (this will be shown

@ s| later).
Ca0. FeO. Fe,0,. MgO. Si0,

Hw

W

Revised: 3/3/2019
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[SGUN]

G SGTE Unary database - FactSage Browser - [SGUNbase HTM]
File View About.

— SGTE Unary database

©|®|@| [ | @| (J;| IE Search phase diagrams; p| + must contain ; Found: 833

l"lqj [FTO=xCN] - FACT high-T oxycarbonitride database:
[FTfrtz] - FACT fertilizer databaze:

[FThall] - FACT databa=se for Hall aluminum process:
[FThelg] - FACT agueous (Helgeson) database:

‘_ [FTpulp] - FACT pulp and paper database:

[FTlite] - FACT Al-alloy and Mg-alloy databases:

- (pdf) general description and list of optimized systems
—=| - list of compounds and solutions

- =| - phase diagrams

[FTnucl - FACT nuclear database for the nuclear industry:

[FScopp] - FactSage copper alloy database:
[FSlead] - FactSage lead alloy database:
[FSstel] - FactSage steel alloy database:

= [FSupsi] - FactSage ultrapure silicen database:

E [SGsold] - SGTE =solder alloy database:
[SGTE] - SGTE 2011 alloy database:

[SGTE] - SGTE 2014 alloy database:
[SGTE] - SGTE 2017 alluy database:

[3Gnebl] - 3Gnobl noble metal alloy database:
[SpMCBN] - Spencer Group carbide-nitride-boride-gilicide syster
™ [TDmeph] - MEPHISTA database for new generatien nuclear fue

SGTE Unary database

The SGTE Unary database - reference data for the thermodynamic properties of the elements

The development and use of databanks for the calculation of complex multi-component phase
equilibria has made it necessary to adopt standards for the critical assessment of data. The basis
for the whaole process is the definition of reference data for the thermodynamic properties of the
elements (and other key components) in various phases in which they may occur or dissalve.

Through the years SGTE has determined and compiled such data in the form of Gibbs energies of
the elements in various crystaline states and in the liquid state. This compilation has been used as
the basis for very many assessments of binary and higher arder alloy systems, initially by members
of SGTE, meanwhile by many other scientists from the field. These subsystems can, thanks to the
use of the same data for the component elements, be combined into higher order systems and thus

make it possible to investigate real world alloys.

It is SGTEs general policy to make the data for the elements freely available to the scientific

You need to download from SGTE. Remember SGUN database
provides the lattice stability for most elements.

In case you want to set up a new database for
e companent data from SGUNBase while you
,FCC_A1,BCC_AZ etc.

< >

Done

| There is however one other case of use of the SGU NBase When ChemSage DAT files have

Rew sed: 3/3/2019
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https://www.sgte.net/en/thermochemical-databases

Documentation Module

List of database files stored in \FACTDATA

{3 List of Database Files - FactSage Browser - [LISTDATA,htm] - O *
File View About.
J_I el Ij | @]l _I IE Search phase diagrams; I—ﬁl + must cgntam I— Found: 839

l-- [FTOxCN] - FACT high-T oxycarbonitride database: 6. Database Information R

Bl

[FTfrtz] - FALCT fertilizer database:

[FThall] - FACT database for Hall aluminum process:
[FThelg] - FACT agueous (Helgesoen) database:

[FTpulp] - FACT pulp and paper database:

[FTiite] - FACT Al-alley and Mg-alloy databases:

- (pdf) general description and list of optimized systems
list of compounds and solutions

=| - phaze diagrams

= [FTnucl) - FACT nuclear database for the nuclear industry:

-

[FScopp] - FactSage copper alloy database:
[FSlead] - FactSage lead alloy database:

» Format of the protected public database.
1. Database Files stored in \FACTDATA

To locate the 'FACTDATA directory on yvour PC, at the top of the FactSage main memu click on ‘Tools =
FactSage version, directories, _._' and consult the Data directory. For most Standalone and Client Versions
the databases are stored in 'FactSage'FACTDATA .

[FSstel] - FactSage steel alloy database:
[FSupsi] - FactSage ulirapure silicen database:

[ I B B

[SG=old] - SGTE solder alloy database:
[SGTE] - SGTE 2011 alloy databaze:
[SGTE] - SGTE 2014 alloy database:
[SGTE] - SGTE 2017 alloy database:
[BINS] - SGTE free binary alloy database:
=| [SGUN] - SGTE unary database:

[ B B rn W e

[SGnobl] - 3Gnobl noble metal alloy database:

[SpMCBN] - Spencer Group carbide-nitride-boride-silicide syster
[TDmeph] - MEPHISTA database for new generation nuclear fue
[TDnucl) - NUCLEA nuclear database:

Frn s B B

=| List of database files stored in \FACTDATA I
----- |=| List of references

In FACTDATA the data are stored as compounds (base * files) and solutions (soln * files). A protected public
database (e.g. FToxid) may several files (e g. FToxid53base * where * = cdb, cf, iwl, iwl; FToxid33soln *
where * =fdb, idx, ini, iw0, iwl, rif, sdc, sdi)

Screenshot showing the summary of public databases in FaciSage 7.3.

