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Windows® Standalone Quick Install Guide

This quick guide helps you do a typical, custom or demo standalone installation. A standalone
installation is used with the Single-User Node-Locked License (SUNLL), where the software and the license
file are together on one computer.

This guide is applicable to:

o Windows operating systems
« Standalone installation (SUNLL) —typical and custom types
« Demo installations — during the installation process you only need to do steps 2 and 3.

o Upgrading to a new standalone version of Thermo-Calc (maintenance plan only)

@ Also see License and Installation Types on page 8 for detailed instructions for other
operating systems and network installations.

Request a License File

( )

@ Demo (trial) installations: Skip this section. A license file is automatically installed with the
software. You do not need to request it.

@ Upgrades to a new version of Thermo-Calc: Skip this section if you are upgrading to a new
version of Thermo-Calc and (and you have a maintenance plan). Your license is sent to you
in an email from Thermo-Calc Software AB. Save it to your computer to use during software
installation.

1. Go to Thermo-Calc's website (or click the link sent by email).

Training Our Company

Documentation
FAQ
Request support

f support 1 Diagnostic tools
s of our sol
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Windows computers.

. Unzip and extract the files.

file and select Run as administrator.

Name Date modified
exe [7/2015 2:04 PM
win32 J7/2015 2:04 PM
wint4 (2015 2:04 PM
echoid.dat 2015 2:04 PM

% exitTCM 5/7/2015 2:04 PM
Instruction.txt 5/7/2015 2:04 PM
-] tclog.bat 5/7/2015 2:04 PM
Open
Edit
Print

4 Run as administrator
Troubleshoot compat%ility

Thermo-Calc Documentation Set

Under TCLOG (Thermo-Calc version S) - Windows computers click the link tclog for

Click the Save file button and OK to download and save the tclog.zip file.

. Double-click to open the main folder of the downloaded file. Right-click the tclog.bat

Type

File folder

File folder

File folder

DAT File
Thermo-Calc TCM ...
Text Document

Windows Batch File

6. Double-click the tclog.bat file. Click Run. This starts the diagnostic tool and creates a

tclog.log text file in the same directory.

£ exitTCM
Instruction.txt

tclog.bat

tclog.log

7. Send an email to support@thermocalc.com and attach the tclog.log file. Make sure to

include the following in the subject line:

License diagnostic information from <Name> where Name is replaced with your name, the
organisation name and the Site Number. You can find the five-digit site number on an invoice or

any correspondence from Thermo-Calc Software.

Designated Site 12345 |
XYZ Company
900 Main Street

Stockholm 11190
SWEDEN
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Ta: support@thermocalc.com

Cce

License diagnostic information from Jane Smith, XYZ Company, Site 12345

Add attachments { 7 tcloglog (7.3 KB) [

8. A representative from Thermo-Calc Software replies to the email and attaches your
license file(s).

9. Save the license file(s) to your computer or network.
Install the Software
Step 1: Download and run your Thermo-Calc installation software

1. Download the software:

o Web downloads: For web links sent in an email from Thermo-Calc Software, go to
the URL and log in with the information provided to download the software.

e DVD installations: Insert the DVD and follow the instructions.

2. Open the Windows folder then right-click the .exe file. Choose Save target as and save it
to your computer. Double-click the .exe file to launch the Setup program.

3. On the Setup-Thermo-Calc window click Next.

4. On the License Agreement windowclick to accept the license agreement. Click Next.

D/ Demo (trial) installations: Your installation starts and is done when the Completing the
Thermo-Calc Demo Setup Wizard opens. Click Finish and reboot your computer to start
using Thermo-Calc.
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Step 2: Select the installation mode - typical or custom

T

Select Installation Mode

Typical Standalone

@ Install Thermo-Calc (incorporating DICTRA and TC-PRISMA)

Choose a license file |

Typical Metwork Client
= Install Thermo-Calc (incorporating DICTRA and TC-PRISMA)

Enter the name or IP number of the licensing server

~ Choose which features to install

1. In the Select installation mode window click Typical Standalone or Custom to choose spe-
cific features to install.

g The Custom option appears greyed out, but it is available to select.

2. For a Typical Standalone installation, in the Choose a license file field click the file button
¥ to navigate to where you saved the license file emailed to you from Thermo-Calc Soft-
ware. The license file is called Iservrc. Click Next.

@' DEMO Typical Standalone installations: Your installation starts and is done when the
Completing the Thermo-Calc Demo Setup Wizard opens. Click Finish and reboot your
computer to start using Thermo-Calc.

Step 3: Customize your installation

1. In the Select Components window, click to select what you want to install. Click Next.

Step 2: Select the installation mode — typical or custom | 5 of 7
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‘ Setup E.L

Select Components A

1 Select the components you want to install; clear the components you do not want to install. Click Next when you are ready to continue.

Thermo-Calc Click on a component to get a detailed
Databases description
TC-API

TQ-Interface
[[] TC-Toolbox for MATLAB (R)

2. In the Installation Directory window, either accept the default, enter a file path or click
the file button [ to navigate to another directory.

Installation Directory

Please specify the directory where Thermo-Calc will be installed.

Installation Directory C\Program Files\Thermo-Calc\2016a e

3. In the Choose Setup Type window it defaults to Standalone. In the Choose a license file
field you can accept the default file path or click the file button @ to navigate to, where
you saved the license file emailed to you from Thermo-Calc Software (called Iservrc). Click
Next.

Choose Setup Type

Select one of the following setup types.
See installation guide for detailed description of the choices.

Standalone

|:§:|
Choose a license file C:\Users\amanda\DownIoads\lservrc| s

Metwork Client

"~ Enter name or IP number of the licensing server
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4. In the Specify Configuration window, the default is Current user only, meaning the install-
ation is only available for the person logged in and installing the software. Select All users
to allow anyone using this computer to access Thermo-Calc. By default, the Create Short-

cuts on Desktop check box is selected. Click Next.

T

Specify Configuration

@ Current user only

) All users

Create Shortcuts on Desktop

5. In the Ready to Install window click Next. Click Finish and start using Thermo-Calc.

Step 3: Customize your installation | 7 of 7
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Mac OS® Standalone Quick Install Guide

This quick guide helps you do a typical or demo standalone installation. A standalone installation is used
with the Single-User Node-Locked License (SUNLL), where the software and the license file are together on
one computer.

This guide is applicable to:

o Mac operating systems
o A typical Standalone installation (SUNLL)
« Demo installations — during the installation process you only need to do steps 1 and 2.

o Upgrading to a new standalone version of Thermo-Calc (maintenance plan only)

@ Also see License and Installation Types on page 8 for detailed instructions for other
operating systems and network installations.

Request a License File

( )

@ Demo (trial) installations: Skip this section. A license file is automatically installed with the
software. You do not need to request it.

@ Upgrades to a new version of Thermo-Calc: Skip this section if you are upgrading to a new
version of Thermo-Calc and (and you have a maintenance plan). Your license is sent to you
in an email from Thermo-Calc Software AB. Save it to your computer to use during software
installation.

1. From the Apple main menu, select System Preferences.

2. Click Network.
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@ B =

. o
General Desktop & Dock Mission
Screen Saver Control

@ =
< ) [
CDs & DVDs Displays Energy Keyboard

Saver

Language
& Region

Mouse

-
iCloud Internet Extensions Netwaork
Accounts

0

Bluetooth

Security
& Privacy

Trackpad

]

Sharing

Cll

®

Spotlight

—
-

Printers &
Scanners
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o

Notifications

\ Y

Sound

3. In the left column select Ethernet or Built-in Ethernet (do not select a WiFi connection
as a local static MAC address is required).

4. Click Advanced - Hardware.
The Network window shows you the MAC Address. For example, the MAC address (the

host ID) might be 3¢:07:54:28:5f:72.

MNetwork

AP
;< Ethernet

TCP/IP  DNS  WINS

B02.1X

QI Hardware |

MAC Address: 3c:07:54:28:5f:72

Configure:
Speed:
Duplex:

MTU:

Automatically

half-duplex

Standard (1500)

N <> |

<

<

5. Send an email to support@thermocalc.com and copy and paste the MAC address into

the body of the email. Make sure to include the following in the subject line:

License diagnostic information from <Name> where Name is replaced with your name, the
organisation name and the Site Number. You can find the five-digit site number on an invoice or
any correspondence from Thermo-Calc Software.

Designated Site 12345 |
XYZ Company

900 Main Street
Stockholm 11190
SWEDEN
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To: supporti@thermocale.com

Ces

License diagnostic information from Jane Smith, XYZ Company, Site 12345

Add attachments | 7 tcloglog (7.3 KB) [x

6. A representative from Thermo-Calc Software replies to the email address provided and
attaches your license file or files.

7. Save your license file to your computer or network.
Install the Software
Step 1: Download and install XQuartz

The XQuartz open-source X Windows system is required to run Thermo-Calc on Mac OS X.

1. In a web browser go to https://www.macupdate.com or to download it directly from
XQuartz, http://xquartz.macosforge.org/landing/.

2. In the Search Mac Apps field, enter XQuartz.

3. Click the XQuartz search result. For example, based on the recent version, the name is
XQuartz-2.7.7.dmg.

4. Click Download.
5. Double-click the XQuartz.pkg file. Follow the instructions.

6. Click OK when the message about logging out displays and click Close when the install-
ation is successful.

Step 2: Download and run your Thermo-Calc installation software

1. Download the software:

o Web downloads: For web links sent in an email from Thermo-Calc Software, go to
the URL and log in with the information provided to download the software.

e DVD installations: Insert the DVD and follow the instructions.

2. Open the Mac folder and right-click the file Thermo-Calc-2016a-osx.app. Choose Down-
load Linked File and save the installation file to your Downloads directory. Unzip the file.
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3. On the Setup-Thermo-Calc window click Next.

4. On the License Agreement window click to accept the license agreement. Click Next.

[Z Demo (trial) installations: Your installation starts and is done when the Completing the
Thermo-Calc Demo Setup Wizard opens. Click Finish and reboot your computer to start
using Thermo-Calc.

Step 3: Select the installation mode

TR

Select Installation Mode

Typical Standalone
@ Install Thermo-Calc (incorporating DICTRA and TC-PRISMA)

Choose a license file | ¢

Typical Network Client
= Install Thermo-Calc (incorporating DICTRA and TC-PRISMA)

Enter the name or IP number of the licensing server

- Custom
~ Choose which features to install

1. In the Select installation mode window click Typical Standalone.
2. In the Choose a license file field click the file button &/ to navigate to where you saved the

license file emailed to you from Thermo-Calc Software. The license file is called Iservrc.
Click Next.

g To prevent errors, leave this field blank if you did not get a license file yet.

3. The installation starts and is done when the Completing the Thermo-Calc Setup Wizard
window opens.

4. Click Finish and start using Thermo-Calc.

Step 3: Select the installation mode | 5 of 5
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Installing Thermo-Calc

In this section:

System RequUirements . 3

Key to Using this GUIde . . ... 3
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System Requirements
Atypical installation installs Thermo-Calc and the latest version of the databases.

Additional components include:

« Diffusion Module (DICTRA)
o Precipitation Module (TC-PRISMA)

You can also install these Software Development Kits (SDKs):

e TQ-Interface (Windows and Linux)
e TC-API (Windows and Linux)
« TC-Toolbox for MATLAB® (Windows only)

Ef System requirements and program availability are available on the web:
http://www.thermocalc.com/products-services/software/system-requirements/

Platforms Tested

Thermo-Calc and its components are tested on these platforms:

Windows Mac Linux? 2

Windows 10 64-bit .
o Ubuntu 16.04 (Xenial)

e Cent0S 7.0
e OpenSUSE 13.2

Window 8 64-bit Mac OS X El Capitan
Windows 7 SP1 32-bit (10.11.5)

Windows 7 SP1 64-bit

1 Thermo-Calc Software cannot guarantee full functionality if the software is installed on other Linux
distributions.

2 If you are installing on CentOS 7, it is recommended you install gtk2 before you run the installation script.

Key to Using this Guide

This installation guide is for all Thermo-Calc installations running on Windows, Mac OS or Linux operating
systems. It is also applicable to demo (trial) installations as well as previously installed versions of
Thermo-Calc (the new version is installed alongside the old version).

This guide includes information about:

System Requirements | 3 of 60
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The types of licenses and installations available.

Installing the Thermo-Calc software and its components on stand-alone computers, serv-

ers and client computers.

Installing the license management software for network installations.

Retrieving and installing license files.

« Troubleshooting to solve common installation problems.

Icons

Name

Information

Note

Operating system

License file

A Thermo-Calc

Description

(D Provides important information and indicates that more detail
is located in the linked or named topic.

D/ The information can be of use to you. It is recommended that
you read the text or follow the link to more information.

The information is specific to a Windows, Mac OS or Linux operating system.
In some cases, when there are minor differences, only the platform name is
used, e.g. Windows only.

The license file, which contains the license keys and is installed on either a
standalone computer or a network server.

The Thermo-Calc software and its components (including databases) to be
installed.

Typographical Conventions

Convention Definition

Forward
arrow -

Boldface
font

The forward arrow symbol > instructs you to select a series of menu items in a specific
order. For example, Tools->Options is equivalent to: From the Tools menu, select
Options.

A boldface font indicates that the given word(s) are shown that way in on a toolbar
button or as a menu selection. For example, if you are told to select a menu item in a

particular order, such as Tools->Options, or to click Save.

Italic font

An jtalic font indicates the introduction of important terminology. Expect to find an

explanation in the same paragraph or elsewhere in the guide.
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code and
code bold

Terminology

Term

client
computer

consolidated
network

distributed
network

host ID

license file

license key

License
Manager
(Windows)

License
Server
(Linux)

license
server

licensing
software
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Definition

A code fontindicates you are to make a keyboard entry. It also shows a
programming code or code examples. The code bold font highlights the entry.

Definition

A computer without a license file of its own but connected through the network to a
computer with the license information. The client computer receives a license token
from the computer where the license management software is installed.

Atype of network installation where the Thermo-Calc software and a Thermo-Calc
licensing software are installed on a single server computer. This allows all computers
in the network to access both the software and a license on the server via a client
installation.

Atype of network installation where the Thermo-Calc software is installed on one
server computer in a network and the Thermo-Calc licensing software is installed on a
different computer. After a thin client installation, all computers in the network can
access both the software and the network license key via the server.

The MAC/Ethernet Address on the computer that a license is locked to.

The file (called Iservrc) that contains all the purchased license keys. It is issued by
Thermo-Calc Software, usually by email.

The information contained in the license file that represents the products purchased
and which is then authorised for installation.

The Windows program used for license management: it distributes license tokens as
specified in the network license file issued by Thermo-Calc Software.

The Linux program used for license management: it distributes license tokens as
specified in the network license file issued by Thermo-Calc Software.

The use of the term license server (lower case letters) is reserved for use for scripts
and option files (for example, in an Unattended Network Client Installations on

page 35). For the purposes of the step-by-step instructions it is not used to refer to
the type of network installation that runs the license management program. Also see
License Manager (Windows) and License Server (Linux).

The Thermo-Calc license management software. When working in Windows it is called
License Manager (full name is Sentinel RMS License Manager by SafeNet) and on
Linux it is called License Server (full name is Sentinel License Sever by Safenet).
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Definition

The license type used with the licensing software. The NWL can only be used on one
specific computer that hosts the licensing software. The Network License uses
information about IP addresses and IP ranges to determine which client computers
receive license tokens.

The software may be used on the number of sites you have paid for and by the
number of persons you have paid for on any number of network connected
computers

A computer which uses a SUNLL license type.

A unique license file for one designated computer at one designated site. It cannot be
copied or moved outside the site. If the software is installed on a portable computer,
it can be temporarily used off-site. The license can be used without network access (to
the License Server).

An installation where the software is installed on a file server but is run from a client
computer. The licensing software may be installed on the file server (consolidated
network installation) or on a different computer (distributed network installation).

An open-source X Windows System, which is required to run Thermo-Calc on a Mac.
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License and Installation Types

In this section:

License and InsStallation TYPES ... 8
About License Keys and Files . ... . il 8
Standalone Installations (SUNLL) . ... ... 8
Multi-User Network Installations (NWL) ... ... e 9
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License and Installation Types

Installation procedures are based on the license type, the installation type and the operating system.

EI' Demo (trial) installations: Only standalone installation is available and a license file is
automatically installed.

License type Installation Type Windows Mac OS Linux

SUNLL Standalone Yes Yes Yes
Consolidated network Yes No Yes

NWL Distributed network Yes No Yes
;i;::;zz(installations on a server Yes Yesl Yes

1 For Mac 05, the licensing software is installed on a Windows or Linux computer server.

@ www.thermocalc.com/purchase/licensing-options/

About License Keys and Files

EI' Demo (trial) installations: A license file is automatically installed with the software. You do
not need to request it.

To run Thermo-Calc and its components you need a valid license key for each product. The license keys
are included in the license file emailed to you by Thermo-Calc Software.

You can copy the license file to the applicable computer(s) before or after installing the software—the
license file itself is not required during the installation process. However, it is required to make
calculations in Thermo-Calc.

Ef Request a License File from Thermo-Calc Software on page 38

Standalone Installations (SUNLL)

The standalone installation is used with the Single-User Node-Locked License (SUNLL). The Thermo-Calc

software A and a Thermo-Calc license file L are installed on a standalone computer. You can do a
typical (all operating systems) or a custom installation (Windows and Linux only).
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To get started, go to First Steps of Installation on page 13 and then Standalone Installations on page 20.

Multi-User Network Installations (NWL)

There are different types of multi-user network installations: consolidated, distributed and where the
licensing software is installed on a computer network. There is also a subtype of installation called thin
client, which is a step done with the consolidated and distributed network installations.

g Thin client installations: A thin client installation is where the Thermo-Calc software is
installed on a computer server but is run from a client computer. The licensing software can
be installed on the computer server (a consolidated network) or on a different computer (a
distributed network). This type of installation is available for Windows and Linux operating
systems. The client computer must have the Thermo-Calc software installed. This type of
installation mainly sets environmental variables and paths on the client computer.

Consolidated Network Installations

The consolidated network installation is used with a Network License (NWL) and it is available for
Windows and Linux operating systems.

Multi-User Network Installations (NWL) | 9 of 60
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The Thermo-Calc software A and the license management program are installed on the same server

where the license file il is also copied. A thin client installation allows all computers (the clients) in the
server network to access both the software and the licensing on the same computer server.

To get started, go to First Steps of Installation on page 13 and then Network Client Installations on
page 26.

Distributed Network Installations

The distributed network installation is used with a Network License (NWL) and is available for Windows
and Linux operating systems.

The Thermo-Calc software A is installed on one computer server in a network and the licensing

software is installed on a different computer server where the license file Ll is also copied. A thin client
installation allows all computers (the clients) in the server network to access both the software and the
licensing on the two computer servers.

To get started, go to First Steps of Installation on page 13 and then Network Client Installations on
page 26.

License Installations on a Server Network

When a license file is installed on a server network, it is used with a Network License (NWL). It is available
for all platforms. However, for Mac OS the server containing the licensing software must be set up on
Windows or Linux.

Distributed Network Installations | 10 of 60
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——
The licensing software is installed on a computer server where the license file il is also copied. The

Thermo-Calc software A is installed on every computer in the network that needs it.

To get started, go to First Steps of Installation on page 13 and then Network Client Installations on
page 26.
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Preparing for Installation

In this section:

First Steps of Installation .. . L 13
Default Directory LOCAtiONS ... .. L 13
Subnet Information for Network Licenses ... . . . . 16
Mac OS Installation NOtes ... . . . 17
LinuxInstallation NOtes .. L 18
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First Steps of Installation

This section reviews some of the things you need to do before installing the Thermo-Calc software.

o Learn about the default directories where the software and license files are installed.

For network installations, collect subnet information.

For Mac, install XQuartz and make sure the security preferences are set correctly.

For Linux, install libgfortran 4.4 (or higher).

e For a Linux Cent OS 7 installation, also install gtk2 before you run the installation script.

yum install gtk2

El/ Should I get my license file before or after software installation? The license file itself is
not required during the installation process (and not at all for demo installations). However,
it is required to make calculations in Thermo-Calc. The license file has details about your
computer(s) that in some cases cannot be determined accurately until after installation
(especially for a network installation). For most users it is recommended you request the
file before you start installing.

Default Directory Locations

The default directories where the software and its components are installed, including where the license
file is stored, vary by platform and user type.

D/ On Windows, once Thermo-Calc is installed, you can also locate the Examples and Materials
folders, plus all the Manuals using the shortcuts located in the Start menu. Go to Start -
All Programs >Thermo-Calc and click Examples, Manuals, or Materials as required to open
the applicable folder.

If you want to select specific components to install or if you want to install the software in a non-default
installation directory, then do a custom installation (Windows and Linux only). In the table, <user>
stands for the username and <version> for the version of Thermo-Calc, for example 2016a.

oS User type Default directory
Users\<user>\Thermo-Calc\<version>

Normaluser  Users\<user>\Documents\Thermo- Calc\<version>

Windows My documents

Program Files\Thermo-Calc\<version>
Administrator
Users\Public\Documents\Thermo- Calc\<version>
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oS User type Default directory

Public documents

Custom
installation Users\Public\Documents\Thermo-Calc\<version>
(for all users)

License

software

installations

on a server C:\Program Files (x86)\Common Files\SafeNet Sentinel\Sentinel RMS
network (the License Manager\WinNT\

License

Manager

software)

In the Applications folder: Thermo-Calc-<version>.app, Thermo-Calc-
<version>-Demo.app, and, uninstall-Thermo-Calc-<version>.app

Administrator

(user name

Mac and Examples and manuals in /Users/Shared/Thermo-Calc/<version>
password To go to this folder, in Finder, from the Go main menu select Go to
required)

folder. Enter the above file path and click Go.

Non root user home/<user>/Thermo-Calc/<version>

Root user usr/local/Thermo-Calc/<version>
License
software

Linux installations  |fyou are doing a network installation then these files are available as a
on a server tar-file from the Thermo-Calc Software web site.
network (the | the downloaded tar-file, there is a restart_lserv script file, which can be
License used as a template for creating a script that starts up the License Server.
Server
software)
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TC-Toolbox for MATLAB

Examples for the TC-Toolbox are placed under MATLAB in the same documents folder as the Thermo-Calc
files (My Documents or Public Documents):

. .\Documents\MATLAB\Thermo-Calc-Toolbox-X\Examples

Where X is the installed version number of the toolbox.

For most installations the examples are available in the MATLAB window when the software is opened.
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Database Checker Program

The Thermo-Calc software package includes a program to check that the syntax of unencrypted database
files is correct. The program applies the syntax rules set out in the Database Manager User Guide and
reports errors and issues warnings. This program is intended for advanced users who develop and
manage databases.

[Z Thermo-Calc accepts deviations from these syntax rules. This means that a database can
work even if the Database Checker reports errors and warnings. For example, an error is
reported if an abbreviated phase name is found, but phase name abbreviations are
accepted by Thermo-Calc and its add-on modules.

The executable DatabaseChecker file is found in the Thermo-Calc home directory. The program can also
be launched by selecting Tools-> Database Checker from the main menu.

Databases

Depending on the type of license and operating system, the encrypted Thermo-Calc databases and the
database initialization file are located in a subfolder to the Thermo-Calc installation. For example, in a
Windows standalone installation, you can find these in a folder called data(file path is C:\Program
Files\Thermo-Calc\<version>\data).

S;: | » Computer » Local Disk (C:) » Program Files » Thermo-Calc » 2016a » data »

Organize ~ Include in library = Share with - Burn Mew folder
b Name Date modified Type
A tc_initd.tdb 5/18/2016 11:26 Thermo-Calc TDB ...
I TCSLD3 5/24/2016 11:16 File folder
. TCSLD2 5/24/2016 11:16 File folder
I TCSLD1 5/24/2016 11:16 File folder

Subnet Information for Network Licenses

For network licenses, the subnet information is also required. Contact your company’s network
administrator for help as required. Additional requirements are included elsewhere for network
installations.

« Subnets should be in the format aaa.bbb.ccc.ddd.*** (for example: 192.168.29.0/24 or
192.168.29.*

o A maximum of six subnets are permitted.

o An alternative way to get this information is to run the command:
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e Windows: ipconfig /all

e Mac / Linux: ifconfig

Mac OS Installation Notes
Restarting After an Installation

In some types of installations (e.g. a network installation), you may have to restart your Mac to use
Thermo-Calc for the first time.

Installing XQuartz

The XQuartz open-source X Windows system is required to run Thermo-Calc on Mac OS X but it is not
required to install Thermo-Calc. Before installing Thermo-Calc, you may also need to ensure that the
computer security permissions are set.

1. In a web browser go to https://www.macupdate.com or to download it directly from
XQuartz, http://xquartz.macosforge.org/landing/.

2. In the Search Mac Apps field, enter XQuartz.

3. Click the XQuartz search result. For example, based on the recent version, the name is
XQuartz-2.7.7.dmg.

4. Click Download.
5. Double-click the XQuartz.pkg file. Follow the instructions.

6. Click OK when the message about logging out displays and click Close when the install-
ation is successful.

Enabling the Correct Security Settings

1. From the Apple main menu, select System Preferences.

ICY Finder File Edit View
About This Mac

| System Preferences...
App Store...

Recent Items | 2
Force Quit Finder {39

Sleep
Restart...
Shut Down...
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2. Click Security and Privacy.

3. Click General. At the bottom of the Security & Privacy window, click the lock icon to make
changes. Enter the administrator password as required.

[ ] < HH Security & Privacy Q,

m FileVault ~ Firewall Privacy

A login password has been set for this user =~ Change Password...

Require password 1 hour d after sleep or screen saver begins

Allow apps downloaded from:

“Thermo-Cal...osx-normal” was blocked from opening Open Anyway
because it is not from an identified developer.

[E5] Click the lock to make changes.

4. If you have already tried to launch the Thermo-Calc installer, you can click Open Anyway
to proceed. Otherwise, under Allow apps downloaded from: click Anywhere and then
Allow from Anywhere.

5. Continue with the applicable installation type (standalone or network).
EI' Remember to reset your security after installing Thermo-Calc.

Linux Installation Notes

The following are details you need to know regarding your Linux installation as well as how to open
Thermo-Calc.

Installing Libgfortran

To install and run Thermo-Calc and its components, a runtime library (libgfortran 4.4 or higher) for GNU
Fortran applications is required.

How to install the runtime library
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Linux

Notes
distribution
openSUSE D/ On a standard installation, you do not need to install this runtime
152 library. You may need GCC if it is not already installed on your
' computer.
Ubuntu Open a terminal and enter the following:
16.04 > sudo apt-get -y update
(Xenb” > sudo apt-get -y install gfortran
Open a terminal and enter the following:
Cent0S 7.0 > sudo yum -y update

> sudo yum -y install libgfortran

openSUSE Administration (sudo) Users

Note the following if you are a sudo user (administrator) in openSUSE installing Thermo-Calc using this
command:

sudo ./linux-installation-x64-6.0.0.17347.run

When this command is used, you will do a text-based installation instead of having a graphical interface
to guide you. The information is the same, just without the user interface.

Opening Thermo-Calc in Linux

To open Thermo-Calc double-click the Thermo-Calc-2016a application or from the Thermo-Calc
installation directory enter $ ./Thermo-Calc-2016a.sh intheterminal.
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Standalone Installations

You can either do a typical or a custom standalone installation. The license type is called a Single-User
Node-Locked License (SUNLL).

In this section:

Typical Standalone Installations . . 21
Add New Components to an Existing Installation _____ . ... 23
Custom Standalone Installation ... 23
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Typical Standalone Installations

The following describes a typical standalone installation. These steps assume you have completed the
section First Steps of Installation on page 13.

Step 1: Request your license file from Thermo-Calc Software

Cl/ Demo (trial) installations: Skip this step. A license file is automatically installed with the
software. You do not need to request it.

D/ Upgrades to a new version of Thermo-Calc: Skip this step if you are upgrading to a new
version of Thermo-Calc and (and you have a maintenance plan). Your license is sent to you
in an email from Thermo-Calc Software AB. Save it to your computer to use during software
installation.

Follow the instructions for your operating system in the section Request a License File from Thermo-Calc
Software on page 38.

Step 2: Download your Thermo-Calc installation software
o Web downloads: For web links sent in an email from Thermo-Calc Software, go to the
URL and log in with the information provided to download the software.

e DVD installations: Insert the DVD and follow the instructions.
Step 3: Run the applicable installation file for your operating system

1. Open the folder for your operating system. Then for:

« Windows: Right-click the .exe file. Choose Save target as and save it to your computer.
Double-click the .exe file to launch the Setup program.

o Mac: Right-click the file Thermo-Calc-2016a-osx.app. Choose Download Linked File
and save the installation file to your Downloads directory. Unzip the file.

e Linux: Right-click the binary file (the BIN file) and save it to your computer. To start the
Setup Wizard in a Terminal window, enter these commands in the directory where the
binary installation file is saved:

> chmod +x linux-installation-x64-2016a.run

> ./linux-installation-x64-2016a.run

Cl/ If you are an openSUSE root user, see Linux Installation Notes on page 18 for some
information about your installation.
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2. On the Setup-Thermo-Calc window click Next.
3. On the License Agreement window window click to accept the license agreement.

4. Click Next.

[2]' Demo (trial) installations: Your installation starts and is done when the Completing the
Thermo-Calc Demo Setup Wizard opens. Click Finish and reboot your computer to start
using Thermo-Calc.

Step 4: Select the installation type and upload the license file

1. In the Select installation mode window click Typical Standalone - Install Thermo-
Calc (incorporating Diffusion Module (DICTRA) and Precipitation Module (TC-
PRISMA).

T

Select Installation Mode

Typical Standalone
3 Install Thermo-Calc (incorporating DICTRA and TC-PRISMA)

Choose a license file | K

Typical Network Client
=, Install Thermo-Calc (incorporating DICTRA and TC-PRISMA)

Enter the name or IP number of the licensing server

_ Custom
" Choose which features to install

2. In the Choose a license file field enter the path to your license file (called Iservrc) or
click the file button ¥ to navigate to a location on the computer (for example, where
you saved it). Click Next.

[Zf To prevent errors, leave this field blank if you did not get a license file yet.
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Step 5: Install the software and start using Thermo-Calc

1. In the Ready to Install window click Next.

2. Click Finish and start using Thermo-Calc. For Linux users, log out and log back in to fin-
ish the installation and start using Thermo-Calc.

D/ If you did not get your license file see Request a License File from Thermo-Calc Software on
page 38.

Add New Components to an Existing Installation

If you want to add new components to an existing Thermo-Calc installation (for example, you purchased
a license for TC-API), run the executable (Windows) or binary (Linux) installation file again as in Step 3 of
Typical Standalone Installations on page 21. This is not available for Mac.

1. Double-click the executable Thermo-Calc installation file. Click Next.
2. Click to accept the license agreement. Click Next.
3. Select the additional component(s) to install. Click Next.

4. Click Next to start the installation, which adds the new component(s).

D/ Use the Uninstall program to remove components. See Uninstalling Thermo-Calc on
page 57.

Custom Standalone Installation

This topic describes how to do a custom installation on a standalone computer for either a Windows or
Linux operating system. These steps assume you have completed the section First Steps of Installation
on page 13.

Step 1: Complete Steps 1 to 4 of a typical standalone installation

Follow the instructions for Typical Standalone Installations on page 21 to get your license file and to
download and run the software.

Step 2: Select the installation type and what components to install

1. On the Select installation mode window, click Custom. Click Next.

D/ The option appears greyed out, but it is available to select.
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Typical Network Client
Install Thermo-Calc (incorporating DICTRA and TC-PRISMA)

Enter the name or IP number of the licensing server

P Custom
~ Choose which features to install

2. In the Select Components window, click to select what you want to install. Click Next.

[Z]’ Additional licenses are required to run TC-API, TQ-Interface, TC-Toolbox for MATLAB
(Windows only) and some of the databases. Some elements are included with Precipitation
Module (TC-PRISMA) but a separate license is required for full functionality.

Select Components A

Select the components you want to install; clear the components you do not want to install. Click Next when you are ready to continue.

Thermo-Calc Click on a component to get a detailed
Databases description

TC-APL

TQ-Interface

[[] TC-Toolbox for MATLAB (R)

Step 3: Set the installation directory path, license file location and shortcuts

1. In the Installation Directory window, either accept the default path or enter a path to
where you want to install the software (see Default Directory Locations on page 13).
Click the file button ¥ to navigate to another directory. Click Next.

Installation Directory

Please specify the directory where Thermo-Calc will be installed.

Installation Directory C\Program Files\Thermo-Calc\2016a e

For the Windows TC-Toolbox for MATLAB® component, and if you get a MATLAB not found message,
enter the MATLAB installation directory and click Next.
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In the Choose Setup Type window, click Standalone.

3. In the Choose a license file field enter the path to your license file (called Iservrc) or

“

click the file button [ to navigate to a location on the computer. Click Next.

To prevent errors, leave this field blank if you do not have a license file yet.

e

Choose Setup Type

| Select one of the following setup types.
See installation guide for detailed description of the choices.

Standalone

Choose a license file C:\Users\amanda\DownIoads\lservrc| s

Metwork Client

" Enter name or IP number of the licensing server

4. Set up the Desktop shortcuts.

For Windows, in the Specify Configuration window, the default is Current user only, meaning
the installation is only available for the person logged in and installing the software. Select All
users to allow anyone using this computer to access Thermo-Calc. By default, the Create
Shortcuts on Desktop check box is selected. Click Next.

For Linux, and if you are installing as a non-root user, by default, the Create Shortcuts on
Desktop check box is selected. Click Forward.

Step 4: Install the software and start using Thermo-Calc

1.

In the Ready to Install window click Next and then click Finish.

2. Click Finish and start using Thermo-Calc. For Linux users, log out and log back in to fin-

=

ish the installation and start using Thermo-Calc.

If you did not get your license file see Request a License File from Thermo-Calc Software on
page 38.
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Network Client Installations

This installation type is available for Windows and Linux. It is applicable to the consolidated and
distributed network types of installations as well as for the licensing installation on a server network.

o Do a Typical Network Client installation if you only want to install the Thermo-Calc pro-
gram (including Diffusion Module (DICTRA)) and Precipitation Module (TC-PRISMA)) and
databases.

o Do a Custom installation if you want to select specific components to install or if you
want to install the software in a non-default installation directory.

In this section:

Typical Network Client Installations . . L 27
Set Up the License Manager on Windows .. . 28
Set Up the License Server 0N LINUX ... ... ... oo e 29
Thin Client Installations . L 31
Custom Network Client Installations . . 33
Unattended Network Client Installations ....... .. ... .. . i 35
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Typical Network Client Installations

The following outlines how you do a typical network client installation.
Step 1: Install the licensing software

Follow the instructions for your operating system:

« Set Up the License Manager on Windows on the next page, or

e Set Up the License Server on Linux on page 29

Step 2: Complete Steps 1 to 4 of a typical standalone installation

Follow the instructions for Typical Standalone Installations on page 21 to download and run the
software. It is up to you whether you get the computer information for the license files before or after
installing the software.

Step 3: Choose the installation type and enter the computer server details

1. Click Typical Network Client installation to install Thermo-Calc incorporating Diffusion
Module (DICTRA) and Precipitation Module (TC-PRISMA).

D/ The option appears greyed out, but it is available to select.

2. In the field, enter the name or IP number of the computer where the licensing software
is installed. Click Next.

Typical Network Client
@ Install Thermo-Calc (incorporating DICTRA and TC-PRISMA)

Enter the name or IP number of the licensing server

_ Custom
~ Choose which features to insta

Step 4: Install the software and components

1. In the Ready to Install window click Next.
2. When the Completing the Thermo-Calc Setup Wizard window opens, click Finish.

3. For Linux users, log out and log back in to start using Thermo-Calc.

Typical Network Client Installations | 27 of 60



Thermo-Calc Documentation Set

CI/ If you did not get your license file see Request a License File from Thermo-Calc Software on
page 38.

Set Up the License Manager on Windows

D/ License Manager vs License Server: Both terms refer to the licensing software program
installed on a network computer. License Manger is for Windows and License Server is for
Linux.

Installation Requirements

This procedure explains how to install the License Manager on a computer that acts as a license server in
your network. It is a Sentinel RMS License Manager Windows service and it supplies the client computers
in your network with license tokens when it runs the Thermo-Calc software. A network license can only
be used on one specific computer that hosts the License Manager. The network license determines which
client computers receive license tokens using their IP addresses and IP ranges.

o For Mac installations, the server containing the license files must be set up on a Win-
dows or Linux computer.

« For testing purposes, and in order to confirm the installation is working correctly, install
the Thermo-Calc software on the same computer as the License Manager. Thermo-Calc
can always be uninstalled after testing if required.

o Administrator rights are required.

Installing the License Manager

Step 1: Install the Sentinel RMS License Manager software

1. Follow the instructions to download your Thermo-Calc installation software.

2. Open the directory for Windows and right-click the file Sentinel RMS License Manager
8.5.1.msi.

3. Select Save target as and choose a suitable directory so that you can easily find the file
later.

4. Right-click the downloaded file and choose Install. Click Next.
Step 2: Choose the installation directory

1. Click to accept the license agreement. Click Next.

2. Enter your User Name and Organization and select whether to install the License Man-
ager for Current user only or All users. Click Next.
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3. In the Destination Folder window click Next to accept the suggested destination dir-
ectory or Change to select another directory. Click Next.

Step 3: Choose the setup type and install the software

1. In the Setup Type window, select Complete. Click Next.

2. In some cases, select Unblock the system firewall for the Sentinel RMS License Man-
ager. This changes the settings to allow the License Manager to communicate with the
computers running the client applications. Click Next.

3. Click Install.
4. Click Finish to exit the InstallShield Wizard.

Step 4: Copy the license files to the destination directory

1. Copy the network license file to the destination directory. By default, it is installed in this
directory:

C:\Program Files (x86)\Common Files\SafeNet Sentinel\Sentinel RMS
License Manager\WinNT\

You can also set the environmental variable LSERVOPTS to the complete path and name of the
LSERVRC license file:

2. In the Windows Control Panel, go to System - Advanced system settings.

3. In System Properties select Advanced - Environment Variables > New.

4. Enter the Variable name LSERVOPTS to specify the parameters with which the License
Manager is started.

5. To specify the path to the license file in the Variable value field enter the following and
include the complete license file path and name.

-s <license file path and name>

Set Up the License Server on Linux

E]' License Manager vs License Server: Both terms refer to the licensing software program
installed on a network computer. License Manger is for Windows and License Server is for
Linux.

Installation Requirements

There are a variety of things needed to prepare for a Linux License Server installation. The following
points are described in this section.
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« You need to stop older versions of the License Server before running the new one. You
also need the Isrvdown file.

o Root access to your computer is required or you need to be on the sudoers list.

e To run the License Server on a Linux 64-bit computer, you need to install 32-bit library
support. For example, on CentOS this can be done by running the command:

>yum install glib2.1686

e You need a valid LSERVRC network license file supplied by Thermo-Calc Software and
the actual License Server—a file called Iserv.

openSUSE Administration (sudo) Users

Note the following if you are a sudo user (administrator) in openSUSE installing Thermo-Calc using this
command:

sudo ./linux-installation-x64-6.0.0.17347.run

When this command is used, you will do a text-based installation instead of having a graphical interface
to guide you. The information is the same, just without the user interface.

Installing the License Server

Step 1: Stop any older versions of the License Server

D/ Skip this step if this is a new installation.

1. To stop an old version of the License Server that is already running, go to the directory
where the old file is found, and enter the commands:

>chmod +x <lsrvdown>

>./lsrvdown <host name>

2. Edit existing scripts that start the older version of the License Server so that they start
the newer version instead.

Step 2: Write a script to start the License Server

The following is an excerpt from the template script for starting the License Server found in the restart_
Iserv file.

Replace the paths for LICENSE_SERVER_DIR, LICENSE_FILE_DIR and LOG_DIR to match your system. Save
it as a script:

# set the directory where the executables are located

LICENSE SERVER DIR=/usr/local/Thermo-Calc/2016a/Licensing-files
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# set the directory of the license file lservrc

LICENSE FILE DIR=/usr/local/Thermo-Calc/2016a/Licensing-files
# set the directory where you wish to save the log-files
LOG_DIR=/tmp

# stop the running server

# (omit this line if calling this script at startup)
$LICENSE_SERVER_DIR/lsrvdown SHOSTNAME

# start the license server

SLICENSE SERVER DIR/lserv -s SLICENSE FILE DIR/lservrc -1 $LOG DIR/lserv use.log -f
SLOG DIR/lserv err.log

Step 3: Confirm the HOSTNAME variable and open the UDP port

1. Before starting the License Server make sure that the value of the SHOSTNAME variable
is correct. This value can be shown by typing the > nslookup $HOSTNAME command in
the terminal window:

The value should be the same IP address that is shown when you use the ifconfig command.

2. Open the UDP port 5093 in your firewall. In case you have installed SELinux you might
also need to disable it by setting SELINUX=permissive inthe /etc/selinux/config
file.

Step 4: Start the License Server

1. To start the License Server, run the script created as root. Enter these commands in the
console:

> chmod +x <name of script file>

> ./<name of script file>

2. If you want the License Server to start when you boot the system, put a copy of the start
script under /etc/rc.d/init.d and start the script from the file /etc/rc.d/rc.local.

Thin Client Installations

This topic describes how you install a thin Thermo-Calc client to run Thermo-Calc from a file server. It is
applicable to consolidated and distributed network installations for either a Windows or Linux operating
system.
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Installation Requirements

« You need access to the directory where Thermo-Calc is installed on the file server.

« You need the IP number or name of the computer where the license file is installed.

e For Linux you may have to disable your firewall. If SELinux is installed, try disabling it by

setting SELINUX=permissive in /etc/selinux/config.

Installing a Thin Client on Windows

1.

Open the \Thermo-Calc\<version>\ directory on the file server, where version is the cur-
rent version of the software.

Open the directory Thin-client. Double-click the client-install-windows.exe file.
Click to accept the terms of the license agreement. Click Next.

Enter the name or IP number of where the license file and the License Manager soft-
ware is installed. Click Next.

. In the Specify Configuration window, the default is Current user only, meaning the

installation is only available for the person logged in and installing the software. Select
All users to allow anyone using this computer to access Thermo-Calc. By default the
Create Shortcuts on Desktop check box is selected. Click Next.

. In the Ready to Install window, click Next.

. Click Finish. To start Thermo-Calc, double-click the desktop shortcut or find the program

on the server and start it from there.

Installing a Thin Client on Linux

1. Add the following to the smb.conf file, where <user> is your user name:

[public]

path=/home/<user>/Thermo Calc/2016a
public=yes

writable=yes

comment=smb share

guest OK=yes

force user=<user>

2. From the client, mount the directory on the server computer that contains the Thermo-

Calc server installation (by default, this directory is called /Thermo-Calc/2016a). How
the directory is mounted depends on the Linux distribution being used as well as how the
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Thermo-Calc directory on the server computer is shared. Use the Linux command
mount. For example:

> mkdir public

> sudo mount -t cifs //ip number server computer/public ./public -o user=<user>

3. Open the mounted directory on your computer, and run client-install-linux-
x64.run Of client-install-linux-x86.run in the /Thin-client directory.

4. If you do this from the terminal window, use the following to start the installation
(assuming that the file server is a 64-bit computer):

> ./client-install-linux-x64.run

5. Click Forward and click to select the license agreement. Click Forward.
6. Enter the name or IP number of the License Server. Click Forward.

7. If you are installing as a non-root user, by default, the Create Shortcuts on Desktop
check box is selected. Click Forward.

8. In the Ready to Install window click Forward.

9. Click Finish. Log out and log back in to start using Thermo-Calc.

Custom Network Client Installations

This section describes how to do a custom network client installation for Windows and Linux operating
systems. The requirements are the same as for a typical client installation.