¢ FactPS, ELEM and SGPS are compounds-only (pure
substances) databases.

« FactP$5, FToxid, FTsalt, FTmisc, FTOxCN, FTirtz,

Lact SGTE FThelg, FTpulp ELEM and FTdemo are included in the

FACT package of databases_ FTlite and FTnucl are special

E L""“_J: B :?me E g:::‘PSS databases that are leased separately.

Lk »leal
FTsalt FSstel SGTE

L FTaak L] FSstel L + FactPS, FToxid, FTsalt, FTlite, FScopp, FSlead,

O Fimise [J FSup [ sGsold PP
FSstel, SGPS, SGnobl and SpMCBN have been updated in

[ FThall P

[] FTOxCH FactSage 7.3. v

[ FTintz Other

Revised: 3/3/2019 4
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Documentation Module: Private Databases

List of database files stored in \FACTDATA

G’ List of Database Files - FactSage Browser - [LISTDATAhtm]

[FThall - FACT database for Hall aluminum process:

[FThelg] - FACT aguecus (Helgeson) databasze:

[FTpulp] - FACT pulp and paper database:

[Frlite] - FACT Al-alloy and Mg-alloy databases:

- (pdf) general description and list of optimized systems
- list of compounds and solutions

oo =| - phase diagrams

[ iq_ﬂ [Fl'nucl] FACT nuclear database for the nuclear industry:

- I.a_ﬂ [FScopp] - FactSage copper alloy database:

- h_1_“| [FSlead] - FactSage lead alloy database:

- I.qj [FSstel] - FactSage steel alloy database:

- qu“I [FSupsi] - FactSage ultrapure silicon database:

[]"Ei%l [SGeold] - SGTE =older alloy database:

[ Iq_ﬂ [SGTE] - SGTE 2011 alloy database:

[+ I4_1_“| [SGTE] - SGTE 2014 alloy database:

-4 [SGTE] - SGTE 2017 alloy database:

[ [BINS] - SGTE free binary alloy database:

=| [SGUMN] - SGTE unary database:

[SpHCBN] Spencer Group carbide-nitride-boride-silicide syster
- lqﬁ [TDmeph] - MEPHISTA database for new generation nuclear fue
- IqL“I [TCnucl] - HUCLEA nuclear database:

frw I W B |

4. Activating a Private Database — Adding it to the List

If a private database file is stored on vour PC, in order to include it in FactSage calculations vou must add it to the
List of databases (i.e. tell FactSage what the database is and where it is stored). In the FactSage main menu
click on 'View Data' - this opens the View Data module. Click on the “Summary” button for a complete list and
status of all the FactSase database files — specify the directory where vour private files are stored (we recommend
that vou}do not store private data in \FACTDATA). | You will now see which databases are already on the List
{see “OK") and which are not but could be (see ">No<").

Now click on 'Add ' — this opens a “List of Databases” Window. (In the other FactSage modules clicking on
‘Data Search > Databases .~ has the same effect.)

Two methods are offered for you to add databases to the List:

s Select the database type ('compound', 'solution’, or “both’) click on Browse' and locate the 'FACTDATA
folder on vour PC (not on the network) and 'Open’ the particular database. Click on “OK’ to add it to the
List of databases.

+ Select the database type (‘compound', 'solution', or “both’) click on *Scan’ and the program will list each
database that is not on the List. Click on *OK’ to add it to the list of databases.

If the database is coupled (compound and solution databases with the same database nickname) you must add
both databases to the List.

Revised: 3/3/2019

— O ot
File View About.. Wait for Chapter 5.4. Case Studies.
@|@|@||j |@j| (@| ’E Search phase dlagramsl pl + st contain:| Found: 533
[FTOxCHM] - FACT high-T oxycarbonitride databage: -~
[FTfriz] - FACT fertilizer database: ~

W
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Documentation Module: FactSage References

List of references

G’ FACT reference list - FactSage Browser - [FACT_reference_List.htm] - O >
File View About...

©|©|@| [ |@| @| IE Search phase diagrams: p| + must contain | Found: 833

I--qu [FTO=CN] - FACT high-T oxycarbonitride database:
[FTrtz] - FACT fertiizer database: FACTSAGE GENERAL REFERENCES — 2019 ~
[FThall] - FACT database for Hall aluminum process:
[FThelg] - FACT agueous (Helgeson) database:
[FTpulp] - FACT pulp and paper database: [UDU 1]
[FTlite] - FACT Al-alloy and Mg-alloy databases:

- (pdf) general description and list of optimized systems

FACT. www.crctpolymtlca

 list of compounds and solutions [0002] C.W. Bale, P. Chartrand, S.A. Decterov, G. Eriksson, K. Hadk, R. Ben Mahfoud, J. Medancon, AD.

_ _ phase diagrams Pelton and S. Petersen, "FactSage Thermochemical Software and Databases”, Calphad Journal, 62, 189-
B3 [FTnucl - FACT nuclear database for the nuclear industry: 228(2002).
U"iﬁ% [FEScopp] - FactSage copper alloy database: [0003] CW. Bale, AD. Pelton and W.T. Thompson, "An Efficient Procedure for Computing Isothermal
[F-4{F [FSlead] - FactSage lead alloy database: : Di " Q g _
[]"ﬁi‘ﬁ [FSstel] - FactSage steel aloy database: Predo ce ", Can. Met. - 25. 107-112 (1986).
143 [PSups) - PactSage ulrapure siicon database: [0004] AD. Pelion, W.T. Thompson, C.W. Bale and G. Friksson, "FACT Thermochemical Databases for
M- qu [5Gzold] - SGTE solder alloy databaze: Calculations in Materials Chemistry at High Temperatures”, High Temp. Science, 26, 231-250 (1990).
[+ qu [SGTE] - SGTE 2011 alloy database:
B2 [SGTE] - SETE 2014 alloy database: [0005] CW. Bale, WT. Thompson, AD. Pelionn G. FErksson, P.K. Taley and J. Melancon, "Recent
B2 [SGTE] - SGTE 2017 alloy database: Developments in the FACT System”, Proc. Intl Symp. on Computer Databases, CIM, (1993).
& =

]= [BINS] - SGTE free binary alloy databaze:
----- =| [3GUN] - SGTE unary database:

h Temperature

T TRe——— ) the general description of a database, you might find some  p State Univ.

[
-0.

-2 [SpMCBN] - S G bid

[]--E romeenemers sdle o ] Teferences used for the development of the database. These

B2y [TDnucl] - NUCLEA nuclear ddtabase: . Y.-B. Kang, J.
..... references are listed here. Software and
| Listof database fies stored if \FACTDATA Databases — Recent Developments”, Calphad, 33 (2. 203311 (2000).

< > Y [0008] I.-H. Jung, “Overview of the applications of thermodynamic database to steelmaking process”,

Done Revized: 3/3/2019
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Documentation Module: Summary

The Documentation Module should always be consulted before any compounds
and solution phases are included in your calculations so that you are aware of
the limitations of the databases and appropriate remedies.

The Documentation Module gives detailed descriptions about the databases of
COMPOUND (i.e., elemental species and stoichiometric compounds) and
SOLUTIONS (i.e.,, homogeneous mixture which are mixed on an atomic or
molecular scale).
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FactSage Practical
MSE302

Practical 1. View Data



View Data Module

FactSage 7.3
{? actoage View Data

Information  Programs  Tools  About

Wiew compounds - enter a list of elements or a compound or ALL

You can use the View Data Module to Examples:
. . . .-'-‘-.! CanO - compoundz of Al Ca anddor O

find for a given system all the possible 5i02 - compaund

. Fe2[504]3 - n::n:-mp-:nund
compounds and solutions that have ot - cation

- - anion
been modeled in an FactSage database. ALL - all compaunds
ALl Fe - all compounds of Fe
. all S04 - all compoundsz with S04
Reaction ALL Fe 5 O - all compounds with Fe, 5 and O
— Pressure Energy— [ ata
D * am |V'F J @ compound ¢ solution
atabazes
& bar i cal . _
minimumm zolution components
Documentation 1 £ 2 cpts

— Compound D atabaszes [14]

Summary | Add .. | Remaove ... | IFau:tF'S vI

Compound Phase Diagram [T FactSagesFALTDAT AN S5 abase.cdb)
f [FactPs - FACT pure substances database [2019] |

Yiew Data

Opti5Sage

_ Elementz or Compound or ALL: Im
© 1976-2019 VUAVAVE facts age. Ct E wit | Azzezzments . | |nfarmatior .. | 1] 4

Thermfact Eﬁ'ﬂG]:l’-Tecr_}ﬁ.n:lh:lgies

Run the “View Data” Module
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View Data Module

For example, say we wish to know for the Al-Mg system the thermodynamic
properties of all the compounds that have been modeled in the FTlite database...

View Data

Wiew compounds - enter a list of elements or a compound ar ALL

Examples:
b= e - compoundz of Al Ca anddor O
Si02 - compound
Fe2[S04)3 - compolind
Cul++] - caFiDn
oH _ 21 Sormpounds We wish to view compounds, not solutions.
ALL Fe - all compounds of Fe
ALL sS04 - all compoundsz with S04
ALl Fe 5 0O - all compounds with Fe, 5 and O
P E [ &t . .
& P e <oltion We wish to see what compounds are modeled in
O bar (" cdl L el T FTlite. If you wish to see how the Al-Mg
Unit Selection. fe & compounds are modeled in other databases, you
Compound Databases [14) can choose other databases or ALL databases.
Summary ... | Add ... Remowve ... | -
| C:AFactSYage FACTDATANFTliteG0base.cdb | . . .
(FTie - FACT il ot e s o5 This permits the user to add a private database.
E:EIIIEI It L=l EUIII'—FUL’II Id L=)} 'l_"-'LL |I£II Mg

E st | Azzezzments . | | nfarmatiar ... | 1] 4
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View Data Module

For example, say we wish to know for the Al-Mg system the thermodynamic

properties of all the compounds that have been modeled in the FTlite database...
Iil‘urlew Oata Al Unit= T(E] Platm] Energy(T] Duanntﬂmul? You can save the list as a txt file by File\Save As...
File

Edit Sort Compounds  Summary Databases  Units  Atomic Wis.  Table  Graph  Help <« Back
|5 compounds, 21 phasesz | [FTlite - FACT Al-alloy and Mg-alloy compaunds [2019] |

[ Compounds ordered by alphabet [zee 'Sort Compounds'] - Al Phazes |

Double click...