Step 1: Install the licensing software

Follow the instructions for your operating system:
e Set Up the License Manager on Windows on page 28, or
e Set Up the License Server on Linux on page 29

Step 2: Complete Steps 1 to 4 of a typical standalone installation

Follow the instructions for Typical Standalone Installations on page 21 to download and run the
software. Itis up to you whether you get the computer information for the license files before or after
installing the software.

Step 3: Choose the installation type and what to install

1. In the Select installation mode window click Custom. Click Next.

D/ The option appears greyed out, but it is available to select.
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Typical Network Client
Install Thermo-Calc (incorporating DICTRA and TC-PRISMA)

Enter the name or IP number of the licensing server

P Custom
~ Choose which features to install

2. In the Select Components window, choose what you want to install. Click Next.

Step 4: Set the installation directory path to the license file

1. In the Installation Directory window, enter the path to an installation directory (see
Default Directory Locations on page 13). Click Next.

K5 ————

Select Components A

Select the components you want to install; clear the components you do not want to install. Click Next when you are ready to continue.

Thermo-Calc Click on a component to get a detailed
Databases description

TC-API
TQ-Interface
[[] TC-Toolbox for MATLAB (R)

For the Windows TC-Toolbox for MATLAB component and if you get a MATLAB not found
message, enter the MATLAB installation directory and click Next.

2. In the Choose Setup Type window, click Network Client and enter the name or IP num-
ber of the computer where the licensing software is installed. Click Next.

Choose Setup Type

Select one of the following setup types.
See installation guide for detailed description of the choices.

Standalone

~ Choose a license file
Network Client

.;Q.
Enter name or IP number of the licensing server
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Step 5: Specify the configuration and create shortcuts

For Windows, in the Specify Configuration window, the default is Current user only, meaning
the installation is only available for the person logged in and installing the software. Select All
users to allow anyone using this computer to access Thermo-Calc. By default, the Create
Shortcuts on Desktop check box is selected. Click Next.

For Linux, and if you are installing as a non-root user, by default, the Create Shortcuts on
Desktop check box is selected. Click Forward.

Step 6: Install the software and start using Thermo-Calc

1. In the Ready to Install window click Next.
2. When the Completing the Thermo-Calc Setup Wizard window opens, click Finish.

3. Log out and log back in and start using Thermo-Calc. If you have not got the license file,
go to Request a License File from Thermo-Calc Software on page 38.

Unattended Network Client Installations

D/ Terminology note: The use of the term license server (lower case letters) is applicable to the
option files as described in this section. For the purposes of the step-by-step instructions it
is not used to refer to the type of network installation that runs the licensing software.

Sometimes it is convenient to install Thermo-Calc network clients without providing user input after the
installation is initiated (an unattended network client installation). This is available for Windows and Linux
operating systems.

CI/ Make sure you know the name or IP number of the computer where the licensing software
and the license file are to be installed.

Step 1: Create an option file in a text editor to enter the options

The following is an example of an option file for a custom network client installation, where <name/IP
number>is the name or IP number of the computer where the license file is installed and <MATLAB
directory>is the path to the MATLAB directory (when applicable):

installation mode=custom

setup type=client

enable-components=thermo, tcprisma,databases, tq, tcapi, toolbox
config=all

icons=1

license_ server=<name/IP number>
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matlab folder=<MATLAB directory>

Below is a shorter example, specifying that a typical Thermo-Calc network client should be installed:
installation mode=typical client

license_ server=<nam e/IP number>

Step 2: Go to the directory where the installation file is stored
D/ Thermo-Calc can only be installed in unattended mode from the command line prompt.

Start the installation in unattended mode using the option file created with this command:

e For Windows: <installationfile>.exe - mode unattended --optionfile <path\-
optionfile>

e For Linux: <installationfile>.run --mode unattended --optionfile <path/-
optionfile>

To see other options when you start the Thermo-Calc installation program from the command line
prompt, run this command:

e For Windows: <installationfile>.exe -help

e For Linux: <installationfile>.run —-help
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Request License Files

In this section:

Request a License File from Thermo-Calc Software ... . . . . 38
Getting License Information Using Thermo-Calc ... . . . . il 38
Requesting the License File for Windows . . 39
Requesting the License File for Mac OS .. L 41
Requesting the License File for LINUX ... ... e 42
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Request a License File from Thermo-Calc Software

The following explains how to retrieve the necessary diagnostic and network adaptor information about
your computer and then send an email to Thermo-Calc Software to get your license file(s) containing the
license key(s).

To set up the correct licensing (excluding demo installations where a license file is not required):
1. Make a note of your company or organisation’s site number. You can find the site num-
ber on an invoice or any correspondence from Thermo-Calc Software.
2. Retrieve your computer diagnostic and network adapter information.
3. Email Thermo-Calc Software with this information.

4. A Thermo-Calc Software representative emails you the license file. Save the license file
Iservrc (there is no file suffix) to a location where you can easily access it later.

@ http://www.thermocalc.com/support/request-support/

Getting License Information Using Thermo-Calc

If you have already installed Thermo-Calc, you can view the license information in the GUI. Select Help =
Show License Info.

In Console Mode you can run the SYS module command DISPLAY_LICENSE_INFO.

1. Open Thermo-Calc.
2. Click Switch to Console Mode.

. . Therme-Cale

File Tools Window Help

= AD

Mew Open 5ave | Switch to Console Mode

3. At the sys: prompt, enter DISPLAY LICENSE INFO (all caps).

Bl console 1 =N R =

Thermo-Calec / DICTRA
Only for use at Thermo-Calc Software AB

Local contact Computer: orion.thermocalc.se

SY5:DISPLAY LICENSE INFO
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You can output the information to a FILE or to the SCREEN.

SYS:DISPLAY LICENSE INFO
OUTPUT TO SCREEN OR FILE ISCREENI:SCREEni

For both options, the information is displayed on screen. Copy the section containing the
Ethernet and IP address. You can save it to a text file or paste it directly into an email.
If you choose FILE as the output, then you can attach the file to an email. For Windows
and Linux you can also run the diagnostic program located on the web.

Requesting the License File for Windows

e

0

Demo (trial) installations: Skip this section. A license file is automatically installed with the
software. You do not need to request it.

0

Upgrades to a new version of Thermo-Calc: Skip this section if you are upgrading to a new
version of Thermo-Calc and (and you have a maintenance plan). Your license is sent to you
in an email from Thermo-Calc Software AB. Save it to your computer to use during software
installation.

. Go to Thermo-Calc's website (or click the link sent by email).

Training Our Company

Documentation
FAQ
Request support

f supporti  Diagnostic tools
s of our sot

Under TCLOG (Thermo-Calc version S) - Windows computers click the link tclog for
Windows computers.

. Click the Save file button and OK to download and save the tclog.zip file.
. Unzip and extract the files.

. Double-click to open the main folder of the downloaded file. Right-click the tclog.bat

file and select Run as administrator.
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Name

I exe

L. win32

I wing4
echoid.dat

A exitTCM
Instruction.txt

“| tclog.bat

Date modified

5/7/2015 2:04 PM
5/7/2015 2:04 PM
5/7/2015 2:04 PM
5/7/2015 2:04 PM
5/7/2015 2:04 PM
5/7/2015 2:04 PM
2/7/2015 2:04 PM

Open

Edit

Print

Run as administrator
Troubleshoot compat[%ility
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Type

File folder

File folder

File folder

DAT File
Thermo-Calc TCM ...
Text Document

Windows Batch File

6. Double-click the tclog.bat file. Click Run. This starts the diagnostic tool and creates a
tclog.log text file in the same directory.

£ exitTCM
Instruction.txt

- tclog.bat

| tclog.log

7. Send an email to support@thermocalc.com and attach the tclog.log file. Make sure to
include the following in the subject line:

License diagnostic information from <Name> where Name is replaced with your name, the
organisation name and the Site Number. You can find the five-digit site number on an invoice or
any correspondence from Thermo-Calc Software.

Designated Site 12345

XYZ Company

900 Main Street
Stockholm 11190
SWEDEN

To: support@thermocalc.com

Cce

License diagnostic information from Jane Smith, XYZ Company, Site 12345

Add attachments

{ 7 tclogog (7.3 KB} (%
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8. A representative from Thermo-Calc Software replies to the email and attaches your
license file(s).

9. Save the license file(s) to your computer or network.

Requesting the License File for Mac OS

~

® Demo (trial) installations: Skip this section. A license file is automatically installed with the
software. You do not need to request it.

@ Upgrades to a new version of Thermo-Calc: Skip this section if you are upgrading to a new
version of Thermo-Calc and (and you have a maintenance plan). Your license is sent to you
in an email from Thermo-Calc Software AB. Save it to your computer to use during software

installation.

1. From the Apple main menu, select System Preferences.

2. Click Network.

[ ] FE System Preferences Q| o
(2 — @ o) @
General  Desktop & Dock Mission Language  Security Spotlight  Notifications

Screen Saver Contro & Region & Privacy

. = N

CDs&DVDs  Displays Energy Keyboard Mouse Trackpad Printers & Sound
Saver Scanners

- b
% (] il
@ @ 0 &
iCloud Internat Extensions MNetwork Bluetooth Sharing
Accounts

3. In the left column select Ethernet or Built-in Ethernet (do not select a WiFi connection
as a local static MAC address is required).

4. Click Advanced -» Hardware.
The Network window shows you the MAC Address. For example, the MAC address (the

host ID) might be 3¢:07:54:28:5f:72.
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Network

AP
o+ Ethernet

TCPAP DNS WINS 802.1X Proxies [JsEIGIEGHY

MAC Address: 3c:07:54:28:5f:72

Configure: | Automatically

< B

Speed:

<3

Duplex: half-duplex

<3

MTU: Standard (1500)

5. Send an email to support@thermocalc.com and copy and paste the MAC address into
the body of the email. Make sure to include the following in the subject line:

License diagnostic information from <Name> where Name is replaced with your name, the
organisation name and the Site Number. You can find the five-digit site number on an invoice or
any correspondence from Thermo-Calc Software.

Designated Site 12345 |
XYZ Company

900 Main Street
Stockholm 11190
SWEDEN

To: support@thermocalc.com

Cc
License diagnostic information from Jane Smith, XYZ Company, Site 12345

Add attachments { ] tcloglog (7.3 KB) [

6. A representative from Thermo-Calc Software replies to the email address provided and
attaches your license file or files.

7. Save your license file to your computer or network.

Requesting the License File for Linux

1. Go to Thermo-Calc's website.

2. From the Support menu select Diagnostic tools.
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if support i Diagnostic tools
s of our sol

3. Under TCLOG-> Linux computers click the link tclog for Linux computers.
4, For the tclog.tar file, either Save File or Open with the default program.

5. Go to the Downloads directory. Extract the files using the mouse (for example, in
Ubuntu right-click to extract the files) or use this command in the Terminal window:

> tar —-xf tclog.tar

6. This creates a subdirectory called tc/og in the Downloads directory.

7. In a Terminal window run the following command replacing <tclog_path> with the path
to tclog:

> sh /<tclog path>/script/getreg.sh

8. Double-click to open the tclog folder. Then either copy the output from the Terminal
window or right-click and save the tclog file. Name it tclog.log.

9. Send an email to support@thermocalc.com and attach the tclog.log file. Make sure to
include the following in the subject line:

License diagnostic information from <Name> where Name is replaced with your name, the
organisation name and the Site Number. You can find the five-digit site number on an invoice or
any correspondence from Thermo-Calc Software.

Designated Site 12345 |
XYZ Company

" Dpt. of Material Science
900 Main Street
Stockholm 11190
SWEDEN

To: support@thermocale.com

]

License diagnostic information from Jane Smith, XYZ Company, Site 12345

Add attachments { 7 tcloglog (7.3 KB) (%

10. A representative from Thermo-Calc Software replies to the email and attaches your
license file(s).

11. Save the license file(s) to your computer or network.
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Troubleshooting

In this section:

LICENS@ EFTOIS ... e e e e e e e 45
Determining the Current License File Directory Path ... . . . 46
Specifying a New Server Name or IP Number ... . 49
MATLAB® Installation Dir€Ctory .. ...........o e e 50
Firewalls 51
Client/Server MISMACR ... ... . e 51
Mac OS Installations: Running the License Initialization Script ... .. ... ... 53
Linux Installations: Running the License Initialization Script ... ... 54
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License Errors

Installation . . . .
Issue Platform Action or link to more information

type

How do | add or update a

standalone (SUNLL) license

on a Windows computer Windows Standalone
where Thermo-Calc is

already installed?

Determining the Current License File
Directory Path on the next page

How do | add or update a

standalone (SUNLL) license

on a Linux computer Linux Standalone
where Thermo-Calc is

already installed?

Determining the Current License File
Directory Path on the next page

How do | add or update a
network license on Windows Network
Windows?

Determining the Current License File
Directory Path on the next page

How do | add or update a Determining the Current License File

Linux Network
network license on Linux? Directory Path on the next page
You get this message if the wrong path or no
No license file found. Copy . = o e 2 .
. license file is found at a path entered during
a valid license file to the . .
. . . the installation process. See Default
installation directory after  All All . .
. Directory Locations on page 13 and
completing the o 3 ]
) . Determining the Current License File
installation. .
Directory Path on the next page
MATLAB not found (for the
TC-Toolbox for MATLAB Windows All MATLAB® Installation Directory on page 50
component)
Warning Environment
variable “LSHOST” is not Specifying a New Server Name or IP Number
i All Network pecifying
set. Software will not on page 49
function properly.
Problem running post- Mac OS Installations: Running the License
install step. Installation Linux and standalone Initialization Script on page 53 or Linux
may not complete Mac Installations: Running the License
correctly. Initialization Script on page 54
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Issue Platform

Unable to run post-
installation script, run the
license initialization script
as root after the
installation.

Firewall warnings related

to license management Windows
software (License Manager and Linux
and License Server)

Client / Server naming Windows
mismatches and Linux

InstallScript engine missing  Windows
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Installation . . . .
Action or link to more information
type
Network Firewalls on page 51
Network Client/Server Mismatch on page 51
You are not notified if the InstallScript
scripting engine is not installed. Install the
ISScript.msi file and then run the
Network

downloaded file from Thermo-Calc again as
described in Set Up the License Manager on
Windows on page 28

Determining the Current License File Directory Path

This topic explains how to find out where your license file is installed, either by default or if a different
directory was chosen for previously installed versions. For new installations, where you may not have
had a license file when you installed Thermo-Calc (for example, you had a demo version), you can also
use these instructions to determine the correct file path.

From Thermo-Calc

If you have already installed Thermo-Calc, you can view the path to the license file in the GUI. Select Help

- Show License Info.

In Console Mode you can run the SYS module command DISPLAY_LICENSE_INFO.

Windows Standalone Installations

Howdo I add or update a standalone (SUNLL) license on a Windows computer where Thermo-Calc is

already installed?

1. Unpack the .zip file that contains your standalone license and save the LSERVRC file on
your computer. Find out where to place the new license file by opening a Command
Prompt Window (cmd.exe) and type in the command line:

>set LSERVRC
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2. Press Enter. The output from the command is the path to the license file (including the
name of the license file). For example: if the output is

LSERVRC=C:\Program Files\Thermo-Calc\2016a\lservrc
then the new license file should be placed in C: \Program Files\Thermo-Calc\2016a\
Linux Standalone Installations

Howdo I add or update a standalone (SUNLL) license on a Linux computer where Thermo-Calc is already
installed?

Find out where to place the new license file by opening a Terminal window and type in the command line:
echo S$LSERVRC

Windows Network Installations

Howdo I add or update a network license on Windows?

1. You need administrator rights to do the following.

e On Windows 7, click the Start button and in the search field type Services. Double-click
the Services result.

Programs (3)
2. Component Services

-, Services

" services.exe

o On Windows 8, move the mouse over the right edge of the screen to access Search, click
Settings and then enter and select View Local Services.

2. In the list of installed services, right-click Sentinel RMS License Manager and select
Properties from the pop-up menu.

3. On the General tab under Path to executable, click the line containing the path to see
where the file Iservnt.exe is located. The license file (Iservrc) is in the same directory.
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Sentinel RMS License Manager Properties (Local Computer) ﬁ

General |Log On | Recovery Dependencies|

Service name: Sentinel RMS License Manager
Display name: Sentinel RMS License Manager
Description: Sentinel RMS License Manager -

Path to executable:

mon Files\SafeNet Sentinel\Sentinel RMS License ManagerWinMNT\servnt exe”|

Startup type: [Automatjc -

Help me configure service startup options.

Service status: Started

Start Stop ] ’ Pause Resume

You can specify the start parameters that apply when you start the service from
here.

Stan parameters:

[ OK ] l Cancel Apply

The default path for the license file is

C:\Program Files (x86)\Common Files\SafeNet Sentinel\Sentinel RMS
License Manager\WinNT\LSERVRC

4. Move your copy of the license file (Iservrc) to this directory.

5. Restart the Sentinel RMS License Manager by:

« Restarting the computer, or

o Right-clicking Sentinel RMS License Manager and selecting Restart from the list of
installed services.
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Linux Network Installations
Howdo I add or update a network license on Linux?

Replace your current license file with the new license file. The license file is located in the same directory
as the license server.

Specifying a New Server Name or IP Number

The Thermo-Calc Setup wizard does not warn you if the name or IP number entered to the server (with
the license management software) is incorrect.

Ifthe name or IP number is not set at all, or if it is set to an empty string, then when you start Thermo-
Calc the following message displays: Warning Environment variable “LSHOST” is not set. Software will
not function properly.
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Windows

Changing the server name or address (Windows)

This section explains how to specify or change the name or IP number of the server where the License
Manager is installed and for a consolidated network client installation.

To install a license for an existing Thermo-Calc program, follow these steps:

1. Close all running Thermo-Calc programs.

2. Open a command line window.

e In Windows 8, use Search (mouse-over the right edge of your screen) to find cmd and
then double-click the Command line icon.

e In Windows 7, from the Start menu click Run and type cmd in the field.

3. Specify the name or IP number of the licensing software server. Type:

set LSHOST=<name/IP number>

To display the current name or IP number, type:
set LSHOST

Mac

Mac installations

Permanently set the environmental variable LSHOST to specify a new licensing server name or IP
number. Refer to the file /Applications/Thermo-Calc-2016a.app/Contents/plist.info.

In this file, you can manually set the TC60_HOME variable, which specifies the home directory of the
Thermo-Calc program. See the plist.info file for an example.

Linux
Linux installations

You can set or change the name or IP number of the license server at a later time by setting the
environmental variable “LSHOST” to this name or number.

MATLAB® Installation Directory

For Windows installations of the TC-Toolbox for MATLAB component, you may get an error message or
window asking for the MATLAB installation directory path. If it is during the installation Setup process,
enter the path in the field.

Determining the licensing software version

Sometimes you may need to know the version of License Manager (Windows) or License Server (Linux)
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software being used. This can be useful while troubleshooting network installations.

e On Windows open a command prompt and go to the directory where 1servnt.exe is
found. For example:

>C:\Program Files (x86)\Common Files\SafeNet Sentinel\Sentinel RMS
License Manager\WinNT

Typethe command >1servnt.exe —help and theversion is displayed.

e On Linux open a Terminal window and go to the directory where the 1serv script is
saved. For example:

>cd /usr/local/Thermo-Calc/<version>/Licensing-files

Typethe command >./1serv —help and the version is displayed.

Firewalls
Windows

For a Windows License Manager installation you may have to change the system firewall settings to allow
the License Manager to communicate with the computers running the client applications. Go to the
Windows Firewall settings window to see if there are any problems. If prompted, select Unblock the
system firewall for the Sentinel RMS License Manager and click Next.

Linux

For a Linux License Server installation you need to open the UDP port 5093 in your firewall. In case you
have installed SELinux you might also need to disable it by setting SELINUX=permissive in the
/etc/selinux/config file.

Client/Server Mismatch

For some network installations there can be a naming mismatch that causes errors. The server (where
the license management software is installed) gets information from its DNS servers that an IP address
(aaa.bbb.ccc.ddd) belongs to a computer (Computer A). But the client computer identifies itself as having
a different IP address (aaa.bbb.ccc.eee) for the same computer (Computer A).

Even if the IP address of the client computer belongs to a subnet range listed in the license file, there is a
problem with accessing the license file because the computer name does not match the information.

You may need your organisation’s network administrator to assist with this issue.

How to Check

Step 1: Compare computer names on the client computer and server

1. On the client computer, start a command prompt cmd.exe and type ipconfig /all.
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Press Enter. A variety of data is displayed on screen. Write down the following inform-
ation for later comparison:

e Host name
¢ Dns Suffix
e Current IPv4 Address

2. In the command window, type nslookup <client_computer_name>, where client_com-
puter_name is the actual name of the client. Press Enter.

This shows what information is saved on the DNS Servers used by the client computer. This
information should match what is shown in the output from the first step.

3. On the server that holds the license management software, open a command prompt
and run the command line: nslookup client computer name. The output lists the
information for this server.

Does it match the information given by the command ipconfig /all on the client computer? If not
try the following:

Step 2: Try these options to correct the issue

1. If the client computer has a dynamic (DHCP) IP address, either change it to a static one
or make a reservation on the DHCP Server so that the computer always get the same IP
address.

2. Update the records on the DNS Servers used by both the client computer and the server

computer.

You can also hard code computer names and IP addresses in the local "address book" of the client and
server:

1. On the client computer, make a backup copy of the file C:\Win-
dows\System32\drivers\etc\hosts.
2. Open the original in a simple text editor.

3. Add a new line which contains the IP and name of the server, for example:
192.168.29.27 license_server.thermocalc.se.

4. Save the changes.
5. On the server, make a backup copy of the file /etc/hosts.

6. Open the original in a simple text editor.
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7. Add a new line which contains the IP and name of the client, for example: 192.168.29.47
Computer_A.thermocalc.se.

8. Save the changes.

9. In the host file, there is an example of how the operating system (Windows or Linux)
wants the line in the hosts file to look like.

Mac OS Installations: Running the License Initialization Script

As part of the Standalone installation of Thermo-Calc, the Setup runs a license initialization script. If this
part of the installation process did not complete properly for a standalone installation, you must
manually run the license initialization script. You need the administrator username and password for
these steps.
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How to Run the Script

For this script to successfully initialize the license, the license file must be called Iservrc and be located in
the folder /Applications/Thermo-Calc-2016a.app/Contents/Resources or /Applications/Thermo-Calc-
2016a-Demo.app/Contents/Resources for demo installations.

@ Also see Default Directory Locations on page 13.

1. Open a terminal window. The Terminal application is in the /Applications/Utilities
folder.

2. At the prompt, enter this command:

$ sudo /Applications/Thermo-Calc-
2016a.app/Contents/Resources/license-initialization-MacOS-x86 64.sh

For demo installations, the path should be /Applications/Thermo-Calc-2016a-
Demo.app/Contents/Resources/ license-initialization-MacOS-x86 64.sh.

If you are not already logged in as an administrator, you probably cannot run the sudo
command. If this is the case, then you can use the su command in the terminal window to login
as an administrator. Contact your local system administrator for help.

3. Enter the administrator password and press Enter.

4. When you restart your computer and run the license initialization script, you are ready
to start using Thermo-Calc.

CI/ If you did not install a license file during this procedure, you can still start Thermo-Calc
although you will get the No license file found message.

Linux Installations: Running the License Initialization Script

As part of a Standalone installation of Thermo-Calc, the Setup runs a license initialization script. If you get
a warning message during the standalone installation Unable to run post-installation script, run the
license initialization script as root after the installation, then you need to manually run the script as root.

openSUSE Administration (sudo) Users

Note the following if you are a sudo user (administrator) in openSUSE installing Thermo-Calc using this
command:

sudo ./linux-installation-x64-6.0.0.17347.run

When this command is used, you will do a text-based installation instead of having a graphical interface
to guide you. The information is the same, just without the user interface.

How to Run the Script
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For this script to successfully initialize the license, the license file must be called Iservrc and
be located in the directory where you have installed Thermo-Calc.

Also see Default Directory Locations on page 13.

. In the console, go to the Thermo-Calc installation directory.

The default installation directory is /home/<user>/Thermo-Calc/2016a if you are installing as
a non-root user, where <user> is your user name. If you are installing as root, then this directory
is /usr/local/Thermo-Calc/2016a.

. Enter this command:

$ sudo sh license-initialization-linux-x86 64.sh

If you are not able to execute the sudo command because you are not on the sudoers list, you
must log in as a root user with the command su, and then use sh to run the license initialization
script. For example, on a 64-bit computer, enter the following:

$ sh license-initialization-linux-x86 64.sh

. Log out of Thermo-Calc and then log back in to save these changes.
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Uninstalling Thermo-Calc

In this section:

Uninstalling Thermo-Calc . . .. 57

Uninstalling Standalone Versions of TC-PRISMA . . 59
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Uninstalling Thermo-Calc
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Windows

1. From the Start menu, go to All Programs - Thermo-Calc.

2. Click Uninstall-Thermo-Calc<version>.

3. In the Uninstallation Mode window, choose to uninstall the Entire application or Indi-
vidual components. Follow the instructions to finish.
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Deleting the program from the Applications folder does not remove the program from your operating
system. Run the Uninstall-Thermo-Calc<version> program located in the Applications folder. This is also
applicable to the Demo version of the software.

1.

Linux

Go to the Applications folder and double click the file that starts with Uninstall-
Thermo-Calc<version>. Enter the administrator’s user name and password.

. Click Yes in answer to the question Do you want to uninstall Thermo-Calc and all of its

modules? Click No to quit.

. The Uninstalling Thermo-Calc window shows the progress. Click OK when prompted.

. To start the uninstallation procedure, in the Thermo-Calc installation directory use the

command
./uninstall-Thermo-Calc-2016a

For Thin Client installations, use the command /uninstall-Thermo-Calc-Client-2016a

. To remove the whole application, including all its components, select Entire application

and click Forward, or to remove specific components, select Individual components
and click Forward.

0

If you intend to reinstall Thermo-Calc 2016a it is important to remove the environmental
variable TC60_HOME by logging out and back into the Linux user account.

Uninstalling Standalone Versions of TC-PRISMA

“

1.

As of Thermo-Calc version 2016a, TC-PRISMA is no longer a standalone program. It is
integrated into the Thermo-Calc Graphical Mode and considered an add-on module called
the Precipitation Module. It is also available for all platforms (Windows, Mac and Linux). If
you have older versions of the TC-PRISMA software that you want to uninstall, follow these
instructions.

Go to the Thermo-Calc uninstaller. For example, in Windows 7, go to Start>All Pro-
grams>Thermo-Calc.
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2. Click uninstall-Thermo-Calc-2015b (or the version of TC-PRISMA you have).
| Thermo-Cale
TC-PRISMA-2015b

/4, Thermo-Calc-2015b
/% uninstall-Thermo-Calc-2015b

3. In the Setup window, click Individual components. Click Next.

b

Uninstallation mode

Do you want to uninstall the entire application or individual components?

Z) Entire application

Removes entire application and all files installed by the application

@ Individual components:

|} Removes individual components while leaving the rest of application installed

4. Select the TC-PRISMA check box.

As

Select Components To Uninstall

Select the components you want to uninstall; .
when you are ready to continue.

| Thermo-Cale
7] TC-PRISMA
| Databases

5. Click Next and then OK when the software component is uninstalled.
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Introduction to Thermo-Calc

This guide is an introduction to working with both Graphical Mode and Console Mode in Thermo-Calc.

In this section:

The Thermo-Calc SOftWAre ... .. ... oo 3
Typographical Conventions ... .. . . . il 3
Graphical Mode vs Console Mode ... ... 4
Help RESOUICES .. ... e 5
Examples, Documentation and Materials ........ ... .. . . 7
The Thermo-Calc Modules and Activities .......... ... ..o . 20
Displaying Thermo-Calc License Information ... . . 23
Using This GUIde . 24
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The Thermo-Calc Software

The Thermo-Calc software is a sophisticated database and programming interface package used to
perform thermodynamic calculations. It can calculate complex homogeneous and heterogeneous phase
equilibria, and then plot the results as property diagrams and phase diagrams.

The Thermo-Calc software (also referred to as the Thermo-Calc program or the software to distinguish it
from the company name) fully supports stoichiometric and non-ideal solution models and databases.
These models and databases can be used to make calculations on a large variety of materials such as
steels, alloys, slags, salts, ceramics, solders, polymers, subcritical aqueous solutions, supercritical
electrolyte solutions, non-ideal gases and hydrothermal fluids or organic substances. The calculations
take into account a wide range of temperature, pressure and compositions conditions.

A Software Development Kit (SDK) is available. This SDK is used to plug the calculation engine into your
own application or into other third-party applications.

The Thermo-Calc program also includes modules to run simulations of:
« Diffusion controlled transformations in multicomponent systems: Diffusion Module
(DICTRA)and DIC_PARROT.
« Diffusion controlled multi-particle precipitation process in multicomponent and multi-

phase alloy systems: Precipitation Module (TC-PRISMA).

All Thermo-Calc users have access to the Precipitation Calculator to use it with two elements. To
fully realise the power of the Precipitation Module you need an additional license key. There are
also two examples available to all users. All examples use demonstration databases, which are
included with every installation.

@ Use online help for information about how to use Diffusion Module (DICTRA) and
Precipitation Module (TC-PRISMA).

Typographical Conventions

The following typographical conventions are used throughout the documentation:

Convention Definition

The forward arrow symbol = instructs you to select a series of menu items
in a specific order. For example, Tools - Options is equivalent to: From the
Tools menu, select Options.

Forward arrow
symbol >

A boldface font indicates that the given word(s) are shown that way on a
Boldface font toolbar button or as a menu selection. For example, if you are told to select
a menu item in a particular order, such as Tools->Options, or to click Save.
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Convention Definition

An italic font indicates the introduction of important terminology. Expect to

Italic font
find an explanation in the same paragraph or elsewhere in the guide.

For features in Thermo-Calc that use the command line, this font and all

capital letters indicates that this is a COMMAND used in the Console Mode

terminal. Examples of how you can use a command are written with code
COMMAND font:

Use DEFINE_ELEMENTS followed by a list of the elements that you want in
your system. (To list the elements that are available in your current
database, use LIST_DATABASE and choose Elements).

Text in blue and underline and a page number is a link to another topicin
the current or referenced guide. Often command names are also topics.

HELP

E— Clicking the link takes you to more detail about a particular command or
subject in the PDF.

<Enter> Text with <angle brackets> indicates a keyboard entry. Usually to press

<Enter> (or Return).

A code font shows a programming code or code example. The code bold

de and code bold
code code bo font highlights the entry.

@ Provides important information and indicates that more detail

Important
> is located in the linked or named topic.
Note CI/ The information can be of use to you. It is recommended that
you read the text or follow the link to more information.
Also see @ Go to more information about the topic being discussed.
il .
Examples ! Go to the example collection to learn more.

Graphical Mode vs Console Mode

There are two interfaces in Thermo-Calc: Graphical Mode with a graphical user interface (GUI) and
Console Mode, which uses a command line interface.

« In Graphical Mode calculations are set up, carried out, and visualized as part of a pro-
ject. The steps in the project are performed with activities. There are templates and a
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Wizard available to guide you through the process of defining the project.

« In Console Mode you work with modules, which are managed using commands typed at
a prompt. Some modules, called response-driven modules, prompt you with a series of
questions that typically take you through the process of defining your system, setting cal-
culation conditions, performing calculations and plotting the results.

Switching Between Modes

The first time you open Thermo-Calc, it defaults to Graphical Mode. For any future instance it defaults to
the last mode used.

Along the top of the GUI is the toolbar where you switch between modes.
The toolbar in Graphical Mode

File Tools Window Help

| AD

New Open Save | Switch to Console Mode

The toolbar in Console Mode

In Console Mode, except for the Switch to Graphical Mode button, the toolbar is not used.

O

Switch to Graphical Mode

New Open Save

See Main Menu and Toolbar on page 32 for information about the Tools, Window and Help menus,
which are available in both modes.

( )

@ The two modes can be run simultaneously, but there is no communication between them.
What you do in Graphical Mode does not affect the state of the Console Mode session and
vice versa. One exception is the plot settings. See Global Settings: Graphical and Console
Mode-Plotting on page 200.

EI' Although many calculations can be done in either mode, only data optimization and
thermodynamic or kinetic assessments are available in Console Mode.

Help Resources
Online and Context Help
Online Help

To access online help in a browser, open Thermo-Calc and select Help <»Online Help. The content opens
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in a browser but uses local content so you don't need an internet connection.

Context Help

When you are in Graphical Mode, you can access feature help (also called topic-sensitive or context help)
for the activity nodes in the tree.

1. In the Project window, click a node. For example, System Definer.
2. In the lower left corner of the Configuration window, click the help button &

3. The Help window opens to the relevant topic.

File Tools Window Help

mi =] AdD

New Open Save | Switch to Console Mode

Project a § % C i g 8% Results =L

T — Plot Rendere
My Project T
e et /‘\T hermo-Calc
/ =
o 2\ Software
Equilibrium Calculatar 1
' Search Q
Plot Renderer 1

You are here: Thermo-Cale » Thermo-Calc User Guide » Graphical Mode Activities o =
> System Definer =
System Definer

Scheduler

> Scheduled Jobs In a System Definer activity, you select the database to use to retrieve

thermodynamic data and define which elements the system has as
components. You can also select which species to include as well as

change the reference temperature and pressure for your components, Graphical Mode Activities

System Definer
Creating Activities and Successors i .
@ Also see for a list of possible Creating a System Definer At
successors and predecessors for this activity.
Property Model Calculator

[ Back H Close H Reload H Forward ]

‘- Add Predecessor || Perform Tree ] /A S

< [ » ‘

The window that opens has the same content as the help you access in the browser. There are these
extra navigation buttons in this view.

¢ Use the buttons on the bottom of the window, ’ ok H s H ol ” ~ ],to

navigate Back and Forward (these are only active once you have started using the help
to load pages and create a history), to Close the window, and Reload the original con-
tent.

Console Mode Help
g Console Mode is for Thermo-Calc and the Diffusion Module (DICTRA).

In Console Mode at the command line prompt, you can access help in these ways:
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o For a list of all the available commands in the current module, at the prompt type a
question mark (2) and press <Enter>.

« For a description of a specific command, type Help followed by the name of the com-
mand. You can only get online help about a command related to the current module you
arein.

« For general system information type Information. Specify the subject or type ? and the
available subjects are listed. This subject list is specific to the current module.

Examples, Documentation and Materials

To learn more about how to use the software you can open and run the example projects (Graphical
Mode) and macro files (Console Mode). These are in the format of project files (*.TCU) and macro files
(*.TCM), respectively. There are also PDF documentation sets and database information sheets included
with your installation. These are also available on the Thermo-Calc Software website.
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Installation Resources

D/ On Windows, once Thermo-Calc is installed, you can also locate the Examples and Materials
folders, plus all the Manuals using the shortcuts located in the Start menu. Go to Start =
All Programs >Thermo-Calc and click Examples, Manuals, or Materials as required to open
the applicable folder.

In the table, <user> stands for the username and <version> for the version of Thermo-Calc, for example
2016a.

(0} User type Default directory

Users\<user>\Thermo-Calc\<version>

Normal user Users\<user>\Documents\Thermo- Calc\<version>
My documents
Windows
Program Files\Thermo-Calc\<version>
Administrator Users\Public\Documents\Thermo- Calc\<version>
Public documents
Examples and manuals in /Users/Shared/Thermo-
- Administrator (user name  Calc/<version>
and password required) To go to this folder, in Finder, from the Go main menu select
Go to folder. Enter the above file path and click Go.
Non root user home/<user>/Thermo-Calc/<version>
Linux
Root user usr/local/Thermo-Calc/<version>

PDF Documentation

Based on your needs, there is PDF documentation available as part of your installation. These do not
include the Database Information Sheets (see below).

« Thermo-Calc Documentation Set: Includes all the manuals needed to work with
Thermo-Calc including the installation guides. For the other add-on module doc-
umentation, see the separate PDFs.

« Installation Guides: Includes the quick install guides for Standalone Windows and Mac
installations as well as the full installation guide for all platforms and installation types.

« Diffusion Module (DICTRA) Documentation Set: Includes Diffusion Module (DICTRA)-
specific manuals plus the Thermo-Calc User Guide, Console Mode Command Reference,
Data Optimization User Guide, Database Manager User Guide, and the DATAPLOT User
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Guide.
« Precipitation Module (TC-PRISMA) User Guide

« SDK (Software Development Kit) Documentation Set: Includes TQ-Interface Pro-
grammer Guide, TC Toolbox for MATLAB® Programmer Guide, and TC-API Programmer
Guide.

Database Information Sheets

The database information sheets are included in the online help system and in a Manuals sub-folder.
You can also view these on the Thermo-Calc website.

Graphical Mode Example Collection

After you have accessed the Examples, Documentation and Materials on page 7, go to the Graphical
Mode Example folder to open one of the project files in Thermo-Calc.

Opening a Project File
Navigate to the file location and double-click the *.tcu file to open it. It launches a new session of the
software. Or you can select File »Open Project from an open session of Thermo-Calc.

@ Also see the Thermo-Calc Graphical Mode Examples Guide.

The project files have the extension *.tcu.
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£ Ex_01_Single-point_equilibrium.tcu

-\ Ex_02_Step_in_temperature_in_Fe-Cicu

.i. Ex_03_Fe-C_phase_diagram.tcu

-\ Ex_04_Fe-Cr-C_ternary_phase_diagram.tcu

.i. Ex_05_Fe-C_stable_and_metastable_phase_diagram.tcu

A Ex_06_Serial_equilibrium_calculators.tcu

2 Ex_07_User_defined_functions.tcu

,il Ex_08_Scheil_and_equilibrium_solidification.tcu

£ Ex_09_Heat_map_of_carbide_driving_force.tcu

,il Ex_10_Phase_Transition.tcu

.i. Ex_11_Coarsening_and_Interfacial_energy.tcu

,il Ex_12 Driving_force_and_Interfacial_energy.tcu

A Ex_13_Precipitation_Al-Sc_AL3SCtcu

-\ Ex_14 Precipitation_Fe-C-Cr_Cementite-M7C3-M23C6.tcu

A Ex_15_Precipitation_Fe-C-Cr_TTT_Cementite-M7C3-M23C6.tcu
A Ex_16_Precipitation_Fe-C_Cemetite.tcu

A Ex_17_Precipitation_Ni-Al-Cr_Isothermal_Gamma-Gamma_prime.tcu

,il Ex_18_Precipitation_Ni-Al-Cr_MNon-isothermal_Gamma-Gamma_prime.tcu

Thermo-Calc Documentation Set
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Examples of Thermo-Calc Activities
Example 1: Calculating a Single-Point Equilibrium

This example shows the result from a single-point equilibrium calculation in the Fe-C system. The number
of equilibrium conditions is C+2 where C is the number of components, meaning that four conditions are
needed in this example:

« Temperature is 1000 K

e Pressure is 101325 Pa

o System size is 1 mole

« Mass percent carbon is 0.1%

The displayed results of the calculation show that the BCC_A2 (ferrite) and GRAPHITE phases are stable
for this set of equilibrium conditions.

File Name Activity Example
Ex_01_Single-point_equilibrium Equilibrium Calculator
Example 2: Stepping in Temperature in the Fe-C System

This example shows how the fractions of stable phases vary for an Fe-0.1 mass-% C alloy when the
temperature is varied between 500 and 2000 K. To allow temperature to vary, the corresponding Axis
Definition check box is selected. In this example, results are displayed graphically using a Plot Renderer
activity. To get text results a Table Renderer activity is used instead.

File Name Activity Examples

Equilibrium Calculator, Plot Renderer and a

Ex 02 i in_Fe-
x_02_Step_in_temperature_in_Fe-C Table Renderer

Example 3: Fe-C Phase Diagrams

This example shows the stable Fe-C phase diagram (stable meaning that the graphite phase is entered in
the calculation). The same diagram is calculated using a:

« Binary Calculator activity and a

o System Definer and an Equilibrium Calculator activity. In both cases, a Plot Renderer
activity is used to display results. The purpose of the Binary Calculator is to simplify
common calculations for binary systems. In the Equilibrium Calculator two axes are
defined: Mass percent C and Temperature. An axis variable must also be an equilibrium
condition.
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File Name Activity Examples

Binary Calculator, System Definer and

Ex_03_Fe-C_ph di
HBEL IR otz ezl ) Equilibrium Calculator

Example 4: Ternary Phase Diagram in the Fe-Cr-C System at 1000 K

This example shows a ternary phase diagram in the Fe-Cr-C system at 1000 K. Similar to Example 3, the
same diagram is calculated using:

« a Ternary Calculator activity and

» a System Definer and an Equilibrium Calculator activity. To toggle between a tri-
angular and a rectangular diagram, press the Show Triangular button. To toggle the X
and Y axis variables, press the Switch Axes button.

File Name Activity Examples

Ternary Calculator, System Definer and

Ex 04 Fe-Cr-C_ t h di
X_DA_rer._ternary_phase_diagram Equilibrium Calculator

Example 5: Stable and the Metastable Fe-C Phase Diagrams

This example shows how to overlay results from two calculations in the same plot. In Equilibrium
Calculator 1 the stable phase diagram is calculated and in Equilibrium Calculator 2 the metastable. The
Plot Renderer activity is first created as a successor to Equilibrium Calculator 1. Then right-click the Plot
Renderer node and select Add predecessor and the results from both equilibrium calculators are in the
same plot. The metastable diagram is obtained by deselecting the graphite phase in the System Definer
under the Phases and phase constitution tab.

File Name Activity Example
Ex_05_Fe-C_stable_and_metastable_phase_diagram Equilibrium Calculator

Example 6: Serially Coupled Equilibrium Calculators

This example shows how to use serially coupled Equilibrium Calculators for more complex equilibrium
conditions. Sometimes there are multiple possible solutions for a given set of equilibrium conditions. In
other cases the equilibrium calculation does not converge. You can then aid the final calculation by, in
effect, telling the software where it should start the search for the equilibrium. Here are examples of two
such cases.

« In the first example, the final objective is to calculate the equilibrium at 850°C where
the mole fractions of the FCC Al and BCC A2 phases are 0.5 each for an Fe-Cr-C steel
with 10% chromium. In Equilibrium Calculator 1 a simple set of equilibrium conditions
(temperature, pressure, system size and composition) are used to find a carbon content
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where only the FCC Al and BCC A2 phases are stable. The results from this preliminary
calculation are displayed in Table Renderer 1.

« In Equilibrium Calculator 2 the carbon content equilibrium condition is replaced by the
condition that the numbers of moles of the BCC A2 phase should be 0.5. The final result
is displayed in Table Renderer 2. In this case, the final objective is to calculate the
solidus temperature of an Fe-Cr-C steel with 10% Cr and 0.01% C.

« In Equilibrium Calculator 3 the state at 2000 K is calculated and the result is displayed in
Table Renderer 3.

« In Equilibrium Calculator 4 the temperature equilibrium condition is replaced by the con-
dition Fix phase / liquid / 0.0, meaning that liquid should be stable in an amount of zero
moles, i.e. the solidus temperature. The final result is displayed in Table Renderer 4.

File Name Activity Example
Ex_06_Serial_equilibrium_calculators Equilibrium Calculator

Example 7: User-Defined Functions

This basic example shows the use of user-defined functions. A series of equilibria for an Fe-Cr-C alloy are
calculated by varying temperature between 500 and 3000 K. In the configuration window of the
Equilibrium Calculator under the Functions tab, two identically meaning functions are defined, fraction
solid and fsolid, the values of which are plotted against temperature in the Plot Renderers. Functions
can be entered in terms of QuantitiesQ1, Q2, Q3 etc., or, for using the Thermo-Calc syntax.