FTlite 51 52 53
R130Mg23 FIlite S5
AlSHg e =1
A1Mg FTlite |5
Hg FIlite |S1 52 52 54 =1 S& 57 L

All the possible compounds that are modeled in
FTlite are listed, including different structures.

Note: we cannot edit the species stored in the public
protected databases.

| Fact5Sage 7.3 “ C:hFact5age'\FACTDATAM TlteE0baze.cdb 7.3 1703 compounds read-only -
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View Data Module

For example, say we wish to know for the Al-Mg system the thermodynamic

properties of all the compounds that have been modeled in the FTlite database...
You can sort the compounds based on different properties.

& View Data AI-M‘; Units: T(k) Platm) Energy(]] {]uantlt}rl[rh
File Edit I Sort Cu:umpu:uundsl Summary Databases I Units Help =< Back
|5 compounds, 21 phases| [ FTlite - FACT Al-allo Energy , 2013 1/5
| Compounds ordered by alpl Pressure 3 Ml
Mass * TN . |

A130Mg23

Al3Mg FIlite 5

B1Mg FTlite 5

Mg FIlite 51 52 53 54 55 Sc 57 L

You can also set units here.

Double click...

FactSage 7.3 “ C:hFactSageFACTDATANTliteb0baze. cdb 7.3 1703 compounds read-only
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View Data Module

For example, say we wish to know for the Al-Mg system the thermodynamic
properties of all the compounds that have been modeled in the FTlite database...

& Ve A Unis TIO PR ERergy T Ouentgme®| 1 here are in total 10 different structures for Al
File JEdit Sort Com
—>

Atomic Wts, Table Graph Help == Back
[0 Phases]] Phase summary of Al.

-alloy compounds [2019] |
Phases [—€p(T) | HIT) | G(M) | S(M) | Volume |Magnetic| Refs. | Trans. | Mol wt.%
M arme: Aluminn Refs: 501 529
Formula weight: 26.9815388 ———pp i
e | Basic Info of Al |—> Reference used.
taichiometnic Compaound: Al
Phasze | Cp Range. K | Density. g/ml | Ref. -
258,15 - 700.00
51 fec_al snnn-333.47 - ——» Number of Gibbs energy equations.
533,47 - 3900.00 pp—
298,15 - 700.00 '
52 hep_a3 700,00 - 933,47
533,47 - 3900.00 501
298,15 - 700,00
53 hep_zn 700,00 - 933,47
533,47 - 3900.00 2702
298,15 - 700,00
4 chee_a12 700,00 - 333.47 E
—»| Phase abbreviation.

FactSage 7.3 ChFactSage\FACT DATAMTiteE0baze.cdb 7.3 1703 compounds read-only
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View Data Module

For example, say we wish to know for the Al-Mg system the thermodynamic
properties of all the compounds that have been modeled in the FTlite database...

L7 View Data Al—tmite—TF(Py]

cp functions: molar heat capacity at constant pressure.

File Edit Sortompounds  Summary  Databases  Units  Atomic Wis,  Table  Graph  Help <« Back
10 Phazes [FTlite - FACT A-alloy and Mg-alloy compounds [2019] |
Phases | Cp(T) | HIM) | &M | S(T) | Volume |Maanetic| Refs. | Trans. | Mol wt.x
Hame: Aluminum 5 Ao Cprange: T(min] - T[max). .
Cp= Z CnyT ‘when T < T[min), Cp(T] iz extrapolated. Meyer- Ke]]ey Equatlon_
=1 YWhen T > Tlmax], Cp(T] at Tlmax] iz uzed.
DH[EHB.J 5] 5[(298.15) Cli) Pli] Cli) Pli] Ep -
[J/mol] [J/mol-K] (K]

51 Q.oo 28299997 24 367193 1] 3.76932400E-03 1 548 . 700 i
-148184.00 -2 b 26593400E -06 2

51 38 584430 1] -3.70E35640E-02 1 200 - 533
-148184.00 -2 3.45853620E-05 2

51 a1.748192 1] 1.10747160E+30 | -10 933 - 3900

52 5481.00 30055997 24 367195 1] 3 76932400E-03 1 208 . 700
-148184.00 -2 5 26593400E 065 2

52 38584430 1] -3.70E39640E-02 1 200 - 533
-148184.00 -2 3.4RB53200E-05 2

52 a1.748192 0 1.10747160E+30 | -10 933 - 3900 ﬂ

> Recall from Chapter 2.2 the Gibbs
FactSage 7.3 C:AFact5age'\FACTDATAMN T iteb0baze cdb 7.3 1703 compounds read-o energy equatlon'

Sustainable Materials Processing Lab
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View Data Module

For example, say we wish to know for the Al-Mg system the thermodynamic
properties of all the compounds that have been modeled in the FTlite database...