File Name Activity Example
Ex_07_User_defined_functions Equilibrium Calculator

Example 8: Scheil and Equilibrium Solidification

This example shows a comparison for an Al-Si alloy solidified under full local equilibrium and under the
Scheil assumptions, i.e. zero diffusion in the solidified material and infinitely fast diffusion in the liquid.
There are three Plot Renderers created: Scheil solidification, equilibrium solidification and the third Plot
Renderer includes both in the same plot.

File Name Activity Example
Ex 08 Scheil and_equilibrium_solidification Scheil Calculator

Example 9: Carbide Driving Force Heat Maps

This is an example of using property grid calculations to plot the driving force for a carbide as a function
of two composition variables. With the property grid calculation type, a 2D grid is generated from the
two calculation axes. After the calculation is done, an equilibrium is calculated in each grid point. A Plot
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Renderer connected to a property grid calculator plots the z-axis property for each equilibrium as a
function of the two calculation axes. The final plot can be either a heat map or a contour plot.

File Name Activity Example
Ex 09 Heat map_of carbide_driving_force Plot Renderer

Example 10: Phase Transition

The example uses the Property Model Calculator to predict the transition temperature to the unwanted
brittle Sigma phase. The example shows how the temperature is influenced by changes to a steel alloy’s
composition using the uncertainty calculation type and how to create either a histogram or probability
plot.

File Name Activity Example
Ex_10_Phase_Transition Property Model Calculator

Example 11: Coarsening and Interfacial Energy

The example uses the Property Model Calculator and both thermodynamic and kinetic demonstration
steel databases. Using a grid calculation type it produces three plots: a heat map, a contour plot and a
cross plot with contour (where both the interfacial energy and coarsening rate is shown).

File Name Activity Example
Ex_11 Coarsening_and_Interfacial_energy Property Model Calculator

Example 12: Driving Force and Interfacial Energy

The example uses the Property Model Calculator and a thermodynamic demonstration steel database.
Using a grid calculation type it produces a contour plot comparing the driving force and interfacial
energy.

File Name Activity Example

Ex 12 Driving_force_and_Interfacial_energy Property Model Calculator

Console Mode Example Collection

After you have accessed the Examples, Documentation and Materials on page 7, go to the Console
Mode Example folder to open one of the macro files in Thermo-Calc.

Opening a Macro File

These macro files (with the extension *.7cM) include comments, which you can either run in Thermo-Calc
or open and read in a text editor. If you read the macro file in a text editor, you do not see the output
that Thermo-Calc gives in response to the commands stored in the macro file.
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Navigate to the file location, where each example is in its own folder.

MName

tcex01
tcex02
tcex03
tcex04
tcex05

A teex01TCM

tcexDb

In the folder, double-click the *.TcM file to open it. It launches a new session of Thermo-Calc and opens in
Console Mode. If you have an instance of Thermo-Calc open in Console Mode, you can also drag and
drop the file to run the macro. You can also open any text file editor and drag the file into it to see its
contents.

Console Mode Example Descriptions

#

Example Description
Calculation of the binary Fe-C phase diagram.

Plotting of thermodynamic functions in unary, binary and ternary systems and working with
partial derivatives and partial quantities

Calculation of an isothermal section using the TERNARY module.
Calculation of the miscibility gap in Fe-Cr
Calculation of a vertical section from Al to 30% Mg2Si

Calculation of an isopleth in low alloyed Fe-Mn-Si-Cr-Ni-C steel.

This example calculates a multicomponent phase diagram using the define-material command
in POLY and the TCFE steel database. The material contains 1.5 %Cr + 0.4 %Mn + 3.5 %Ni + 0.3
%Si and 1 %C (by weight). These conditions and the temperature are set by the command.
Hidden commands set the pressure to 1 bar and so that iron is "the rest".

After calculating the first equilibrium a phase diagram is calculated with one axis variable as
temperature and the other as the carbon content.

Calculation of single equilibria in low alloyed Fe-Mn-Si-Cr-Ni-C steel. There are two general ways
to perform a single equilibrium calculation:

o Get data from a database, then in POLY use SET_CONDITION and COMPUTE _
EQUILIBRIUM.

o Go directly to POLY and use DEFINE_MATERIAL.

The COMPUTE_TRANSITION command is also used to determine the temperature or
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Example Description
composition where one phase forms or disappears.

Calculation of property diagrams for a high speed steel i.e. phase fraction plots, activity vs
temperature, etc.

Calculation of dew point.

The example calculates an equilibrium with suspended or dormant phases and shows how to
avoid clogging of Cr203 in a continuous casting process. The origin of this example is that a
manufacturer wanted to increase the Cr content of a material from 18 to 25 weight percent but
the continuous casting of this material was problematic because solid Cr203 was formed. Using
Thermo-Calc to calculate the equilibria in the steel/slag system, a simple correction was found:
modify the Mn or Si content to decrease the oxygen potential.

In Thermo-Calc, you can FIX a phase with zero amount to simulate how to avoid forming this
phase. You then release one of the conditions, usually one of the compositions, and this
composition is determined by the equilibrium calculation.

This example demonstrates the oxidation of Cu2S with H20/02 gas mixture. Thermo-Calc is
used to find the optimum O/H ratio (i.e. oxygen potential) as certain oxygen potential values
can desulphurize Cu2S without forming copper oxides.

In Thermo-Calc, the problem reduces to perform equilibria calculations in a Cu-S-H-O system.
The amounts of the components should be kept to correct ratio corresponding to Cu2S and
H20 using a command SET_INPUT_AMOUNTS in POLY_3. Initially, O/H = 0.5 is given. Optimum
O/H ratio is calculated with the desired calculation conditions. For example, to simulate one
phase disappearing, you can FIX the phase with zero amount.

This example shows a number of independent cases using the TAB- module to tabulate
thermodynamic data for reactions.

Binary calculation of Al-Ti phase diagram and G curve.
Calculation of heat and heat capacity variations during solidification of an Al-Mg-Si alloy.

Solidification simulation of a Cr-Ni alloy using the SCHEIL module.

There is no back diffusion in the solid.
Calculation of the second order transition line in the Bcc field of the Al-Fe system.

Calculation of pseudo- or quasi-binary phase diagram in the Ca0-SiO2 system.

This database can be used both for pseudobinary systems like the one in this case, CaO-SiO2,
or for full ternary systems like Ca-Fe-O.

Calculation of the A3 temperature of a steel and the influence of each alloying element on this
temperature.
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# Example Description

A3 temperature is the temperature where ferrite starts to form from austenite. You can easily
read A3 from an Fe-C phase diagram. But for complex multicomponent steels, no simple
diagram can be used. This example shows how to calculate the A3 temperature of a steel. Using
POLY, it is easy to find out the influence of each alloying element on A3 temperature. This
information is useful if you want to modify the compositions of a steel but keep A3 unchanged.

Mapping of univariant equilibria with the liquid in Al-Cu-Si. Part A. Step-by-step calculation

19A
using POLY.

Mapping of univariant equilibria with the liquid in Al-Cu-Si. Part B. Using the TERNARY module,

198 . . . . . i
you can get the information on invariant reactions, such as temperature and compositions.

20 Calculation of adiabatic decompression in a geological system using the geochemical database.
21  Calculate a ternary isotherm in Fe-Cr-Ni with a user-defined database.

Calculation of a heat balance. In this case C3H8 is burned in oxygen and the adiabatic flame

22 .
temperature is calculated.

23  Calculation of a para-equilibrium and the TO temperature in a low alloyed steel.

Simulation of the silicon arc furnace using the REACTOR module.

This is a simple reactor model with output of gases at the top and output of condensed phases
at the bottom. The gas phase from one segment flows to higher segments, 80 % reacts in the
24  first above, 15% in the second above and 5 % in the third above.

The condensed phases flow downwards and all of it goes to the next lowest segment. Heat can
be added at any module. The only way to specify the initial state of the reactants added to the
reactor is to specify their heat content.

Simulation of steel refining.

Raw iron used to produce steel usually has high carbon and silicon content, which is why
oxygen is blown into the furnace to burn off carbon. Lime (Ca0O) is added to form a slag with
silica, and the slag can be removed. Alloying elements, such as Mn, Ni, Cr and V are added to
produce the desired steel. Since the reaction between O and C increases the temperature,
scrap iron is added in order to keep the temperature constant (it is assumed the furnace is

25
isolated and no heat is lost to the environment). This is a typical steel refining process.

This example simulates blowing oxygen into a liquid steel of one metric ton (1e6 grams) with 4
w/o C, 2w/o Siand 1 w/o Mn. 100 moles of CaO (equivalent to 5.6 kg) is added. Keeping the
enthalpy constant is the way to simulate the isolation of the furnace. The oxygen reacts with
carbon and increases the temperature. After blowing a certain amount of oxygen, scrap iron is
added to keep the temperature constant.
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Example Description

Example of plotting the partial pressures of a gas species along the solubility lines in the As-Ga
phase diagram. The calculation makes it possible to monitor the input gases to a process of
depositing solid AsGa.

CVD calculations
Example showing calculation of PRE (Pitting Resistance Equivalence) for a duplex stainless steel.
Calculation of speciation of a gas

Scheil solidification simulation for Al-4Mg-2Si-2Cu alloy. Part A. Step-by-step calculation using
POLY and the STEP_WITH_OPTION command, EVALUATE option.

Scheil solidification simulation for Al-4Mg-2Si-2Cu alloy. Part B. Simulation performed using
SCHEIL module.

Calculations of CVM and comparisons with sublattices of a fictitious A B system. Also shows
how to overlay diagrams from two calculations.

Calculation of oxide layers on steel. Also shows how to append databases.
Benchmark calculation - An isopleth in the Fe-Cr-C system.

Calculation of the phase diagram and G curves in the Al-Zn system. An example of using the
BINARY module.

Calculation of potential diagram

Assessment - The use of the PARROT module
The example is divided into four parts corresponding to the files in the folder.

The problem is presented with "selected" experimental data (see the tcex.36.readme file). The
example uses a fictitious binary A-B system where element A is BCC until it melts. Element B is
BCC up to 1100 K and FCC above. There is a compound A2B stable in a limited temperature
range.

» The creation of the "setup" file is described (tcex36a.TCM)
o The creation of the experimental data file is described (tcex 36b.TCM)

o The actual run in the PARROT module in order to obtain the result (tcex 36¢cp-
d.TCM)

Calculation of an isothermal section using command lines.

Calculation of the Morral “rose” (miscibility gaps).
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Example Description

This example shows how Thermo-Calc calculates the reversible Carnot cycle of a heat engine
using one mole of an ideal gas with two fictitious species A and A2.

The Reversible Carnot cycles are usually drawn schematically. Using Thermo-Calc and realistic
data it is possible to calculate a reversible Carnot cycle of a heat engine and to relate it to
different thermodynamic quantities.

One application of the Second Law is to the efficiencies of heat engines, pumps and
refrigerators. Whenever there is a difference of temperature, work can be produced - the
principle of heat engines. The Gibbs energy also enables the prediction of the maximum work
that a process may achieve.

A series of examples designed to demonstrate the advanced POURBAIX module calculations
and graphical processing. Also see the text file the Extended folder (TCEX40-README.txt).

The first example automatically calculates and plots a Pourbaix diagram for 0.001 m Fe in a 0.1
m NaCl aqueous solution at 25C and 1 bar. A so-called Pourbaix diagram is actually a phase
diagram with independently-varied acidity (pH) and electropotential (Eh), for a heterogeneous
interaction system at a certain bulk composition (that is by default always set as 1 kg of water
dissolving a specified amount of metals and other solutes), under a defined temperature and
pressure condition.

il

il For details about the other examples, see Pourbaix Examples TCEX40, 40A to 40E,

and TCEX53 on page 168.

Calculation of a solubility product. Shows the STEP_WITH_OPTION command, T-ZERO option.

Formation of para-pearlite (isopleth calculation) Fe-Mn-C system at 2.5%Mn Mass u-fraction
(an example of a paraequilibrium calculation).

Formation of para-pearlite (calculation of isothermal section) Fe-Mn-C system at 700 C (an
example of a paraequilibrium calculation).

This example uses variables and functions to predict properties e.g. proof strength for an
austenitic stainless steel at elevated temperatures (20-550C).

3D-diagram that calculates the gamma volume in the Fe-Cr-C system.

To view the generated file, tcex45.wrl, installa WRML (Wirtual Reality Modelling Language)
viewer to the web browser. WRML viewers can be downloaded from various sites, e.g.
www.parallelgraphics.com or www.sim.no.

3D-diagram that calculates the liquidus surface of the Fe-Cr-C system.

To view the generated file, tcex46_tri.wrl and tcex46_sqrt, installa WRML (Wirtual Reality
Modelling Language) viewer to the web browser. WRML viewers can be downloaded from
various sites, e.g. www.parallelgraphics.com or www.sim.no..
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Example Description

3D-quaternary diagram that calculates the gamma volume in the Fe-Cr-V-C system at 1373K.

To view the generated file, tcex47.wrl, installa WRML (Wirtual Reality Modelling Language)
viewer to the web browser. WRML viewers can be downloaded from various sites, e.g.
www.parallelgraphics.com or www.sim.no..

This is an example of Scheil solidification with C back diffusion in solid phases and compares it
with simple Scheil and equilibrium calculations.

This example shows how to enter parameters for a FACT quasichemical liquid model and how
to calculate the sulfur activity using the GIBBS_ENERGY_SYSTEM (GES) module commands.

This example shows the quasichemical model using TDB to replicate figures 3 and 4 from
Kongoli, F., Pelton, A. D. & Dessureault, Y. Thermodynamic modeling of liquid Fe-Ni-Cu-Co-S
mattes. Metall. Mater. Trans. B 29, 591-601 (1998).

Calculation of molar volume, thermal expansivity and density.

This example shows how to change the excess models for binary/ternary interactions in a
solution phase, either through direct interactive amendments of phase descriptions within the
GIBBS_ENERGY_SYSTEM (GES) module, or enforced by specific type-definitions given in a
database file retrieved by the TDB module.

For binary excess model: from the default R-K model to Mixed-Excess-Model (Note

the phase has to be a substitutional phase) For Ternary Extrapolation Model: from the
default R-K-M model to Toop_Kohler model.

Pourbaix Diagram Calculations through the TDB-GES-POLY-POST routine.

Using PAQ2 or PAQS2 database; for the Fe-X-H20-NaCl heterogeneous interaction systems (X =
Cr-Ni-Co).

The Thermo-Calc Modules and Activities

=

®

Although many calculations can be done in either Graphical or Console Mode, only data
optimization and thermodynamic or kinetic assessments are available in Console Mode.
Conversely, only the Property Model Calculator is available in Graphical Mode.

For the Console Mode only commands see The Console Mode Interface on page 111 and
the Thermo-Calc Console Mode Command Reference included with this documentation
set.

Modules and Activities briefly describes the available modules. The specific modules, using the names in
the table, are accessed through Console Mode. For Graphical Mode, the underlying principles, and the
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final calculations, are incorporated into the projects and activities. Some modules require additional
licenses.

Modules and Activities

The first and second columns are the Console Mode module names. The third column indicates whether
there is an equivalent activity available in Graphical mode.

Full Module Graphical
Name in Con- Short Name Mode Activ- Primary Functions
sole Mode ity
BINARY Binary Calculate binary phase diagrams. Access to
- BIN Icul ifi i for BIN h
DIAGRAM EAsy BN Calculator speci |c.datab?ses designed for BIN, such as
- on page 104 TCBIN, is required.
DATABASE Sys?em Select approprlat‘e databases, deﬁn'e chemical
RETRIEVAL_ DATA Definer on systems and retrieve the data required for
page 54 calculations.
Run simulations of diffusion controlled
DICTRA _ Console transformations in Thermo-Calc using the
DICTRA ) . . .
MONITOR Mode only Diffusion Module (DICTRA). An additional license
is required for this feature.
This is the data optimization module for the
Console Diffusion Module (DICTRA). It allows you to
DIC_PARROT DIC_PARROT assess experimental data and use such data to
Mode only o . . . .
optimize calculations. An additional license is
required for this feature.
Part of the PARROT submodule, use it to edit
EDIT_ Console . ] .
ED_EXP experimental data points to make reliable
EXPERIMENTS Mode only L
optimizations.
Handles thermodynamic models and quantities.
GIBBS_ENERGY._ Console Generally you d(? not nee‘d to use this module,
GIBBS but you can get information about models, and
SYSTEM - Mode only . )
list, add or amend the thermodynamic
parameters in use.
Console A data optimization module to assess
PARROT PARROT experimental data and use the data to optimize
— Mode only )
calculations.
Precipitation
. lpitatt Set the conditions for, and perform, a
not available - Calculator . .
precipitation calculation.
on page 78
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Full Module
Name in Con-
sole Mode

not available

POLY-3

POST_
PROCESSOR

POTENTIAL_
DIAGRAM

POURBAIX_
DIAGRAM

REACTOR_
SIMULATOR_3

SCHEIL_
SIMULATION

SYSTEM_
UTILITIES

TABULATE _
REACTION

Short Name

POLY

POST

POTENTIAL

POURBAIX

REACTOR

SCHEIL

svs

TAB

Graphical
Mode Activ-

ity

Property
Model
Calculator
on page 60

Equilibrium
Calculator
on page 72

Plot
Renderer on
page 83

Ternary
Calculator
on page 106

Console
Mode only

Console
Mode only

Scheil
Calculator
on page 108

Console
Mode only

Console
Mode only
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Primary Functions

You can evaluate models simultaneously over a
range of compositions and cross plot the
results. You can then conduct an uncertainty
analysis and plot the results as either a
histogram or as a probability plot.

Equilibrium calculation module. Specify
conditions and make calculations.

For post-processing and plotting of calculation
results. Modify property and phase diagrams,
add labels, change the diagram colours, etc.
Submodules to POLY-3 and DICTRA module for
example.

Calculate and plot gas potential diagrams in a
ternary system. The potential of two gas species
are used as the diagram axes.

Calculate and plot pH-Eh diagrams (Pourbaix
diagrams) and property diagrams for
heterogeneous interaction systems involving
aqueous solutions.

Simulate chemical reaction processes in several
feed-forward steady-state stages or in several
dynamic stages.

Simulate and plot Scheil-Gulliver solidification
processes with no diffusion in the solid phases
and with/without consideration of back
diffusion of interstitial components (such as C,
N, O, S).

In Console Mode, interact with the operating
system and change environmental settings.
Create and execute MACRO files.

Tabulate properties of chemical reactions and
substances (stoichiometric or solution phases).
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Full Module Graphical
Name in Con- Short Name Mode Activ- Primary Functions
sole Mode ity
Ternary
TERNARY .
- TERN Calculator Calculate ternary phase diagrams.
DIAGRAM —
on page 106

Displaying Thermo-Calc License Information

You can start (and install) the software without a valid Thermo-Calc license but you cannot do any
calculations. To show information about the available and installed licenses, from the main menu select
Help = Show License Info.

@ Also see the Thermo-Calc Installation Guide.

License Information Window Example

This is an example of part of a License Information window for a network installation.

F -

license file: C:\Program Files (x&6)‘Common Files‘\SafelNet Sentinel\5 .
server locking code: 0¥10ADEDLO
server port: 5093

License features on license serwver thoth.ad.thermocalc.se

For use at site H Open IP address range E
Main contact and license number: thoth.ad.thermocalc. se
Feature wersion number of days sharing time site in
licenses left criteria tampering license use
DIC_FULL 9.000 a9 409 host none woE F ¥ 0
FRISMA FULL 3.000 99 409 hast none L 0
IC_DLL &.000 99 403 haost none R E L 0
IC_FULL &.000 99 403 host none FoE FLF 2
amanda orion local
nli Wiklass-MacBook-Pro.local local
IC MATIABE §&.000 99 403 host none FoE FLF 1]
TC_TQ &.000 99 409 host none HoE E L H 0
TDB_ALDEMO E&.000 Inf 408 hast none L 0
TDE_AQS: &.000 Inf 403 host none R ELF 0
TODBE_BISH &.000 Inf 409 host none woE E ¥ 0
TDE_CCC1  &.000 Inf 408 hast none L 0
TDB_FEDAT §&.000 Inf 403 host none R ELF 0
TOE_FEDEMO &.000 Inf 409 host none woE F ¥ 0 -

Under each license type with instances checked out, there is a list of who checked out each license. In
Graphical Mode, an instance is checked out when an Equilibrium Calculator activity is created, and
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checked back in when that Equilibrium Calculator is removed. In Console Mode, an instance is checked
out when you enter the POLY module and is checked back in when you exit the POLY module. In the
example, two users, amanda and nli, have licenses checked out.

o The Features column is a list of the specific software, databases and API licenses pur-
chases.

o The Version is an internal version number for the feature.

o The number of licenses column is how many instances of each license type available to
be checked out simultaneously.

e The in use column shows how many license instances are checked out.
Console Mode License Restrictions

o If you start Thermo-Calc without a valid Thermo-Calc license you cannot leave the SYS
module.

o If all the licenses are checked out for a network client installation of Thermo-Calc, you
may not be able to enter the POLY or DICTRA modules until a license is available.

o To enter the DICTRA and the DIC_PARROT modules, you need a valid Diffusion Module
(DICTRA) license key.

o If you enter and use either the DIC_PARROT module or the PARROT module, then you
cannot enter the other module in the same session. You must close down Thermo-Calc
and launch the program again to enter the other data optimization module.

Network Computer License Restriction

If you have a network computer installation of Thermo-Calc, then you may not be able to do any
calculations even if you have access to a valid network license file. This is because others who are part of
your network installation may have checked out all allowed instances of the software.

If you are running a network installation of Thermo-Calc, you can see how many instances of the client
licenses are currently checked out and how many of them are left. You can also see which client
computers have checked out the licenses.

Using This Guide

If you are a new user, Graphical Mode is a good way to learn how to work with Thermo-Calc. Console
Mode has more functionality but until you are comfortable with the concepts, it is recommended you
start in Graphical Mode.

@ Additional documentation and training material is described in Help Resources on page 5.

Graphical Mode
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The Graphical Mode Interface on page 26 introduces you to the GUI layout and the workflow. In
Graphical Mode Projects on page 42, it goes into more detail about how to set up and run your projects
(with the Quick Start Wizard), using templates, scheduling jobs and creating activities. Graphical Mode
Activities on page 53 specifically describes how to set up each type of available activity in the tree
structure.

For both Graphical and Console mode, Changing Global Settings on page 187 gives information about
adjusting global user settings.

Console Mode

Console Mode has more functionality than Graphical Mode but the underlying concepts are the same.
There are, however, command lines and extensive details applicable to this mode. This guide is only the
beginning of the learning objectives. In particular, refer to the Thermo-Calc Console Mode Command
Reference for details about all the commands available.

In this guide it is a basic introduction to the layout of the Command windows, as described in The
Console Mode Interface on page 111.

Several topics describe and give an example of the calculation types:

e Equilibrium Calculations on page 130

e Property Diagrams on page 136

e Phase Diagrams on page 140

e Scheil Simulations on page 144

e TO Temperature Simulations on page 150
e Paraequilibrium on page 153

e Potential Diagrams on page 157

e Aqueous Solutions on page 161

o Console Mode TAB Module on page 174

Then in Console Mode POST Module on page 179 there is an overview of plotting.

For both Graphical and Console mode, Changing Global Settings on page 187 gives information about
adjusting global user settings.
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The Graphical Mode Interface

These topics introduce you to the concepts and terminology of Graphical Mode and describe the basic
workflow.

In this section:

The GUI Layout il 27
Project Activities and the Tree Structure .. .. 28
Activity Successor and Predecessor Nodes . ... ... . . il 28
Creating Activities and SUCCESSOIS ... ... L 29
Graphical Mode Workflow . . L 31
Main Menu and Toolbar L 32
Saving and Opening Thermo-Calc Project Files ............. ... e 34
Project ACtiVity NOGES ........ .. 34
Project and Activity Menus . . 36
Moving WindoWs il 38
Moving Nodes in the Tree and Using the Grid ... i, 39
Node Status Markers ... L 40
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The GUI Layout

Open Thermo-Calc to view the default GUI layout for Graphical Mode. You can easily reorganize the
windows.

®

Also see Moving Windows on page 38.

The windows are:

1. Project: Create, manipulate and navigate between the activities that make up a project.

2. Configuration: Shows the settings that can be configured for the currently selected activ-
ity.

3. Results: Shows the results of a calculation, either plotted as a diagram or displayed in

table format. In this example, there is a Plot Renderer tab in the Results window.

4. Scheduler: Displays information about jobs, such as calculations, that are being per-
formed or are scheduled to be performed. You can cancel scheduled jobs and if a job
has failed, then you can view information about the error.

5. Event Log: By default this window is closed but it displays during calculation processes.
You can always open it to view progress of calculations and to troubleshoot.

Graphical Mode Windows

In this example, the Results window also has a Plot Renderer tab. You can also have a Table Renderer
tab.

File Tools Window Help

== =] AD
New Open Save | Switch to Console Mode
Project g & x Configuration a R ox Results
- ) Plot Renderer 1 Plot Renderer 1 |
Step Intempetature FE-C | L @
Save Diagram Show Triangular Show Grid Switch Axes|Retain Labels @ 1.2
j’j [ Equilibrium Calculator 1
System Difiner 1 Tie lines: 0 Legend option:  Axis quantity ¥
\ 10
@ X Axis |
Equliariun Cleutor 1 Axis variable: | Temperature v Kelvin = |
\ £
| Axis type: Linear - =08 |
£ 3 \
-] Limits: 500.0 to[3000.0 step| 250.0 ] Automatic e \
Plot Renderer 1 = \ |
S
= 06 |
Scheduler 5 8 x ||| YAxs © t
e
.+ Scheduled Jobs Axis variable: Amount of phase ¥ Mo normaliza o j
= I
Axis type: | Linear - 304 I
£ il
Limits: 0.0 to|1.0 step 0.1 V| Automatic < |

at  1.01117E+03

from 1011.17

B1#1 GRAPEITE#1

2 equilibria

®
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Project Activities and the Tree Structure

In a project, a set of linked activities is called a tree. A result calculated within a tree is fed as input into
the next activity in the tree. Consequently, if you have an Equilibrium Calculator with another
Equilibrium Calculator as its successor, the successor takes the calculation results of the predecessor as
the starting values for its calculation. When working with activities in the Project window these are also
referred to as nodes (or activity nodes) in the tree structure.

@ Also see Activity Successor and Predecessor Nodes below for definitions.

The Project Tree Example shows a My Project node with two trees. In each tree, settings and calculation
results are propagated downward until the calculation and the visualisation of the results are completed
in the Plot Renderer nodes.

The system definitions, settings and calculation results of the two trees are independent of each other.
Project Tree Example

Project window with a My Project node. There are two trees with successor and predecessor activity
nodes.

Project X
ninyrnject ":! i
Systern Defifier 2
System Definer 1 =
Equilibrium _C:alc:ulatl:ur 2
/
= 5’
Equilibrium Galculatar 1 =
f & Equilibrriurn Calculatar 3
J y
2 i
Plat Renderer 1 Flot Renderer 2

Activity Successor and Predecessor Nodes

An activity node located below another activity node in a tree is referred to as that activity’s successor.
An activity located above another activity is called that activity’s predecessor. A predecessor is
performed before the predecessor’s successors and its result is fed forward to any successor activities.

Example of the Tree Structure
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My Praject

[ EX]

Sy steth'L?ﬂner 1 —— predecessor

_r
Equilibrium C_'E?Iculatnm — successor and
P predecessor

=

Plat Renderet 1 ———  suyccessor

For example, to calculate and display a phase diagram, create a branch with three linked activities: A
System Definer activity linked to an Equilibrium Calculator activity, which in turn is connected to a Plot
Renderer activity.

See Successor and Predecessor Example below, which shows that Binary Calculator 1is a predecessor to
the successors, Plot Renderer 2 and Table Render 1.

You can determine the available successors by right-clicking a node in the Project window and choosing
options from the menus.

@ Also see Creating Activities and Successors below.

Successor and Predecessor Example
Project @ 8 x

Fe-C phase diagram

\ 1

__';P‘ -
System Dafiner 1 Binary Calpulatord._
' By
= ; =
= @ Table Renderer 1

Equilibrium Calculator 1 Plot Renderer 2

2

Plot Renderar 1

Creating Activities and Successors

You can create a new activity in these ways:

« In the Project window, right-click an activity and choose Create New Activity (My Pro-
ject node only) or Create New Successor (all other nodes).

« Select the activity you want to create from the submenu.
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o At the bottom of the Configuration window, click Create New Activity or Create New
Successor and select the activity to create.
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Predecessors and Successors by Activity

Activity

My Project

System Definer on
page 54

Property Model
Calculator on page 60

Equilibrium Calculator
on page 72

Precipitation Calculator
on page 78

Plot Renderer on
page 83

Table Renderer on
page 101

Experimental File
Reader on page 104

Binary Calculator on
page 104

Ternary Calculator on
page 106

Scheil Calculator on
page 108

Possible Predecessors

None; this is the first node of
the tree structure

My Project, System Definer

System Definer

System Definer, Equilibrium
Calculator

System Definer

Property Model Calculator,
Equilibrium Calculator,
Precipitation Calculator, Binary
Calculator, Ternary Calculator,
Scheil Calculator, Experimental
File Reader

Equilibrium Calculator,
Precipitation Calculator, Binary
Calculator, Scheil Calculator

My Project

My Project

My Project

System Definer

Graphical Mode Workflow

Thermo-Calc Documentation Set

Possible Successors

System Definer, Binary Calculator,
Ternary Calculator, Experimental File
Reader. Also choose templates from this
level.

Property Model Calculator, Equilibrium
Calculator, Precipitation Calculator,
Scheil Calculator

Plot Renderer

Equilibrium Calculator, Plot Renderer,
Table Renderer

Plot Renderer, Table Renderer

None

None

Plot Renderer

Plot Renderer, Table Renderer

Plot Renderer

Plot Renderer, Table Renderer

You can set up a tree in the Project window (starting with the My Project node) and then perform all the
activities at once, or create and perform one activity at a time.
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The typical workflow is to:

1. Define a System: Create a System Definer on page 54 activity (in the Project window)
where you select a database and the elements to have as system components (in the
Configuration window).

2. Set up and run a calculation: Create an Equilibrium Calculator on page 72 activity (a suc-
cessor to the System Definer), where calculation conditions are set (temperature, pres-
sure, etc.). This is where axis variables are set to create a property or phase diagram.
These settings are also made in the Configuration window. You can also create a Prop-
erty Model Calculator on page 60, Precipitation Calculator on page 78 or Scheil Cal-
culator on page 108.

3. Visualize the results: Create either a Plot Renderer on page 83 or a Table Renderer on
page 101 activity in the Project window. When calculated, this creates a plot or table in
the Results window. The results are shown in a Plot Renderer or a Table Renderer tab.

EI' You need to Perform a Plot Renderer or a Table Renderer activity to visualize the calculation
results from an Equilibrium Calculator.

Main Menu and Toolbar

File Tools Window Help

mi = A

Mew Open Save | Switch to Console Mode

Graphical Mode Menu and Toolbar Options lists the main menu and toolbar options. The File menu
and toolbar are reserved for Graphical Mode but in Console Mode the Tools, Window and Help menus
have the same options.

@ In Console Mode you use commands to access the other options instead. These are
discussed in The Console Mode Interface on page 111.

Graphical Mode Menu and Toolbar Options

Option Description Action (s)
Click New on the toolbar
New Create a new project. Select File > New Project
Press <Ctrl+N>

Open an existing project. See Saving Click Open on the toolbar
Open and Opening Thermo-Calc Project

Files on page 34. Select File - Open Project
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Option

Save

Switch to Console
Mode

Switch to Graphical
Mode

Append Project

Save Project As...

Exit

Options

Database Checker

Window menu

Online Help

Show License Info

Description

Save a project. See Saving and
Opening Thermo-Calc Project Files
on the next page.

Launch Console Mode and the
command prompt.

Launch Graphical Mode to work with
the GUI version.

Combine two projects into one
project file. See Saving and Opening
Thermo-Calc Project Files on the next

page.

Save an existing project with a new
name.

Exit the program.

Change the global defaults for a
variety of settings. See Changing
Global Settings on page 187.

Open the Database Checker, a
program to check that the syntax of
Thermo-Calc database files is correct.
This is for advanced users who
develop and manage databases.

Highlight a specific window on the
GUI

Open the online help system where
you can browse or search all the
Thermo-Calc documentation.

Open the License Information
window.
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Action (s)
Press <Ctrl+O>.

Click Save on the toolbar
Select File - Save Project

Press <Ctrl+S>.

Click the button to exit Graphical Mode
and open Console Mode.

Click the button to exit Console Mode
and open Graphical Mode.

Select File - Append Project

Select File - Save Project As...

In the upper right-corner of the
program, click the X.

Select File = Exit

Press <Ctrl+Q>.

Select Tools - Options

Select Tools - Database Checker

From the Window menu, select an
option to refocus on that specific
window.

Select Help - Online Help

Select Help - Show License Info
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Option Description Action (s)

@ Also see Displaying
Thermo-Calc License
Information on page 23
and in the Thermo-Calc
Installation Guide .

Check the Thermo-Calc Software
Check f dat Select Hel Check f dat
SR EREa website for updates to the software. elect Help = Check for update

Saving and Opening Thermo-Calc Project Files
Thermo-Calc Graphical Mode uses project files with the file name suffix . TCU.

To save your project and all its settings and results, on the toolbar click Save. Select to Include calculated
results in the project file (the default) as required.

To open a Thermo-Calc project file, on the toolbar click Open and select the project file in the Open file
window.

You can only have one project file open at a time. However, you can attach (append) the trees from
additional project files to the topmost My Project node. To append an additional project file in this way,
from the main menu select File - Append Project and open a project file.

@ Also see Saving Plots on page 95 and Saving Tabulated Data for the Table Renderer on
page 101.

Project Activity Nodes

Project Activity Node Descriptions is a brief description of the project activity types. When working with
activities in the Project window these are also referred to as nodes.

Project Activity Node Descriptions

These are the project activity nodes available in Graphical Mode.
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Activity type

System Definer on
page 54

Property Model
Calculator on page 60

Equilibrium
Calculator on page 72

Precipitation
Calculator on page 78

Plot Renderer on
page 83

Table Renderer on
page 101

Binary Calculator on
page 104

Ternary Calculator on
page 106

Scheil Calculator on
page 108

Experimental File
Reader on page 104
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Description
Define a certain thermodynamic system and read it from file into memory.

Choose one or more general models to predict and optimize material
properties. You can evaluate models simultaneously over a range of
compositions and cross plot the results. You can then conduct an
uncertainty analysis and plot the results as either a histogram or as a
probability plot.

Set thermodynamic conditions and define axis variables when a series of
equilibrium calculations are to be performed in one or more dimensions.

Set the conditions for, and perform, a precipitation calculation.
Determine the layout of non-text based output.

Use it for text-based output.

Use it for some calculations involving two components only. It is like a
combination of System Definer and Equilibrium Calculator activities with
adaptations to simplify the configuration of calculations on binary systems.

CI/ To perform this activity, you need a database designed for the
Binary Calculator, such as the TCBIN database.

Use it for some calculations involving three components. It is like a
combination of System Definer and Equilibrium Calculator activities with
adaptations to simplify the configuration of calculations on ternary systems.

[:]/ To get a reliable result you need a database that fully assesses
binary and ternary systems.

Perform Scheil-Gulliver calculations (also known as Scheil calculations). A
default Scheil calculation is used to estimate the solidification range of an
alloy assuming that i) the liquid phase is homogeneous at all times and ii) the
diffusivity is zero in the solid. However, it is possible to disregard the second
assumption for selected components.

Read experimental data files (*.EXP). This type of file contains information
specifying a plotted diagram, written in the DATAPLOT graphical language.
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Activity type Description

@ Also see the DATPLOT User Guide.

Project and Activity Menus

When working in the Project window you can right-click nodes to open menus with the available actions.
For example, click the My Project node to open the menus.

My Project Node

Menu options available for My Project node.

My Project Create New Activity * System Definer
Binary Calculator
Perform Now
Ternary Calculator
Perform Later... i i
Experimental File Reader

Rename...
Use Template »

Apply Auto Layout
Snap to Grid
Show Grid

Zoom In
Zoom Qut
Reset Zoom

Activity Node Menu Example

Most nodes in the tree have a common menu with differences due to placement in the tree and the
activity type.
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Create New Successor |

Perform Now
Perform Later...

Perform Tree Now

Perform Tree Later...

Rename...
Remove

Clone
Clone Tree

Apply Auto Layout
Snap to Grid
Show Grid

Property Maodel Calculation
Equilibrium Calculator
Scheil Calculator
Precipitation Calculator

Menu Options for Activities

Option

Create New Activity

Create New Activity
- Use Template

Create New
Successor

Description

Add System Definer, Binary
Calculator, Ternary Calculator, and
Experimental File Reader nodes.

See Creating Activities and Successors
on page 29.

Choose from the available templates
to use the Wizard or add predefined
nodes.

See Creating a Project from a
Template on page 46.

Add a successor to the selected node.

See Creating Activities and Successors
on page 29.
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Action (s)

Right-click My Project and from the
Create New Activity menu choose
an option.

Right-click My Project and from the
Create New Activity-> Use
Templates menu choose an option.

The templates are also available on
the Configuration window, which
you can access by clicking the My
Project node, or from the Window
menu.

Right-click one of these nodes
System Definer, Property Model
Calculator, Equilibrium Calculator,
PRISM Calculator, Binary Calculator,
Ternary Calculator or Experimental
File Reader, and from the Create
New Successor menu choose an
option.
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Option

Add a Predecessor

Perform Now or
Perform Later

Rename

Remove

Clone

Clone tree

Apply Auto Layout

Snap to Grid

Show Grid

Zoom In, Zoom Out,
Reset Zoom

Description

Add a predecessor to the selected
node.

Perform a calculation or create a plot
or table immediately, or schedule it
for a time in the future. See Using the
Scheduler on page 49.

Change the name of the node.

Delete the selected node from the
tree.

Duplicate the selected node and add
it to the same tree. See Cloning
Activities and Trees on page 47.

Duplicate a tree and add it to My
project.

Apply an automatic layout to the
nodes in the tree.

Snap a node to align it with the grid.
See Moving Nodes in the Tree and
Using the Grid on the next page.

Turn the grid on or off in the Project
window.

Zoom in and out of the Project
window or reset the zoom to the
default.

Moving Windows
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Action (s)

Right-click a node to add a
predecessor to it (when available).

Right-click any node.

Right-click any node.

Right-click any node except My
Project.

Right-click any node except My
Project.

Right-click any node except My

Project.

Right-click any node.

Right-click any node.

Right-click any node.

Right-click any node.

The windows in Thermo-Calc can be fixed or free-floating. When fixed, it can also be set to auto-hide,
where the window is minimized if you select another window. The minimized window is then shown
either along the bottom or side of the Thermo-Calc window. A free-floating window is shown on top of

the other windows and can be moved outside the frame of the Thermo-Calc window.

By default, the windows are fixed and open, except the Event Log window, which is set to auto-hide by

default.

To return to the standard desktop layout, from the main menu, select Windows = Reset Windows.

Floating, Hiding and Minimizing Windows in the GUI

For each window you can rearrange, resize, minimize and close it. At the top right corner are the buttons
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listed in the table.

Button(s) Description
=] Click to toggle on/off free-floating
B = Click to toggle on/off auto-hide.

Click to minimize an open window that has auto-hide turned on.
The window automatically minimizes if another window is selected.

Click to close the window. You can open the window again from the
Window main menu.

Moving Nodes in the Tree and Using the Grid

In the Project window, you can work with the activity nodes in these ways.

Select and Move Individual Nodes

e Click an activity node to select it.

o To move activities, click and hold the activity node and move the cursor.

Select Several Nodes at a Time

« To select several activity nodes, hold down <Ctrl> while clicking on each node you want
to select.

o Click and hold the mouse button and draw a square around the activity nodes to select.
Both the name and the icon that represents an activity must be within the square.

My Project

JR— T —
: il :

Systerm Definer 1 1

| ]

Exuilibrium ¢

r;:'roperw Mndé_l Calculatar 1

- E R %E

Flat Renderer 1

Zoom In and Out
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e Zoom in and out with the mouse scroll wheel.
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« In the Project window right-click and select Zoom In or Zoom Out. To go back to the

default zoom, select Reset Zoom.

Show Grid and Snap to Grid

To show a grid of light-grey cross-hairs overlaid on a project, click Show Grid in the toolbar. Click the
button again to turn the grid off. Or right-click in the Project window and select Show Grid.

Click Snap to Grid in the toolbar or right-click in the Project window and select Snap to Grid to
automatically position each activity in the Project window at a cross-hairs point in the grid.

The Project window with the grid turned on and activity nodes moved from the default location. These

nodes are snapped to the grid.

Wty Project..
1

Bl
Systern Definer T
\ . N
Equilitarium 6alculatnr1
,’.

Praperty Madel Calculatar 1
S

ol

Flot Renderer 1

Node Status Markers

Status markers indicate whether an activity is ready to be performed, is being performed, or has been
performed. The markers are overlaid on the activity icons in the Project window. The status markers are

displayed on a System Definer icon.

Node Status Markers for the Project and Scheduler Windows
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Status
Window Description
marker
"__--_| No status marker means the activity is ready to be performed (it has not been
= performed).
K Avyellow triangle means the activity cannot be run. The necessary
- -I configurations for the activity may not be set or other prerequisites are not
Project —
met.
window

¥ H K

Scheduler —
window

E:;._.

il

A green disc means the activity is performed.

A red circle with a dial (a clock face) means the activity is currently being
performed.

No status marker means the activity (the job) is scheduled to be performed
(the job has not started).

Avyellow triangle means there an error happened during the activity job.

A green disc means the activity (the job) performed successfully.

A green right-facing arrow means the activity (the job) is being performed.
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Graphical Mode Projects

These topics describes how you create, perform and link activities.

In this section:

The Quick Start Wizard .. ... 43
Creating a Project with the Quick Start Wizard ... .. 43
Creating a Project from a Template ... ... 46
Cloning ACtiVities QNG TrEES .......... ... e 47
Performing Projects, Trees and ACtIVIties ... 49
Using the Scheduler . . il 49
The Event Log .. 51

Graphical Mode Projects | 42 of 204



Thermo-Calc Documentation Set

The Quick Start Wizard

Even before you understand how to work with Thermo-Calc projects, the Quick Start wizard helps you
set up a project and run calculations in Graphical Mode. You can set up, calculate and visualize any of the
following:

e Single point equilibrium

e Property diagram

e Phase diagram

¢ Scheil solidification simulation

See Creating a Project with the Quick Start Wizard below

Creating a Project with the Quick Start Wizard

To set up, perform and visualize a calculation using the Quick Start wizard:

1. In the Configuration window click Quick Start. If you cannot see the Quick Start but-
ton, first click My Project in the Project window.

File Tools Window Help

0= = AD

Mew Open Save | Switch to Console Mode

Configuration

Project

Wizards
My Project @ —

Quick Start

2. In the Select Project Type window click to select the type of calculation to perform.
Single point equilibrium, Property diagram, Phase diagram or Scheil solidification
simulation. Click Next.
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Steps

1. Select project
2. Define system

3. Select conditions
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Select Project Type

Select the kind of calculation that you want to perform.

@) Single point equilibrium
Property diagram
Phase diagram

Scheil solidification simulation

3. In the Define Systems window, choose an available Database.

Steps

1. Select project
2. Define system
3. Select conditions

Define System

You can either define the system by selecting elements from a database with thermodynamic information and/or kinetic
data or by loading a pre-existing file that defines a material.

@) Database FEDEMO: Iron Demao Database P
Elements
C Cr Fe Mn Mi
Material file

4. Click to select Elements check boxes to include as system components. To add elements
from an existing material file, click the Material file button to enter the file path to a
material file or click the Select Material File button (to the right of the field) to navigate

to a file on the c

5. Click Next.

The Select Condit
elements selected

In this example fig
Condition Definit

Steps

1. Select project

2. Define system

3. Select conditions

omputer.

ions window has different options depending on the Project type and the

ure, using a Single Point Equilibrium, choose the Composition unit and under
ions specify the values of the state variables in the system.

Select Conditions

Edit the conditions of the calculation. Dependent compositions can be edited by first clearing one of the other
compaositions.

Compaosition unit | Mass percent «

Condition Definitions

Temperature | Kelvin w |1000.0
Composition  C 99.99
Compaosition  Fe 0.01
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For a Property diagram or Phase diagram, specify the Axis Definitions of the stepping or
mapping operation. Choose minimum and maximum values for the variable(s) (select Linear —
min no. of steps, Linear — max step size or Logarithmic —scale factors) and whether it is Normal
or Separate phases.

For a Scheil solidification simulation, and where applicable, select Fast diffuser to account for
back-diffusion of any fast-diffusing elements.

6. Click Finish.

7. Click to expand the Event Log window to see information about the progress of the cal-
culation.

Event Log

12:12:02,234 INFO Global test at 5.20000E+02

12:12:02,249 INEQ Terminating at 200.000

12:12:02,252 INFO #*% Buffer saved on file: C:\Windows\TEMP\TH35CE~1%\STATE_~1.FOL
12:41:16,752 INFQ Opened project file: Ex 05_Fe-C stable and metastable phase diagram.tcu
12:42:17,239 INFO Opened project file: Ex 03_Fe-C_phase_diagram.tcn

14:11:35,181 INFQ Define component C

14:11:35,181 INFD Define component Fe

14:11:35,211 INFQ Performing general egquilibrium calculation

8. The diagram is plotted in a Plot Renderer tab in the Results window. If you have cal-
culated a single-point equilibrium, then a Table Renderer tab shows information about
the equilibrium.

Results ol
Table Renderer 1
System
Maoles 1.00000
Mass 12.01194 [a]
Temperature 1000.00000  [K]
Total Gibbs Energy -12659.53136 [J1]
Enthalpy 11784.43824 [I1]
Valume 5.39784E-6  [m3]
Component Mole Fraction Mass Fraction Activity Potential
Fe 0.00002 0.00010 0.00619 -42278.5054
cC 0.99008 0.99990 0.21816 -12658.804:
Stable Phases

Moles Mass Valume Fraction

BCC_A2#1 0.00002 0.00120 0.00003 Compaositior

9. To save the project, click Save on the main toolbar. To save a diagram or table, right-click
the diagram or table and select Save As.
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Creating a Project from a Template

Use a Template to create all the activities for a certain type of calculation. In the Project window click the
My Project node to display the templates in the Configuration window as in

Configuration Window Templates

Project a & X Configuration o 7
/ ) My Project
— Templates

My Project

)

o v

Single Point Equilibrium Property Diagram

When you click a template, an activity tree is added to the Project window. You can then configure and
perform the activities or the project.

For example, if you click Property Diagram, a tree is added to the My Project node with System Definer,
Equilibrium Calculator and Plot Renderer nodes.

Property Diagram Template

My Project

r

b
Systermn Difiner 1
r
Equilibrium Cealculator 1

4

P2

Plot Renderer 1
You can also select templates from the Project window. Right-click the My Project node and choose

templates from the Create New Activity - Use Template submenu.

Use Template Submenu
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Project o B o Configuri
=. Wizarc
My Proiset—
Create New Activity ! System Definer

Binary Calculator
Perform Now
Ternary Calculator
Perform Later... ) .
£ Experimental File Reader
g

Rename...
Use Template »

Cloning Activities and Trees

As described in Creating Activities and Successors on page 29, you can clone a single activity or the
selected activity and all the activities that come after it (successors). The predecessor of the selected
activity also is the predecessor of the clone.

Cloned activities are configured exactly like the activities that they were cloned from, and any results of
calculations or plots are also cloned. To clone a selected activity, right-click the activity and select Clone.

For example, if you clone the Equilibrium Calculator in this project the result is an Equilibrium Calculator
2 created as a successor to System Definer 1.

The following applies to clones.

The new Equilibrium Calculator has the same settings for conditions, functions and
options as its Equilibrium Calculator 1 clone.

o If the Equilibrium Calculator is already performed, then the calculation results are
cloned.

o If the activity is a Plot Renderer or a Table Renderer, then the plot or table is cloned.

« If you want to clone all the successor activities that follow a selected activity, then right-
click and select Clone Tree instead.

Cloning an Equilibrium Calculator Activity Node
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r—

My Project
»
!

Systern Definer 1

r
Equilibrium Calculator 1 Create New Successor *
r
@ Perform Now
Plot Renderer 1 Perfarm Later...
Perform Tree Mow
Perform Tree Later...
Rename...
Remove
Clone
Clone Tree
My Project
r
o 1
Systerm Dafiner t—__
-’ o e, |-

Equilibrium'(f-alculator 1 Equilibrium'CaIcuIator 2

4
2

Flot Renderer 1

Equilibrium Calculator Clones and Successors

If you create an Equilibrium Calculator as a successor to another Equilibrium Calculator, then the
successor inherits all the settings for conditions, functions and options from its predecessor. In this
respect, it is similar to a clone.
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@ The Equilibrium Calculator successor is different from a clone in that it does not inherit any
calculated results and it is a successor to the Equilibrium Calculator instead of a successor
to its predecessor.

The calculated result from an Equilibrium Calculator that is the predecessor to another Equilibrium
Calculator is the starting value for the latter’s calculation. The clone of an Equilibrium Calculator on the
other hand, does not receive any data as input from the Equilibrium Calculator that it is cloned from.

Performing Projects, Trees and Activities

You can trigger the performance of an activity (also called a job) and all the activities below it in the same
tree in either the Project or Configuration window. In the Project window you can also perform a single
activity without performing its successors or perform the whole project (all the activity trees).

In the Configuration window, click Perform Tree to perform the currently selected activity and all the
activities below it. If there are no activities below the selected activity, then the button says Perform
instead.

D/ All activities that must be completed as prerequisites are automatically performed first. For
example, if you Perform Tree for a Plot Renderer, then the predecessors, Equilibrium
Calculator and System Definer, are automatically performed before the Plot Renderer.

In the Project window, you can do any of the following:

e Perform an activity: Right-click the activity and select Perform Now, or Perform Later
and schedule a time to perform the activity.

e Perform an activity and all activities below it in the tree: Right-click any node in the tree
and select Perform Tree Now. Or select Perform Tree Later and schedule a time for all
activities in the tree to be performed.

e Perform a project: Right-click My Project and select Perform Now or Perform Later
and schedule a time to perform all project activities in the tree.

D/ If there is an error during the performance of an activity, icons display status markers,
which are described in Node Status Markers on page 40.

Using the Scheduler

The Scheduler window has activity information about current or scheduled jobs. A job is any activity you
have selected to be performed. The Scheduler also indicates if there is an error during a job and when a
job has stopped. If you have set an activity, tree or project to be performed at a later time then this is
also listed.
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The following applies to jobs.
o Whenever you trigger the performance of a whole project, tree or individual activity, all
the activities to be performed are shown under a job heading.

o When all the activities belonging to a job are completed the job and its activities dis-
appear from the Scheduler window.

o If there is an error during the performance of an activity, icons for that job and activity

remain in the Scheduler window until removed.

@ Also see Node Status Markers on page 40.
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Scheduled Jobs Example

Scheduler

.7 5cheduled Jobs

— & Jobno 1

: :'_ Equilibrium Calculator 3 (127.0.0.1)

= 4" Jobno 2

-7 Stable and metastable FE-C phase diagram

bl system Definer 1

bl system Definer 2

~-[Z Equilibrium Calculator 2

- Plot Renderer 1

e By, Equilibrium Calculator 1(127.0.0.1)

Managing the Schedule
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In the Scheduler window, you can cancel scheduled jobs, remove errors and show information about

errors.

e To cancel all jobs, right-click the Scheduled Jobs label or the cogwheel icon, and select

Cancel All Jobs.

e To remove (clear) all failed activities and jobs, right-click the Scheduled Jobs label or

the cogwheel icon, and select Clear All Errors.

o To cancel a specific job, right-click the job label (for example, Job no 1) and select

Cancel Job.

o To remove (clear) a specific failed job, right-click the job label (for example, Job no 1)

and select Cancel Job.

o To open a window with error details, right-click the label for the failed job (for example,

Job no 1), and select Show Error Log.

The Event Log

The Event Log window is closed by default. Click the Event Log window once to expand it or select it from
the Window->Event Log menu. Double-clicking the window maximizes the window.

Information about what Thermo-Calc is processing or doing is in blue text and error or warning messages

are in red text.

To specify the level of detail in the Event Log window, from the main menu select Tools Options. In the
General tab set the Log level slide bar to anything between Debug (most detailed) and Error (least

detailed).

@ Also see Changing Global Settings on page 187.
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Event Log Window Example

The example shows information, warnings and errors.
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IZT90T 33, fol INFU LEnCellIng EcCtIVITY: EQUILIETTION CLElCUIEtor L

14:50:34,751 INFC Cancelling actiwvity: Plot Renderer 1

14:50:346, 266 WARN The subprocess completed with status code 2: the execution was
cancelled by the user

14:50:346,376 ERROR Gokbled: 14:50:38,376 ERROR Error when executing the activity:
Error when sending & remote event: Software ceused connection abort: socket w
rite error

14:50:36,594 WARN The subprocess completed with status code 2: the sxec

ution was cancelled by the user

15:36:25,495 INFC Actiwvity was renamed to Appended System 1
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Graphical Mode Activities

These topics describe the activity types and has instructions for procedures tied to specific activities.

In this section:

SYSLeM DEefiNer ... ... o 54
Property Model Calculator ...... ... 60
EQUIlibrium Calculator ... e e 72
Precipitation Calculator ............ .. 78
Plot Renderer . . .. . 83
Table Renderer ........... . 101
Experimental File ReQder .......... . . . L 104
Binary Calculator ... ... 104
Ternary Calculator ... ... ..o 106
Scheil Calculator .. .. . . . 108
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System Definer

In a System Definer activity, you select the database to use to retrieve thermodynamic data and define
which elements the system has as components. You can also select which species to include as well as
change the reference temperature and pressure for your components.

@ Also see Creating Activities and Successors on page 29 for a list of possible successors and
predecessors for this activity.
The System Definer Settings

Configuration Window

Configuration ®

"I_,J System Definer 1
Databases

© @ [Tcres: Steels/Fe-Alloys v8.0 - Package:

Elements | gpecies | Phases and Phase Constitution | Components | Data Sources | Description|

[ Periodic Table ” Alphabetic List ]

Material
Material name:

Amount :Mass percent v:

* Lanthanide series | La Ce Pr Nd || Prr S Eu Gd Tb D Ho Er Tm

== Actinide series Ac Th Fa Np Fu || A Cm Bk ct Es Fm

[ Load material... ]

[ Save material as... ]

| Add Predecessor Perform Tree Create New Successor |

] 1 | 3

Choose Database(s) or a Database Package

Databases
© @ |TCrE8 r Package: | Steels and Fe-alloys [TCFE8, MOBFE3] x|

© @|mosre3 -

At the top of the Configuration window you can choose to add one or more databases by clicking the
Add a database® button. You can also choose a predefined or custom database package from the
Package list. Depending on your license, there are predefined database packages available to select.

You can also click Remove this database & button as required.
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@ Also see Global Settings: System Definition (System Definer) on page 191 to learn how to
create a database package.

D/ If you have chosen a database package and then remove or change a database, a message
displays Selected databases and selected package may differ. This means that the original
package you selected, which added preset databases, does not match the databases you
are using for the project. For information about how to clear the message, see Global
Settings: System Definition (System Definer) on page 191.

There are several settings tabs available for the System Definer activity.

‘ Elements | Speciesl Phases and Phase Constitution | Componentsl Data Sourcesl Description|

The following example uses the FEDEMO and MFEDEMO databases and Example 12 available with the
Graphical Mode Example Collection on page 9.

Databases
') (& FEDEMO: Iron Demo Database

') & MFEDEMO: Fe-Alloys Mobility demo database

Elements

On the Elements tab, and based on the databases or database package selected, you can select and
review elements using a Periodic Table or Alphabetic List format. Unavailable elements are greyed out
on the Periodic Table view.
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Periodic Table

In this example, using the demonstration databases FEDEMO and MFEDEMO, there are only a select
number of elements to choose from.

(=)

1
1
w
L
1]
)
1]
m
I

[i5]

Alphabetic List

Ele:ﬂent FEDEMO MFEDEMO
I
C
Cr
Fe
Mn
Mi
WA

NEEEEEE
NEEEEEE

Material Composition
On the Periodic Table page, you can also define the material composition:

Material
Material name:

Ferritic

Amount iMass percent vi

Fe 80.52
i 1.4

= 0.08
Mn 1.0
Cr 17.0

At the bottom of the window, click Load material to open a material file. Click Save material as to save
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the material you defined, for example Ferritic.

@ Also see Global Settings: System Definition (System Definer) on page 191 to learn how to
create your own database packages.

D/ If you Load a material file and then change the composition, a message displays The
composition has changed. This means that the original values/composition does not
match the values you are using for the project. The message is cleared by either reloading
the material file or editing the composition field to the original value.

Species

On the Species tab for each database you can select and edit the Species.

Elements | Species | Phases and Phase Constitution

Sp;cies Stoichiometry FEDEMO MFEDEMO
I -1

C C

Cr Cr

Fe Fe

Mn Mn

Ni Mi

VA VA

C2 C,
c3 C,
c4 Cs
c5 C.
C60 Gy

At the bottom of the window, click Add new species and enter the name of species in the field.

rl N
New species téj

Enter the species:

[ 0K ] l Cancel

Phases and Phase Constitution
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Phases

Status Mame ‘ FEDEMO MFEDEMO
Entered « |BCC_AZ v v
Entered « |CEMENTITE v

Entered » CHI_A12 v

Entered  DIAMOND_FCC_. .. v

Entered » FCC_A1 v v
Entered w FCC_A1#2 v v
Entered w GAS v

Entered « GRAPHITE v

Entered w HCP_A3 v

Entered  [KS|_CAREBIDE v

Entered  |LAVES PHASE_. . v

Entered  LIQUID v

Entered « M23C6 v

Entered w M3C2 v

Entered w M5C2 v

Entered  MTC3 v

Entered w SIGMA v

v | Check/uncheck all

At the top of the Phases and Phase Constitution tab for each database, you can review and edit the
Status (Entered or Dormant) for the selectedPhases. Select the Check/uncheck all check box to toggle
between the options.

To review the Phase constitution for a specific phase, click it in the Phase list (for example BCC_A2) and
its details are displayed at the bottom of the window. Click Edit then click an element to select or reject a
constituent. The last remaining constituent on a sublattice cannot be rejected.

FEDEMO | MFEDEMO

Phase BCC_A2

Phase constitution for current system

mn ) i) o ¢ e ] Lva ] )0

Phase description in database

(Cr,Fe,Mn,Ni), (C,VA),

Components

The Components tab is where you can review and edit the Component, Reference phase, Reference
temperature, and Reference pressure. Click to toggle the SER (Stable Element Reference) check box on
and off. Then choose a Reference phase from the list and edit accordingly.
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Elementsl Speciesl Phases and Phase Constitution| Companents | Data Sources | Description

Component Reference phase Reference temperature Reference pressure
Kelvin x|  Pascal x|

Fe ~ | [/] Current temperature |25.0 100000.0

r - | Current temperature |25.0 100000.0

- : H_S‘table Element Reference| .

:Ni v: SER - Current temperature |25.0 100000.0

c v [v]sEr ~|[/] current temperature |25.0 100000.0

Mn v [] sEr ~ | [/] current temperature [25.0 100000.0

Data Sources

Data sources are not available until the activity has been performed. Click Perform Tree to display
available data sources.

| Elementsl Speciesl Phases and Phase Constitution | Componentsl Data Sources | Description

FEDEMO | MFEDEMO

'A. Dinsdale, SGTE Data for Pure Elements, Calphad, 15 (1991), 317 -425' :
'B. Uhrenius (1993-1994), International journal of refractory metals and hard ‘ ‘

mater, Val. 12, pp. 121-127; Molar valumes'
'A. Markstrom, Swerea KIMAB, Sweden; Molar volumes'

Description

The Description tab displays a description of the selected database(s). In this example, MFEDEMO.

| Elementsl Speciesl Phases and Phase Constitution | Componentsl Data Scurce5| DESCFiPtiUﬂl_

| FEDEMO| MFEDEMO |

MFEDEMO - Database for Demo Version of Thermo-Calc

B e R L L P e

[Version 1.0: released Mov 2015]

Ownship/Copyright: 2015 @ Thermo-Calc Software AB
All rights reserved.

MFEDEMO is a kinetic database containing mobility data for
Fe-based alloys.

Creating a System Definer Activity

This topic describes how to define a system; specifically how to select one or more databases and define
the elements in the system.

z To change the default database or create a database package, see Global Settings: System
Definition (System Definer) on page 191.
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@ Also see About the Database Files on page 184.

1. Right-click My Project and from the menu select Create New Activity—> System
Definer .

2. In the Project window, click the System Definer on page 54 activity node.

3. In the Configuration window, from the Databases menu choose Database(s) or a Data-
base Package.

Options are to:

« Select <User database>to define your own.
e You can choose to add one or more databases by clicking the Add a database & button.

« From the Package list, choose a predefined database package to add multiple databases
at a time. Depending on your license, there are predefined database packages available
to select.

4, Select the Elements tab to choose the elements in the Periodic Table or use the Alpha-
betic List to choose elements for the system.

5. As required click the tabs to make edits: Species, Phases and Phase Constitution, and
Components. The Data Sources and Description tabs provide information based on the
database.

6. Click Perform to start the System Definer activity immediately and retrieve ther-
modynamic data about the system. Click the Event Log window to watch the progress of
the job.

Property Model Calculator

A Property Model Calculator allows you to predict and optimize material properties. A set of general
models is available to use: a Phase Transition Model on page 68, Driving Force Model on page 69,
Interfacial Energy Model on page 70, Coarsening Model on page 70, and an Equilibrium Model on
page 72.

You can evaluate models simultaneously over a range of compositions and cross plot the results. You
can then conduct an uncertainty analysis and plot the results as either a histogram or as a probability
plot. The Configuration window for a Property Model Calculator using the Phase transition model is
shown and described in Defining the Property Model Calculator on page 64.
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Property Model Calculator Workflow

When a project is first being designed, it is recommended you test it by first performing a Single
calculation type. This verifies that the configuration of the model is valid, otherwise you will get a Not a
Number result in Event Log Window on page 116 window indicating the calculation did not work
correctly.

Once the Single calculation type performs successfully, you can experiment with other calculation types
such as Grid, Min/Max or Uncertainty. Best practice for both Grid and Uncertainty is to start with a small
number of steps (Grid) or samples (Uncertainty) to confirm that it works before increasing the number of
steps or samples.

In general, the workflow for the different models will differ. Arecommended start pointis to do a
Property Diagram calculation to determine what phases you get and where the transitions are before
setting up the Property Model Calculator. You can create a Property Diagram using the Quick Start
wizard or a template.

@ Also see The Quick Start Wizard on page 43 and Creating a Project from a Template on
page 46.

For examples using the Property Model Calculator, see examples 10, 11, and 12 in Graphical
Mode Example Collection on page 9.

Configuration Window
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I=/ Property Model Calculator 1

=1 General Models

+- || coarsening
- [ | interfacial energy
Phase transition
Driving force
- [T Equilibrium

Composition unit :Ma.;e percent v:

Condition Definitions

Condition to vary | Temperature

Lower search limit | 300

Upper search limit |800

Temperature .Ce\sius - 600.0
Composition  Fe 80.52
Composition  Ni 1.4
Composition  C 0.08
Composition  Mn 1.0
Composition  Cr 17.0
Watrix phase Any phase -
Phasetoform  [SIGMA v

-

Search direction | Positive and Negative -

Calculation Type

! Single ( One axis

Quantity Mean
D Temperature 600.0

Mass percent Ni 1.4
Mass percent C 0.08
Mass percent Mn 1.0
Mass percent Cr 17.0
Sampling Parameters

Truncate distribution at

Total number of samples

( Grid ( Min/Max

0 Uncertainty

Sampling of Data from Gaussian Distributions

A Min/Max
0.0

3|4 standard deviations

2005

L) ‘ Add Predecessor

Perform Tree " Create New Successor I > ‘

Configuration Settings

Choose a unit: Mass percent, Mole percent, Mass fraction or Mole fraction

Choose a unit (Kelvin, Celsius or Fahrenheit) and then enter a value for the

The values entered in Condition Definitions are used as the start values for the

Choose a calculation type: Single (no axes), One axis, Grid, Min/Max or

Setting/Button Description
Composition
unit
Condition Temperature and Composition.
Definitions
different calculation types.
Type

Select Single to calculate a single point.
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Description

Select One axis to vary a quantity on the X-axis.

Select a Grid to evaluate two axis variables of the selected quantities in the
specified range and number of steps.

The Min/Max calculation evaluates the property model(s) for all variations of the
selected quantities at the given limits. The Mean field is as defined under Condition
Definitions for the respective quantity. The total minimum and maximum of the
model(s) results are shown in the Event log.

The Uncertainty calculation evaluates the property model(s) where the values of
the quantities are sampled from Gaussian distributions. The Mean field is as
defined under Condition Definitions for the respective quantity. The result is
visualized as a histogram or normal probability plot by adding a Plot Render
activity.

For the Single calculation type no further settings are required. The results from
this calculation are displayed in the Event Log.

For One axis, select a Quantity to vary along the X-axis, for example, Temperature
then enter a Min, Max and Number of steps.

For the Grid calculation type, define the two axes variables using the fields and
menus: Quantity, Min, Max and Number of steps. The number of steps along
with the minimum and maximum values for the axes define a grid. For each grid
point the selected models are evaluated.

For the Min/Max calculation type, click to select the applicable check boxes under
Quantity to enable or disable an axis. The Mean field is as defined under
Condition Definitions for the respective quantity.

Enter numerical values in the A Min/Max fields to evaluate the change to the
guantity. The highest and lowest value of each selected model results are shown in
the Event log.

For the Uncertainty calculation type, click to select the applicable check boxes
under Quantity to vary this quantity. The Mean field is for the distribution
function as defined under Condition Definitions for the respective quantity.
AMin/Max is the 95% confidence interval.

For the Uncertainty calculation type, choose a number of Standard deviations
where you want to Truncate the distribution. Choose the Total number of
samples.

Also see About the Uncertainty Calculations on the next page for more detail.
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Defining the Property Model Calculator

1. From the left side of the Configuration window, click to select one or more of the check
boxes under the General Models folder.

Atab with the same name as the property model opens in the right side of the window under
Condition Definitions. When you select more than one model, a matching tab is added in the
same order that the check box is selected.

Configuration
= Property Model Calculator 1
(= General Models Composition unit | Mass percent |
- || Phase transition i . '
- || briving force Coendifion Definifions
= ‘ Temperature | Kelvin | 1000.0
- || Coarsening - :
- [ Equilibrium Composition  Fe 89.0
Composition  Cr 10.0
Composition C 1.0

Phase transition| Driving force

Configuration | Description

Matrix phase :Any phase v:

2. Enter the settings described in the following table for the Condition Definitions and for
each Calculation Type (Single, Grid, Min/Max, and Uncertainty). For each model on the
Configuration tab, select or enter settings as required. Click the Description tab for
more information about the model and refer to the individual sections for details.

e Phase Transition Model on page 68
e Driving Force Model on page 69

e Interfacial Energy Model on page 70
e Coarsening Model on page 70

e Equilibrium Model on page 72

About the Uncertainty Calculations

The following example uses the Phase Transition Model on page 68 and an Uncertainty Calculation Type
to describe how the sampling of data is performed. The example (which is example 10 in Graphical Mode
Example Collection on page 9) predicts the transition temperature to the unwanted brittle Sigma phase
and shows how the temperature is influenced by changes to a steel alloy’s composition.
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The Uncertainty calculation in Thermo-Calc uses the values (the mean) entered for quantities in the
Condition Definitions section as the starting point to estimate, within a certain probability, the true
variation of the quantity.

An example of a Gaussian distribution is shown The mean is at the peak of the curve (labelled u). The
standard deviation (0) is a plus and minus range, +10, +20 or +30, of the variance from the mean.

Gaussian Distribution, the 3-Sigma Rule

Image by Dan Kernler, https://en.wikipedia.org/wiki/Normal distribution#/media/File:Empirical
Rule.PNG

99.7% of the data are within

< 3 standard deviations of the mean >
95% within
2 standard deviations
68% within
<«— 1 standard —>
deviation
u—3c in—2a n—a 1 uto U+ 20 u+ 30

As long as the number of events (the sample size) is very large, then the Gaussian distribution function
can be used to describe physical events. A Gaussian distribution is assumed to describe how each
guantity varies in an uncertainty calculation.

In Thermo-Calc, the mean of the quantity’s distribution is defined in the Condition Definitions section.
The Mean is then used in the Sampling of Data from Gaussian Distributions section as the starting point
for how much you want to deviate from this value.

Condition Definitions and Sampling Settings

The mean defined in Condition Definitions is used during the sampling.
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Compeosition_unit Mass percent v:

Condition Definition3

Temperature :Celsius “_ 600.0

Composition  Fe 80.52

Compaosition  Ni 1.4

Composition C 0.08

Composition  Mn 1.0

Compaosition  Cr 17.0

@f Data from Gaussian Distribution
Quantity Mean A Min/Max

|:| Temperature 600.0 0.0
Mass percent Ni 1.4 0.4
Mass percent C 0.08 0.02
Mass percent Mn 1.0 0.3

The values entered in the A Min/Max fields are the resulting width of the distribution corresponding to
the 95% confidence interval (approximately | £ 20) shown in Gaussian distribution, the 3-sigma rule.This
confidence interval means that approximately 95% of the sampled values will fall within these limits.

The default value for truncating the distribution is set at 3 standard deviations in the Sampling
Parameters section. This is also where you set the Total number of samples. The default is 200. In order
to maintain a Gaussian distribution for the varied quantities, this number should not be too low.

Sampling Parameter Settings

ampling Parameters

Truncate distribution at 32| standard deviations

4|

Total number of samples 200

You can experiment by varying the conditions and the number of samples to see the distribution results
smooth out as is to be expected based on the Central Limit Theorem. For example, on the Plot Renderer
the variable is set to measure the Composition of Ni. The initial sample size uses the default, 200, and
then, as in the example below where the sample size is increased to 300, 400, 600, 800, and 1000 to show
how the plot follows the Gauss distribution.

Histogram Plot

This is a series of histogram plots of the uncertainty calculations sampling data from Gaussian
distributions. It compares the Ni composition where the total sample size is increased to show how the
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model follows the Gauss distribution.

Total samples = 200 Total samples = 300

Frequency
Frequency

14
Mass percent Ni

Frequency

Frequency

12 14

08
A Mass percent Ni

B oms umusen

Fraguency

Frequency

14 15

20 08
& Mass percent Ni

14
Mass percent Ni

Normal Probability Plot

You can also plot the results as a Normal probability. Continuing with this example, on the Property
Model Calculator Configuration window the X-Axis variable is plotted as Composition and the Y-Axis
variable is plotted as the Normal probability.
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[ Property Model Calculator 1

Tie lines: 0% Legend option: :Un v: Legend style: :Ncne v:
X Axis

Axis variable: :Mass percent Ni v:

Axis type: Linear Sl

Limnits: 500.0 to|3000.0 step|250.0 Automatic scaling

Y Axis

Axis variable: iNormaI probability vi

Axis type: Probability «

Limits: 500.0 to|3000.0 step|250.0 Automatic scaling

Qe ¥

This is a normal probability plot example of the uncertainty calculations sampling data from Gaussian
distributions. It compares the Ni composition where the total sample size is 200. The sampled data (blue
line) closely follows the ideal normal distribution (red line). Deviations are naturally larger at the tails
(=1%Ni and =2%Ni) since the number of samples are fewer there compared to the center of the
distribution.

Results —
Plot Renderer 17 plot Renderer 2

0999

0995
099 ~— Mass percent Ni
~— Normal Distribution (Mean = 1.4, Standard devigtion = 0.2

098

095

09

08
07
06
05
04
03
02

Normal probability

0.1

005
002

0a1
0005

0.001

0.8 1.0 1.2 14 16 1.8 2.0 2.2
A Mass percent Ni

Phase Transition Model

By varying set conditions, the Phase Transition model calculates the point when a new phase may form.
The model is useful to determine melting temperature, boiling temperature or solubility limits. It returns
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the phase transformation temperature, or composition, depending on the varied condition.

4l For an example of a phase transition model, see example 10 in Graphical Mode Example
Collection on page 9.

Define the:
o Matrix phase - The single phase region to start in. Select 'Any phase' to use the phases
that take part of the initial equilibrium or choose a specific phase.

o Phase to form - For the new phase to be formed, select 'Any phase' or choose a specific
phase.

« Condition to vary — Choose whether to vary a composition or temperature condition
when calculating the phase transition.

« Search direction - For the composition or temperature condition being varied, choose
the Search direction to be in a Positive, Negative, or Positive and Negative direction.

o Upper search limit and Lower search limit - These values also relate to the search dir-
ection, where an estimated change to the released condition implies where a new phase
is expected.

The start value (given in Condition Definitions) and phase transition point need to be within these
limits, otherwise the model returns Not a Number as result. For example, a start temperature is
1100 K then the limits need to be outside these, e.g. 500-1500.

Driving Force Model

The Driving Force model calculates the thermodynamic driving force for a phase.

o Matrix phase: Choose a Matrix phase, the single phase region to start in. Select 'Any
phase' to use the phases that take part of the initial equilibrium or choose a specific
phase.

« Precipitate phase: Choose a Precipitate phase to calculate its driving force.

The calculation result is the driving force divided by RT.

4l For an example of a driving force model, see example 12 in Graphical Mode Example
Collection on page 9.
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Interfacial Energy Model

Use the Interfacial Energy model to estimate the interfacial energy between a matrix phase and a
precipitate phase using thermodynamic data from a CALPHAD database. The approximation model is
based on Becker's bond energy approach and is also available in Precipitation Module (TC-PRISMA). In
the actual calculation, the coefficients taken distinguish between only bcc and fcc structure for the (110)
and (111) lattice plane, respectively.

For other planes and/or other phases, the estimate is approximate. In most situations, it is
recommended to perform calibrations against some experimental data because the interfacial energy is
dependent on so many factors that are ignored in the estimation, for example entropy, incoherency,
orientation, and curvature, etc. Uncertainty factors must also be considered as thermodynamic data in
CALPHAD databases are not always accurate.

Select the Matrix phase and Precipitate phase to return the interfacial energy [J/m?].

4l For an example of an interfacial energy model, see example 11 in Graphical Mode Example

Collection on page 9.

Estimation of Coherent Interfacial Energy

Interfacial energy is an important parameter used in precipitation simulations to calculate the rates of
nucleation, growth/dissolution, and coarsening. The value of interfacial energy can vary dramatically
(usually between 0.01to 2.0J/m?2).

The extended Becker’s model functions to estimate coherent interfacial energy by using thermodynamic
data from existing CALPHAD thermodynamic databases:

nz
—_ S8
o,=—"AE,
N,z

where 0 is the coherent interfacial energy, n, is the number of atoms per unit area at the interface, z is
the number of cross bonds per atom at the interface, z;is the coordination number of an atom within
the bulk crystal lattice, and AE is the energy of solution in a multicomponent system involving the two

phases being considered. (Referencel).
Coarsening Model

The Coarsening model calculates the coarsening rate coefficient K (m3/s) of a spherical precipitate phase
in a matrix phase.

o Matrix phase: Choose the Matrix phase.

« Precipitate phase: Choose a Precipitate phase to calculate its coarsening rate.

1Becker, R., Die Keimbildung bei der Ausscheidung in metallischen Mischkristallen, Ann. Phys. 424, 128-140 (1938).
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Returns the coarsening rate coefficient [m3/s] for the precipitate phase and the interfacial energy
[J/m?2] between matrix and the precipitate phase.

D/ This model requires that the thermodynamic and kinetic databases used include
descriptions of molar volume of the matrix and precipitates as well as mobilities for the
matrix phase.

For an example of a coarsening model, see example 11 in Graphical Mode Example
Collection on page 9.

Particle Coarsening

In the coarsening regime where the driving force is capillarity, the change of mean particle radius evolves

according to the equation:
73— ?’03 = Kt

Following Morral and Purdy, the rate constant of precipitating 3 phase in a multicomponent o phase is

ot s - -]

The mobility matrix M is not the same as the mobilites that can be obtained directly from the Diffusion
Module (DICTRA). The M matrix instead corresponds to the L'’ matrix as defined by Andersson and
Agren.

Using the u-fractions that is defined as

U,

Z Xj

jes

where the summation only is performed over the substitutional elements give the final equation for the
coarsening rate coefficient.

=228 uf e T [ - uﬂ]_lf‘ o5 [ e LT o - ”ﬂ]_l

The interfacial energy o'is calculated using the extended Becker’s model (that also is available as a
separate Property Model Calculator model)

References

e Morral, J. E. & Purdy, G. R. “Particle coarsening in binary and multicomponent alloys,”
Scr. Metall. Mater. 30, 905—-908 (1994).
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« Andersson, J. & Agren, J. Models for numerical treatment of multicomponent diffusion
in simple phases. J. Appl. Phys. 72, 1350-1355 (1992).

Equilibrium Model

The Equilibrium model calculates the equilibrium for the given conditions. Optionally define additional
Function Definitions. All quantities that normally can be obtained from an equilibrium calculation can
also be obtained when plotting the results, as well as the defined functions.

Equilibrium Calculator

An Equilibrium Calculator allows you to set the conditions for, and perform, a calculation. The
Configuration window for an Equilibrium Calculator has these tabs:

« Conditions: Set the conditions for your calculation that define the stepping or mapping
axis variables. This tab can be viewed in a simplified mode and in an advanced mode.
See Setting Equilibrium Calculator Conditions on the next page.

o Functions: Define your own quantities and functions, which you then can calculate and
plot. See Calculating and Plotting Functions on page 76.

o Options: Modify numerical settings that determine how equilibria are calculated, as
well as how stepping and mapping calculations are performed.

D/ The Options tab is where you can locally define specific Equilibrium Calculator settings.
These are the same settings described in Global Settings: Calculation (Equilibrium
Calculator) on page 194.

See Creating Activities and Successors on page 29 for a list of possible successors and predecessors for
this activity. An Equilibrium Calculator that is the successor of another Equilibrium Calculator inherits all
the Configuration window settings of the predecessor.

i

il For an example of how serially coupled Equilibrium Calculators can be used, see example 6

in Graphical Mode Example Collection on page 9.

Configuration Window
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Configuration *

|Z| Equilibrium Calculator 1

Conditions | Functions I Options

Composition unit :Mass percent - Switch to advanced mode

Condition Definitions

Temperature :Kelvin v: 1000.0
Pressure :Pasml v: 100000.0
System size :I'"'Inle v: 1.0
Composition Fe 99,98
Composition (= 0.01
Composition Cr 0.01

Calculation Type

() Single equilibrium (") Property diagram (") Property grid (@) Phase diagram

Axiz Definitions

Quantity Min Max Step division Type

'Temperature - . 500.0 3000.0 50 .Linear -min no. of steps  » '

:Mass pPErCova v 0.0 100.0 50 :Linear -minno, of steps  «

[ = ][ ]| [ < ] Add Predecessor Perform ” Create New Successor ] = |
1 | n | »

Setting Equilibrium Calculator Conditions

Conditions and axis variables for the Equilibrium Calculator are set in the Conditions tab of the
Configuration window. The tab can be viewed in two modes: simplified (the default) or advanced.

The conditions to set depend on the type of calculation.

il

i See Graphical Mode Example Collection on page 9: Example 1 is a single-point equilibrium

calculation; Example 2 is a stepping calculation; Example 5 is a mapping calculation.

In advanced mode, you can add and remove conditions as well as set additional axis definitions.
However, the number and types of conditions set must still conform to the Gibbs’ phase rule. The
Number of missing conditions is field, at the top of the tab shows how many conditions that you have
left to set. If the number is negative, then that number of conditions need to be removed.
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Setting Conditions for Simplified Mode

The following table briefly describes what you can set on the Conditions tab in simplified mode. Click
Switch to advanced mode for more options.

The Conditions Tab

Conditions | Functions | Options

Composition unit  Mass percent «

Condition Definitions

Temperature | Celsius ¥ |1000.0
Pressure Pascal « |100000.0
System size | Mole - (1.0

Calculation Type

Single equilibrium Property diagram Property grid

Axis Definitions

Quantity Min Max Step division Type
Temperature ¥ | 500.0 3000.0 0.0 Linear - min no. of steps -
Temperature ¥ | 500.0 3000.0 0.0 Linear - min no. of steps =

Conditions Tab, Simplified Mode Settings

These are the settings on the Equilibrium Calculator Conditions tab in Simplified Mode.

Setting or Condition  Options

Composition unit Choose from Mass percent, Mole percent, Mass fraction or Mole fraction.

Specify the values (and units) of the state variables: Temperature, Pressure,

Condition Definitions
fi and System size.

Single equilibrium (no axes), Property diagram, Property grid or Phase

diagram.
Calculation Type
For the Single calculation type no further settings are required. The results

from this calculation are displayed in the Event Log .

Property diagram: Define the axis variable using these fields and menus:
Quantity, Min, Max, Step division and Type.

Property grid: Define the two axis variables using these fields and menus:

Axis Definitions ) .
Quantity, Min, Max and Number of steps.

Phase diagram: Define the two axis variables using these fields and menus:
Quantity, Min, Max, Step division and Type.
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Options

D/ If the Equilibrium Calculator already has a Plot Renderer as a
successor and you change the stepping/mapping quantities,
then the quantities represented on the X- and Y-axis are
automatically updated in the Plot Renderer.

Set a fixed Number of steps. The number of steps along with the minimum
and maximum values for the axes define a grid. For each grid point an
equilibrium is calculated.

Type options: Linear - min no. of steps, Linear - max step size and
Logarithmic - scale factor.

For Linear - min no. of steps, the Step division value specifies a minimum
number of steps that is calculated between the minimum and maximum
value during the stepping/mapping operation.

For Linear - max step size, the Step division sets the maximum size of each
step.For Logarithmic - scale factor, Step division specifies the scale factor of
a logarithmic function that distributes the steps from the initial equilibrium
to the minimum and maximum values defined.

Calculating with a Fixed Phase (Advanced Mode)

This describes how to use the advanced mode to set a phase to be fixed at a certain amount. This allows
you to, for example, find out at what temperature a material starts to melt. If you set the phase to be
fixed to liquid phase at zero amount, and do not define the temperature state variable, then you can
calculate at what temperature the material enters a state where the liquid phase is no longer zero (that

is, when it starts to melt).

How to Calculate with a Fixed Phase

s

(D For a fixed phase equilibrium calculation, it is recommended to serially couple the
Equilibrium Calculators. This is where one Equilibrium Calculator activity is the successor to
another Equilibrium Calculator activity that performs an ordinary equilibrium calculation,
and then, for the condition you are interested in, you make a rough estimate of the value.
This gives the fixed phase calculation better starting values.

1. Right-click a node that can add an Equilibrium Calculator to your project. See Creating
Activities and Successors on page 29 for a list.

2. In the Project window, click the Equilibrium Calculator activity node.

Calculating with a Fixed Phase (Advanced Mode) | 75 of 204



Thermo-Calc Documentation Set

. In the Configuration window, click Switch to advanced mode.

If the Default calculation mode is globally set to Advanced then by default the
Configuration window is already in advanced mode. See Changing Global Settings on
page 187.

. Under Condition Definitions, click the Add quantity & button.
. Select Fix phase from the first menu.

. Select the phase that you want to fix in the second menu, and set the amount of that

phase you want to fix the phase to. For example, if you want to know when your mater-
ial starts to melt, set the phase to LIQUID and the value to 0.0:

Conditions | Functions | Options

Mumber of missing conditions is |-1 Switch to simplified mode
Condition Definitions ~
=] Temperature v | |Kelvin w || 1000.0

=] Fix phase v

Above the condition definitions, the Number of missing conditions is field is probably -1. This
means that you must remove one condition.

. Toremove a condition, either click the remove @ button, or click to clear the check-box.

For example, if you want to know at what temperature your material starts to melt,
then you cannot have a fixed temperature, in which case the temperature condition is
not selected:

Conditions | Functions | Options

Murmber of missing conditions is (0 Switch to simplified mode
Condition Definitions ~
& & [ |Temperature Kelvin 1000.0

0 Fix phase v | [LIQUID w ||0.0

The Number of missing conditions is field displays 0. When you have set all your conditions, you
can perform the Equilibrium Calculator (now or later).

Calculating and Plotting Functions

The Functions tab allows you to define your own functions that can be plotted in a Plot Renderer.
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For an example of how you can use functions that you yourself define, see example 7 in
Graphical Mode Example Collection on page 9.

How to Calculate and Plot Functions

1. Create an Equilibrium Calculator node and click it in the Project window.

2.

In the Configuration window click the Functions tab.

3. Under Quantity Definitions, define Q1. Click the add @ button to Add a new quantity.

Then from the lists, choose the variable for each quantity to define. The quantities are
called Q1, Q2, Q3 and so on. In this example, the quantity Q1 is defined as the Amount
of phase, with No normalization, LIQUID in Mole units.

Configuration g B X

Functions | Options

Quantity Definitions

= Equilibrium Calculator 1

)€ Q1 = Amount of phase w  No normalization w  LIQUID  Mole -

Function Definitions
&)@ V| |fraction_solid =[1-01

@@ [¥] |f_solid = [1-NP(LIQUID)

| -] ” ||T Add Predecessor | Perform Tree ” Create New Successor |T|

. Under Function Definitions, click the add & button to add a new function. In the left

field edit the default name of each function and enter the function itself in the right
field after the equal sign. In this example, the quantity defined as Q1 is renamed to frac-
tion_solid, which gives as its output the fraction of solid phase (1-Q1).

You can also use Console Mode syntax when entering the function. For example, the
function above can be entered as 1-NP (LIQUID).

. To plot the defined function, right-click Equilibrium Calculator and choose Create new

successor—>Plot Renderer.

. Click the Plot Renderer node. In the tab for the Equilibrium Calculator that contains the

function, set an Axis variable to Function, then from the menu select the defined func-
tion. In this example the Y-axis is set to plot the value of the function fraction_solid.

When run, the Plot Renderer plots the value of the function.
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Configuration ®
[ Plot Renderer 2
G L [0 &
Sawve Diagram Show Triangular Show Grid Switch Axes|Retain Labels
[ Equilibrium Calculator 1
Tie lines: 0 Legend option: A)us quantity v: Legend style: :None v:
X Axis
Axis variable: :Temperature V: :Kel\.rin v:
Axis type: :Linear v:
Limits: 1500.0 to|1700.0 step|250.0 |:|Aut0matic scaling
Y Axis
Axis variable: | Function v| [fsolid ~ || 1-nP(LIQUD)
Axis type: :Linear V:
Limits: 0.0 to|1.0 step 0.1 |:|Aut0matic scaling
Qe
&) ‘ < Add Predecessor Perform Create New Successor
4 (L1 b

Precipitation Calculator

® The Precipitation Calculator is available with two components if you do not have the
additional Precipitation Module (TC-PRISMA) license. With the add-on module you can use
all available components.

A Precipitation Calculator allows you to set the conditions for, and perform, a precipitation calculation.
The Configuration window for a Precipitation Calculator has these tabs:

« Conditions: Set the conditions for your calculation that define the Matrix and Pre-
cipitate phases. Choose the Calculation Type.

o Options: Modify Numerical Parameters that determine how the conditions are cal-
culated. The Growth rate model can be viewed in Simplified or Advanced mode.