7 viewDsta Al Units: T(K) P(atm) En Other functions can be calculated from cp(T) page.
File Edit Sort Compounds  Summary| Databases Units  Atomic Wis. Table Graph Help << Back
10 Phases [FTIitE - FACT Al-alloy and M g-alloy compounds [2019] |
1
Phases | Cp(T) | H(M) | (1) | S(T) | Volume |Maanetic| Refs. | Trans. | Mol Wt
M ame: AlurninLrn
These values are abzolute G [hot Delta G] .
LG(T)J/mol -1 atm | iy o 'Help' for an explanation, —> Explanatlon next page.
. G(T) | TK) -
51 - 797614806 +137.093038 T - 1.884662000E-03 T 2 5a8 . 7010
+ 740920000 T4 - B.77EE40000E-07 77 3 - 243671976 T IR(T) o
51 - 11276.2371 + 223048445 T +1.853198200E-02 7" 2 200 - 913
+ 740920000 T4 - B.7E4227000E-06 T™ 3 - 385844296 T IH(T)
51 - 112783762 +188684153 T -1.230524000E+28 79
-H.7481920 T In(T] 533 - 3300
52 - 249515000 + 135.293018 T - 1.884662000E-03 7" 2 5a8 - 701
+ 740520000 T™1 - 8.7 TEE40000E-07 T 3 - 243671976 T IR(T)
52 - 579523426 +221.2484%5 T +1.803195200E-02 T 2 200 - 993
+ 740920000 T™41 - B.7E4220000F-06 7™ 3 - 385844296 T IR(T)
52 - B797. 38475 +106.884160 T - 1.230524000E+28 779 933-3900 |
> The Gibbs energy of a pure compound at
_ 1 atm depends on temperature only.
FactSage 7.3 C:hFact5age\FACTDATAMTteG0baze.cdb 7.3 1703 compounds read-
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View Data Module

For example, say we wish to know for the Al-Mg system the thermodynamic
properties of all the compounds that have been modeled in the FTlite database...

Explanation of H, G and G x QUEﬂtit_lfl:m DI] O e
- bases Units Atomic Wts. Table Graph =« Back
' j' H(T}, G(T} and 5(T) are absolute values - not the delta values. [ &l-alloy and Mg-alloy compounds [2013) | E‘r{plﬂnﬂﬁl}l‘i of absolute H, Gand 5 ...
Absolute S[T) are calculated from the 3rd law: S(T) T Volume THagneticT Refs. Slide Show ... 5
= integraliCoT.dl [T =010 T] ' = z
or|5m = 5(298.15K) = integral{Cp/T).dT [T = 298.15to T]. | What's New in Viejv Data ...
. Th I bzolute G .
Absolute HT) and G(T) are given by: J/mol - 1 atm ) I:FE:SKE;r?'ﬂeesip‘?rﬁjraarﬁaezpﬁan; BAbout View Data .|
H(T} = DH(formation, 258.15 K} = integral Cp.dT [T = 2%8.15
ta T
=0 -0 -1 G(T) | Tk -
The standard Gibbs energy of formation Delta G (and Delta H) 137.033038 T - 186466200080 TA 2 298 - 700
faor a reaction is obtained by combining the G(T) (and H(T)) AQNONF-O7 T° 3 -2 JEAA7E T In(T]
expressions for the reactants and products. FIN48445 T +1.852198200E-02 T" 2 =00 - 533
For example, the formation of Fe3C(s): B4227000E -06 Tﬂ 3 - 35.58442596 T In[T] ’
SEels - Cl = Fe3CH 188684153 T 1.230524000E+28T°8 00 oo
Delta Gf tion) = GMMIFe3C) - 3 GMIFe} - GM(C) -
Delta Hiformation] = HMFe3d) - 3 AMFS - HIO 135293038 T -1.884662000E-03 T™ 2 238 - 700
T AT TS TR — - = FEE40000E-07 T 3 -2 IBF197E T In(T)
where e30], e3(], etc, are the expressions o -~
and H(T) are listed here in the tables. 221248435 T +1.883138200E-02 77 2 700 -932
. . ) B4220000E-DE T 3 - 385844295 T In(T)
For tabular values of H(T}-H{2%8] click on 'Table > all phases ... -
186884161 T -1230524000E+28T°9 | 9333900 |
For tabular values of Delta H etc. use the Reaction module.
OK I
[TacioageE . (= Ao ageErSC TOHET R T menllbaze.cdb 7.3 1703 l:l:umpnunds read-nnl_u ‘..-j.a:
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View Data Module

For example, say we wish to know for the Al-Mg system the thermodynamic
properties of all the compounds that have been modeled in the FTlite database...