Configuration Window

Example
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Configuration Y

4] Precipitation Caleulator 1
Conditions | options,

Composition unit: | Mass percent

Composition Fe  [87.9
Composition € 0.1

Composition  Cr 12.0

Matrix Phase

Phase BCC_A2 - + Show details
© © Precipitate Phase

Phase: CEMENTITE - - Show details
Nucleation sites: Grain boundaries  w| [] Calculate from matrix settings |6.528500136483704E23 |3 Wetting angle (0-90): (90.0  [°

Interfacial energy: User-defined v 0174 3m?

© © Precipitate Phase

Phase M23C6 - + Show details
Nucleation sites: Grain boundaries  w| [] Calculate from matrix settings |6.528500136483704E23 |3 Wetting angle (0-90): (90.0 | 2
Interfacial energy: User-defined ~ | 026 Im?

© © Precipitate Phase

Phase w7C3 - + Show details
Nucleation sites: Grain boundaries v | [] Calculate from matrix settings |6.528500136483704E23 |3 Wetting angle (0-90): [90.0 |
Interfacial energy | User-defined > 03 Im?

Calculation Type

*) Isothermal Non-isothermal (@) TTT diagram
Min Max step
Temperature: 500.0 8000 s Celsius -
Max simulation time: |1.0E8 Seconds -
Stop criterium: Volume fraction of phase | 0.0001
[© JL 0 [ =] #ecpredecessor [ Perform TTT biagram Simulation ]| Create New Successor | > |

Conditions Tab Settings

These are the settings on the Precipitation Calculator Conditions tab.

Setting or Condition = Options
Composition unit Choose from Mass percent, Mole percent, Mass fraction or Mole fraction.
Matrix Phase Specify the Phase. Click Show Details for more settings.

Specify the Phase, Nucleation Sites, and Interfacial energy. Click Show

Precipitate Phase ) .
Details for more settings.

Calculation Type Choose Isothermal, Non-isothermal or TTT diagram.
Matrix Phase

Phase: Choose a phase from the list. The list is based on the settings for the System Definer. When
setting up your system, choose a matrix phase with kinetic data available in the database.

D/ Only phases with kinetic data can be selected as the matrix phase. If the list is empty, go to
the System Definer to make sure that both types of databases are selected and defined.
See "System Definer" in the Thermo-Calc User Guide or search the Online Help.

D/ Click Show details to view these additional settings:
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o Molar volume: Choose the default to take the value from the Database or User-defined
to enter another value. Database is available in the list when the molar volume for the
phase is defined in the thermodynamic database.

¢ Grain radius: Enter a numerical value and choose a unit from the list.

Grain aspect ratio: Enter a numerical value.

Dislocation density: Enter a numerical value.
o Mobility enhancement prefactor: Enter a numerical value.

« Mobility enhancement activation energy: Enter a numerical value.

Precipitate Phase

Phase: Choose a phase from the list. The list is based on the settings for the System Definer.

E]/ The phases available to choose have both thermodynamic and kinetic data. If the list is
empty, go to the System Definer to make sure that both types of databases are selected
and defined. See "System Definer" in the Thermo-Calc User Guide or search the Online
Help.

Nucleation sites: Choose one of the following from the list.

o Bulk, Grain boundaries, Grain edges, Grain corners, or Dislocations. Click to select the
Calculate from matrix settings check box if you want to calculate the number density of
sites.

o For Grain boundaries, Grain edges and Grain corners, enter the Wetting angle in addi-
tion to the matrix settings.

« To enter a specific value for the number of nucleation sites, deselect the check box.

Interfacial energy: Choose Calculated to use the estimated value and then enter a different prefactor

value if you want to adjust the estimated value. You can also choose User defined to enter a value in
J/m2.

El/ Click Show details to view these additional settings:

« Molar volume: Choose the default to take the value from the Database or User-defined
to enter another value. Database is available in the list when the molar volume for the
phase is defined in the thermodynamic database.

o Phase boundary mobility: Enter a numerical value.

« Phase energy addition: Enter a numerical value.
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o Approximate driving force: Select the check box to include this if simulations with sev-
eral compositions sets of the same phase create problems.

Calculation Type
Isothermal

Use an Isothermal calculation type to do a precipitation simulation at constant temperature.

For the Isothermal calculation type, enter a Temperature and Simulation time.
Non-Isothermal

For the Non-isothermal calculation type, select a Temperature unit and Time unit from the lists. Enter a
value for the Simulation time.

Click Thermal Profile to define the heat treatment schedule. Here the Temperature and Time
coordinates of thermal profile points are entered. A minimum of two points is required. You can also click
Import to add your own thermal profile from an Excel spreadsheet.

Edit Thermal Profile Window

Edit Thermal Profile @

Time [s] Temperature [°C]

0.0 |1150.0 L

1,200

3300.0 ‘380.0 1,000

900

800

700

600

500

Temperature [°C]

400
300
200
100

0 500 1,000 1,500 2,000 2,500 3,000
Time [s]

TTT-Diagram

Use a TTT-diagram calculation type to do a a precipitation simulation of the time-temperature-
transformation (TTT).

For the TTT diagram calculation type, enter Min, Max, and Step values for the Temperature and choose
a Unit from the list.

Max simulation time: Enter a numerical value and choose a Unit from the list.

Stop criterium: Choose Volume fraction of phase or % of equilibrium fraction and then enter a
numerical value in the field. For each temperature, the simulation stops when the stop criterium is
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fulfilled or if the maximum simulation time is reached, whichever happens first.
Options Tab Settings

These are the settings on the Precipitation Calculator Options tab.
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Settings

Growth Rate Model

Choose from Simplified (the default) or Advanced.
Numerical Parameters

Enter numerical values for the following as required.
o Max time step fraction: The maximum time step allowed for time integration as frac-
tion of the simulation time.

o No. of grid points over one order of magnitude in radius: Default number of grid
points for every order of magnitude in size space.

o Max no. of grid points over one order of magnitude in radius: The maximum allowed
number of grid points in size space.

o Min no. of grid points over one order of magnitude in radius: The minimum allowed
number of grid points in size space.

o Max relative volume fraction of subcritical particles allowed to dissolve in one time
step: The portion of the volume fraction that can be ignored when determining the time
step.

o Max relative radius change: The maximum value allowed for relative radius change in
one time step.

« Relative radius change for avoiding class collision: Set a limit on the time step.

o Max overall volume change: This defines the maximum absolute (not ratio) change of
the volume fraction allowed during one time step.

o Max relative change of nucleation rate in logarithmic scale: This parameter ensures
accuracy for the evolution of effective nucleation rate.

o Max relative change of critical radius: Used to place a constraint on how fast the crit-
ical radium can vary, and thus put a limit on time step

o Min radius for a nucleus to be considered as a particle: The cut-off lower limit of pre-
cipitate radius.

o Max time step during heating stages: The upper limit of the time step that has been
enforced in the heating stages.

Plot Renderer
The Plot Renderer displays results from the various calculator activities .

The available Plot Renderer functionality varies by calculation type. For example:
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« If you choose a Property grid (Equilibrium Calculator) or Grid (Property Model Cal-
culator) calculation type, select a Plot type and whether to Interpolate the data or not.

o For a Property Model Calculator Uncertainty calculation type, you choose an Axis type:
Frequency, Histogram or Normal probability. For other calculators (e.g. Equilibrium,
Binary, and Scheil) there are different axis types available such as Linear, Logarithmic,
Logarithmic 10, and Inverse.

The Plot Renderer is used to set the plotting axis variables for a property diagram and phase diagram.

If you are plotting a Property grid (Equilibrium Calculator) or Grid (Property Model Calculator) then the X-
and Y-axes always represent the quantities that define the stepping axes, but you need to set a variable
for the Z-axis (the axis perpendicular to the plane defined by the X-and Y-axes).

@ Also see Creating Activities and Successors on page 29 for a list of possible successors and
predecessors for this activity.

The configurations that can be set in the Configuration window for a Plot Renderer vary depending on
the kind of predecessor it is created from.
Plot Several Calculations in One Diagram

A Plot Renderer can have several predecessors (if you want to plot several calculations in the same
diagram), in which case there are several tabs in the Configuration window, one for each predecessor.

Several Plot Renderer activities (as well as Table Renderer activities) can be shown in the Results window
as different tabs. The figure is from Graphical Mode example 4.

@ Also see Plotting Several Calculations in One Diagram on page 96 for details.
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100
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3
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Mass percent C

100

Add Axes to Diagrams

You can add additional X- and/or Y-axes to a plot to compare two or more variables at the same time as

in the figure.

Two variables plotted on the Y-axis.

Also see Adding Axes to a Diagram on page 97 for details.
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Merge Results in One Diagram

You can merge (or overlay) calculated results for several variables into one diagram. This is similar to
adding an axis, but instead of displaying different variables along the X- and/or Y-axes, the same X and Y
variables are used to compare the third variable (defined in the Plot Renderer as the Z-axis).

As in the figure (from example 12 in Graphical Mode Examples), the driving force and interfacial energy
results are combined into one diagram. The X and Y axis is the same for both (Mass percent Cr/Mass
percent Mn).

@ Also see Merging Plots into One Diagram on page 99 for details of how to combine
diagrams.

A contour plot showing both the driving force and interfacial energy calculation results comparing
Mass percent Cr to Mass percent Mn.
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Configuration Window

The Configuration window has different options available based on its predecessor. The following is an
example of the Configuration window for a Plot Renderer that is the successor to an Equilibrium
Calculator. The options along the top are available for most of the calculation types (e.g. phase diagrams,
property diagrams, min/max, uncertainty and so forth). For an Equilibrium Property Grid calculation

type and a Property Model Calculator Grid calculation you can choose a Plot type.
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Gl A

i =
Sawve Diagram Show Triangular Show Grid Switch Axes [Retain Labels

Tie lines: e

I Property Model Calculator: Coarsening |

Iﬁ Plot Renderer 1

Plot type: :Heatmap v: Interpolate: :Never v:

X Axis

Axis variable: | Mass percent Cr

Axis variable: | Mass percent C

Axis type: Linear -
Limits: 500.0 to|3000.0
Y Axis

Axis type: Linear -
Limits: 500.0 to|3000.0
Z Axis

Axis variable: :Coarsening rate coefficient

Axis type: :Linear V:
Limits: 500.0 to|3000.0
00

step|250.0

step|250.0 Automatic scaling

step|250.0 Automatic scaling

Le ]

]| [ Add Fredecessor ][ Perform

Create New Successor

Configuration Settings
Setting/Button

Save Diagram

Gl

Save Diagram

Show Triangular

Show Triangular

Show Grid

Show Grid

Switch Axes
i

Switch Axes

Retain Labels

&

Retain Labels

Description

Save the plot diagram.

Display the diagram in triangular form, with the X-axis along the base and
the Y-axis along the left side. Such a diagram is often useful if you want to
plot the fractions of two components in a ternary diagram.

Overlay a grid on the diagram.

Show the plotting X axis variable on the diagram’s Y-axis, and the Y axis
variable on the diagram’s X-axis.

Toggle the default to keep labels displaying on the plot. By default labels
are retained.
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Setting/Button Description

Select how many tie lines to be plotted in the diagram. Every nth number
of tie line is plotted, where n is the number set here. Consequently, the
higher the number, the fewer the number of plotted tie lines in the
diagram.

Tie lines D/ This setting is not available if the Plot Renderer is a

successor to a Precipitation Calculator, Scheil Calculator or
to an Equilibrium Calculator where only one axis is defined
and varied (that is, an Equilibrium Calculator that has
performed a stepping calculation).

Select whether the diagram’s legend displays the Stable phases, the Axis

L d opti
R B quantity, or choose Off for no legend.

You can select a Legend style for the Stable phases or Axis quantity
selected for Legend option. Choose None, All, Constitution description,

Legend style or Ordering description.

@ Also see About Legend Styles on page 91.

E" This menu is available if the Plot Renderer is a successor to
either an Equilibrium Calculator that is set up to calculate a
Property grid or a Property Model Calculator that is
calculating a Grid.

On a Heat map diagram, each equilibrium calculation in the grid is

represented by a colour-coded pixel, where dark red represents the
Plot type (property grid  highest Z-axis variable value and dark blue represents the lowest Z-axis
or grid) variable value.

On a Contour diagram, Z-axis variable values are traced with curves in
different colours (in the same way that height values are traced with
curves on a topographical map).

From the Interpolate list, choose to interpolate data Never (the default),
Once, Twice or 3 times. This means points are put in between calculated
points in the grid and interpolated instead of calculated in the calculation
engine.

Choose how many points of data to interpolate on a grid or property grid
to improve curve smoothness — Never, 20x20, 50x50, or 100x100. Try
different settings for your own set of data.

Interpolate (property
grid or grid)
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Setting/Button Description

Set the state variable you want plotted along the X-axis and the Y-axis.

D/ If the stepping/mapping variables are changed in the
Equilibrium Calculator that precedes the Plot Renderer,
then the variables to be plotted along the diagram’s X- and
Y-axis are automatically updated to the appropriate

Axis variable quantities.

For a Precipitation Calculator:

» Select the Separate multimodal PSD check box to enter
settings for Points, Excess kurtosis, Valley depth ratio and
Minimum peak.

Select what type of scale to use on the axis. Choose between Linear,

Axis t
SR Logarithmic, Logarithmic 10 or Inverse.
Specify the range along the axis that is shown in the plot by setting the
o minimum and maximum values of the axis variable. You can also

Limits determine the step size between the tick marks along each axis.
Alternatively, select Automatic scaling.

Unit (Time X Axis) For a Precipitation Calculator choose a Unit - Seconds, Hours, or Days.
Use these buttons to add additional X- and/or Y-axes to a plot or to

Add an axis & and merge plots (to overlay one plot with another in the same dia-

Remove this axis @ gram). When merging plots, you define this variable as the Z-axis.

buttons. See Adding Axes to a Diagram and Merging Plots into One Dia-

gram for details.

Plot Status Marker

If you have plotted a diagram and then modify something in the tree that the Plot Renderer is associated
with, then a notification sign—an exclamation mark enclosed in a yellow triangle—is shown in the Plot
Renderer’s tab.

@ Also see Node Status Markers on page 40.

Results
Plot Rendere Flot Renderer 2
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About Legend Styles
There are a variety of legend styles you can use to display detail about the phases.

The same legend styles are available for both Graphical Mode and Console Mode plots. For Console
Mode, use the command CHANGE_LEGEND in the Thermo-Calc Console Mode Command Reference
Guide.

In Graphical Mode the label styles are defined when using the Plot Renderer on page 83. You can select a
Legend style for the Stable phases or Axis quantity selected for Legend option.

When there is a legend in the diagram you can append constitution and/or ordering descriptions to the
phase name.

If constituent description is included in the legend, then for each equilibria along a line in the diagram,
the largest constituent fractions are summed until they are equal or greater than 0.6. This is done
separately for each sublattice. If the equilibria along the line gets different sets of constituents these are
allappended to the list for that sublattice.

The ordering description is only printed for partitioned phases (phases that have a disordered
contribution) that begins with at least two identical sublattices (sublattices where the set of constituents
are identical). DISORD (disordered) is shown if site fractions are identical between identical constituents
on all identical sub lattices (with an error margin) otherwise ORD (ordered) is shown in the legend.

If ordering between equilibria in a line are different, then ORD + DISORD is shown in the legend.
Legend Examples

To show the differences between labels, the following uses the same example file that creates Figure 6in
TCNi8 database extended information document (found on the Thermo-Calc website).

When All is selected for this specific example the label includes the following:

Standard Constitution

informatiog information
H"""‘H |II

S,

— [ Fec_izpisoro Fr-ua NB.C)

- 2 FCC_L1242 DISORD (N.CRM CRVA)

No ordering, only

3 M3TA_DOA (M:NB)=——————— Constitution
— FCC_LIZ‘#.'-I AL NBVA) information
7
Ordering

information

Specifically:

« There are two disordered FCC phases (matrix and carbide), one ordered FCC (gamma
prime), plus a phase NI3TA_DOA (called Delta in Ni-alloys).

o ORDERING shows the different FCC phases.

About Legend Styles | 91 of 204


http://www.thermocalc.com/media/23650/tcni8_extended_info_formatted_02.pdf

Thermo-Calc Documentation Set

o CONSTITUTION shows that FCC_L12#1 is NbC, FCC_L12#2 is matrix with Ni and Cr as
major constituent, FCC_L12#3 is Ni3Al with Nb addition and NI3TA_DOA is Nb-rich (eg.
Ni3Nb).

Label Style Choice Examples

These examples are for each label style choice - None, All, Constitution or Ordering

The instructions are for when you are setting the options using the Plot Renderer. In Console Mode, you
choose the options (ALL, NONE, CONSTITUTION, or ORDERING) after the command CHANGE_LEGEND.

When None is selected the legend includes the standard information about the phases.

— 1FCCLI2
— 2 FCC_LI22

3 M3TA_DOA
— A FCC_LIZE3

When you select All the Constitution description and the Ordering description (when there is ordering)
are included.

— 1.FCC_L12DISORD (NE:NELC)
FCC_L12#2 DISORD (M.CRM CRVA)
N3TA_DOA (NNB)

— A FCC_L12#3 ORD (NALNBVA)

1
2
3

When you select Constitution description, this is added to the standard description.

— 1:FCC_L12{NB:NB:C)
2 FCC_L1282(N.CR:N CRVA)
3 NI3TA_DOA{M:NB)

— A FCC_L1283(N:AL NBVA)

When you select Ordering description and when there is ordering, this is added to the standard
description.

— 1:FCC_L12DISORD

— 2 FCC_L12#2 DISORD
3 MI3TA_DOA

— 4 FCC_L12#3 ORD

Adding and Editing Plot Labels

To add a label text at a certain point in a plot, right click the point, and select Add Label. For phase
diagrams, the program suggests a label that you can keep or edit. The suggested label specifies the
names of the stable phases at the coordinate where you clicked. For all other plot types, you enter your
own text, which can either be Plain text or LaTeX formatted text.

Add Label Window
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. Add Label [

Label: ~| & |Plain text A

. AaBDEAZ3 ARy

Rotation angle: |0.0

+ | Show anchor
Show details

| OK || Cancel H Reset | Delete

Label Formatting

You can enter the label as Plain text or in LaTeX-formatted text. For LaTeX-formatted text enter or edit
the text as required. For example, underscores (_) are added before the numbers to make subscripts in
the label.

il

il For a list of supported LaTeX commands, see:

http://www2.ph.ed.ac.uk/snuggletex/documentation/math-mode.html.

( N

@ By default when using LaTeX, you are in math mode and Thermo-Calc automatically
interprets the entered text as math. The above link uses the dollar sign (S) in all the
examples but this is NOT required. For example, if you enter SE=mc~2$ this is displayed
including the $ instead of the equation.

& J

Entering a Mixture of Plain Text and Equations

When you enter text using LaTaX formatted text it displays by default on the plot in italics and treats the
text as an equation.

As in the following example, the top label does not display correctly because the label is a mixture of text
(Mole-Fraction) and an equation (Al,03). In the bottom image, when the same information is added as
Plain text to the plot it now does not include the subscripts.
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Label:  [Mole-Fraction A_20_3 = |  LaTeX-formatied text

_Mule-fracnun AlL203
seto .

Label: Mole-fraction Al_20_3 | & |Fiain et
Font: AaBbCC123 AaBRMy [ Moddy... |

To add a mixture of plain text and equation text, you can exit math mode using the string \textrm
followed by the text to display enclosed in curly brackets. For example \textrm{Mole-fraction
}A1 20 3resultsin the label as shown:

Mole-fraction ALO;
o

Label: | [\textrm{Mole-fraction }al_20 3 | = | LaTex-formatied text +

[Z]' In this example, you need to add a space at the end of fraction in order to separate the text
from the equation part of the label.

@ When working in Console Mode, you can also use the above windows on the Console
Results window to add and edit labels. In addition, you can use the ADD_LABEL _
TEXT command described in the Thermo-Calc Console Mode Command Reference.

Rotation Angle and Show Anchor

By default the Show anchor check box is selected, which includes an arrow from the label point to the
coordinates.

If you do not want the label oriented horizontally in the Plot Renderer tab, then specify the number of
degrees of rotation in the Rotation angle field.

Click OK to add the label to the plot. You can also move a label by clicking and dragging it. The default
anchor arrow is added to indicate the point that belongs to the label.

Moving Labels in a Plot

Drag and drop labels anywhere on the plot. The anchor arrow points to the point of origin.
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BCC_A2+M23CB+MTC3\\
.

Changing the Plot Properties

For global changes to the default settings plots see Global Settings: Graphical and Console Mode-
Plotting on page 200. The settings are the same but applied to all new plots.

To make local changes to the appearance of a specific plot, in the Results window right-click a plot and
select Properties. You can also edit some properties for individual plot lines (the color, the line width and
type, and whether data points are included).

In the Results window, hover the mouse over a plot line. When it is over a line that can clicked the
crosshair cursor turns into a pointing finger.

2000

Temperature [K]

1500

@ To prevent unintended edits, hold down <Ctrl> while moving the cursor around the plot to
only display it as a crosshair.

Saving Plots

1. To save a diagram, at the top of the Configuration window click Save Diagram.
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Configuration

L gl
Save Diagranl:\\gshw.'Triangular

Or right-click the diagram in the Results window and select Save As.

2. In the Save window, navigate to where you want to save the plot, enter a File name, and
choose the File type to save it in. Click Save.

Plotting Several Calculations in One Diagram

You can plot several calculations in the same diagram by adding extra predecessors to the Plot Renderer
activity.

al For an example of a project in which several calculations are plotted in one diagram, see

example 5in Graphical Mode Example Collection on page 9.

To plot several calculations in one diagram, you must have, in addition to the Plot Renderer’s original
predecessor, at least one available Plot Renderer predecessor in your project. The extra predecessor can
be any of these: Equilibrium Calculator, Binary Calculator, Ternary Calculator, Scheil Calculator or
Experimental File Reader.

How to Plot Several Calculations in One Diagram

1. In the Project window click the Plot Renderer node.

2. In the Configuration window click Add Predecessor. Or right-click the Plot Renderer
and choose Add Predecessor.

My Project -
Systern Defifier.2
System‘Déf!neH Tm i
r  Equilibrium Calculatar 2 .
7, kY
Equilibrium Galculator 1 L
| Scheil Calculatar 1
’
2
Plat Rendere Add Predecessar  ® Equilibrium Calculator 2

Scheil Calculator 1
Perform Mow
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3. Select a predecessor. When added, the extra predecessor is linked to the Plot Renderer.
On the Plot Renderer’s Configuration window, the predecessors are shown as two tabs:

Save Diagram Show Triangular Show Grid Switch Axes
|21 Equilibrium Calculator 2| 2 Equiibrium Calculator 3

Tie lines: 1% Legend option: | Axis quantity w

[ w aviz

4. Configure how you want each calculation plotted on the tabs in the Configuration win-
dow, then click to Perform the Plot Renderer activity.

The calculations are plotted in the same diagram in a tab in the Results window. If any of the axis
variables of the plots differ, then the label and scale of all calculations are shown parallel to each
other. The following screen shot shows a diagram in which two calculations with different plotting
axes variables have been plotted.

Results a g x

Plot Renderer 1

1750 BCC_A2 + GRAPHITE (Equilibrium Calculator 1)
BCC_A2 + FCC_A1 (Equiliorium Calculator 1)
GRAPHITE + FCC_A1 (Equilbrium Calculator 1)
GRAPHITE + LIQUID (Equilibrium Calculator 1)
FCC_A1 +LIQUID (Equiibrium Caleulator 1)
LIQUID + BEC_AZ (Equllarium Calculator 1)
1500 N BCC_A2 + CEMENTITE (Equiliorium Calcultor 2)
BCC_A2 + FCC_AT (Equiliorium Caleultor 2)
CEMENTITE + FCC_A1 (Equiliorium Calculator 2)
CEMENTITE + LIQUID (Equiibrium Calculator 2)
FCC_A1 +LIQUID (Equiibrium Calculator 2)
LIQUID + BEC_AZ (Equllarium Calcuator 2)

1250

Temperature [°C]

o
=}
=}

750

500
0125 0150 0175 0.200 0225 0.250

0.000 0.025 0.050 0.075 0.100
A Mole fraction C

Adding Axes to a Diagram

You can add additional X- and/or Y-axes to a plot to compare two or more variables at the same time.
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1. In the Project window right-click the calculator node (e.g. an Equilibrium Calculator)
and add a Plot Renderer node from the Create New Successor menu.

2. Click the Plot Renderer node.

3. In the Configuration window, define the plot. Available settings are based on the cal-

culation type.

4. Click the Add an axis & button. A new settings section is added underneath.

5. From the X Axis and/or Y Axis sections define another Axis variable and choose an Axis

type.

6. Click Perform to plot both variables on the selected axis, in this example, the Y-axis.

Axis Example

In this example Amount of phase and Volume are selected as the Y-axis variables and Temperature as

the X-axis variable.

X Axis
Axis variable: | Temperature o Celsius o
Axis type: Linear v
Limits: 500.0 to | 3000.0 step|250.0 Automatic scaling
¥ Axis
Axis variable:  Amount of phase v Mo normalization « | All phases w | Mole v
Axis type: Linear ~
Limits: 0.0 to| 1.0 step|0.1 Automatic scaling
=)
X Axis
Axis variable: | Temperature o Celsius o
Axis type: Linear v
Limits: 500.0 to | 3000.0 step|250.0 Automatic scaling
¥ Axis
Axis variable: | Volume w Mo normalization ~ SER | System ~ || Cubic meter ~
Axis type: Linear v
Limits: 0.0 to|1.0 step|0.1 Automatic scaling
=)

Plot Example
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Merging Plots into One Diagram

7.2E-6

1800 2000

You can merge (or overlay) calculated results for several variables into one diagram. The same X and Y
variables are used to compare the third variable (defined in the Plot Renderer as the Z-axis).

“

You cannot overlay heat map or frequency plots.

The following uses example 12 in Graphical Mode Examples to describe the steps to overlay two plots:
the driving force and interfacial energy results are combined into one diagram. The X and Y axis is the

same for both (Mass percent Cr/Mass percent Mn).

1. In the Project window right-click the calculator node (e.g. Property Model Calculator)
and add a Plot Renderer node from the Create New Successor menu.

2. Click the Plot Renderer node.

3. In the Configuration window, define the plot. Available settings are based on the cal-

culation type.
Example

In this example the Property Model Calculator is set to a Grid calculation type.

Choose On for the Legend option and Contour as the Plot type.
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00 M
X Axis

Axis variable: Mass percent Mn b

At type: Linear -

Limits: 0.0 to|100.0 step|10.0 | Automatic scaling
Y Axis

Axis variable: Temperature - Celsius b

Axis type: Linear -

Limits: 500.0 to| 3000.0 step| 250.0 | Automatic scaling
Z Axis

#uds variable: [Driving force ~

e Driving force

type: Interfacial energy h

Limits: 0.0 to|1.0 step|0.1 | Automatic scaling

3= B

4. Click the Add an axis ©@button. A new axes settings section is added underneath.

5. From the Z Axis section choose the Axis variable. In this example, Interfacial energy.

6. Click Perform to plot both on the same diagram.

Plot Example

In this case, a contour plot showing both the driving force and interfacial energy calculation results
comparing Mass percent Cr to Mass percent Mn.

120- 0.272000 0.270400 0.268800 0.287200 0.265600 0.264000 1] EEEWD'
/ / / /
,-/ / / / * Driving force 25081
/ / / f‘ * Interfacial energy
/ / /
1.15- / | / / /
1118880 / / / / /
/ / /
/ / /
1.10 / / / /
/ / /
/ / /
/ / / /
105 / ‘-‘3“7“/ .‘-.‘ / .
= / / / / / /
= | / ‘ / /
§ 18380 ﬂ; ,f / / /
/ B / / f /
g’_ 100 / 18920 |isun‘l‘.‘l‘, / “/ ) /,
é ‘ / / /
E 0.95- f 117180 -‘" 1.16760 f‘/ / ( // -
/ / /
/ ,/ / / / /
/ / / / /
0.90- / / /f' 15820 / /
/ / / / /
/ . / / /
085 / f ’/ |1.15500 /,
/ / /
/ / / / J_/
os0-Lt [ /_hasoeo
16.0 16.5 17.0 17.5 18.0 18.5 19.0

Mass percent Cr
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Table Renderer

ATable Renderer visualizes calculation results in a table. Several Table Renderer activities (as well as Plot
Renderer activities) can be shown in the Results window as different tabs.

You can only successfully tabulate the results of a single-equilibrium calculation or a stepping operation.
The tabulated data from an equilibrium calculation is different from the tabulated data from a stepping
calculation.

@ Also see Creating Activities and Successors on page 29 for a list of possible successors and
predecessors for this activity.
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Tabulated Results from an Equilibrium Calculation

The following tab shows the result of an equilibrium calculation (from example 1in Graphical Mode
Example Collection on page 9).

Table Renderer 1 |

System
Moles 1.00000
Mass 55.64392 [gl
Temperature 100000000  [K]
Total Gibbs Energy -42140.55264 [J]
Enthalpy 24707.16903 [1]
Volume 7.20746E-6  [m3]
Companent Male Fraction Mass Fraction Adtivity Fotential
Fe 0.99537 0.99900 0.00619 -42277.77189
C 0.00463 0.00100 0.21818 -12658.35450
Stable Phases
Moles Mass Violume Fraction
BCC_A2#1 0.99609 55.59691 0.99711 jComposition and constitution vj
Composition
Companent Mole Fraction Mass Fraction
Fe 0.99928 0.99984
C 0.00072 0.00016
Constitution (Fe); (GVA);
Constituent  Site Fraction
Sublattice 1.
Fe 1.00000
Sublattice 2:
VA 0.99976
C 0.00024

For each stable phase listed, from the Composition and constitution menu you can select the
information to view. In this example, the maximum amount of information is shown and includes details
about both composition and constitution for BCC_A2#1.
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Setting Background Colours

To change the background colours of the table, in the Results window right-click a Table Renderer tab,
and select Properties. Modify as required.

Primary display color:

Secondary display color:
I [UK”Cancel][Reset]l

Tabulated Results from a Stepping Operation

The Table Render 1 tab in the example shows the results of a stepping calculation (from example 2 in
Graphical Mode Example Collection on page 9).

Results o
| Plot Renderer 1 |§Tab|e Renderer 1
Temperature [K] Amount of BCC_A2 [mol] Amount of LIQUID [mol] Amount of FCC_A1l [mol] Amount of GRAPHITE [mol]
1000.00000 0.99609 0.00391
1010.00000 0.99618 0.00382
1011.17278 0.99620 0.00380
1011.17278 0.99620 0.00000ED 0.00380
1011.17278 0.87364 0.12636 0.00000ED
1011.17278 0.87364 0.12636
1020.00000 0.86046 0.13954
1030.00000 0.84331 0.15669
1040.00000 0.82356 0.17644
1050.00000 0.80082 0.19918

1060.00000 0.77395 0.22605

Configuration Window Settings

| =] Table Renderer 1

lj Decimal digits: S5k Mumber format: | Auto ]
Save table
Columns
(Y= Temperature w | |Kelvin v
@@ Amount of phase v | |MNo normalization v ||All phases v ||Mole W

Defining the Table Columns
In the Configuration window for the Table Renderer 1 node, set the level of detail for the Columns:
Setting Number Format and Number of Decimal Digits

The table results can be presented in ordinary decimal number format or with normalized scientific
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notion. The Number format menu defaults to Auto to use the most appropriate format based on the
tabulated data. Or choose Scientific or Decimal to increase or decrease the number of Decimal digits
used in the table.

Saving Tabulated Data

To save all the data in a table as a plain text file, in the Configuration window click Save table or in the
Results window right-click in the table and select Save As.

To copy the data from a single cell of a table to the clipboard, right-click the cell and select Copy. To copy
the whole table to the clipboard, select Copy all.

Ef The data saved is what is shown in the Table Renderer tab. If data is calculated but not
displayed it is not saved.

Experimental File Reader

The Experimental File Reader activity can only be created from the top My Project node. This activity
allows you to read an experimental data file (*.EXP). This type of file has information specifying a plotted
diagram, written in the DATAPLOT graphical language.

@ Also see Creating Activities and Successors on page 29 and the DATPLOT User Guide
included with this documentation set.

How to Plot an Experimental Data File
1. Right-click My Project and from the Create New Activity submenu choose Exper-
imental File Reader.
2. In the Configuration window in the EXP file field, enter the name of the EXP-file to plot.

3. Click Create New Successor and select Plot Renderer. Or right-click the Experimental
File Reader node and from the Create New Successor submenu choose Plot Renderer.

4. In the Configuration window click Perform or right-click the Plot Renderer node and
select Perform.

Binary Calculator

A Binary Calculator can be used for some calculations involving two components. You can think of this
activity as a combination of a System Definer and an Equilibrium Calculator, but designed to simplify
setting up and performing calculations on binary systems.

The Binary Calculator relies on some specifications that are not supported by all databases. You need a
specially designed database for the Binary Calculator such as the TCBIN database.
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ﬁﬁ For an example of how a Binary Calculator can be used in a project, see example 3 in
Graphical Mode Example Collection on page 9.

Configuration Window

The following shows the Configuration window of a Binary Calculator activity.

7. Binary Calculator 1

Databases
TCBIN v

Elements | Phases and Phase Constitution | Data Sources | Description|

= ad
e

s

IIEHH

HHH
(= Jlom Jom )= Lo L= L e )

Calculation Type
(@) Phase diagram

(") Gibbs energy curves Temperature | Kelvin - ||1E|DD.D |
@ Activity curves Temperature | Kelvin - ||1E|DD.D |
(") Phase fractions Mole fraction | - ”IZI.EI |
[ (=] ” | ] ]” < ” Add Predecessor || Calculate Phase Diagram ” Create New Successor H = ll

Configuration Settings

The table lists the available settings to configure before performing the calculation.
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@ Also see Creating Activities and Successors on page 29 for a list of possible successors and
predecessors for this activity.

Setting

Select database

Elements

(periodic table)

Phases and Phase
Constitution

Data Sources

Description

Calculation Type

Phase diagram

Gibbs energy curves

Activity curves

Phase fractions

Ternary Calculator

Description

Select a database that contains specifications dedicated to the
Binary Calculator.

In the periodic table, select the two elements that make up the
components of the system.

This tab is the same as for a System Definer on page 54. See Phases
and Phase Constitution for an example.

This tab is the same as for a System Definer on page 54. See Data
Sources for an example.

This tab is the same as for a System Definer on page 54. See
Description for an example.

Select to perform a mapping calculation. Click Calculate Phase
Diagram to plot the results.

Select the Temperature and click Calculate Gibbs Energy Curves to
calculate at a constant temperature over the whole composition
range.

Select the Temperature and click Calculate Activity Curves to
calculate at a constant temperature over the whole composition
range.

Select the Mole fraction and click Calculate Phase Fractions to
calculate as a function of temperature at a constant composition.

ATernary Calculator is used for some calculations involving three components. You can think of this
activity as a combination of a System Definer and an Equilibrium Calculator, but designed to simplify
setting up and performing calculations on ternary systems.

il

For an example of how a Ternary Calculator is used in a project, see example 4 in Graphical

Mode Example Collection on page 9.
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Also see Creating Activities and Successors on page 29 for a list of possible successors and
predecessors for this activity.

The following shows the Configuration window of a Ternary Calculator activity:

Configuration

*

Databases
 TCFES -

[T, Ternary Calculator 1

Elements | Phases and Phase Constitution | Data Sourcesl Description|

= Lanthanide sefies

=* Actinide sefies. AC

Calculation Type

(@) Isothermal section Temperature :Kel\.rm
(") Monovariant lines

‘.:_.' Liquidus projection Temperature | Kelvin

& | Add Predecassor

-

-

1000.0

Min|298.15

Perform Tree

Max|3273.15 Interval|100.0

Create New Successor ]|

Configuration Settings

The table lists the available settings that must be configured before performing the calculation.

Setting Description

Select
database

Elements
(periodic table) the system.

Select a database that contains specifications dedicated to the Ternary Calculator.

In the periodic table, select the three elements that make up the components of
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Setting Description

Phases and
Phase
Constitution

This tab is the same as for a System Definer on page 54. See Phases and Phase
Constitution for an example.

This tab is the same as for a System Definer on page 54. See Data Sources for an
Data Sources

example.
. This tab is the same as for a System Definer on page 54. See Description for an
Description
example.
Calculation Types
Isothermal Select the Temperature at which the ternary system is calculated for the whole
section composition range.

Monovariant L N - . .
The variation of the liquid compositions with temperature is calculated.

lines
Liquidus Select the Temperature range (Min and Max) and an Interval. The projection liquid
projection surface and the monovariant lines are calculated over the given temperature range.

Scheil Calculator

The Scheil Calculator activity is used to perform simulations of Scheil (Scheil-Gulliver) solidification
processes. By default, a Scheil calculation results in an estimation of the solidification range of an alloy.
The calculation is based on the assumption that the liquid phase is homogeneous at all times and that
the diffusivity is zero in the solid. However, it is possible to disregard the latter assumption for selected
components.

By default, a Plot Renderer successor has the default plot axes Mole fraction of solid (X-axis) and
Temperature Celsius (Y-axis). When these default axes are used in the Plot Renderer, the results of
normal equilibria calculations are automatically plotted in the same diagram as the Scheil calculations.

P
|ﬂ See example 8 in Graphical Mode Example Collection on page 9.

Configuration Window

The main Configuration window of a Scheil Calculator activity is shown below and listed in the table.
These settings must be configured before performing the calculation.
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Configuration m
S| Scheil Caleulator 1
Start temperature: | 2500.0 # Show advanced options
Temperature step: 1.0
Temperature unit: :Kel\.rin v:
Composition unit: | Mass percent >
Composition C 99.99 [ Fast diffuser
Composition Fe 0.01 || Fast diffuser
[ (7] “ ”’ < ] Add Predecessor Perform Tree ” Create New Successor ” > ”

Configuration Settings
Setting Description

Start Enter a Start temperature that is higher than the liquidus temperature of the alloy, in
temperature other words, the temperature at which the alloy is completely melted.

Temperature Enter a Temperature step. Decreasing the temperature step increases the accuracy,
step but the default value is usually adequate.

Temperature

unit Select the Temperature unit: Kelvin, Celsius or Fahrenheit.

Composition Select the Composition unit: Mass percent, Mole percent, Mass fraction or Mole
unit fraction.

Composition This is based on what is entered in the System Definer on page 54.

Click to select the Fast diffuser check box to allow redistribution of this component in

F iffi
AECITERT | oo dhesalid e liquid parts of the alloy.

Scheil Calculator Advanced Options and Settings
Additional advanced settings are available as shown below and in the table:

Click Show advanced options to open this configuration window:
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Configuration bt
& Scheil Calculator 2

Start temperature: 2500.0 = Hide advanced options |
Temperature step: 1.0

Temperature unit: :Kel\.rin v:

Compasition unit: Mass percent -

|| Global minimization

[] Allow BCC — FCC

Liquid phase: :I_IQUID v:

Terminate on: :Fraction of liquid ... v: at: 0.01

Composition Fe 09,99 [ | Fast diffuser

Composition C 0.01 [ | Fast diffuser

[ 2] ” ” [ < ] Add Predecessor [ Perform Tree “ Create New Successor “ > l|

Scheil Calculator Advanced Settings

Setting Description

By default the Global minimization check box is not selected. Click to select it to
perform a global minimization test when an equilibrium is reached. This costs more
computer time but the calculations are more robust.

Global
minimization

By default the Allow BCC - FCC check box is not selected. Select the check box to
Allow allow transformations in the solidified part of the alloy caused by each of the
BCC—>FCC components specified to be a fast diffuser. It is recommended that you only select
this for steels.

Liquid phase The default in the list is the Liquid phase already defined in the database.

Terminate Enter a value to terminate the calculation on the Fraction of liquid phase or at a
on specific Temperature.

@ Also see Creating Activities and Successors on page 29 for a list of possible successors and
predecessors for this activity and Scheil Simulations on page 144 in the Console Mode
section.
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The Console Mode Interface

The following is an introduction to the Console Mode’s user interface and the command line prompt.
@ Also see The Graphical Mode Interface on page 26 for information about that mode.

In this section:

The Console Mode Layout ...... ... . L 112
Console Window ... 113
Editing the Default Console DireCtory ..............o o 114
Console Mode Results Window . .. 116
Event Log WINAOW ... 116
Console Mode WOrKFIOW . . .. e e 117
Performing Calculations in Console MOde ........... .. e 118
Using the Command Line Prompt .. ... 119
Moving Between Modules and Submodules ... . 119
Entering Command Names or Abbreviations ........... ... o 120
SPECIfying PArameters ... .. ... o 121
Wild Card Characters ... ... 122
Controlling Console QULPUL ... .. 123
ComMANA HISTOTY ..o e 123
Log, Macro and Workspace Files ........... . 123
LOG FIlBS ..o 124
MOACrO Files ......... L 124
WOrkspace Files ............. o 126
Main Menu Commands ... . . 127
Defining a System in Console Mode ........ ... 127
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The Console Mode Layout

By default the first time you launch Thermo-Calc it opens in Graphical Mode. After this, the mode
defaults to the most recent one. You can switch back and forth between modes. To open the Console
Mode interface, click Switch to Console Mode on the toolbar.

The Console Mode User Interface

File Tools Window Help
5 B

New Open Save | Switch to Graphical Mode
Console a8 x_|[ Console Resufts o 8 x
B Console 1 (=) i} i=! [ Results Console 1 |8
Caleulated 66 equilibria A e [@@E[B]
. e example 4a
Fhase region bousdary 21ati  6.876E-01 2028403 0150727104233
LIQUIDHL PTERN: CR, FE
w4 BCC_A2$1 P=1.01325E5, N=t
Calculated 67 equilibzia
y 22 at: 6.876E-01 2.0428+03
2000
35 equilibria
_ 1800
ary 23 ab:  9.906E-01 2.178E+03 =
W 100
]
92 equilibria I
5 1400
2 6E-01 2.178 E
ary 24 at: 9.906E-01 2.178E+03 s
w1200
o
15 equilibzia E
“w&% BUFFER SAVED ON FILE: = 1000
C:\Users\Public\Docunents\Thermo-Cale\2015a\Examples\Console-mode\ teex04 800
.BOLY3
CEU time for mapping 2 seconds i
Event Log & - . x
03:10:59,431 INFO Initializacion completed
10:42:21,815 INFO Dragging and dropping a file: G:\Dsers\Public\Docurenss\Therno-Galc\2015a\Examples\Gonaole-mode\scex04\Goex0d. TGH 4

The currently selected window is called the active window. This has a darker title bar than the other
windows. The windows are:

1. Console, with a Console 1 tab.

2. Console Results, with a Results Console 1 tab as well as a sub-tab (Plot 1), which is what
is displayed in the window in the figure.

3. Event Log, which is the active window in this example.

Console Tabs

By default, the tabs are side-by-side:

Console
Bl Console 1 = | gl Console 2 B Console 3 & | [0 | =

You can toggle to view the tabs top-to-bottom/stacked (click the = button) and back to side-by-side
(click the L) button) or the “* button.

Open Console Windows

Open a specific window from the Window main menu, or select Reset Windows to return to the default
window layout.
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File Tools |Window| Help

; Project
New Open Scheduler
Console Configuration
B Console Results
Conscle
INTEGERT
. Console Results
Integrat Event LDg
POST:helg Reset Windows

Console Window

By default the Console window is on the left-hand side of the console. This is where you enter
commands. The window can have several Console tabs.

To open and close Console tabs:

« To open (or add), click the & button, press <Ctrl+T> when the Console window is active,
or right-click a tab header and select New Console.

e To close, click the @ button, press <Ctrl+W> or <Ctrl+F4>, or right-click the tab header
and select Close.

« To close all tabs except one, right-click the header of the tab you want to keep and
select Close Other.

e To close all tabs and open a new one, right-click the header of any tab and select Close
All

You can change the tab name, font and colours for an individual Console tab by right-clicking its header
and selecting Properties.
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Console Properties Window

-

Console Properties

Console name: lconsole 2
Buffer size: 40,000 =

Systermn output font: RaBbCcl23 RoEpTYy
Command prompt font: RaBbCcl23 RoBRTY
User input font: RaBbCcl23 RoBpTy
Background color:

Default directory: C:\Users\amanda‘\Documents

Editing the Default Console Directory

You can add a startup parameter to a shortcut when launching Thermo-Calc on any of the platforms.
When you launch the revised shortcut, the file path is set to a user-defined default directory. An example
of why you might want to have a custom directory path is if you use batch projects or if you have macro
files for batch jobs. The custom directory file path can also be viewed from within Console Mode.

@ The shortcut is only valid throughout the existing session; it is not saved as a default. Each
time you want to use this file path you must launch Thermo-Calc from the customized
shortcut.

The following uses Windows for the example.

Setting up the Default Console Directory

1. Right-click a shortcut to Thermo-Calc and click Properties.

Editing the Default Console Directory | 114 of 204



#. Thermo-Calc-2016a

5242016 1116
Open
Troubleshoot compatibility
Open file location

Send to

Cut

Copy

Paste

Create shortcut

Delete
Rename

Properties

Thermo-Calc Documentation Set

2. Inthe Thermo-Calc 2016a Properties dialog, Target field, add the following to the end of the
string: —=r plus the “path to the default directory”. Include a space between the —r and path, and

use quotation marks around the full file path. A simple example:

-r “C:\Thermo-Calc_Macro_Files”

Targettype: Application

Targetlocation: 2016a

Target ia\Thermo-Calc exef -r "C\Thermo-Calc Macro Files'|
Startin: "CAProgram Files\Thermo-Calc\20163"

3. Click Apply and OK.

4. Launch Thermo-Calc from the shortcut where you added the parameter. You can con-
firm that it is set correctly from within Thermo-Calc.

Viewing the File Path in Thermo-Calc

1. Launch Thermo-Calc from the short cut where you added the parameter.

2. In Console Mode, right click the Console window and choose Properties.
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Console
B Console 1 @M=
| Properties
Thermo Close
Cnly £ Close All calc S¢
Local Close Other  prion
New Console
SYS:

3. In the Console Properties window the Default directory section displays the custom file
path.

Console name: Console 1

Buffer size: 40,000

Systemn output font: RaBbCcl23 RoBpRTY
Command prompt font: RaBbCel23 RoBRTy
User input font: RaBbCcl23 RoBRTy

Background color:

Default directory: C:\Thermo-Calc Macro Files

Console Mode Results Window

By default, the Console Results window is on the right-hand side of the screen. This is where plotted
diagrams display. Each Console has its own Results tab in the Results window. All the plots and tables
generated are presented in the Results tab.

« To open new Plot tabs press <Ctrl+Shift+T> or click the add & button.

e To open a new Plot tab for the currently active Console tab, press <Ctrl+Shift+T>. To
close the Plot tab, press <Ctrl+Shift+W> or <Ctrl+Shift+F4>.

Event Log Window

By default the Event Log window is collapsed (closed). It includes important information about the
commands that run and are completed, including error messages. Click once to toggle it open and
closed.
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Console Mode Workflow

Working with Thermo-Calc involves moving between different modules. The workflow differs depending
on the type of calculation:

« If you want to perform a calculation using the POLY module, you typically first retrieve
thermodynamic data in the DATA module, perform the calculation in POLY, and visu-
alize the results in the POST module. It is possible to define a system directly in POLY
using DEFINE_MATERIAL on page 147 and DEFINE_DIAGRAM on page 144.

o If you want to calculate and plot a diagram using a response-driven module, such as
POTENTIAL or SCHEIL, then you can go directly to that module. Response-driven mod-
ules prompt you to go through the steps to do the calculation and the required post-pro-
cessing. These modules include BIN, TERN, POTENTIAL, POURBAIX, and SCHEIL. You
typically end up in the POST module after having used a response-driven module. In the
POST module you can modify the plots and save the diagram.

« If you want to tabulate a chemical substance, phase, or reaction, go directly to the TAB
module.

Typical POLY Module Workflow

The following represents the typical workflow when you perform calculations in the POLY module. The
solid arrows represent your typical movements between the modules. The dashed arrows represent the
movement of data within Thermo-Calc.

The basic workflow is:
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1. You are in the SYS module when you start Thermo-Calc in Console Mode.

2. In the DATA module define the system. Before performing a calculation, you must
define the system and retrieve thermodynamic data. The data is retrieved from a data-
base file (*.TDB or *.TDC).

3. The data needed to describe a system is then sent to the GIBBS module. This data is
accessed by the POLY module when you instruct it to perform calculations.

4. In the POLY module, perform the calculations.

« In POLY, the conditions are set for an equilibrium calculation (temperature, pressure,
system composition, etc.), then an equilibrium calculation is done.

« If you want to make a property or phase diagram, you set the conditions for a stepping
or mapping operation and perform that operation.

« This generates data that can be used to plot a property diagram (if a stepping operation
is performed) or a phase diagram (if a mapping operation is performed).

5. In the POST module plot and visualize your data.

o If a stepping or mapping operation is performed, then you can go to the POST module
and plot a property or phase diagram.

e The diagram can be plotted quickly using default settings, but you can also modify which
variables to plot of the diagram axes and change the appearance of the diagram.

e You can save the diagram either as a plain text file with data about all the coordinates
or as an image file.

Performing Calculations in Console Mode

Calculations can be performed either in the POLY module, or using some of the response-driven modules
designed to perform specific types of calculations.

About Equilibrium Calculations on page 131 describes generally how to calculate and plot Property
Diagrams and Phase Diagrams. To calculate and plot a property diagram or a phase diagram, you must
first calculate an equilibrium.

Additional sections of use include About Scheil Simulations on page 145, TO Temperature Simulations on
page 151, About Paraequilibrium on page 154, About Potential Diagrams on page 158, and About
Aqueous Solutions on page 162. Also search the online help or see TABULATION_REACTION Commands
on page 245 and POLY_3 Commands on page 117 in the Thermo-Calc Console Mode Command
Reference.
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Using the Command Line Prompt

The command line prompt in the Console window tells you which module you are currently in. When
Thermo-Calc is first opened in Console Mode, you are in the SYS module, which is indicated with the
command line prompt SYS.

To use Console Mode, you type in commands at the command line prompt. The available commands
depend on which module you are in. You can list the commands by typing ? at the prompt and then
press <Enter>.

e Moving Between Modules and Submodules below

e Entering Command Names or Abbreviations on the next page

o Specifying Parameters on page 121

o Wild Card Characters on page 122

e Controlling Console Output on page 123

e Command History on page 123

Available SYS Module Commands

Console

B Cconsale 2 N A =

Thermo-Calc / DICTIRA
Only for use at Thermo-Calc Software

Local contact pumbaa.thermocalc.se

5Ys:?
ABOUT HP_CALCULATOR SET_LOG_FILE
BACE INFORMATION SET_PLOT_ ENVIRONMENT
CLOSE_FILE MACRO FILE_ OPEN SET_TC_OFPTIONS
DISPLAY LICENSE INFO OPEN_FILE SET_ TERMINAL
EXIT SET_COMMAND UNITS STOF_ON_EEROR
GOTO_MODULE SET_ECHO
HELF SET_INTERACTIVE MCDE

S5YS:

Moving Between Modules and Submodules

To go to a specific module, you typically use GOTO_MODULE (or just GOTO) followed by the name of the
module. For example, to go to the DATA module, type GOTO DATA.

The exceptions are the submodules POST and ED-EXP:

e To go to the POST module, you must enter the POST command from within the POLY
module or DICTRA module (if you have the add-on license).
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« To go to Experimental Data Files on page 36, you must enter the ED-EXP command from
within the PARROT module.

To go back to the previous module type Back. For example, if you are in the DATA module and entered it
from the SYS module, when you type Back, you return to the SYS prompt. This command is also
available to exit from the submodules POST and ED-EXP.

EI' Without a valid Thermo-Calc license, you cannot leave the SYS module. To enter the DICTRA
and DIC_PARROT modules, you also need a valid Diffusion Module (DICTRA) license key.

Entering Command Names or Abbreviations

The name of a command typically consists of terms linked with underscores, for example, LIST _
EQUILIBRIUM on page 156. Note the following:

o UPPER or lower case letters are OK.

o Hyphens (-) instead of underscores (_) are OK, e.g. LIST-EQUILIBRIUM.

e You can abbreviate commands as long as it is unambiguous, e.g. when more than one
command begins with LIST , you need to type the next letter or word to distinguish
between the commands.

o Each word can be abbreviated e.g., L_E for LIST_EQUILIBRIUM.

Command Names and Abbreviations Examples

These are examples of how you can abbreviate commands at the command line prompt.

Command name Abbreviation
CALCULATE_EQUILIBRIUM C-E
CALCULATE_ALL_EQUILIBRIA C-A
LIST_EQUILIBRIUM L-E
LIST_INITIAL_EQUILBRIUM LI-I-E
LOAD_INITIAL_EQUILBRIUM LO-I-E
LIST_PHASE_DATA CBCC L-P-D CBC
LIST_PHASE_DATA CEMENTITE L-P-D CEM
SET_ALL_START_VALUES S-A-SS-AL

SET_AXIS_VARIABLE 1 X(FCC,FE) 0 0.89 0.025 S-A-V 1 X(F,FE) 0.89.025

Entering Command Names or Abbreviations | 120 of 204



Thermo-Calc Documentation Set

Command name Abbreviation
SET_START_CONSTITUENT S-S-C
SET_START_VALUE S-S-V
SET_AXIS_PLOT_STATUS S-A-P
SET_AXIS_TEXT_STATUS S-A-T-SS-A-TE
SET_AXIS_TYPE S-A-TY
SET_OPTIMIZING_CONDITION S-0-C
SET_OPTIMIZING_VARIABLE S-0-V
SET_OUTPUT_LEVEL S-0O-LS-0U

Specifying Parameters

Running a command typically requires that several parameter values are specified, which can be done
directly in the command line after the command name. For example, to set an axis variable for a stepping
or mapping operation, enter:

SET AXIS VARIABLE 1 X(FCC,FE) 0 0.89 0.025

You can also use SET_AXIS_VARIABLE and press <Enter>. At the command line prompt, you then specify
the parameters one at a time.

On all command lines, you can enter a question mark (?) for help. For some parameters, enter two
guestion marks (2 ?) for more detailed information.

Default Parameters Values

When you are requested to specify a parameter, Thermo-Calc usually suggests an appropriate default
value, which is displayed at the prompt between two slash signs (//). For example, this prompt means
the default answer is TERMINAL:

OUTPUT FILE /TERMINAL/:
Press <Enter> to accept the default.

If you specify some parameters directly after the command name, then you can still choose to accept
default values for some parameters.

To accept the default value for a parameter, type a comma (,) instead of a value for that parameter. For
the comma to be interpreted correctly, type a blank space on each side of the comma. However, if you
accept the default values for several parameters that follow each other, then the commas can be typed
in without blank spaces separating them: (, , , ) is interpreted in the samewayas(, , ,).

For some commands and parameters, Thermo-Calc treats the values previously assigned as default
values if the command is used again. For example, if the first stepping or mapping axis variable is
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specified as:
SET AXIS VARIABLE 1 X(FCC,FE) 0 0.89 0.025
Then if you want to change a parameter value for this axis variable, type:

SET AXIS VARIABLE 1 , 0.1 ,,,

This changes the minimum value from 0 to 0.1 at which a stepping or mapping operation halts. The other
parameter values remain the same. Consequently, what is typed is equivalent to:

SET AXIS VARIABLE 1 X(FCC,FE) 0.1 0.89 0.025

Wild Card Characters

You can sometimes use the asterisk (*) as a wild card character to, for example, refer to all components,
phases, or species, when showing calculated properties in the POLY module, or when you set axis
variables for plotting diagrams in the POST module.

When showing calculated properties in the POLY module, you can also use the dollar sign ($) to refer to
all stable phases.

(D For activity and/or chemical potential properties, the *and $ normally do not work
properly as wild card characters.

Wild Card Character Examples

These are examples of the wild card characters you can use to search commands at the command line
prompt.

Command Action

SHOW_VALUE B(*) Lists mass (gram) of all components in the system.

SET_AXIS_VARY B(*) * Sets mass (gram) of all components in the system as Y-axis variable.
SHOW_VALUE MUR(*) Lists chemical potentials of all components in the system.
SET_AXIS_VARY ACR(*) * Sets activities of all components in the system as Y-axis variable.
SHOW_VALUE HM(*).T Lists heat capacities of all phases.

SET_AXIS_VARY GM(*) *  Sets molar Gibbs free energies of all phases as Y-axis variable.

SHOW_VALUE TC(%) Lists curie temperature of all stable phases.
SHOW_VALUE W(*,*) Lists mass fractions of all components in all phases.
SHOW_VALUE W($,*) Lists mass fractions of all components in all stable phases.
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Command Action
SHOW_VALUE W(FCC,*) Lists mass fractions of all components in the FCC phase.
SHOW_VALUE W(*,FE) Lists mass fractions of the Fe component in all phases.

SHOW_VALUE W($,FE) Lists mass fractions of the Fe component in all stable phases.

SHOW_VALUE Y(*,*) Lists site fractions of all species in all sublattices of all phases.
SHOW_VALUE Y($,*) Lists site fractions of all species in all sublattices of all stable phases.
SHOW_VALUE Y(*,*) Lists site fractions of all species in all sublattices of all phases.

Controlling Console Output

In response to a command Thermo-Calc may display a lot of text in the Console window.

o To pause the text on printing press <Ctrl+S>.
e To resume the printing on screen, press <Ctrl+Q>.

o When Thermo-Calc is performing a mapping operation, the results are continuously prin-
ted in the Console window. To terminate the calculation of the current region of the

mapping and stop the output, press <Ctrl+C>.

Command History

» To scroll through the last twenty commands used, type two exclamation marks (! !) and
press <Enter>.

o To repeat the last n commands, type ! followed by the number of previous commands
to be executed again.

e To scroll through previous performed commands, use the Up (1) or Down arrow (/)
keys.

e To read more information about the command history functionality in Thermo-Calc,
type ! ? at the command line prompt.

Log, Macro and Workspace Files

In Console Mode, Thermo-Calc uses different kinds of files, including:

e Log Files on the next page (*.LOG)
e Macro Files on the next page (*.TCM or *.LOG)
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o POLY Workspace Files on page 126 (*.POLY3),
o Experimental Data Files on page 36 (*.EXP)

@ Also see the Data Optimization User Guide on page 1.

« The GIBBS module uses a workspace file (*.GES5). See GIBBS_ENERGY_SYSTEM Com-
mands on page 42

o The PARROT module uses files with the suffixes *.PAR and *.POP. See PARROT Com-
mands on page 86

Log Files

Log files are plain text files used to save a sequence of commands. Log files can be edited in a text editor.

« To start saving your input into such a file, use SET_LOG_FILE in the SYS module, followed
by the name of the file that you want to save your command sequence to.

« If you want to save the output in the log file as well, use SET_ECHO before the SET_LOG_
FILE command. Doing this is useful if you want use the log file later as a macro file.

@ See SYSTEM_UTILITIES Commands on page 239 in the Thermo-Calc Console Mode
Command Reference.

Macro Files

Macro files are plain text files used to save a sequence of commands that can be loaded and executed.
Macro files can be edited in a text editor.

Macro File Commands

P
|ﬂ Also see Example 12 in Console Mode Example Collection on page 14.

Action Command Description and Comments

In the SYS module,
MACRO_FILE_OPEN on Thermo-Calc starts the command sequence that

page 5 followed by the the file contains.
name of the macro file.

To load a macro file

Regain control of SET_INTERACTIVE on End a macro file with this command to have
the console page 8 control of the Console returned to you.
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Action Command Description and Comments

Start a line with , or . .
Add comments to a ee When lines are enclosed the software ignores

. enclose it between an @ (- .
macro file ] . them when running the macro.
line and a @)-line.
When creating the log file, you can make a macro

Open a macro file MACRO_FILE_OPEN
P ! - - file load up to five other macro files.

If a nested macro file ends with SET_INTERACTIVE,
then Thermo-Calc resumes with the higher-level
macro file at the command immediately following

Nest macro files MACRO EILE OPEN the MACRO_FILE_OPEN command that loaded
inside of each other and executed macro file that has just been
SET_INTERACTIVE terminated. If a nested macro file doesn’t end

with SET_INTERACTIVE (but with an end-of-file
character), then the console shuts down and the
macro is stopped.
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Macro File Control Characters

The @2 character allows you to make a macro interactive by allowing input. At the @? character, which is
placed where a parameter value or argument is normally put, Thermo-Calc prompts to input the value of
a parameter or argument. You can enter a string immediately following the @? character. This string is
presented to the user when prompted to enter the parameter value or argument. The entered value is
used by Thermo-Calc as input to the command in question. For example, you can request the user to
specify the temperature range of a stepping calculation by entering the following in a macro file:

SET AXIS VARIABLE 1 T Q@?Low-temperature-limit: @?High-temperature-
limit:
You can also use up to nine variables in your macro file and prompt the user to enter values that can be
assigned to these variables. Use the @#n character when you want to prompt the user to provide a value
to the variable, where the n is a digit between 1 and 9. You can then use this value by with the ##n
character. For example, you can request the user to provide the first element of a system by entering the
following in the macro file:

@#3First-element?

You can then use this variable with the entering the character ##3 later in the macro file. For example,
you can write:

SET AXIS VARIABLE 1 x(##3) 0 1,,,

Finally, there is the @& pause character. Thermo-Calc pauses and waits for input from the user when this
pause character is read from a macro file. Inserting pause characters is useful if you want to allow the
user to monitor what is happening when Thermo-Calc is running the macro.

Response-Driven Modules and Macros

Macro files that are created while you use a response-driven module begin with the module-entering
command (for example, Goto Module Scheil) followed by a number of lines with responses to the
module’s questions and requests. The file terminates with the commands POST on page 160 or SET _
INTERACTIVE on page 8 (this command gives you back control of the Console). An empty line cannot be
edited with any input rather than the default answer (to a specific question). Comment lines, commands
to open other macro files, pause characters or input-controlling characters cannot be inserted between
these empty lines (otherwise the response-driven module cannot be executed properly).

Workspace Files

You can save all the data in your current workspace by first using SAVE_ WORKSPACES . This command is
available in the POLY, GIBBS and PARROT modules. The workspace has all the settings specified and the
result of any stepping or mapping operations performed after using SAVE_ WORKSPACES. Consequently,
the command opens a workspace in which all data is saved which is generated after the SAVE_
WORKSPACE command is executed. The saved data includes original and modified thermodynamic data,
the last set of conditions and options, and calculation results.

To load the data and calculation results of a workspace file, use the READ_WORKSPACES command
available in the POLY module. The file can be used for calculation in POLY, visualization in POST, or data
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manipulation in GIBBS. You are also given the option in the POURBAIX and SCHEIL modules to open a
previously saved workspace file. This allows you to make new POURBAIX or SCHEIL calculations on the
same chemical system as before but with different temperature, pressure, and composition conditions,
or to plot new property diagrams based on the previous calculations.

Main Menu Commands

The File menu and toolbar are reserved for Graphical Mode. In Console Mode you use commands to
access these menu options. The Tools, Window and Help menus are described in Main Menu and
Toolbar on page 32. If there is an equivalent command, it is listed in the table below.

Console Mode Main Menu Commands
Option Command

In Thermo-Calc, drag and drop the file into the Console window.
Open files In the SYS module: MACRO_FILE_OPEN on page 5
In the SYS module: OPEN_FILE on page 241

This command depends on the module you are in. Type ? at the prompt to

Save (workspace) look for a command such as SAVE_GES_WORKSPACE on page 84 (GIBBS
module)

Exit In any module: EXIT

Close In the SYS module: CLOSE_FILE on page 240

Display license info In the SYS module: DISPLAY LICENSE_INFO on page 240

Defining a System in Console Mode

Defining a system means to select the chemical components and to retrieve thermodynamic data about
those components from an appropriate database in order to do the calculations. You use database(s)
with thermodynamic data and then define what system elements as components. Once the system is
defined, you retrieve the system’s thermodynamic data from the database(s).

o If you use a response-driven module to perform your calculation, such as BIN or
POURBAIX, then the module prompts you to select database(s) and define the system.

+ When doing calculations in the POLY module, you typically have to manually select data-
bases and define the system in the DATA module. However, it is also possible to define
the system directly in POLY using DEFINE_MATERIAL on page 147 and DEFINE_
DIAGRAM on page 144,
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@ Also see DATABASE _RETRIEVAL Commands on page 11 in the Thermo-Calc Console Mode
Command Reference.

How to Define a System in Console Mode

1. Go to the DATA module. At the sys prompt, use GOTO_MODULE and enter pata.

2. Change the default database unless you directly specify the name of the database as a
parameter to the command. Type swITCH DATABASE and follow the prompts.

The second part of the command prompt indicates the current default database. For example, if
the promptis TDB_TCFES, then the current database is TCFES.

3. Use DEFINE_ELEMENTS followed by a list of the elements that you want in your system.
(To list the elements that are available in your current database, use LIST_DATABASE and
choose Elements). For example, if you want to have Fe and C in your system, type:

DEFINE ELEMENTS Fe C

4. Use REJECT and choose pPhases if you want to avoid retrieving any phases from the data-
base. (To list the phases that are available in your current database, use LIST_DATABASE
and choose phases. To list the phases that can form in the defined system, use LIST_
SYSTEM and choose constituent.) For example, if you do not want the graphite phase
to be retrieved, you type:

REJECT PHASES GRAPHITE

If the number of phases to include is much lower than the total number of phases, then it can be
convenient to first Reject Phases * and then restore the phases to include using Restore
Phases.

5. Use GET_DATA to search the database and send the thermodynamic data about your sys-
tem to the GIBBS workspace.

At this point you can proceed to the POLY module (with GOTO_MODULE POLY). However, you
may want to add elements, phases and species to the GIBBS workspace from other databases. If
so, then proceed to the next step.

6. Use APPEND_DATABASE to select the (additional) database from which you want to
retrieve data. This command works exactly in the same way as the SWITCH_DATABASE
command, with the exception that it does not reinitialize the DATA module and the
GIBBS workspace, but instead appends or replaces the data that has already been
retrieved with new data from the additional database.

7. Define your elements and specify whether to reject and restore any phases. Do this in
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exactly the same way when using the SWITCH_DATABASE command (see steps 2 and 3).

8. Use GET_DATA to search the database and add the thermodynamic data to the data that
already exists in the GIBBS workspace.

9. Use APPEND_DATABASE again if you want to add data from yet another database. When
you have retrieved all the data you need, you can proceed to the POLY module.
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Equilibrium Calculations

In this section:

About Equilibrium Calculations

_______________________________________________________________________________ 131
Calculating an EQUIlIDrium ... . 133
Calculating an Equilibrium with a Fixed PRASEe ... . ... . 134
Calculating an Equilibrium with Suspended or Dormant Phases _.....................cccoiiiiieaaa.... 134
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About Equilibrium Calculations

An equilibrium describes what the composition of the end state of a system is, given a full specification of
state variables such as temperature, pressure, initial composition, system size, etc. An equilibrium
calculation is normally done in POLY-3 according to the Global Minimization Technique, which ensures
that the most stable minimum under the specified conditions is computed.

For an equilibrium calculation to be performed, the state variables must all be set as conditions for the
calculations. Such conditions include, for example, temperature, pressure, and system composition.
When you calculate an equilibrium in the POLY module, you have to set these conditions manually.

Setting Conditions

Setting a condition normally involves giving a single state variable a specific value. For example, you can
set the temperature to 1273.5 Kelvin (T=1273.5). Alternatively, setting a condition can involve giving a
linear expression with more than one state variable a specific value. For example, you can set the mole
fraction of the S component to be the same in the liquid and the pyrrohotite phases (x (L1IQ, S) -X
(PYRR, S) =0).

The number of state variables that need to set is determined by the Gibbs Phase Rule. Typically, the
state variables to give values to are:

o temperature (in K)
e pressure (in Pascal)
e system size in number of moles (in mole) or mass (in grams)

« the fraction of each component (in number of moles or mass)

If you fix the phase of the equilibrium and all but one of the state variables, you can discover the value of
the other state variable at equilibrium.

It is possible to specify a set of conditions that does not have any equilibrium and the program detects
this by failing to reach equilibrium during the calculation.

State Variables for Setting Conditions

The following table lists some of the available state variables you can use to set conditions:

State Variable SET_CONDITION Parameter
temperature in the system (in K) T
pressure in the system (in Pascal) P
system size (mole number in moles) N
system size (mass in grams) B
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number of moles of a component in the system
mole fraction of a component in the system
mass fraction of a component in the system
activity of a component in the system

chemical potential of a component in the system
mole fraction of a component in a phase

mass fraction of a component in a phase

activity of a species referred to a phase at ambient
temperature and pressure

chemical potential of a species referred to a phase at ambient
temperature and pressure

enthalpy in the system (in J)

enthalpy of a phase (in J/mol)

Equilibrium Information Example

Thermo-Calc Documentation Set

SET_CONDITION Parameter
N(<component>)
X(<component>)
W(<component>)
ACR(<component>)
MUR(<component>)
X(<phase>,<component>)

W(<phase>,<component>)

ACR(<species>,<phase>)

MUR(<species>,<phase>)

H

HM(<phase>)
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POLY 3:1-e
OUTPUT TO SCREEN OR FILE /SCREEN/ :
Options [/VWCS/:
Cutput from POLY-3, equilibrium = 1, label R0 , database: TCFE7

Conditions:
T=1000, P=1E5, X(C)=3E-Z, N-=1
DEGREES OF FREEDCM O

Temperature 1000.00 E ( T26.85 C), Pressure 1.000000E+05
Number of moles of components 1.00000E+00, Mass in grams S5.36332E+01
Total Gibbs energy -4.07875E+04, Enthalpy 2.41176E+04, Volume 7.21T740E-0D6

Component Moles W-Fraction Activity Potential Ref.stat
C 5.0000E-02 1.1183E-02 2.1816E-01 -1.2659E+04 SER

FE 8.5000E-01 O.8B81E-01 6.1B95E-03 -4.22T0E+04 SER

BCC A2 Statu=s ENTERED Driving force O0.0000E+00

Moles 9.506%E-01, Mas=s 5.3063E+01, Volume fraction 9.6312E-01 Mass fractions:
FE 9.9%E844Ep-01 cC 1.55514E-04

GRAPHITE Statu=s ENTERED Driving force O0.0000E+00
Moles 4.9313E-02, Mass 5.9230E-01, Volume fraction 3.68B1E-0Z Mass fractions:
C 1.00000E+00 FE O0.00000E+00

Calculating an Equilibrium

This topic explains how to calculate an equilibrium in POLY. To calculate an equilibrium means to
calculate the equilibrium composition of your system, given a full specification of conditions that reduce
the degrees of freedom of the calculation to zero.

Cj/ If you are running a network client installation of Thermo-Calc and cannot enter the POLY
module, this may be because all the license instances on that the license server makes
available have been checked out.

@ Also see POLY_3 Commands on page 117 in the Thermo-Calc Console Mode Command
Reference.

1. Define your system (see Defining a System in Console Mode on page 127).

2. Go to the POLY module. At the SYS prompt, type GoTO MODULE and enter POLY.
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3. Use SET_CONDITION followed by conditions and value assignments to set the conditions
of your calculation. For example, to set temperature, pressure, initial composition and
system size for a Fe-Cr-C system, you might enter the following:

SET CONDITION T=1200 P=1E5 W(CR)=0.18 W(C)=0.0013 N=1

This sets the temperature (T) to 1200 K, the pressure to 1 bar (100,000 Pascal), the mass fraction
of Cr to 18 mole percent, the mass fraction of C to 0.13 weight percent, and the total amount of
material to 1 mole. The fraction of Fe in the system is calculated from the fractions of Cr and C.
You have to set the fraction of all the components in your system except one.

4. Use COMPUTE_EQUILIBRIUM to run the calculation.
5. Use LIST_EQUILIBRIUM to see the results of the calculation.

Calculating an Equilibrium with a Fixed Phase
There are many ways to calculate equilibriums in Thermo-Calc. The following is one example.

You can calculate an equilibrium that has a certain amount of a certain stable phase. Use CHANGE _
STATUS on page 59 and choose Phase to specify the phase and the amount of that phase (in normalized
mole number) that you want to set as fixed. For example, if you want to find out at what temperature a
system starts to melt, enter the following:

CHANGE STATUS PHASE LIQUID=FIX 0

You must leave the state variable whose equilibrium value you are interested in unspecified. However, if
you have already specified that state variable, you can make it unspecified again by using SET _
CONDITION on page 165 and set that state variable to NONE. For example, if you have given temperature
avalue, you can type:

SET CONDITION T=NONE

The calculated equilibrium includes the value of the unspecified variable at which the equilibrium enters
the phase that is fixed.
il

il For an example where an equilibrium is calculated with a fixed phase, see Example 7 in

Console Mode Example Collection on page 14.

Calculating an Equilibrium with Suspended or Dormant Phases

You can calculate an equilibrium under the assumption that one or several phases are SUSPENDED or
DORMANT using CHANGE_STATUS and choose Phase. For example, to specify that all phases except one
should be suspended, you can first suspend all phases and then enter a single phase in the following
way:

CHANGE STATUS PHASE *=SUSPENDED
CHANGE STATUS PHASE FE LIQUID=ENTERED
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fiﬁ For an example where this is done, as well as where the status of phases is set to be

dormant, see Example 10 in Console Mode Example Collection on page 14.
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Property Diagrams

In this section:

About Property DiGGrams ... ... ... ... 137
Calculating and Plotting a Property Diagram .. ... ... . ..o, 137
Calculating a Property Diagram One Phase at a Time ......... ... i 139
Calculating Several Properties in the Same Diagram ... . ... . . 139
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About Property Diagrams

When you calculate and plot a property diagram, there is only one independent state variable. Many
different properties can be plotted as a function of this independent variable. For example, if the
independent state variable is temperature, then the mole fractions of all phases can be plotted as a
function of temperature. Or the composition of a specific phase may be plotted relative to temperature,
or the activity of a component in the system as a whole or in a specific phase may be plotted relative to

it.

A property diagram is plotted based on a series of equilibria that is computed while the value of one state
variable is varied between a minimum and a maximum value. This variable is referred to as the stepping
axis variable. In Thermo-Calc, first calculate one initial equilibrium, and then new equilibria are calculated
at incremental steps in both directions on the stepping axis from the initial equilibrium. This continues
until the stepping operation has covered the length of the axis between a minimum and a maximum
value that is specified.

il

il For an example of the calculation of a property diagram, see Example 8 in Console Mode

Example Collection on page 14.

Calculating and Plotting a Property Diagram

This topic explains how to calculate a property diagram in POLY. To calculate a property diagram means
to calculate a series of equilibria while the value of the stepping axis variable varies between a minimum
and a maximum value. With the exception of the stepping axis variable, all the state variables that you
set when you calculate the initial equilibrium retain the values when the new equilibria are calculated.

@ POLY_3 Commands on page 117 in the Console Mode Command Reference.

How to Calculate and Plot a Property Diagram

1. Calculate an initial equilibrium in the POLY module (see Equilibrium Calculations on
page 130).

2. Use SET_AXIS_VARIABLE to set the axis variable, the minimum and the maximum step-
ping variable values and the step length. The first parameter of SET_AXIS_VARIABLE is
the axis number. Since a property diagram only has one axis variable, this is set to 1. For
example, if you want to set the axis variable to temperature, and calculate an equi-
librium at every 50 K between a minimum temperature of 100 K and a maximum tem-
perature of 2000 K, enter

SET AXIS VARIABLE 1 T 100 2000 50

About Property Diagrams | 137 of 204



Thermo-Calc Documentation Set

D/ An axis variable must be a state variable that is set when you calculated the initial
equilibrium. For example, if you set the fraction of a component in number of moles, then
you cannot set the mass fraction of this component as an axis variable. Also, the minimum
stepping variable value must be smaller than, and the maximum value larger than, the
value that you set the state variable to when calculating the initial equilibrium.

3. Use STEP_WITH_OPTIONS and choose Normal to perform the stepping operation.

Thermo-Calc lists the phase regions along the stepping axis, the phases contained in each region,
and the number of equilibria calculated in that region. Each region is defined by the phases it
contains.

D/ The number of equilibria calculated is not just the number of steps that are performed
according to the step length and the minimum and maximum values on the axis variable.
This is because Thermo-Calc calculates extra equilibria when a new phase is discovered in
order to determine the phase region boundary more precisely.

Step with Options Example

BPOLY Z:s—a—w 1 T 1000 Z2000 100

POLY 3:step

Option? /NORMAL) :

No imitial eguilibrium, using default

Step will start from axis wvalue 1000 .00
- - OE
Phase Region from 1000 .00 for:

BCC A2

GRAPHITE
Global check of adding phase at 1.01118E+03

Calculated 4 eguilibria
Phase Region from 1011.18 for:
BCC A2
Foo_ 21
GRAPHITE
Calculated 2 eguilibria
Phase Region from 1011.18 for:
Foo_ 21
GRAPHITE
Glokbal test at 1.00000E+03 .... OK
Global check of removing phase at 1.15T7TZ2ZTE+D3
Calculated 17 eguilibria

4. To plot the diagram, use POST to open the POST module and then use PLOT_DIAGRAM. By
default, the X-axis represents the stepping axis variable and Y-axis represents the sum of
the mole fractions of all phases (NP(*)).
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Calculating a Property Diagram One Phase at a Time

There are many ways to calculate property diagrams in Thermo-Calc. One example is where you can
calculate a property diagram with a separate stepping operation being performed for each phase at a
time in its default most stable composition (the major constitution). This is useful if you want to create a
property diagram for a heterogeneous system with both ordered phases and their disordered pairs.

To calculate a property diagram one phase at a time, use STEP_WITH_OPTIONS on page 172 and when
prompted choose One phase at time to perform the stepping operation.

Calculating Several Properties in the Same Diagram

There are many ways to calculate property diagrams in Thermo-Calc. The following is another example. If
you perform several stepping calculations after each other, the results of these calculations are all saved
in your workspace file. This allows you to the following:

o Calculate (and then plot) missing parts of a specific property inside the first property dia-
gram. These parts are calculated inside the range of the stepping variable with a dif-
ferent control condition.

o Calculate (and then plot) two or more sets of a specific property on the same property
diagram for the same system. These can be calculated under different control con-
ditions with stepping operations being performed across the same stepping axis variable
range.

o Calculate phase boundary lines and then plot them in a corresponding phase diagram
for the same system. This can be especially useful for some defined secondary phase-
transformations. For example, if you want to find the phase boundary between BCC_A1l
and BCC_B2, or the equal-Gm for two specific phases, or the equal-fraction or equal-
activity for two specific phases of a certain species, then this can be useful.

Unless you have opened a new workspace file previously using SAVE_WORKSPACES, the results of the
stepping calculations are saved in a RESULT.POLY3 file. To save the results of several stepping calculations
in a file different from the workspace file that your results are currently saved to, then use SAVE_
WORKSPACES before you perform the first stepping calculation.

EI' SAVE_WORKSPACES overwrites and deletes the results of all previous stepping calculations.
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Phase Diagrams

In this section:

About Phase Diagrams

________________________________________________________________________________________ 141
Calculating and Plotting a Phase Diagram ... . ..o oo 141
Calculating a Quasi-Binary Phase Diagram .. ... ... ... L 142
Calculating a Quasi-Ternary Phase Diagram .. ... ... oo 143
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About Phase Diagrams

Phase diagrams have two or more independent axis variables. Any state variable that has already been
set can be used as the mapping variable for a mapping calculation and then as the axis variable for a
phase diagram. From a mapping calculation, many types of phase diagrams can be plotted, with one of
the mapped variables as one axis variable, and with other mapped variables or any varied property (state
or derived variables) or entered symbol (variables, functions or table values) as the other axis variables.

All phase diagrams consist of zero phase fraction lines. There are two distinct types of phase diagrams:
those with the tie-lines in the plane of the diagram and those where the tie-lines are not in the plane. The
former includes binary phase diagrams and ternary isotherms. The latter includes more general isopleth
diagrams with one or more fixed extensive variables (normally, this is a composition). The BIN and TERN
modules calculate binary and ternary phase diagrams. The POTENTIAL and POURABIX modules calculate
the more general isopleth diagrams and other related diagrams.

The following topics describe how to calculate the types of phase diagrams in the POLY 3 Commands on
page 117 module. In POLY, you can calculate phase diagram for systems with up to 40 components and
with thousands of phases. You can combine activity conditions and fixed phase status and fraction
conditions in any way. Thermo-Calc can calculate any arbitrary 2D section through composition space.

EI' There is no guarantee that the conditions set will result in a calculation that reaches an
equilibrium.

il For an example of the calculation and plotting of a phase diagram, see Example 4 in Console

Mode Example Collection on page 14.

Calculating and Plotting a Phase Diagram

This topic describes how to calculate a phase diagram in the POLY module. The commands are described
in POLY 3 Commands on page 117 and POST Commands on page 188.

1. Calculate an initial equilibrium in the POLY module (see Equilibrium Calculations on
page 130).

2. Use SET_AXIS_VARIABLE to set the first axis variable, its minimum and maximum map-
ping value and the length of each incremental step on this axis. The first parameter of
SET_AXIS_VARIABLE is the axis number and is set to 1. For example, suppose you want
the mass fraction of C as your first axis variable. You want it to vary between 0 and 0.1,
with the length of each incremental step being no more than 0.002. You then enter:

SET AXIS VARIABLE 1 W(C) 0 .1 0.002
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D/ An axis variable must be a state variable that is set when you calculated the initial
equilibrium. For example, if you set the fraction of a component in number of moles, then
you cannot set the mass fraction of this component as an axis variable.

3. Use SET_AXIS_VARIABLE to set the second axis variable and specify its minimum, max-
imum, and step length values. The axis number is set to 2. For example, suppose you
want temperature as your second axis variable and you want it to vary between 900 K
and 1900 K, with an incremental step of 25 K. You then enter:

SET AXIS VARIABLE 2 T 900 1900 25

4. If you want more than two axis variables, then use SET_AXIS_VARIABLE until you have set
all the axis variables. You can set up to five axis variables. Axis variables 3, 4 and 5 must
be set temperature, pressure or to the chemical potentials of components.

You may want to save your workspace with SAVE_WORKSPACES before you perform the mapping
calculation. This saves the axis variables you have set. However, it overwrites the results of any
previous stepping or mapping calculations done.

5. Use MAP to perform the mapping calculation. The console lists the phase region bound-
aries and the phases contained on one side of each boundary.

Phase region boundary 30 at: 1.363E+03 2.012e-01
FcC Al

*% GEAPHITE

Calculated. 3 equilibria

Terminating at known equilibrium

Phase region boundary 31 at: 1.990E+03 2.526E-01
LIQUTD

*% GEAPHITE

Calculated. 12 equilibria

Terminating at known equilibrium

6. To plot the diagram, use POST to open the POST module and then use PLOT_DIAGRAM. By
default, the X-axis represents mapping axis variable 1 and the Y-axis represents map-
ping axis variable 2.

Calculating a Quasi-Binary Phase Diagram

There are many ways to calculate phase diagrams in Thermo-Calc. The following is an example where a
quasi-binary phase diagram is used for calculations on a ternary system in which one component has an

Calculating a Quasi-Binary Phase Diagram | 142 of 204



Thermo-Calc Documentation Set

activity or chemical potential that is fixed (although if you have fixed a phase and the phase composition
varies, then the activity or chemical potential may also vary). The tie-lines in a quasi-binary diagram are in
the diagram’s plane of the diagram. This means that the calculation follows the lever rule as well as other
rules.

il

il For an example of a calculation of a quasi-binary phase diagram, see Example 17 in Console

Mode Example Collection on page 14.

How to Calculate a Quasi-Binary Phase Diagram

Use CHANGE_STATUS to set the component that has a fixed activity or chemical potential. For example,
suppose you want to compute a phase diagram for a Ca-Fe-O system in which the liquid oxide (FE-LIQ)
is in equilibrium with liquid Fe. You then enter:

CHANGE-STATUS FE-LIQ=FIX 0

Calculating a Quasi-Ternary Phase Diagram

There are many ways to calculate phase diagrams in Thermo-Calc. The following is an example of a quasi-
ternary phase diagram used for calculations on a quaternary system where one component has a fixed
activity or fixed chemical potential.

How to Calculate a Quasi-Ternary Phase Diagram

When calculating a quasi-ternary phase diagram it is necessary to set a condition on either activity or
chemical potential of the fourth component. To specify a meaningful value it is recommended that you
first change the component’s reference state using SET_REFERENCE_STATE. For example, to calculate a
phase diagram for a quasi-ternary Fe-Cr-Ni-C system with fixed carbon activity, you can enter the
following:

SET REFERENCE STATE C GRAPH ,,

You must also use SET_CONDITION to set the activity of the component whose activity or chemical
potential you have fixed. Do this by assigning a value to the ACR state variable. For example, if the
component is carbon, you might enter

SET CONDITION ACR(C)=0.002
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Scheil Simulations

In this section:

About Scheil SImulations ... . L 145
Simulating a Scheil-Solidification ...... ... ... . 146
Plotting Additional Scheil Simulation Diagrams ... ........ ... i 148
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About Scheil Simulations

Thermo-Calc is primarily a program for performing equilibrium calculations, but some non-equilibrium
transformations or partial-equilibrium transformations can be simulated. One example of such a
transformation is a Scheil-Gulliver solidification.

In a Scheil-Gulliver solidification, the diffusion in the solid phases is assumed to be so slow that it can be
ignored, while the diffusion in the liquid phase is assumed to be very fast. With this approximation, the
conditions at the liquid/solid interface can be described as a local equilibrium.

By making a stepping operation on the temperature variable (or enthalpy or amount liquid phase) with
small decrementing steps, the new composition of the liquid can be determined. After each step, the
amount of formed solid phase is removed and the overall composition is reset to the new liquid
composition. In effect, the whole system is described as a non-equilibrium state regarding various parts
of solidified phases at various solidification stages.

The Scheil Module

You can simulate Scheil-Guilliver solidification processes with the SCHEIL module. When you enter the
module, you are prompted to answer a series of questions about which database to use, what the major
element is and in which amount. Thermo-Calc then displays a property diagram showing how the
fraction of solid phase varies with temperature (in Celsius). You can then plot diagrams using other
variables you are interested in. Do this by starting a new simulation, by opening an old file with the
results of a previous simulation that you can plot differently. For example, you might be interested in
plotting the fraction of remaining liquid against temperature, the fraction of each solid phase or the total
of solid phases against temperature, the microsegregation in each solid phase, or the latent heat
evolution against temperature.

It is possible to use the SCHEIL module to run a modified Scheil-Gulliver simulation that also takes back-
diffusion of some fast-diffusing interstitial elements such as C or N into account, as well as BCC to FCC
phase transformation phenomena.

Scheil Module Examples
o See Examples 15 and 30 to simulate non-equilibrium transformations without con-
sidering fast-diffusion elements.

o See Example 48 to simulate partial-equilibrium transformation with fast-diffusion ele-
ments taken into consideration. This example also shows how you can perform lever-
rule calculations (full-equilibrium transformations).

Scheil and the Diffusion Module (DICTRA)

E]' If you also have a license for the Diffusion Module (DICTRA), you can import a previously
calculated Scheil segregation profile into the software using the command INPUT_SCHEIL _
PROFILE. Search the online help or see the Diffusion Module (DICTRA) Command
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Reference.