& View Data Al Units: T(K) P{atm) Energy()) Quantity(mol) O >
File Edit SortCompounds  Summary Databases  Units  Atomic Wts,  Table Graph  Help << Back
[FTlite - FACT A-alloy and kg-allay compounds [2019) |
Phases | Cp(T) | HIT) | GIM | SN | Volume | Magnetic| Refs. | Trans. | Mol wWt% |
Name: Aluminum Although in many cases of MSE302 we are not
Yalurne data . . .
interested in the volume properties, the
Mon-ideal gas properties| . .
(none] temperature dependence of volume is described
> by the Expansivity.
1/0V
Ay =5 \| 5=
N itios 7 Derivai v\ar
panzivities / Compreszibilities £ Derivative of Eu‘ )2)
Expansivity [/K] = a + bT + /T + d/T2 |
51 3.43290E-05 + 7 BZ2B0E-08 T + 3 08ZR4E-03 /T +8.57216E-03 /T2
52 3.43290E-05 + 7 BZ2B0E-08 T + 3 08ZR4E-03 /T +8.57216E-03 /T2
L1 E.70917E-05 -357128E-08 T + B 98336E-02 /T + 0.00000E+00 /T2
<] | ]
FactSage 7.3 C:hFact5age'\FACTDATAMTliteb0baze.cdb 7.3 1703 compounds read-only
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View Data Module

For example, say we wish to know for the Al-Mg system the thermodynamic
properties of all the compounds that have been modeled in the FTlite database...

47 ViewData Al Units: T(K) P(atm) Energy()) Quantity(mol) O X
File Edit Sort Compounds  Surmmary Databases  Units  Atomnic Wis, Table Graph  Help << Back
[FTlite - FACT Al-alloy and kg-allay compounds [2019) |
Phases | Cp(T) | HIM | &M | S0 | Volume | Magnetic| Refs. | Trans.
M ame: Alurninum
| Standard state transitions at 1 atm |
Transition TIK] TIC] Delta H Delta 5 Delta Cp
J/mol J/mol-K J/mol-K
51 - L1 93247 EE0.32 10711.0 11.474 -2.205
The Tables lists all the temperatures (in an
ascending sequence) at which a phase transition
from one structure to another occurs and also <+
the changes in the associated thermodynamic
properties.
FactSage 7.3 C:hFactSageh\FACTDATAMTteElbaze. cdb 7.3 1703 compounds read-only
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View

Data Module

The thermodynamic properties including cp ;(T), h;(T), g;(T), and s;(T) against
temperature for all phases/structures can be plotted.

& View Data Al Units: T(K) Platm) Energy()) Cuantity(mol)

O ot
FIlE El:llt SI:I-tI:: III'JLPLIII\:]I_ Eullllllﬂlj Dutubu:c: I\.JIIIIJI:, :‘ltUIII;L.Ir*‘Ir‘I:’l Tﬂb:: Graph HEIp {{ Eack
10 Phases [FTlite - FACT Al-alloy and Mg-alloy compounds [2013)

Plot (all phases)

Phases | Cp(f) | H(M | G(M | ST | Volume |Magnetic|

TE limits (300 - 2000 K] ...

Formula " eight;

M arne: Alurinum

e You can choose to plot the thermodynamic
Staichiometric Comfipoly

Phases

£.35

properties for (i) one phase or (ii) all phases.

You can also adjust the temperature range.

Element | . . —— . =
Al 1 100.00000 2699154 100. 00000
Total 1 100 26 989154 100
T(K): x

E nter terperature limits, K. [range 100 to 20000];: oK
o]

Click on "Cancel for the default values 300 2000 100 _Cance-l | <

300 2000 100

FactSage 7.3 “

C:hFactSageh\FACT DATAMTteBlbaze.cdb 7.3 1703 compounds read-only
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View Data Module

The thermodynamic properties including cp ;(T), h;(T), g;(T), and s;(T) against
temperature for all phases/structures can be plotted.

&7 Figure  User: Materials Science, U. of Toronto - ] x

Selulo] o slel x| =] @] of x| EMEL) s | l

Al - G vs T(K)
FTlite - FACT Al-alloy and Mg-alloy compounds (2019)

20

Wt 7771 You can save the plot in the “fig” format. The
data can be extracted by changing the file to “txt”
and opening in the Notepad.

0 —
-10 F -
220 F
-30 F
-40
-50 F
-60
=70 F
-850
-90 F
-100 £
-110 ¢
-120 £

B H T

G(KJ/mol)

ﬁz : From this plot, you can determine at any given
T o 0 son a0 700 su0 su0 1own 1100 200 1300 1a00 10 160y t€mperature the most stable structure based on the
T Gibbs energy minimization principle.
= T e |
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View Data Module

We can also tabulate the most stable phase only under a given temperature
range. To do this, we need to set “Table\Phases\most stable”.

‘j’ View Data Al Units: T(K) P{atm) Energy()) Quantity{maol) O *
File Edit Sort Compounds  Sumrmary  Databases  Units  Atornic Wis, | Table | Graph Help =« Back
10 Phazes [FTlite - FACT Al-alloy and Mg-alloy compound Table (most stable) ...
Phases | Cp(T) | HM | G(M) | S(T) | Volume | Magn  TKlimits (300 - 2000K) ..
M arme: Alurninm & all phases
Formula \weight: 26.9815386 Default (all phases, 300 - 2000K) 22
Stoichiometric Compound: Al liquid
Phasze Cp Range. K | Density. g/ml | Ref. - i
29815 - 700,00 aqueous
51 foo_al F00.00 - 933 .47 l
93347 - 3900.00
29815 - 700,00 263822
52 hcp_al F00.00 - 933 47
93347 - 3900.00 501
29815 - 700,00
53 hzp_zn F00.00 - 933 47
93347 - 3900.00 2.702
29815 - 700,00
= chee_g12 700.00 - 533.47 E
FactSage 7.3 “ C:hFactSagetFACTDATANVTteE0baze. cdb 7.3 1703 compounds read-only
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View Data Module

We can also tabulate the most stable phase only under a given temperature
range. To do this, we need to set “Table\Phases\most stable”.

LEE

& n

File Edit

— a 4

2] - most stabkle phases
FTlite - FACT Rl-alloy and Mg-alloy compounds (201%).
Units: K, atm, J, mol
Standard state: pure solid, liguid and ideal gas at 1 atr

Save the Table as “txt” file. You can then plot using
any graph software, or use the Figure Module in
FactSage.

— STRNDRRD STATE PROPERTIES / MOLE -
Chase TI(E) Cp (J/K) H{J) G{J) S{J/E)
51 293.15 24 252 a.0 -58437 .6 28.300
300.00 24 325 45.0 —-8450_1 28.450
400 .00 25.7581 2555.1 -1170%.5 35.€6l
500.00 26976 5154 4 -15573. &6 41 . 54&
€00 .00 223.113 T7o43 .8 =15550.0 4&_5E5
T00.00 25.284 ldzls.1 -2438371.7 50.%98&
200 .00 30_836 13318 _ & -30173.2 54 550
S00.00 33.058 17007 .7 -358c1.4 52.743
5933 .47 33.953 l3lzs.%9 -37843.0 55 _9&7
ISl—}Ll” 5933.47 Delta(H) = 140711.0 Delta(5) = 11.474
L1 933 .47 31.748 28240.0 —-37843.0 T1l.441
14000 .ad 31.748 305852 .2 4274 .8 T3I_€27
1100.ad 31.743 34127 .0 -50150.5 TE.653
120000 31.748 37301.8 -5789€.3 Ta.415 W
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View Data Module

Now, let us view the thermodynamic data for a magnetic species: Fe.

View Data

Wiew compounds - enter a list af elements or a compound or ALL

Examples:
AlCa O - compounds of Al, Ca andi/or O
Si02 - compoLnd
Fe504]13 - compond
Cu[++] - cation
OH[-] - anian
ALL - all compoundz
ALL Fe - all compoundsz of Fe
ALL 504 - all compounds with S04
ALL Fe 5 O - all compounds with Fe, 5 and 0
Pressure Energy Data
{* atm & % compound © solution
i bar " cal . .
rinimum zolubion components
(+ {
Compound Databazes [17]
Surmmary .. | Add .. Femove .. | FTlite -

[ C:\F actS age\FACT DATAMNT litefObaze.cdb |
[FTlite - FACT &l-alloy and Mg-alloy compounds [2019) |

Elementz or Compaound or ALL: |Fe|

Exit | Azzezsments ... | Informatior ... |

(118
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View Data Module

Now, let us view the thermodynamic data for a magnetic species: Fe.

Four model parameters are required to describe the magnetic contribution.

G View Data Fe  Units: T(K) P{atm) Energy()) Quantity{mol) O >
File Edit Sort Compounds  Summary  Databases  Units  Atomic Wis.  Table  Graph  Help == Back
[FTlite - FACT Al-alloy and Mg-alloy compounds [2019) |
Phases | Cp(T) | HIM | G(M) | S(T) | Volume | Magnetic |—Refe——Trane——Molwit-%
Mame: lron Magnetic Properties j

For magnetic species, both lattice and

G_mag = RTIn(f +1)g(r) where T =$
‘ magnetic contributions have to be considered:

=1 L ”4{ 1-1) r3+ v +TJ5 D latti magnetic
gl =1=1Ta0p T 207 V¥ 6 135 600 gi = a 1cegi + mas Ji
whenr = 1
= _=+?_|'5+1'_:5 ‘D when 1>1
90== S5t 335 tsep)/P When T
518 11692 ] }
where D =2+ == ("' - )— P Model parameters for magnetic species.
| Cntical Temp. Tc [K] M agnetic Moment B | P Factor | Structure Factor
51 04300 [Curie 2 2200 1. 40000 T.0000
52 E7.00 [Meel) 07000 028000 03333
FactSage 7.3 CAFactSagetFACTDATANFTliteE0baze.cdb 7.3 1703 compounds read-only
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View Data Module

The View Data Module also permits us to view the solution phases. Back to the
Al-Mg system. (You could wait for Chapter 4 & 5)

Wiew Data

Yiew zolutions - enter a list of elements ar ALL

Examples:
Caal 05 -szolutiong with Ca, &l 0 and/or S
HOFe5 - zolutions [including aqueaous] of H, O, Fe and/or 5
ALL -ALL solutions
Preszure Energy Data
* atm o " compound | solution
i bar " cal

rninimum zolubion components
* 1 " 2cphs

Solution Databazes [16]

Summary .. | Add .. Femove .. | FTlite -

[ C:\F act5 age\FACT DAT AN T likeBlsoln. edc |
[FTlite - FACT Al-alloy and Mg-alloy solutions [2019] |

Elerments ar ALL: |.-i‘-.l Mg

E xit | Azzeszments .. | Informatior ... | 1].4 |
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View Data Module