Simulating a Scheil-Solidification

Simulating a Scheil-Gulliver solidification process involves calculating the liguid composition of a higher-
order multicomponent system at each step of a cooling process, and resetting the liquid composition as
the composition of the entire system (after having removed all amount of solid phase).

®

SCHEIL Commands on page 235 in the Console Mode Command Reference.

How to Simulate a Scheil-Solidification

A W N

. Use GOTO_MODULE SCHEIL to enter the SCHEIL module.
. Type START-WIZARD.
. Specify which Database to use.

. Specify the Major element or alloy inyour system.

For example, for a steel/Fe-alloy, enter Fe, for an Al-based alloy, enter A1, and for a Ni-based
super alloy, enter Ni.

. Set whether to specify the Composition input in mass (weight) percent (the

default) or in Mole percent. Enter Y for mass percent and n for mole percent.

. Specify the name of the 1st alloying element. You can directly specify mass or mole

percent after the name (for example, enter cr 5). If this is not specified, then you are
prompted to enter it separately.

. Specify the other alloying elements in the same way as you specify the first (for

example, ¢ 1).

. After you have specified your last alloying element, press <Enter> when requested to

specify the next element. This ends the process of defining the bulk composition of the
alloy system.

You can also specify all the alloying elements and their corresponding compositions on the same
line when you are prompted to specify your first alloying element in Step 6. For example, you can
enterCr 5 Ni 1 Mo 0.5 C 0.01 N 0.02.

. Specify the starting Temperature (C) in Celsius. The default is 2000.

This value should be sufficiently high so that the solidification simulation starts with the alloy
system in the liquid single-phase region.
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Decide which phases (if any) to reject at the Reject phase (s) prompt. Enter the name
of the phases to reject or press <Enter> for NONE.

Decide whether to Restore phase (s). You may want to restore a phase that you rejec-
ted when you ran the simulation earlier, or you may want to restore a phase that is
rejected by default in your database. Enter the name of the phases to restore or press
<Enter> for NONE.

When prompted ok? type N to go back to Step 9 to reconsider which phases to reject or
restore. Type Y to continue.

Thermodynamic data about the alloy system you defined is retrieved from the database.

At the should any phase have a miscibility gap check prompt, press <Enter> for
N Oor answer Y.

If you answer Y, you are prompted to specify the Phase with miscibility gap. Answer with
a solution phase name(s) (in this example FcC is entered) as well as the Major constituents
for sublattice (for each sublattice site) (for this example, Cr is entered for sublattice 1 and ¢
for sublattice 2). In this example the Phase with miscibility gapis LIQUID PHASE

NAME: LIQUID.

Press <Enter> to specify another phase.

Specify the names of any Fast-diffusing components. Press <Enter> for NONE or type
all the names on the same line then press <Enter>. If you do specify any fast-diffusing
components, then you are prompted to set whether BCC to FCC phase transformations
should be simulated.

The Scheil-Gulliver solidification simulation runs, and the default diagram (Temperature versus
Mole Fraction of Solid) is automatically plotted in the Console Results window.
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Plotting Additional Scheil Simulation Diagrams

Post processing is done the same way as POLY-3 (
for plotting in the Scheil Module are listed.

Abbreviations for Scheil State Variables

see POLY_3 Commands on page 117), specific variables

The variables can be plotted along the X- and Y-axes. In the table, ph is an abbreviation of phase, and el is

an abbreviation of element. Use the abbreviation
axes represent in a diagram.

Abbreviation State variable

s of the variables when you specify what the X-and Y-

T Temperature in Celsius

NL/BL Mole/mass fraction of liquid

NS/BS Mole/mass fraction of all solid phases
NS(ph)/BS(ph) Mole/mass fraction of a solid phase
W(ph,el) Weight fraction of an element in a phase
X(ph,el) Mole fraction of an element in a phase
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Abbreviation State variable

Y(ph,el) Site fraction of an element in a phase
NN(ph,el) Distribution of an element in a phases
NH/BH Heat release and Latent heat per mole/gram
CP/BCP Apparent heat capacity per mole/gram

NV/NV(ph) Molar volume of the system or a phase
DS/DS(ph) Average density of the system or a phase

BT Apparent volumetric TEC of the system

Plotting Additional Scheil Simulation Diagrams | 149 of 204



Thermo-Calc Documentation Set

TO Temperature Simulations

In this section:

TO Temperature SIMulations ... 151

Making a TO Temperature Simulation ...... ... . 151
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TO Temperature Simulations

The TO-temperature is the temperature at which two phases have the same Gibbs energy for a certain
composition in a multicomponent system. The Ty-temperature is located within the two-phase field
between the phases and it is the theoretical limit for a transformation without diffusion. TO-temperatures
are often of interest if you want to understand how diffusionless transformations work. The TO
temperature in a multicomponent system with a fixed composition is temperature at which the tangent
lines of the Gibbs energies of the two target phases are the same.

If the composition of one or two components varies, the common Gibbs energy for the two phases in
partial equilibrium of a diffusionless transformation becomes a plane or surface, and the TO temperature
becomes a line or plane.

P
|ﬂ See Examples 23 and 41 in the Console Mode Examples.

@ Also see Making a TO Temperature Simulation below for step-by-step instructions. as well
as Console Mode POST Module on page 179.

Making a TO Temperature Simulation

This describes how to perform a TO temperature simulation and apply a stepping calculation to its initial
result.

Before you perform a TO temperature calculation, you must have defined your initial system and be in
POLY. The initial overall composition must have appropriate settings for the desired TO temperature
calculation for the two target phases.

@ See POLY 3 Commands on page 117 in the Thermo-Calc Console Mode Command
Reference.

How to Make a TO Temperature Simulation

1. Use SET_CONDITION to set the conditions of your calculation in the same way as when
you calculate an ordinary equilibrium.

2. Use COMPUTE_EQUILIBRIUM to run the calculation. The calculation does not need to
reach an equilibrium in which any of the target phases is stable.

3. When you have calculated your initial equilibrium, use ADVANCED_OPTIONS and choose

T-zero.

4. When prompted, specify the names of the two target phases for which the TO tem-
perature (where the phases’ Gibbs energies are equal) is to be calculated.

5. If the TO temperature between the two target phases is calculated, this temperature (in
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Kelvin) is shown in the Console window.

. If you want to do a stepping calculation based on this initial TO temperature calculation,

then use SET_AXIS_VARIABLE to specify which state variable to use as the stepping vari-
able. This is done the same way as when you calculate a normal property diagram.

When a TO temperature simulation is run, you cannot set temperature as the stepping
variable.

. Use STEP_WITH_OPTIONS and choose T-zero to initiate the stepping calculation. You are

prompted to specify the names of the target phases for which the TO temperature is cal-
culated.

During the STEP T-ZERO calculation procedure, the calculated TO values are presented next to the
stepping variable.

For example, part of the output might look like this:

Phase Region from 1.000000E-01 for:

BCC_A2

FCC_Al

1.000000E-01 940.24
9.250000E-02 941.20
2.500000E-03 977.61
7.500000E-09 979.34

When the stepping calculation has finished, you can move to the POST module and plot the TO
line against the stepping composition variable or another varying axis value. Or you can impose
the calculated TO line onto a normal phase diagram.
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Paraequilibrium

In this section:

About Paraequilibrium ... .. L 154

Calculating a Paraequilibrium ... ... 154
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About Paraequilibrium

A paraequilibrium is a partial equilibrium where one interstitial component (such as carbon C and
nitrogen N) in a multicomponent alloy can diffuse much faster than the other components (the
substitutional elements, including the matrix element and alloying elements). The chemical potential for
the interstitial component in two partially equilibrated phases is equal in such a case, but this is not true
for the other components. In such a paraequilibrium state, it is possible to have a transformation that is
partly without partitions, where a new phase of the mobile component can form with different content
but where the slowly diffusing components retain their compositions.

A paraequilibrium calculation is useful when, for example, you want to study phase transformations in
systems with large differences in the diffusivities of different elements. Transformations occurring under
paraequilibrium states can be much more rapid than if full local equilibrium holds at the phase interface.

e
il See Example 42 in the Console Mode Examples.

@ Also see Calculating a Paraequilibrium below for step-by-step instructions.

Calculating a Paraequilibrium

This topic describes both how to calculate an initial paraequilibrium with two target phases, and how to
base a stepping calculation on this initial calculation.

Before you do any paraequilibrium calculations, you must have defined your initial alloy system and be
in POLY. The initial overall composition must have appropriate settings for the desired paraequilibrium
calculation for the two target phases.

How to Calculate a Paraequilibrium

@ These commands are described in the Thermo-Calc Console Mode Command Reference
included with this documentation set.

1. Use SET_CONDITION to set the conditions of your calculation just like when you calculate
an ordinary equilibrium.

2. Use CHANGE_STATUS to set the status of the chosen interstitial components to SPECIAL.
For example, if C is an interstitial component, enter:

CHANGE STATUS COMPONENTS C=SPECIAL

This gives you a clear picture on u-fractions of the substitutional and interstitial components,
which are different from the overall composition in the system. The SPECIAL status means that
the specified components are not included in summations for mole or mass fractions. Therefore,
all the composition variables plotted from paraequilibrium calculations are u-fraction related
quantities.
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3. Use COMPUTE_EQUILIBRIUM to run the calculation.

4. When you have calculated your initial equilibrium, use ADVANCED_OPTIONS pParaequi-
librium to perform the paraequilibrium calculation.

5. Specify the names of the target phases of the paraequilibrium state. For example, Fcc#1
BCC and FCC#2 M23Cé6.

El" Both phases must have similar interstitial/vacancy sublattices that the fast-diffusion
interstitial components occupy. Both target phases should have phase constitution
definitions that cover all the defined substitutional and interstitial components of the
current alloy system.

6. Specify the names of one or more fast-diffusing components. These components must
be located on the interstitial/vacancy sublattices in both of the chosen phases.

EI' Interstitial components (for instance C and N combined) may have significantly different
behaviours depending on how they are partitioned in different structured phases.

If the paraequilibrium between the two specified phases is successfully calculated, then a message
is displayed, for example:

0.3586 with U-fractions C 2.71821E-02 N 4.1548129E-03

NP (FCC)

NP (BCC) 0.6414 with U-fractions C 7.10061E-04 N 2.3781027E-04

All other compositions are the same in both phases

The first two lines show the phase amounts expressed in mole-percent [NP(phase)] and the
contents of the interstitial components C and N in each phase. These contents are expressed in u-
fractions. The third line states that the compositions of the matrix component and all the
remaining compositions (regarding substitutional components) are equal in the two target
phases at the paraequilibrium state.

7. If you want to do a stepping calculation based on this initial paraequilibrium, then use
SET_AXIS_VARIABLE to specify which state variable to use as the stepping variable. This is
done exactly in the same way as when you calculate a normal property diagram.

8. Use STEP_WITH_OPTIONS - pParaequilibrium to initiate the stepping calculation. You
are prompted to specify the names of the target phases of the paraequilibrium states as
well as the fast-diffusing components.

The stepping calculation is performed, and the different phase regions are listed with columns for
the value of the stepping variable, the amounts of the two target phases, the u-fractions of
interstitial(s) in each of the two phases, and the LNACR value(s) of the interstitial component(s).

Example
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You must calculate an equilibrium with the overall composition first.

Name of first phase: fcc al
Namk of second phase: bcc_aZl

Fast diffusing component: /C/: C
Fast diffusing component: /NONE/:

Output during stepping is:

axi= value, phase amounts, u-fractioms of interstitial(s) in phase 1 and 2,

and LNACR wvalue{s) of interstitial(s)

Phaze Region from

BCC_AZ

FCC_Al
.000000E+02
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.T00000E+02
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.400000E+02
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.089

[5=]
[¥%]
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for:

mo-] =] oo Lnon e

[22]

w o

.877501E-02
L4211353E-02
LB8T72152E-02
.329608E-02
.T92e8lE-02
.260558E-02
.T32629E-02
L20827BE-02
.6BE9T1E-02
.168236E-02
.65164B8E-02

Mmoo o=] =] =] =1 =] =] My

oo

.609300E-04
.BBOT04E-04
.140931E-04
.362105E-04
.552871E-04
. T13010E-04
.842505E-04
.941530E-04
.010431E-04
.049714E-04
.060032E-04

.303643E-01
LBBOTTTE-02
.943989E-01
.04095%E-01
.1269B83E-01
.206607E-01
.028382E+00
.23626TEL+0D
.444633E+00
.653814E+00
.864114E+00

It is possible to now move to the POST module and plot some of the results of the
calculation. For an example of a paraequilibrium calculation and how it can be plotted, see
Example 23 in the Console Mode Examples.
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Potential Diagrams

In this section:

About Potential Diagrams ... 158
Calculating a Potential Diagram ... ... .. ..o 158
Calculating a Potential Diagram with Different Pressure _.................ooooom i 159
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About Potential Diagrams

If you have a metal-oxide/sulphide-gas interaction system, you might want to calculate a so-called
potential phase diagram given certain temperature and pressure. A potential diagram uses the activities
of two major species in the gaseous mixture phase as mapping variables. The activities (that is, the
fugacities at 1 bar) of these two species are typically set as the X- and Y-axis when the diagram is plotted.
The phase relations between the gaseous mixture and various metal forms, metal-oxides, metal-
sulphides, or other metal-bearing solids, are represented by different fields controlled by these two
potential quantities.

This topic describes how to calculate such potential diagrams with the POTENTIAL module, and how to
later modify the pressure of such a calculation in POLY. The calculation done by the POTENTIAL module
always assumes a pressure of 1 bar.

@ POTENTIAL_DIAGRAM Module on page 217 in the Console Mode Command Reference.

Calculating a Potential Diagram

You need access to a substance or solution database that contains a gaseous mixture phase, metals (or
alloys), and solids such as metal-oxides, sulphides, sulphates, carbonates, silicates, nitrides or nitrates
(stoichiometric or solution phases).

@ POTENTIAL _DIAGRAM Module on page 217 in the Console Mode Command Reference.

1. Use GOTO_MODULE and enter POTENTIAL.

2. Specify which substance or solution database to use. Any substance or solution database
can be used that has a gaseous mixture phase, metals (or alloys), and solids such as
metalxides, sulphides, sulphates, carbonates, silicates, nitrides, and nitrates (stoi-
chiometric or solution phases).

3. Specify the matrix element (a metal) and the two gaseous species that define you
metal-gas interaction system. The names of these components must be available in the
database you are using.

4, Set the temperature (in Kelvin). (The pressure is always 1 bar.)

A potential diagram with the activities of the two gaseous species as mapping variables is
calculated. These mapping variables are also set as the axis variables in the plotted diagram.

Example Plot

e
il The following is an example diagram (from example 35 in the Console Mode Examples).
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Console Results :
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A POLY3-file is also automatically saved in the current working directory with the default name
POT.POLY3.

5. When the diagram is plotted, it opens the POST module where you can modify the plot-
ted diagram in any way you like.

Calculating a Potential Diagram with Different Pressure

It is possible to modify both the calculation and the plotted diagram that the POTENTIAL module
generates in the POLY and POST modules. You can do this by opening a POLY3-file with the results from a
POTENTIAL module calculation in either POLY or POST. You can modify the calculation in the same way
that you can modify any ordinary mapping calculation or phase diagram. For example, this is useful for
calculating a potential diagram at a pressure other than 1 bar.

@ POLY 3 Commands on page 117 in the Console Mode Command Reference.

You must have calculated a potential diagram already, and have the saved POLY3-file available.

1. Use GOTO_MODULE and enter POLY.

2. Use READ followed by the name of the POLY3-file that contains the results of the potential
diagram calculation that you want to modify.
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3. This opens the workspace file and loads the previous settings and results. The activities
of the two gaseous species is now part of the conditions, and these conditions are set as
the mapping variables.

4. Use SET_CONDITION to specify the pressure under which you want the potential diagram to be
calculated. For example, to set the pressure to 1000 bar, enter:

SET CONDITION P=leS8
5. Use COMPUTE_EQUILIBRIUM to compute the initial equilibrium.

You may also want to use ADD_INITIAL_EQUILIBRIUM to calculate some additional equilibria that
the mapping calculations are based on.

6. Use MAP to perform the mapping calculations.

7. Use GOTO_MODULE and enter posT to set conditions for visualization and to plot the dia-
gram.
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Aqueous Solutions

In this section:

About AQUeous SOIULIONS ... 162
Calculating a Pourbaix Diagram .. ... ... 163
Plotting Additional Aqueous Solution Diagrams ... ... ... ... 165
Stepping Calculations in an AQueous SoIUtion ......... ... . 167
Pourbaix Examples TCEX40, 40A to 40E, and TCEX53 . .. 168
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About Aqueous Solutions

Heterogeneous equilibrium calculations involving aqueous solutions are not different from other
equilibrium calculations, but the setup of the equilibrium conditions and the reference states of the
system is more complex. For example, the pH and Eh values of the aqueous solution phase are normally
complex functions of bulk composition, temperature and pressure conditions.

For some simple systems, thermodynamic approximations of pH-Eh calculations can be used. But
Thermo-Calc also has comprehensive thermodynamic models and databases for various non-ideal
solution phases. These let you accurately calculate pH and Eh property diagrams (and many other types
of property diagrams) in complex aqueous solutions in a variety of conditions.

A Pourbaix diagram is a pH-Eh phase diagram where the tie-lines are not in the plane. The chemical
potentials or activities of two system components (H+ and EA) are used as mapping variables and the pH
and Eh quantities are normally plotted on the X-and Y-axes of the diagram. You can use many other
properties as axis variables in various property diagrams for the interaction system at a specific
temperature and pressure. The phase relations between the aqueous solution and various metal forms,
oxides, hydroxides, sulphides, sulphates, nitrates, silicates, carbonates and other solids, or gaseous
mixtures, are represented as different fields defined by acidity and electric potential.

You can calculate Pourbaix diagrams with the Pourbaix module. The compositional definition and
variations and the basic solvent and electron components H20, H+1 and ZE are automatically
determined by the aqueous solution phase in the Pourbaix module.

Key Components

These key components are defined as follows:

Component Component status Reference state Ref-T(K) Ref-P(Pa)
H20 ENTERED AQUEOUS * 100000
H+1 ENTERED SER

ZE ENTERED REFERENCE_ELECTRODE * 100000

Besides the aqueous solution phase, your system may also contain a gaseous mixture phase. Other
neutral and charged gaseous species may also be constituents. For multicomponent systems there are
normally also some interacting solid phases (stoichiometric or solution) as the so-called secondary
phases. These are typically the matrix and/or precipitate phases in the alloys of interest.

Some databases have been specially developed for the Pourbaix module’s diagram calculations. Such a
database contains all necessary phases, i.e., an aqueous solution phase, a gaseous mixture phase, some
alloy solid solution phases and some secondary solid phases. Databases developed for the Pourbaix
module include PAQ (TCS Public Aqueous Solution Database) or PAQS (TGG Public Aqueous Solution
Database).
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— If such a dedicated Pourbaix module is not used, then an aqueous solution database such

D as TCAQ (TC Aqueous Solution Database), AQS (TGG Aqueous Solution Database), or any
user-specified aqueous databases can be used. This database contains at least the
AQUEOUS and REFERENCE_ELECTRODE phases. The aqueous solution database needs to
be appended with additional required data and phases, such as interacting alloy (solid)
solution phases and secondary (solid and liquid) phases. Additional data is from one or
more databases, such as SSUB/SSOL/TCFE or other substances/solutions databases.

Calculating a Pourbaix Diagram

The POURBAIX module lets you construct Pourbaix diagrams and other types of property diagrams for
heterogeneous interaction systems with aqueous solution phases.

When calculating a Pourbaix diagram, you need to have a database with an aqueous solution phase (that
is, a phase with water as the dissolving solvent and with aqueous cation/anion and complex species as
the dissolved solutes). Due to restrictions of aqueous solution models (SIT, HKF, Pitzer) used in the
Thermo-Calc software, the agueous solution database must be designed in the same Thermo-Calc
database format as that used in the PAQ, PAQS, TCAQ and AQS databases for the aqueous solution
phase.

Pourbaix diagram calculations are done in the advanced Pourbaix module.
@ POURBAIX_DIAGRAM Commands on page 219 in the Console Mode Command Reference.

How to Calcuate a Pourbaix Diagram

1. At the sys prompt, enter GOTO_MODULE POURBAIX.

2. At the Need any instruction on the POURBAIX module? prompt, press <Enter> to
skip or enter Y to learn more.

3. Press <Enter> at the prompt Enforce a PAUSE after plotting when running a
MACRO?.

4. Press <Enter> to accept the default 1 to Start a completely new POURBAIX diagram
calculation or enter 3to Open an old file and make another POURBAIX cal-

culation.

To choose 3, you must have already done a Pourbaix calculation and have it saved in a POLY3-file.
The new calculation uses the same system definition as the previous calculation, but the other
conditions, such as the bulk composition, temperature and pressure, can be modified in the next
step.

5. Type Y or N to set whether to consider the GAS phase (gaseous mixture phase) in the
calculation.
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The gaseous mixture phase should at least contain H20, 02 and H2. If a GAS phase is not
considered, then only the interactions between the aqueous solution phase and various solid
phases (alloy phases and secondary phases) are calculated. Such a calculation may not accurately
present all the heterogeneous interactions. Some secondary phases are therefore usually
needed. Such phases exist in the PAQ or PAQS Public Aqueous Solution Databases. They can also
be appended from the SSUB/SSOL/TCFE or other appropriate substances/solutions databases.

6. Type Y or N to set whether to Use single database (Y) or a multiple database (N).

If you choose to use a single database, at the Combined Database: /PAQ2/ prompt specify a
database that is specially developed for the Pourbaix module’s diagram calculations.

If you choose to use a multiple database, then you are prompted to specify an aqueous solution
database and to append any additional required data and select necessary phases, such as

various interacting alloy (solid) solution phases, and secondary (solid and liquid) phases, for
example.

7. Specify all your solutes and the molality of each solute when prompted to do so. This can
be done in terms of elements (such as Fe, Ni, Na, Cl, C or S) or arbitrary complex species
(such as NaCl, CO2, CoCl3, Fe0.93S, NaSO4-1, or H2SO4). You can enter the ele-
ment/species and the molarity on one line (for an example, NaCl 2.5).

@ The first letter of the element abbreviation must always be upper case. Any second letters
must be lower case. When you have finished your specification, press <Enter>when asked
to specify Next solute.

The definition of your system and its initial bulk composition is now presented.
8. Type Y to confirm the defined system and its bulk composition.
The thermodynamic data for your system is now retrieved from the database(s) chosen.

9. Answer the questions that you are prompted regarding various parameters of your cal-
culation. You are asked to do any of the following:

e Rejectphase (s)Or Restore phases(s)

o Check for miscibility gaps on any phase (should any phase have a miscibility gap
check?)

e Enforce the Global Minimization Technique in calculations?

« Save all functions, variables and tables in POLY3 file?

e Set numerical limits on the calculation
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¢ Confirm defined conditions?

» Accept the default settings for two mapping variables

8. The Pourbaix calculation starts. Answer the question Any missing phase boundary
you could possibly think of? Type Y or N to set whether you want to add starting
points to the calculation. If you suspect that the calculation has missed some phase
boundaries, this may help the program to detect them.

9. Answer questions about how the diagram is plotted and how to save the results of your
calculation. You are asked to do any of the following:

o Change the pH/Eh steps for smoother curves?

e Zoom in on a specific region of the diagram

e Change the curve-label option for the diagram

e Add label-texts onto the Pourbaix diagram

e Change the subtitle of the diagram

e Change the axis-texts

e Further refine the diagram in the POST Module

e Print the diagram (save a Hard copy of the diagram)

e Save the X-Y coordinates of curve on a text file

e Modify the diagram

Calculate and plot another Pourbaix diagram (any more diagram?)

Plotting Additional Aqueous Solution Diagrams

When you have calculated a Pourbaix diagram, you can plot additional diagrams based on the results of
the same calculation, but with different axis variables than Ph and Eh.

The variables can be plotted along the X- and Y-axes. Use the abbreviations of the variables when you
specify what the X- and Y-axes represent in a diagram. In the table, AQsp refers to the name of a specific
aqueous species. The asterisk (*) can be used as a wild card character for all such species. If neither AQsp
nor * is entered in parenthesis, then all species are searched.

You must have plotted a Pourbaix diagram to plot a diagram with other variables than Ph and Eh on the
Y-axis and the X-axis. You can either plot such additional diagrams directly after having finished the
plotting and saving/printing of a Poubaix Ph-Eh diagram or by choosing option 2 (Open an old file and
plot other property diagrams) when you enter the POURBAIX module and opening a POLY3 workspace
file.

Abbreviations for Aqueous Solution Variables
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Abbreviation
pH

Eh

Ah

Pe

IS

™

Aw

Oc
MF(AQsp)
ML(AQsp)
Al(AQsp)

RC(AQsp)

How to Plot an Aqueous Solution Diagram

Variable

Acidity

Electronic Potential (V)
Electronic Affinity (kJ)
Electronic Activity (log10ACRe)
lonic Strength

Total Concentration

Activity of Water

Osmotic Coefficient

Thermo-Calc Documentation Set

Mole Fractions of Aqueous Species

Molalities of Aqueous Species

Activities of Aqueous Species

Activity Coefficients of Aqueous Species

1. Type Y when prompted whether to plot any more diagrams, or select option 2 when you
enter the POURBAIX module.

2. Specify which variable you want the X-axis to represent. Use the abbreviation specified
in the preceding table. When you specify the name of an aqueous species, you can use
the asterisk (*) to select all species.

3. Specify which variable you want the Y-axis to represent. The diagram is then auto-
matically plotted.

4. Answer questions about how the diagram is plotted and how to save it. You are asked to
do any of the following:

o change the axis-type (linear, logarithmic or inverse) on the X-axis or Y-axis

e zoom in on a specific region of the diagram

o change the curve-label option for the diagram

change the subtitle of the diagram

change the axis-texts

add label-texts onto the Pourbaix diagram
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refine the diagram in the POST Module

print the diagram (save a hard copy)

save the X-Y coordinates of curve on a text file

o modify the plotted diagram

calculate and plot another aqueous solution diagram

Stepping Calculations in an Aqueous Solution

@ Performing the stepping calculation overwrites all the previous settings and stepping
results on the POLY3-file. To avoid this, use SAVE_ WORKSPACE on page 232 to create a new
workspace.

When you have calculated a Pourbaix diagram, you can use the saved results of the calculation (the
POLY3-file), and make a property diagram based on stepping calculation.

Since the program normally sets the calculated initial equilibrium point as the starting point, the
minimum value for the stepping variable must be specified as smaller or equal to the specific initial
condition, and the maximum value as larger or equal to that condition. If pH is set as the stepping
variable, the program automatically calculates the equilibrium constant in logarithmic (log10Ka) of the
electrolysis reaction H20 (water) = H+ + OH- for the real aqueous solution under the current temperature-
pressure-composition conditions, and thus this constant log10Ka value is considered as the highest pH in
specifying the maximum value along stepping. Subsequently, confirm or modify an increment factor with
a default value; for pressure and mole of a component, specify the step in logarithmic (log10P or log10N).

State Variable Abbreviations

You can use any of these state variables as a stepping variable.

State variable Abbreviation
Temperature (K) T

Pressure (bar) P

Acidity pH

Electronic potential (V) Eh

Mole number of a dissolving component (such as Fe, Na, Cl, N(Comp)
or NaCl)in 1 kg of water. (for example, N (Fe))

How to Do a Stepping Calculation

You must have plotted a Pourbaix diagram before making a stepping calculation on an aqueous solution.
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. Use GOTO_MODULE POURBAIX to enter the POURBAIX module.
. Type 4 to Open an old file and make another STEPPING calculation.
. Choose which POLY3-file to load.

A W N

. Specify the conditions of the calculation by answering the questions that follows.

The system definition is the same as in the previous Pourbaix calculation, but you can modify
conditions such as bulk composition, temperature and pressure, and change some component
definitions if necessary.

5. Specify which variable to use as the stepping variable (see the preceding table), its min-
imum and maximum value, and the length of each incremental step.

The settings and stepping results are written to the opened POLY3-file, and a first default property
diagram is plotted.

Pourbaix Examples TCEX40, 40A to 40E, and TCEX53
NOTES about TCEX40A and TCEX40E

In order to be able to subsequently run the TCEX40B (Main Option 2), TCEX40C (Main Option 3)
and TCEX40D (Main Option 4), which open the previously-saved POURBAIX-type calculation
POLY3 file, the user should make four copies of the resulting POURBAIX.POLY3 as TCEX40A.POLY3,
TCEX40B.POLY3, TCEX40C.POLY3 and TCEX40D.POLY3.

However, this has to be properly done outsides of the TCCS software after the TCEX40A is
executed. The reason is that, if saving the POLY3 workspace of the POURBAIX calculation results in
the POLY3-module monitor (through the command sequence "GO PLOY3" and "SAVE
TCEX40A.POLY3 Y"), all the initial equilibrium points and the mapping/stepping calculation results
will be lost, and parts of the POLY3 file structure (e.g., some definitions of the previously defined
POURBAIX-type calculation system) will be destroyed. In principle, before executing any Main
Option (for calculations and graphical processing), it is highly recommended that the user shall
save/rename/copy the previously-generated POLY3 file as another POLY3 file. Only in this way, it
can avoid destroying the previous-saved POURBAIX-type calculation results.

Under Windows DOS-session (outside TCCS):

copy POURBAIX.POLY3 TCEX40A.POLY3 (or TCEX40E.POLY3)
copy POURBAIX.POLY3 TCEX40B.POLY3
copy POURBAIX.POLY3 TCEX40C.POLY3
copy POURBAIX.POLY3 TCEX40D.POLY3

orinside TCCS (under Windows NT/2000/XP, but not Windows 95/98/ME):

Pourbaix Examples TCEX40, 40A to 40E, and TCEX53 | 168 of 204



Thermo-Calc Documentation Set

o @copy POURBAIX.POLY3 TCEX40A.POLY3 (or TCEX40E.POLY3)
e @copy POURBAIX.POLY3 TCEX40B.POLY3
e @copy POURBAIX.POLY3 TCEX40C.POLY3
e @copy POURBAIX.POLY3 TCEX40D.POLY3

Under Linux/UNIX platforms (outside TCCS):

o cp POURBAIX.poly3 TCEX40A.poly3 (or TCEX40E.poly3)
cp POURBAIX.poly3 TCEX40B.poly3
cp POURBAIX.poly3 TCEX40C.poly3
cp POURBAIX.poly3 TCEX40D.poly3

Example TCEX40

o Using PAQ2 or PAQS2 database;
o For the Fe-H20-NaCl heterogeneous interaction systems
o With the Main Option 1

o Using the Single-Database Option, i.e., retrieving data from the PAQ2 [TCS Public
Agueous Solution (SIT) Database, v2.4; using the SIT aqueous solution model] or PAQS2
[TCS Public Agueous Solution Database, v2.4; using the Complete Revised HKF aqueous
solution model]; both of which contain an AQUEOUS solution phase and REF_
ELECTRODE phase (as a reference for electron in aqueous electrolyte systems), as well
as some data for various solid phases (solution or stoichiometric) and gaseous mixture
phase. The PAQ2 and PAQS2 are specially designed for demonstrations of calculations of
the so-called Pourbaix diagrams (i.e., pH-Eh plots) and other types of phase diagrams or
property diagrams in some aqueous-bearing multicomponent heterogeneous interaction
systems within the limited chemical framework of Fe-Co-Cr-Ni-C-N-S-H20-NaCl, via the
Single-Database Option in the advanced POURBAIX module or through the normal TDB-
GES-PLOY-POST routine.

To further run the following Main Options:
o Main Option 2 for plotting many other property diagrams of the calculated interaction
system;

e Main Option 3 for making another POURBAIX calculation of the same chemical system
but under a different P-T-X condition;

e Main Option 4 for making a POLY3 STEPPING calculation of the same chemical system
but varied with only one independent variable;
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** The Main Options 2, 3 and 4 are not illustrated in this TCEX40 example.

Five more examples (TCEX40A, TCEX40B, TCEX40C, TCEX40D and TCEX40E) are also provided to
demonstrate various options and features in the POURBAIX module and to show more advanced
applications of the TCAQ2 and AQS2 aqueous solution databases [in the Multiple-Database Option, i.e.,
with appended data from the SSOL5 and SSUB5 databases].

Example TCEX40A

e Option 1

o Using the Single-Database Option, i.e., retrieving data from the PAQ2 [TCS Public Aqueous
Solution (SIT) Database, v2.4; using the SIT agueous solution model] or PAQS2 [TCS Public
Agueous Solution Database, v2.4; using the Complete Revised HKF aqueous solution
model]; both of which contain an AQUEOUS solution phase and REF_ELECTRODE phase (as
a reference for electron in aqueous electrolyte systems), as well as some data for various
solid phases (solution or stoichiometric) and gaseous mixture phase. The PAQ2 and PAQS2
are specially designed for calculations of the so-called Pourbaix diagrams (i.e., Eh-pH
plots) and other types of diagrams in aqueous-bearing multicomponent heterogeneous
interaction systems, via the Single-Database Option in the POURBAIX module or through
the normal TDB-GES-PLOY-POST routine.

e A POLY3 file called POURBAIX.POLY3 is automatically saved.

« For the purposes of recalling this file in other Main Options (as in the TCEX40B, TCEX40C &
TCEX40D), the POURBAIX.POLY3 has to be renamed or copied as another file name (in this
particular example, as TCEX40A.POLY3, and TCEX40B.POLY3, TCEX40C.POLY3 &
TCEX40D.POLY3). Note that the renaming or copying has to be done outside TCCS, oth-
erwise the POLY3 file structure will be destroyed. However, under WindowsNT/2000/XP
environments, one can use MS-DOS commands to do so, e.g., @copy POURBAIX.POLY3
TCEX40B.POLY3

e The Main Option 1 also provides the opportunity to plot many property diagrams along
phase boundaries, after the default Pourbaix diagram is generated and refined (not neces-
sarily going through the Main Option 2).

Example TCEX40B

o Demonstration of the Main Option 2 Graphical Processing (by plotting more diagrams);
various options for refining a plotted diagram (including direct interactions with the POST
Module); Graphical processing of related property diagrams.

o Reading a previously saved POURBAIX.POLY3 file (or renamed as another name, for
instance, the TCEX40B.POLY3), and then plotting some property diagrams for the pre-
viously calculated system.
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o The loaded POLY3 file will not be modified by this Main Option. It is thus not necessary to
save the file in another name; however, it is still recommended that the user to copy the
TCEX40A.POLY3 (or TCEX40E.POLY3) as TCEX40B.POLY3 before the Main Option 2 is
executed in this particular example.

Example TCEX40C

o Demonstration of the Main Option 3 Calculation (by modifying T-P-X conditions); graphical
processing of a Pourbaix diagram.

o Reading a previously saved POURBAIX.POLY3 file (or renamed as another name, for
instance, the TCEX40C.POLY3), and then making another POURBAIX-type calculation and
graphical processing of a new Pourbaix diagram for the same chemical system but under a
different P-T-X condition.

o The loaded POLY3 file will be rewritten according to the T-P-X settings in the new
POURBAIX-type calculation. It is thus recommended to save the file in a new name outside
of TCCS before this Main Option is proceeded (in this particular example, the
TCEX40A.POLY3 is copied to TCEX40C.POLY3).

e The Main Option 3 also provides the opportunity to plot many property diagrams along
phase boundaries, after the default Pourbaix diagram is generated and refined (not neces-
sarily going through the Main Option 2).

Example TCEX40D

o Demonstration of the Main Option 4 Calculation (by utilizing various stepping variables);
graphical processing of related property diagrams.

» Reading a previously saved POURBAIX.POLY3 file (or renamed as another name, for
instance, the TCEX40D.POLY3), and then making some normal POLY3 STEPPING
CALCULATIONS .

o The loaded POLY3 file will be rewritten according to the T-P-X and stepping variable set-
tings in the stepping calculation. It is thus recommended to save the file in a new file name
outside of TCCS before this Main Option is proceeded (in this particular example, the
TCEX40A.POLY3 is copied to TCEX40D.POLY3).

o The resulting POLY3 file (in this example, TCEX40D.POLY3) can be subsequently called by a
Main Option 2 for plotting more property diagrams, or by another Main Option 4 for mak-
ing other stepping calculations.

« The Main Option 4 also provides the opportunity to plot many property diagrams after the
default Pourbaix diagram is generated and refined (not necessarily going through the
Main Option 2).
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« Exploration of the possibility of modifying the definitions for some desired system-com-
ponents, through the direct and internal POURBAIX-POLY3 intersection, for a STEPPING
(and/or MAPPING) calculation inside the POURBAIX Module.

Example TCEX40E

o Demonstration of the Main Option 1 Calculation with the Multiple-Database Option; graph-
ical processing of a Pourbaix diagram.

For a more complex application than in Example 40A.

This example requires licenses to three types of commercial Thermo-Calc databases otherwise it
cannot berun, i.e.,

o A: TCAQ2 (TCS Aqueous Solution Database, v2.5; SIT model) or AQS2 (TGG Agueous
Solution Database, v2.5; HKF model);

e B: SSUB4 (SGTE Pure Substances Database, v4) or TCMP2 (TCS Materials Processing
Database, v2);

e C:SSOL4 (SGTE Alloy Solutions Database, v4) or TCFE6 (TCS Steels/Fe-Alloys Data-
base, v6) or ALIKE.

« This particular example uses the multiple-database combination of TCAQ2+SSUB4+SSOL4;
among them, TCAQ2 database contains only an AQUEOUS solution phase (using the SIT
model) and REF_ELECTRODE phase (as a reference state for electron in aqueous elec-
trolyte systems), SSUB4 database is appended for the GASeous mixture phase and some
pure solid phases (so-called secondary phases formed during aqueous-involving interaction
processes), and SSOL database is also appended for various solid solution phases.

o A POLY3 file called POURBAIX.POLY3 is automatically saved. By reading this
POURBAIX.POLY3 file (or renamed as another name), one can further run the following
Main Options: Main Option 2 for plotting many other property diagrams of the calculated
interaction system; Main Option 3 for making another POURBAIX calculation of the same
chemical system but under a different P-T-X condition; Main Option 4 for making a POLY3
STEPPING calculation of the same chemical system but varied with only one independent
variable; The Main Options 2, 3 and 4 are illustrated in the TCEX40B, TCEX40C and
TCEX40D examples.

« For the purposes of recalling this file in other Main Options (as in the TCEX40B, TCEX40C &
TCEX40D), the POURBAIX.POLY3 has to be renamed or copied as another file name (in this
particular example, as TCEX40A.POLY3, and TCEX40B.POLY3, TCEX40C.POLY3 &
TCEX40D.POLY3). Note that the renaming or copying has to be done outside TCCS, oth-
erwise the POLY3 file structure will be destroyed. However, under Windows environments,
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one can use MS-DOS commands to do so, e.g., @copy POURBAIX.POLY3 TCEX40B.POLY3

o The Main Option 1 also provides the opportunity to plot many property diagrams along
phase boundaries, after the default Pourbaix diagram is generated and refined (not neces-
sarily going through the Main Option 2).

o The POURBAIX module inside the TCCS software also accepts the AQS2 aqueous solution
database (using the complete Revised HKF model) in the Multiple-Database Option, in addi-
tion to the TCAQ2 aqueous solution database (using the SIT model).

Example TCEX53

o Using PAQ2 or PAQS2 database; for the Fe-X-H20-NaCl heterogeneous interaction systems
(X =Cr-Ni-Co)

Note: The PAQ2 (TCS Public Aqueous Solution (SIT) Database, v2.4; using the SIT aqueous solution
model) or PAQS2 (TCS Public Aqueous Solution Database, v2.4; using the Complete Revised HKF aqueous
solution model) contains an AQUEOUS solution phase and REF_ELECTRODE phase (as a reference for
electron in aqueous electrolyte systems), as well as some data for various solid phases (solution or
stoichiometric) and gaseous mixture phase. Therefore, it can be used, via the Single-Database Option in
the POURBAIX module or through the normal TDB-GES-PLOY-POST routine, for calculations of the so-
called Pourbaix diagrams (i.e., pH-Eh plots) and other types of diagrams in aqueous-bearing
multicomponent heterogeneous interaction systems.

Note: The initial bulk composition of Fe-based alloy in this demonstrating calculation is just preliminarily
assigned, in which the BCC_A2 and/or FCC_A1 solution phase(s) are considered as of primarily interest.
For practical calculations, one shall have more precise inputs for the initial bulk compositions of alloys.
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Console Mode TAB Module

In this section:

Tabulation of Chemical Substances, Phases or Reactions ................. ..o o iiiiiieniiaa... 175
Tabulating @ ReACLION ... ... L 176
Tabulating a Substance or Solution Phase at Fixed Composition _...................................... 177
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Tabulation of Chemical Substances, Phases or Reactions

The TAB module can be used to tabulate thermodynamic functions of any type of substance,
stoichiometric phase or solution phase, or reaction. The module can tabulate thermodynamic functions
of pure stoichiometric phases or solution phases at fixed composition, as well as various kinds of partial
derivatives for a pure stoichiometric phase or solution phase at a given composition.

The TAB module begins by evaluating the most stable species of a substance in either a homogeneous
state or in a reaction. Results are presented in a table or plotted as a graph.

@ Also see Tabulating a Reaction on the next page.

A reaction tabulation presents you with the following properties, on rows representing different
temperature levels:

« Heat capacity change / Delta-Cp (Joule/K) in column 2.
« Enthalpy change / Delta-H (Joule) in column 3.
« Entropy change / Delta-S (Joule/K) in column 4.

« Gibbs energy change / Delta-G (Joule) in column 5.

In the case of a tabulation of a substance or solution phase at a fixed composition, the properties
presented are the heat capacity, enthalpy, entropy and Gibbs energy, rather than the degree of change
in those properties.

@ Also see Tabulating a Substance or Solution Phase at Fixed Composition on page 177.

You can add a 6th column to the table that shows the values of a property or user-defined function of
your choice.

Reaction Tabulation Example
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T Delta—-Cp Delta-H Delta-5 Delta-G
(E) (Joule/E) {Joule) (Joule/E) {Joule)
288.15 -4.4400gE+01 -9.1BB00E+04 -1.98115E+02 -3.2B120E+04
300.00 -4.432e7E+01 -9.19%9g21E+04 -1.98389E+02 -3.2445ZE+04
400.00 -3.82294+01 -9.81533E+04 -2.10482E+02 -1.1%c04E+04
S500.00 -3.34122E+01 -9.978elE+04 -2.1B613E+0Z 9.52022E+03
e00.00 -2.777eBE+01 -1.02B42E+05 -2.24200E+02 3.16770E+04
TOO.00 -2.26324E+01 -1.0535BE+05 -Z.ZBO0BBE+0Z 5.43040E+04
800.00 -1.810B0E+01 -1.0T7300E+0> -2.30B08BE+02 T.7256BE+04
900.00 -1.418BS9E+01 -1.09000E+05 -2.32T710E+02 1.0043B8E+05
1000.00 —l.ﬂ5ﬂ95h+ﬂl -1.10245E+05 -2.34025E+02 1.23778E+05
1100.00 -=-T7.T7TEOZE+00 -1.111eS%E+05 -2.34908E+02 1.472Z8E+05
1200.00 -5.0755eE+00 -1.11807E+05 -2.35464E+02 1.70750E+05
1300.00 -2.834¢7E+00 -1.12203E+05 -2.35T7EBZE+02 1.84314E+05
1400.00 -1.18414g+00 -1.12407E+05 -2.35934E+02 2.17801E+05
1500.00 2.55400E-01 -1.12452E+05 -2.35%ceE+02 2.41487E+05
1600.00 1.48022E+00 -1.12363E+05 -2.350808E+02 2.65081E+05
1700.00 2.564B4E+00 -1.1215%E+05 -2.35T7E5E+02 2.8B8676E+0D
1800.00 3.51808E+00 -1.11854E+05 -2.35611E+02 3.12246E+05
1900.00 4_3BZ58E+00 -1.1145BE+05 -2.35397E+02 3.35787E+03
2000.00 S.1TTISE+00 -1.10S8B0E+05 -2.35152E+02 3.58325E+05

Tabulating a Reaction

Atabulation of a given chemical reaction provides you with data about the rate of change of the
standard tabulation properties at various levels of temperature. You can also add a column for a
property of your choice to the table.