The View Data Module also permits us to view the solution phases. Back to the
Al-Mg system. (You could wait for Chapter 4 & 5)

47 view Data Al-Mg -

FTlite datasets =
File Edit SortSolutions Surmmary Databases  Units  AtomicWis, Table  Graph  Help <« Back
[FTlite - FACT Al-alloy and M g-alloy solutions [2019] | 1/33
[ Saolutionz sorted by phase number [see 'Saort Solutions'] |
Phasze Mame & End-members EMs | Information -
Liguid metal [I] \ 4
1. FTlite-Liqu 2 EMz 2 elements #9399 —
' Al Of course, if you choose other alloy solution
Mg . .
FCC-A1 Prototvpe Cu Stukiubericht = 41:pd_databases, the solutions which are modeled
5 FTlite-Al ul 2 EMs 2 elements #12 C, M, B and H interstitial (Pearson = ¢ mlght be different.
Mg
BCC-A2 Protatppe-w! Stukturbencht = 42; Pearson = ol2; Space Group =
1 ETlite-A2 = 2 EMz 2 elements #12 C, H, M and B interstitial on tetrabedral sites
Mg
HCP-A3 Protatppe-tg Stukburbericht = 43; Peason = hP2: Space group =
4 ETlite-A3 2 EMz 2 elements #12 with M 2<-hcp carbides, nitides, bonides, hydrides and oxides
Al a
bMga
CBCC-A12:Prototype-Mn Stukturbericht = 412; Pearzon = £|53; Space group = [-43m [21 F"]ﬂ
FactSage 7.3 C:hFact5age \FACTDATAMNTliteE0z0ln, zdc ¥.3 read-only
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View Data Module

We check the solution phases for the system under investigation because this
will increase our confidence to choose the correct database and solutions when
performing a thermodynamic calculation.

Remember that FactSage will not calculate correctly in cases where data are not
available.
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View Data Module

The View Data Module can also help us determine if a binary system has been
optimized by FactSage databases. Again, we use the Zn-P system.

Wiew Data

Yiew zolubionz - enter a izt of elements ar ALL

& Database evaluation

Elements:

| Search

FScopp (binaries)

FSlead (binaries)

Fsstel (binaries) FTlite (binaries) SGnobl (binaries) SpM 4 | e

Examples:
Ca &l 05 -solubions with Ca, &1, 0 anddor 5 - —
HOFeS - solutions (including aqueous) of H. 0. Fe and/or 5 id Ideal Bragg-Williams Treatment
ALL ALL solutions Q Modified Quasichemical Model
Zn| P BW Bragg-Williams Model (liquid sc
Zn - Top quality
fjesst“’e ?”9’95' ?j"ta P Good quality (maybe a missing |
* atm . comppoynd e fana
~ bar ~ Lai » P U Rough estimate, probably missil
i rninimum zolution components
Mote that these are only for §ina ry evalustions, NOble gas Svstem (Use FACTPS E
I:;h 1 I:H 2 Dpts ¢ evaluations ms}':liff rft:}; database to database.
- ’ : ; Computed using pure substance
Solution Databazes [15) *
Summary .| Add | Remove. | - |[FTite “Blank” means no assessment work has been done

[ C:\FactSagetFACT DATANFT iteflsoln. sdc |

[FTlite - FACT H-alloy and kg-alloy zolutions [2019] |

lements or ALL: ||Zn P

E it |

|nformation ... | 1].4

for the Zn-P liquid solution. Therefore, FactSage
databases do not include the optimized model
parameters for the Zn-P system.
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Compound Module

Using the View Data Module, we can view the thermodynamic functions of
cpi(T), hi(T), g;(T), and s;(T) in the Table/Graph. The Compound Module not
only permits us to view the thermodynamic functions, but also administer a
private database, i.e., enter, edit, or delete pure substance data in the database.

Here, we will use SGUN database as an example to show you how to view and
edit a thermodynamic COMPOUND database.

(Note: SGUN database represents the SGTE Unary database, and is the basis for
thermodynamic modeling of binary, ternary, and multi-component systems)
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Compound Module

Download from the Quercus page: “SGUNbase.cdb”. This database was originally
downloaded from the SGTE website and then converted by FactSage using the
Equilib or Phase Diagram Module.

Next, create a new folder under the directory C:\FactSage\NAMEDATA (for
example, “FENGDATA”), and copy and paste “SGUNbase.cdb” to this folder.

Then in the Compound Module, click on File and Open Database.

Type “Zn” in the formula, and Enter. Check the thermodynamic properties of Zn
for all possible structures shown in the SGUN database (refer to your course
slides and see if you are able to view and edit the data). Also, for magnetic

species Fe, compare the thermodynamic data of bcc-Fe shown in FactPS and
SGUN.

Note: we will use the Compound Module in Chapter 5 (CALPHAD) when building
the thermodynamic models for a binary system.
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https://www.sgte.net/en/free-pure-substance-database

In-Class Exercise

Question.

Use the View Data Module to plot the Gibbs energy curves for solid, liquid and
gaseous Al.

Note: choose FactPS database.

Use the generated graph to determine the stable phase at 1000 °C? Also, what is
the melting temperature of Al? Explain how you find the melting temperature.
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