®

TABULATION_REACTION Commands on page 245 in the Console Mode Command
Reference.

How to Tabulate a Reaction

1. Use GOTO_MODULE TAB to enter the TAB module.

2. If you want to add one thermodynamic functions to the tabulation calculation, which is
present in a sixth column in the table, use ENTER_FUNCTION.

You are prompted to enter the name of the column that is given at its head, and the function
itself. The following state variables can be used to define the function: G, H, S, T, P, V and H298.
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3. Use TABULATE_REACTION followed by a formula that specifies of the reacting species and
products to perform the tabulation calculation. The name of the elements must be
entered in upper case letters only. Terminate the chemical reaction with a semi-colon.
For example, you can enter:

TABULATE REACTION 3H2+N2=2N1H3;

Elements that are designated with a single letter must be followed by a stoichiometry factor, even
if this factor is 1. CO hence be interpreted as Cobalt rather than as carbon monoxide. Carbon
monoxide is entered as C101 or 01C1.

4. Set the pressure, the range of temperature that you want the tabulation to cover, and
change in temperature between each row in the table. You can also specify if you want
to output the calculation results to an EXP-file and whether you want any graphical out-
put, and if so, which column you want to be plotted against temperature.

The tabulation calculation is performed and you are given a table that shows the various
properties at each temperature level within the range defined.

If you have chosen to receive graphical output, then the Console Results window presents a
graph that plots the column of you chose (on the Y-axis) against temperature (on the X-axis).
When this graph is plotted, you are now in the POST module, where you can modify the graph in
various ways.

Tabulating a Substance or Solution Phase at Fixed Composition

Atabulation of a substance or solution phase at fixed composition provides you with data about the
standard tabulation properties at various levels of temperature for a given chemical reaction. You can
also add one extra property column of your choice to the table.

@ TABULATION_REACTION Commands on page 245 in the Console Mode Command
Reference.

How to Tabulate a Substance or Solution Phase at Fixed Composition

1. Use GOTO_MODULE TAB to enter the TAB module.
2. Use SWITCH_DATABASE to switch to a database that contains solution-based data, such as
TCFE for example.

EI' You cannot use the default SSUB database when tabulating substances or solution phases
at a fixed composition.

3. If you want to add one thermodynamic function to the tabulation calculation, which is
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present in a sixth column in the table, use ENTER_FUNCTION.

You are prompted to specify the column header and the function itself. The following state
variables can be used to define the function: G, H, S, T, P, V and H298.

. Use TABULATE_SUBSTANCE followed by the name of the substance or solution phase to
perform the tabulation calculation.

. Set the pressure, the range of temperature that you want the tabulation to cover, and
change in temperature between each row in the table. You can also specify if you want
to output the calculation results to an EXP-file and whether you want any graphical out-
put, and if so, which column you want to be plotted against temperature.

The tabulation calculation is performed and a table shows the various properties at each
temperature level within the defined range.

If you have chosen to receive graphical output, then the Console Results window presents a
graph that plots the column you chose (on the Y-axis) against temperature (on the X-axis). ).
When this graph is plotted, you end up in the POST module, where you can modify the graph in

other ways.
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Console Mode POST Module

In this section:

Console Mode Visualization ........ ... ... . . 180
Plotting DiGQrams .. ... ... i 180
Modifying DiGQrams ... . ... 181
Saving Diagrams . 183
Loading Saved DiGgrams .......... .. 183
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Console Mode Visualization

The results of a calculation in Thermo-Calc can be plotted by the post-processor module, also called the
POST module. The diagram is presented in the Console Results window.

In the POST module, you can define and plot various kinds of diagrams based on a calculation. You can
modify diagram type, which variables to plot on each axis and between which minimum and maximum
values, append experimental data from an EXP-file, change labels and symbols in the diagram, zoom in
on (and out from) a certain region in a diagram, etc.

If you calculate a property or phase diagram in POLY, then you have to open the POST module yourself.
If your calculation was performed by a response-driven module such as SCHEIL or POURBAIX, then the
plotting of a diagram based your calculation is part of the dialogue of questions and answers you have in
that module (but under the hood, the response-driven module is actually utilizing the POST module to
get the plotting done).

Plotting Diagrams

Plotting a diagram is to graphically represent how several variables (typically two variables) co-vary. Each
axis in a property diagram or a phase diagram represents the value of one variable. The default variables
represented by the X-and Y-axes are the following:

« If you plot a diagram based on the results of a mapping operation (a phase diagram),
then by default the X- and Y-axes represent the mapping axis variables 1 and 2 (set
using SET_AXIS_VARIABLE on page 164 in POLY).

« If you plot a diagram based on the results of a stepping operation (a property diagram),
then by default, the X-axis represents the stepping variable (set using SET_AXIS_
VARIABLE) and the Y-axis represents the sum of the mole fractions of all phases (that is,
NP(*)).

@ POLY 3 Commands on page 117 in the Console Mode Command Reference.

How to Plot a Diagram

To plot a diagram, you must have already made a stepping or mapping operation in POLY (or in some
cases, made a calculation as part of some opening a response-driven module), and you must have
entered the POST module.

The POST command is available inside POLY. Use POST to enter the POST module
1. If you want to directly plot your diagram with the default variables represented by the
X- and Y-axes, type plot and press <Enter>. This plots a property or phase diagram with

the default variables represented at each axis. If you do not want to plot your diagram
with these default variables, go to the next step.
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2. Use SET_DIAGRAM_AXIS to set which variables to plot on the X-axis and the Y-axis. For
example, if you want to plot a phase diagram with pressure on the Y-axis and tem-
perature on the X-axis, type:

SET DIAGRAM AXIS X T

SET DIAGRAM AXIS Y P

3. Use PLOT_DIAGRAM to plot your diagram.

Modifying Diagrams

Modifying a diagram amounts to changing the settings that determine how the POST module presents
the calculated results and plots a new diagram. Suppose that you have already plotted a binary phase
diagram with the mapping axis variables temperature and mole fraction of one of your components (the
Fe component, say) on the X- and Y-axes. If you then want to modify your diagram so that the Y-axis
instead represents, say, the mass fraction of Fe rather than the mole fraction, then you use SET_
DIAGRAM_AXIS on page 206 to set diagram axis Y to w (Fe), and then use PLOT_DIAGRAM on page 200.

There are many ways in which you can modify your diagram and how it is presented. Any modification
made in the plot settings is taken into account the next time you use PLOT.

Modification Examples

@ The following commands are described in the Thermo-Calc Console Mode Command
Reference.

The following are some of the modifications you can make.

e Use SET_TITLE on page 215 to set add a title or to change an already existing title. The
title is displayed above the plotted diagram in the Console Results window.

e Use ADD LABEL TEXT on page 190 to add a label text that starts at a certain X- and Y-
coordinate. If you have plotted a phase diagram, then you can let Thermo-Calc set the
label text that specifies the names of the stable phases at that coordinate.

o Use SET_AXIS_TYPE on page 204 to set whether the scale of an axis is linear, logarithmic
or inverse.

e Use SET_DIAGRAM_TYPE on page 208 to plot a triangular diagram with the X-axis on
the triangle’s base and the Y-axis on the triangle’s left side. Such a diagram is often use-
ful if you want to plot the fractions of two components in a ternary diagram.

e Use SET_SCALING_STATUS on page 214 to modify the range of values that are displayed
on an axis. In effect, you can use it to zoom in or out of the diagram. For example, to set
the scale of the X-axis to range from 0 to 0 .3, type:

SET_SCALING_STATUS X N 0 0.3
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The X specifies which axis to change the scaling on, the N turns off Thermo-Calc’s automatic
scaling, and 0 and 0. 3 specifies the minimum and maximum values on the scale. You can turn on
automatic scaling again by setting the second parameter to Y.

SET_LABEL_CURVE_OPTION Example

Use SET_LABEL CURVE_OPTION on page 209 to label each set of curves that have the same stable phases
with a certain digit. A legend is also added, where you specify which phases each digit designates.

20004 1:BCC_AZ#2
—  Z:GRAPHITE

3 CEMEMTITE
AFCT_A1#1
SBCC_AZ#1
BM7C3
7:M23CE ™
B:LIgLUID
2:M3C2

6

10001 6

0.0o 0.05 0.10 0.15 0.20 0.25
A e

LTEXT vs LaTeX Commands for Labels

g As of Thermo-Calc 2015a the LTEXT text formatting is replaced by LaTeX. For existing users
who may have plots and files that use the LTEXT format, and especially when using Console
Mode, the following examples show the command changes from LTEXT and its LaTeX
equivalent:
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Symbol or text
format

Subscripts in an axis
text

Label with subscript

Greek symbol

@ Also see Changing Global Settings on page 187.

Saving Diagrams

LTEXT

S-A-TEXT Y N Mole-fraction
AI"DO2SO~D0O3S

add .13.15n c-ZrO~D0O2S

ADD .05 .50 N A"GRd$

Thermo-Calc Documentation Set

LaTeX

S-A-TEXT Y N \latex Mole-fraction Al_
20 3

add .13.15n \latex c-ZrO_2

ADD .05 .50 N \latex \delta

When a diagram is plotted, there are several ways in which you can save it:

e Use DUMP_DIAGRAM on page 194 to save the diagram image to a PS, PDF, SVG, EMF,
GIF, or PNG file. You are asked what format to save it in.

o To save the diagram image in a variety of image file formats, right click the diagram
and select Save Plot.

e Use PRINT_DIAGRAM on page 201 to print a hard copy of the diagram.

EI' Information about the underlying calculations that the diagram is based on is not saved in

an EXP-file.

@ Also see the DATAPLOT User Guide included with this documentation set.

Loading Saved Diagrams

If you have previously saved a diagram in an EXP-file, then you can load and superimpose the diagram
on another diagram. Both the following command requires you to specify which prologue and dataset(s)
that are loaded from an experimental data file.

Use APPEND_EXPERIMENTAL DATA on page 192 to plot selected data from an experimental data file
(EXP-file). If you have set the axes of the diagram already, the labels on the diagram are not changed
when you plot the additional data from the EXP-file, irrespectively of the data in that file.

Use QUICK_EXPERIMENTAL _PLOT on page 201 to plot selected data from an experimental data file (EXP-
file). If you have set the axes of the diagram already, these settings are overwritten with the axes settings

from the EXP-file.
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About the Database Files

Encrypted vs Unencrypted Database Files

Any licensed databases purchased from Thermo-Calc Software are encrypted in files with the extension
. TDC; these files cannot be edited. These are referred to as encrypted databases.

Unencrypted databases have the file extension . TDB and can be edited. For example, PURES or PG35
(the free databases) or a user-defined database file. If you plan to edit any of these files, see Editing the
Database Initialization File or Unencrypted Database File on the next page for information.

Database Installation Folder

Depending on the type of license and operating system, the encrypted Thermo-Calc databases and the
database initialization file are located in a subfolder to the Thermo-Calc installation. For example, in a
Windows standalone installation, you can find these in a folder called data(file path is C:\Program
Files\Thermo-Calc\<version>\data).

éi ! | » Computer » Local Disk (C:) » Program Files » Thermo-Calc » 2016a » data »

Organize ~ Include in library = Share with - Burn Mew folder
Mame Date modified Type
4 tc_initd.tdb 5/18/2016 11:26 Thermo-Calc TDB ...
I TCSLD3 5/24/2016 11:16 File folder
. TCSLD2 5/24/2016 11:16 File folder
I TCSLD1 5/24/2016 11:16 File folder

Database Initialization File

In Windows, the database initialization file is called tc_initd.tdb. In Linuxand Macit is called
initd. tdb. Thefile contains a list of all the databases available from Thermo-Calc Software. Individual
licenses are still required to use each database.

The file is used differently by the program depending on whether you are working with databases in
Console Mode or Graphical Mode. For this reason, editing the file can be problematic if you don’t
understand the differences. See About Cached Database Files (Graphical Mode only) on the next page
and Editing the Database Initialization File or Unencrypted Database File on the next page for more
information.

User Database Files

A user-defined database is considered to be an unencrypted database because you can make changes to
it.
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In Graphical Mode you can add user databases via the Options = Graphical Mode - System definer
window. Once you have added the user database it is available from the database list in the System
Definer Configuration window. See Global Settings: System Definition (System Definer) on page 191 to
add a user database.

In Console Mode, users may decide to add their own user-defined database to the database initiation
file, which then makes it available in the Console window. If you plan to edit this file, see Editing the
Database Initialization File or Unencrypted Database File below for important information.

About Cached Database Files (Graphical Mode only)

@ Also see Global Settings General on page 188 where you can set the default database
directory path.

The first time you open a database in Graphical Mode it can take a little while for it to load, especially if it
is one of the large databases such as TCFE or TCNI. However, the next time the database opens quickly
because now the databases are cached, or stored, in Graphical Mode.

Think of a cache as an intermediate storage area. Once a database cache is established the file made
easily accessible, even if you close the software program. It is the same concept as when you load a web
page for the first time. The next time the page opens faster. This is also how it works for the databases in
Thermo-Calc Graphical Mode.

Thermo-Calc caches the database files, both encrypted and unencrypted types, at two points —when you
first open a database, sometimes called an in-memory cache, and then later as a disk-based cache.. The
disk-based cache is what speeds up database loading and it is at this point that Thermo-Calc refers to the
database initialization file for information. The disk-based cache uses a lookup key to find the
abbreviated database name (e.g. TCFE8 or TCNI8) contained in this initialization file.

( )

@ It is important to understand the way databases are cached in Graphical Mode to ensure
best practices for those who also use Console Mode, especially if the database initialization
file is edited. If you plan to edit this file, see Editing a Database Initialization File or
Unencrypted Database File for important information.

- J

Editing the Database Initialization File or Unencrypted Database File

Some advanced users may decide to edit the database initialization file, for example to reorder the list of
encrypted databases displaying in the Console window or to add their own user-defined database for use
in Console Mode. It is important to understand that changes to this file impact the database caching
process used in Graphical Mode (see About Cached Database Files (Graphical Mode only) above).

The following recommendations are also applicable if you edit an unencrypted database file, which
includes user databases and free databases such as PURE5 or PG35.
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Best Practice Recommendations

If you edit the database initialization file (tc.initd.tdb in Windows or initd.tdb in Mac and Linux), then:
o If a user database is added to the file, it is subject to the same caching as the encrypted

databases. This means that further changes (to the user database) will not be detected
when you are working with databases in the System Definer in Graphical Mode.

If you have a user database, which is subject to regular updates, then:

« If you make changes to a user database, you then need to clear the cache.
o It is recommended that you create a separate directory to store unencrypted database
files.

If you edit an unencrypted database file included with the installation (such as the PURE5 and PG35 files):

o Do not edit the file in the installation folder. Instead make a local copy and load it into
the application as a user database.

Database Checker

The Thermo-Calc software package includes a program to check that the syntax of unencrypted database
files is correct. The program applies the syntax rules set out in the Database Manager User Guide and
reports errors and issues warnings. This program is intended for advanced users who develop and
manage databases.

El" Thermo-Calc accepts deviations from these syntax rules. This means that a database can
work even if the Database Checker reports errors and warnings. For example, an error is
reported if an abbreviated phase name is found, but phase name abbreviations are
accepted by Thermo-Calc and its add-on modules.

The executable DatabaseChecker file is found in the Thermo-Calc home directory. The program can also
be launched by selecting Tools-> Database Checker from the main menu.

@ Also see the Database Manager User Guide.
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Changing Global Settings

In the Options window (select Tools = Options) you can globally set general settings for Graphical Mode
as well as default settings for any new activities for both Graphical Mode and Console Mode.

In this section:

GENEIral ... ... 188
Graphical Mode - Default UNnits ... .. e 189
Graphical Mode: ACLIVILIES .......... ..o e 190
Global Settings: Graphical and Console Mode-Plotting ............ ... i 200
Global Settings: Console Mode Default Appearance ............ ..., 203

Changing Global Settings | 187 of 204



General

£ Options

—

Thermo-Calc Documentation Set

@Graphical Mode | Console Mode

These settings are for both Graphical and Console modes. To open this window, from the main menu

select Tools - Options.

General Global Settings

Setting

Tooltips enabled

Localization

Look and feel

Database directory

Options

Select whether to turn on tooltips information. By default the Tooltips
enabled check box is selected. This displays a small text box when you hover
the cursor above some buttons or other items.

To change the GUI language from the Localization list choose English (the
default), Swedish, Spanish, German, Russian, Chinese, Japanese or French.

To change the Look and feel of the GUI layout, choose Windows (the
default), Metal, Nimbus, CDE/Motif or WindowsClassic.

In the Database directory field, specify the path to the directory that
contains the data directory. This is where the Thermo-Calc database
directory called data is located. Do not specify the path to where the
database files are found (that is, in the data directory).

Modifying the Database Directory Path (Graphical Mode Only)
Important Note: Database Directory Path (Graphical Mode only)

When you open a database for the first time, it is stored in a cache (an
intermediate storage area), that is maintained even if you close the
program. This improves the speed of loading the next time you open that
database. The cache is used for all databases that are listed in the database
initialization file, typically all the standard databases that are included with
Thermo-Calc.

If you modify your own user-defined database, or if you choose to edit an
unencrypted database, it is recommended that you create a separate
directory to store these database files. This way the most recent version of
the user-defined or edited databases are loaded into the program when the
System Definer is performed.

@ Also see About the Database Files on page 184.
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Setting Options

Select the level and type of information to display in the Event Log window
Log level using the Log level slide bar. Choose from a Debug, Info, Warning or Error
level of detail.

From the Check update interval list, choose not to check (Don’t check, the
Check update interval default) or On startup. You can also manually check for updates — choose
Help—->Check for update.

In the lower corner of the window, click the Reset to original settings
button to restore the original settings. You may have to expand the window
to view the button.

Reset to original
settings

Graphical Mode - Default Units

2 Options

Default Units

To open this window, from the main menu select Tools = Optionsand click the Default Units tab.
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Default Units - Settings in Graphical Mode

Setting
Temperature
Pressure
Amount
Composition
Energy
Volume
Density
Entropy
Length

Time

Reset to
original
settings

Options

Kelvin (the default), Celsius or Fahrenheit

Pascal (the default), Atmospheres or Bar

Mole (the default), Gram, Kilogram or Pound

Mass percent (the default), Mole percent, Mass fraction or Mole fraction
Joule (the default), Calorie or Electron volt

Cubic meter (the default), Cubic decimeter or Cubic centimeter

Kilogram per cubic meter (the default) or Gram per cubic meter

Joules per Kelvin (the default), Calorie per Kelvin or Electron volt per Kelvin
Meter (the default), Micrometer or Nanometer

Seconds (the default), Hours or Days

In the lower corner of the window, click the Reset to original settings button to
restore the original settings. You may have to expand the window to view the button.

Graphical Mode: Activities

General| Graphical

Mode) Console Mode

ctivities }Default Units

Calculation

2 System definition

Growth rate m

Calculation typ
Phase view mc

Interfacial enel

Phase molar v

To open this window, from the main menu select Tools - Options and click the Activities tab.

There are System definition, Calculation, Precipitation, Scheil, Plotting and Tabulation settings

Wi

indows.
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D/ For Plotting, the default settings are shared with the Graphical and Console Modes. Any
changes you make also apply to the default settings on the Console Mode - Plotting tab
in the Options window (and vice versa). See Global Settings: Graphical and Console Mode-
Plotting on page 200 for details.

Global Settings: System Definition (System Definer)

When you create a new System Definer, the default databases are taken from these defaults. The
database selections for each System Definer can then be configured individually. Once created, the
specific (local) settings for a System Definer are not affected if you later make changes to the global

defaults.

To open this window, from the main menu select Tools = Options and click the Activities tab. Then click

System definition.

I Default Configurations
__! Default database selection:

- = Calculation
S/ Scheil

- Plotting Database name:

-] Tabulation

User Databases

Database Packages

)@ |Steels and Fe-alloys

&) & |Nickel-based superalloys
)@ |Aluminium-based superalloys
)@ |Silicon-based alloys

&)@ Titanium-based alloys

<) & Demo: Steels and Fe-alloys

Database | | TCFEB hd

- Add Remove

» Show details

= Show details
= Show details |
 + Show details |
 ~ Show details |

@ Also see System Definer on page 54, Creating a Database Package on the next page and
Clearing a Database Package Message on page 193.

System Definer Default Settings in Graphical Mode

Setting

Default database selection

Options

Choose to define a Database or a Database package.

If you choose Database, then select the default installed database
to use globally for all System Definer nodes. For example, choose
TCFE8 or TCNIS.

If you choose Database Package, select an option from the list.
These Database Packages are defined in Database Packages.

User Databases
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Database name

Based on the installed
databases, there are also
default Database Packages
available.

Reset to original settings

Creating a Database Package

H wnN o

age.

u

Thermo-Calc Documentation Set

Options

Click the Add button to add a custom database. After you have
added the user database it is available from the list to choose as
the default.

Once a user database is added to the Database name list, you can
also click the Remove button to delete it from your project.

Database Packages

Create and remove Database Packages by clicking the Add a
database package® button or Remove this database package &
button.

@ The addition or removal of a database package does
not take effect until a new System Definer node is
defined.

Click Show details to display the list of databases included with the
package. Click Hide details to only display the name of the
package. See Creating a Database Package below.

In the lower corner of the window, click the Reset to original
settings button to restore the original settings. You may have to
expand the window to view the button.

From the main menu select Tools - Options .
Click the Activities tab and click System definition.
Under Database Packages, click the Add a database package button.

Replace the default text with a name for the package, for example My database pack-

Select a database from the Choose database list, for example, TCNI8.

6. Click the Add a database & button and from the Choose database list, select another
database, for example, TCAL4

7. Click OK. The Database Package is now available to choose as the default for new Sys-

tem Definer activities.
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Default database selection: iDatabase Package Vj ;Demo; Steels and Fe-alloys [FEDEMO, MFEDEMO] v;
User Databases Demo: Steels and Fe-alloys [FEDEMO, MFEDEMO]
) My database package [TCFEB, TCAL4]
Database name: | ¥ | Add Remove
Database Packages

)& Demo: Steels and Fe-alloys
) & My database package

@ The package is available for new System Definer nodes defined after adding the package.

ke System Definer 1

Package: | v;
Demo: Steels and Fe-alloys [FEDEMO, MFEDEMO]
mentleataScurceleescrip database package [TCFES A
Tkl | [ alahohatic 1ies |

@ Clearing a Database Package Message below and Global Settings: System Definition
(System Definer) on page 191.

Clearing a Database Package Message

Sometimes when working on the System Definer Configuration window, you may add or delete
Databases. If you originally added a Database Package, the addition or removal of a database means that
the original package you selected does not now match the databases you are using. To clear the message
Selected databases and selected package may differ and reset the databases you need to either:

o Change the newly added database back to the one that matches the database package, or

o Choose another package from the Package list, then select the package you want.

For example, from the Package list you select Demo: Steels and Fe-alloys.

Package: :EDemo: Steels and Fe-alloys [FEDEMO, MFEDEMO]; v:

This adds the FEDEMO and MFEDEMO databases.

Databases
@ :FEDEM{]: Iron Demo Database

@ :MFEDEM{]: Fe-Alloys Mobility demo database
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If you add or remove Databases, in this example MFEDEMO is removed, then this does not match the
Package and the message displays:

':: System Definer 1
Databases
+] FEDEMO: Iron Demo Database *  Package: Demo: Steels and Fe-alloys (FEDEMO, MFEDEMO) »

Selected databases and selected package may differ
To clear the message, click the Add a database & button and from the Choose database list, select the
database that belongs with the package, in this example, MFEDEMO. The message is cleared.

You can also choose another package from the list, which changes the databases, and then re-select the
original package to reset the message.

@ Creating a Database Package on page 192 and Global Settings: System Definition (System
Definer) on page 191.

Global Settings: Calculation (Equilibrium Calculator)

When you create a new Equilibrium Calculator, its initial settings are taken from these defaults. The
settings of each Equilibrium Calculator can then be configured individually. Once created, the specific
(local) settings for an Equilibrium Calculator are not affected if you later make changes to the global
defaults.

To open this window, from the main menu select Tools = Options and click the Activities tab. Then click
Calculation.

@ Also see Equilibrium Calculator on page 72.

These settings can also be changed locally for a certain Equilibrium Calculator.
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Default calculation mode: | Simplified Default calculation type: | Single equilibrium
Single Equilibrium and Property Grid

+| Global minimization
Max no of iterations: 500/

Max grid points Required accuracy: |1.0E-6

Coarse - 2,000
Smallest fraction: 1.0E-12

V| Approximate driving force for metastable phases
| Force positive definite phase Hessian

Control step size

Property Diagram Phase Diagram
| Global minimization | Global minimization
Global test interval Global test interval
Every 10th eq A 10 At node points ¥ 05

| Generate starting points automnatically

Use inside meshing points

No of meshes along an axis: |3

Equilibrium Calculator Default Settings in Graphical Mode
Setting Options

Default calculati
efault calculation Simplified (the default) or Advanced

mode
Default calculation Single equilibrium (the default), Property diagram, Phase diagram or
type Property grid

Single equilibrium and property grid

The check box is selected by default to ensure that the most stable minimum

Global minimization
under the specified conditions is computed.
Max no of iterations  Default is 500

Max erid points Coarse (2000 grid points, the default), Medium (20,000 grid points), Fine
sl (200,000 grid points), or Custom (set your own number of grid points)

Required accuracy The default is 1.0E-6

Smallest fraction The default is 1.0E-12

Approximate driving
force for metastable  The check box is selected by default
phases
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Setting

Force positive
definite phase
Hessian

Control stepsize

Global minimization

Global test interval

Global minimization

Global test interval

Generate starting
points automatically

Use inside meshing
points

No of meshes along
an axis

Reset to original
settings
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Options

The check box is selected by default

The check box is selected by default
Property diagram

The check box is selected by default to ensure that the most stable minimum
under the specified conditions is computed.

Every 10t" eq (the default), Always or Custom
Phase diagram

The check box is selected by default to ensure that the most stable minimum
under the specified conditions is computed.

At node points (the default), Every 10th eq, Always or Custom

The check box is selected by default

Click to select the check box as required

The default is 3

In the lower corner of the window, click the Reset to original settings button
to restore the original settings. You may have to expand the window to view
the button.

Global Settings: Precipitation (Precipitation Calculator)

When you create a new Precipitation Calculator, its initial settings are taken from these defaults. The
settings for each Precipitation Calculator can then be configured individually. Once created, the specific
(local) settings for a Precipitation Calculator are not affected if you later make changes to the global

defaults.

To open this window, from the main menu select Tools - Options and click the Activities tab. Then click

Precipitation.

@ Also see Precipitation Calculator on page 78.

These settings can also be changed locally for a specific Precipitation Calculator.
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Precipitation Calculator Default Settings in Graphical Mode

Setting Defaults/Options

Growth rate model Simplified (default) or Advanced.

Calculation Type Isothermal (default), Non-isothermal or TTT diagram.
Phase mode view Hide details (default) or Show details

Interfacial energy Calculated (default) or User-defined

Phase molar volume Database (default) or User-defined.

Matrix grain size 1.0E-4 m (default)

Matrix grain aspect ratio 1.0 (default)

Dislocation density 5.0E12 m™3 (default)

. . Bulk (default), Grain boundaries, Grain edges, Grain corners, or
Nucleation sites

Dislocations.

Max time step fraction 0.1 (default)
No. of grid point d

0.0 gr.l p0|.n soyerone order .54
of magnitude in radius
M .of gri i

axno. o gnc_l pom.ts ovetr one 0
order of magnitude in radius
Mi . of grid point

in no. of grid points over one 100.0

order of magnitude in radius

Max relative volume fraction of
subcritical particles allowed to 0.01
dissolve in one time step

Max relative radius change 0.01

Relative radius change for

. - 0.5
avoiding class collision
Max overall volume change 0.001
Max relative change of
nucleation rate in logarithmic 0.5
scale
Max relative change of critical 0.1

radius
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Min radius for a nucleus to be
considered as a particle

Max time step during heating
stages

Reset to original settings
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Defaults/Options

5.0E-10 m

1.0s

In the lower corner of the window, click the Reset to original
settings button to restore the original settings. You may have to
expand the window to view the button.

Global Settings: Scheil (Scheil Calculator)

When you create a new Scheil Calculator, its initial settings are taken from these defaults. The settings of
each Scheil Calculator can then be configured individually. Once created, the specific (local) settings for a
Scheil Calculator are not affected if you later make changes to the global defaults.

To open this window, from the main menu select Tools - Options and click the Activities tab. Then click

Scheil.

@ Also see Scheil Calculator on page 108.

These settings can also be changed locally for a certain Scheil Calculator.
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Scheil Calculator Default Settings in Graphical Mode

Setting

Start
temperature

Temperature
step

Global
minimization

Allow BCC >
FCC

Reset to
original
settings

Options

Enter a default Start temperature that is higher than the liquidus temperature of the
alloy, in other words, the temperature at which the alloy is completely melted.

Enter a default Temperature step. Decreasing the temperature step increases the
accuracy, but the default value is usually adequate.

By default the Global minimization check box is not selected. Click to select it to
perform a global minimization test when an equilibrium is reached. This costs more
computer time but the calculations are more robust.

By default the Allow BCC - FCC check box is not selected. Select the check box to
allow transformations in the solidified part of the alloy caused by each of the
components specified to be a fast diffuser. It is recommended that you only select
this for steels.

In the lower corner of the window, click the Reset to original settings button to
restore the original settings. You may have to expand the window to view the button.

Global Settings: Tabulation (Table Renderer)

When you create a new Table Renderer, its initial settings are taken from these default settings. The
settings of each Table Renderer can then be configured individually. Once created, the settings of a Table
Renderer are not affected by changes in the default settings. To open this window, from the main menu
select Tools - Options and click the Activities tab. Then click Tabulation.

@ Also see Table Renderer on page 101.

Table Renderer Default Settings in Graphical Mode

Setting
Decimal
digits
Number

format

Phase
description
detail

Options

The defaultis 5

Auto (the default), Decimal or Scientific

Composition (the default), Condensed, Constitution, or Composition and constitution

Global Settings: Tabulation (Table Renderer) | 199 of 204



Thermo-Calc Documentation Set

Setting Options

Primary

display Click Modify to change the default

color

Secondary

display Click Modify to change the default

color

Reset to . . . . .

orieinal In the lower corner of the window, click the Reset to original settings button to
setgcings restore the original settings. You may have to expand the window to view the button.

Global Settings: Graphical and Console Mode-Plotting

D/ The default settings are shared with both modes. Any changes you make also apply to the
default settings on the Console Mode - Plotting tab in the Options window (and vice
versa).

| Generall_Grﬁ[JhiCﬁ| Mode | Console Mode

Activities | Default Units

Default Configurations | General | ¥ Axis
vkl guctem definition
= Calculation

[ et Show every

eneral | Graphical Mcde| Console Mode

| Plotting { )Default Appearance |

General | % ,cm_gl Y Axis

To make local changes to the appearance of a specific plot, in the Results window right-click a plot and
select Properties. In the Plot Properties window a variety of settings can be made.

You can also edit some properties for individual plot lines (the color, the line width and type, and
whether data points are included). In the Results window, hover the mouse over a plot line. The
crosshair cursor turns into a cursor resembling a pointing hand when it is over a line that can clicked.
Alternatively, hold down Ctrl while you move the cursor around the plot to only display it as a crosshair
and prevent unintended edits.

To globally configure the default settings for plotting, from the main menu select Tools = Options. Click
the Graphical Mode - Activities tabs and then click the Plotting node.
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When you create a new Plot Renderer, its initial settings are taken from these default settings. The
settings can then be configured individually. Once created, the settings of a Plot Renderer are not
affected by changes to the default global settings.

To configure the settings of an individual Plot Renderer rather than the default settings, right-click a plot
in the Results window and select Properties from the menu.

Plot Renderer Settings for Console and Graphical Modes

These global settings are available for both Console and Graphical Modes.

Setting Options

Enter a title. Select Plain text (the default) or LaTeX formatted text.

Click a button to add symbols. Click a symbol category (for example, Latin
characters or Greek and math symbols). Then click to choose the symbol
Title located on the right-hand side.

When you select LaTeX formatted text you can use the LaTeX math text to
enter text. See ADD LABEL TEXT on page 190 and Adding and Editing Plot
Labels on page 92 for more details.

Title font, Legend font,

Label font, Header font Click Modify to edit the Font Name, Style, Size and Color.

Legend phase caption  Choose All, Constitution description or Ordering description. See About
style Legend Styles on page 91 for details about these options.

Legend background
color, Background
color, Canvas color,
Border color,

Click Modify to choose a color or enter a specific color.

Label format Select Plain text (the default) or LaTeX formatted text.
Show anchor By default, an anchor between the label and the plot point is displayed.

Retain labels (Graphical By default the check box is selected. Plot labels are kept (retained) when
Mode only) plots are updated. It can be applied globally or locally to individual plots.

Click to select the Show header check box to display the basic details about

Show header (C I
CEAEC R el the plot along the top. This includes the date and time the plot is

Mode onl

V) generated, the database used and the properties.
Border width Choose a plot border width between 1 (thin, the default) and 10 (thick).

. For the plot line colors, choose from the options in the list: Legacy, Printer
Color option

friendly, JFree chart, Pastel, Medium dark, Bright dark, Vivid or Earth.
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Line width

Line type

Show data points

Data point marker size

Plot area size

Reset to original
settings
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Options

This option is also available for specific plot lines. To change the color of an
individual plot line double-click it in the Results window and use the color
palette to define it or enter a specific color.

For the plot line width, choose from the options in the list. These options
are also available for specific plot lines. To change an individual plot line
width double-click it in the Results window.

This option is only available for individual plot lines. To change an individual
plot line type double-click it in the Results window and choose an option
from the list.

Line type: |

Click to select the check box to display the data points on the plot lines.
This option is also available for specific plot lines. To show data points on an
individual plot line double-click it in the Results window and select the
check box.

Choose the data point marker size between 1 (small) and 10 (large). The
default is 3.

The Fit the plot area size to the enclosing window option is selected by
default. Excluding triangular plots, click Define the plot area size to enter a
Plot area height and Plot area width.

In the lower corner of the window, click the Reset to original settings
button to restore the original settings. You may have to expand the
window to view the button.
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Global Settings: Console Mode Default Appearance

. Options

General | Graphical Moden50|e MDdEtb
Console name: Console
Buffer size: 40,000 =
System output font: RaBbCcl23 RoBRTY W
Command prompt font: RaBbCel23 RoBRTY W
User input font: RaBbCcl23 RoBfTy Modify...
Background color: Maodify...
Default directory: C:\Users\amanda\Documents Maodify...

To open this window, from the main menu select Tools - Options. To change the name, buffer size,
fonts and colours for a specific Console window, right-click the label for that particular Console and select
Properties.

Default Appearance Settings in Console Mode

Setting Options
Console name The default is Console or enter another name to display
Buffer size The default buffer size is 40,000.

System output font

Click Modify to open the Select Font window and makes changes to

Command prompt font . .
the font type, style, size or color as required.

User input font

Click Modify to open the Select Color window to choose a background

Background color
& color for the Console Mode window where you enter commands.
Default directory Set the default directory where log files and workspace files are saved.

In the lower corner of the window, click the Reset to original settings
Reset to original settings button to restore the original settings. You may have to expand the
window to view the button.

Increasing the Buffer Size

Sometimes the output overflows the window text buffer (see Controlling Console Output on page 123).
To increase the buffer size in a specific Console tab:

1. Right-click the Console tab header in the Console window (if this is the first Console tab, it
is labelled Console 1).
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2. Click Properties, and increase the Buffer size in the Console Properties window.

,

Console name: |C0n50|e 1

Buffer size: 40,000 E

Systermn output font: RaBbCcl23 RoBpRTY

Command prompt font: RaBbCel23 AcBRTY

User input font: RaBbCcl23 RoBpTY
Background color: I:l
Default directory: |C:\Users\amanda\Dncuments
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Introduction to the Command Reference

In this section:

About the Console Command Reference ... .. . . . . 2

File Ty DES 2
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About the Console Command Reference
This command reference is for Console Mode users of Thermo-Calc software. This guide describes the

function and syntax of the commands available in the Thermo-Calc modules.

CI/ If you have the Diffusion Module (DICTRA) also see the Diffusion Module (DICTRA)
Command Reference found in the Diffusion Module (DICTRA) Documentation Set PDF.

The commands available in all or most modules are described in the first topic (General Commands on
page 3). The next topics are listed in alphabetical order based on the module names, then in each
subtopic, the module commands.

Abbreviations Used in this Guide
For the prompts, Y stands for Yes and N stands for No.

TC is for Thermo-Calc. For example, default file names often start with tc.ini.

File Types

@ Also see the Thermo-Calc Installation Guide and the Data Optimization User Guide
included with this documentation set for information about EXP files.

In Console Mode, Thermo-Calc uses different kinds of files, including:

Log files (*.LOG)
e Macro files (*.TCM or *.LOG)
o POLY workspace files (*.POLY3)

Experimental data files (*.EXP)

The GIBBS module uses a workspace file (*.GES5)
o The PARROT module uses files with the suffixes *.PAR and *.POP.
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General Commands

In this section:

BACK . il 4
EXIT 4
GOTO_MODULE . L 4
HELP (P QN P2) <o 5
HE L P 5
INFORMATION e 5
MACRO _FILE OPEN . . 5
SET_INTERACTIVE i 8
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Syntax
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Also see GOTO_MODULE below.

BACK

Switch control back to the most recent module. Going from the POST module (post-
processor), BACK goes only to the TAB or POLY module (from where the POST module is

entered).

EXIT

Exit the program and return to the operating system. Use a save command before exiting
otherwise all data and results are lost (in either the GIBBS, POLY, PARROT or REACTOR

module).

GOTO_MODULE

Switch between modules. The name of the module must be typed. To get a list of available modules,
press the <Enter> key.

Syntax

Prompt

GOTO_MODULE
MODULE NAME: <MODULE NAME>

If the <Enter> key is pressed without typing a unique module name (or typing a ? mark) it
prompts for the MODULE NAME and lists the available modules

SYSTEM UTILITIES
GIBES ENERGY SYSTEM
TABULATION REACTION
POLY 3
DICTRA MONITOR
BINARY DIAGRAM EASY
DATABASE RETRIEVAL
DIC PARROT
REACTCR SIMULATOR 3
EEARROT
POTENTIAL DIAGRAM
SCHEIL SIMULATION
POURERIX DIRGREM
TERNERY DIRGRREM
MODULE NAME:
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HELP (? and ??
Gives text help about the current prompt (whether this is the prompt of a module, or a prompt that
requests you to specify the value of some parameter).

Syntax ?OR ??

For some commands and prompts, more detailed help is given when two ?? are entered.

HELP

Lists the available commands or explains a specified command. Specifying a unigue command displays
an explanation on screen. Typing a command abbreviation that is not unique lists all matching
commands. Get the command information by typing a unique abbreviation or the complete command
name.

Syntax HELP
COMMAND: <COMMAND NAME>
Command name is the name of the command (one of the-module commands) to get help.

Prompt
If the <Enter> key is pressed without typing a command name, then all the available

commands are listed.

INFORMATION

Get basic information about topics related to the module you are in.

Syntax INFORMATION
WHICH SUBJECT /PURPOSE/: <TOPIC NAME>

Prompt  specify a Subject (or its abbreviation as long as it is unique). Enter a question mark ? for a
list of topics.

MACRO_FILE_OPEN

The macro file functionality is a way to predefine sequences of Thermo-Calc commands stored in a macro
file (a basic text file usually with the default extension TCM for the Thermo-Calc Console Mode or DCM for
DICTRA module) and then executing all of the sequences using this command (preceded by the macro file
name). This command can be used within various modules (i.e. the SYS, POLY, PARROT and TAB modules
in the Thermo-Calc (Console Mode) software; SYS, POLY, PARROT and DICTRA_Monitor).
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Syntax MACRO_FILE_OPEN
<NAME OF A MACRO FILE *.TCM>

An Open window displays to specify the filename of the macro file (*.TCM) with the macro
command, so that the path (in the Look in field) and File name can be specified.

The Files of type *.TCM for Thermo-Calc (Console Mode) calculations and *.DCM for
DICTRA simulations, cannot be changed. Click Open or Cancel to continue.

If the macro file contains commands to set *.LOG files, to save or read GIBBS, POLY or
PARROT workspaces, switch user databases, compile experiments (from existing *.POP
files), create new *.PAR files, append *.EXP files, plot or dump diagrams, etc., a window
(e.g. Save, Open, Print, etc.) displays on screen. If required, these windows can be avoided
by issuing the file names (preferably with file-type extensions; if the files are not in the
current working area where the macro is located, the appropriate and complete paths of
the files should also be specified) and sometimes with the required options after the
corresponding commands or parameters/options. For details, see the related commands
and modules.

When using a macro file that intended to plot graphs on screen, but the command SET _
PLOT _FORMAT on page 210 is used to alter the plotting environment from the default
value, it is important to first use the command SET_PLOT_FORMAT again to change back to
the default value.

P
|ﬂ See example 12 in the Console Mode Examples Guide.

This is useful when the same or similar calculations are made frequently with small changes [in terms of

system definitions, data manipulations, conditions (for single points, stepping or mapping calculations),
plotting settings, etc.). For example, use this feature when calculating phase/property diagrams during

an assessment of thermodynamic data.

A macro file can be automatically generated by the Thermo-Calc (Console Mode) software, if in the SYS
module the SET_LOG_FILE on page 242 command is used and a *.LOG file name is given before any other
SYS, DATA, TAB, GIBBS, POLY, POST, PARROT, or ED-EXP command or any special-module command (e.g.
BIN, TERN, POTENTIAL, SCHEIL, POURBAIX, or REACTION). Such a *.LOG file generated from the Thermo-
Calc (Console Mode) software is a textual file, and using a textual editor (such as Notepad, WordPad, PFE,
Emacs, vi, etc.) it can be edited, for example, by taking away unnecessary command lines, modifying
some commands, settings and definitions, adding some pausing points, adding helpful commenting
lines beginning with @@ signs, and so forth. Then save it as a macro file with the standard file extension
TCM.

Experienced users can also write/edit an appropriate macro file for calculations/simulations, using any
basic textual editor outside the Thermo-Calc program.
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All commands can be used in a macro file. The file must be terminated with EXIT or be interrupted with
SET_INTERACTIVE.

Within a macro file you can use comment-lines (for describing the problems and for explaining
commands and inputs/outputs), which should always start with the @@ signs in the beginning of each
comment-line. Such comment-lines help to document the macro file, while these are not considered as
command lines and thus do not affect the proceeding of all the normal commands in modules of the
Console Mode when the file is called by the Thermo-Calc Console Mode software.

You can put multiple-line comment-blocks in a macro file between the @ (” and “@)” signs. The former
sign indicates where the comment begins and the latter sign indicates where the comment ends. A
comment-block begins from a line started with the begin comment sign @ (and ends with the finish
comment sign @); all the lines written in between are ignored, and the line started with @) is also
ignored.

Another use for a macro file is to allow you to interact at some specific points, using the “@?” sign
starting a text line (note that the text describing the expected user-specification/input should be written
as a continuous string without any empty space), for user’s on-time specifications of
arguments/parameters or inputs of parameter-values that are requested by a certain command. The
macro temporally stops at the “@?” sign, prompt on screen the text given after “@7?”, and waits for the
specified argument/parameter/value. The Thermo-Calc (Console Mode) software then uses specified
argument/parameter/value as the input(s) for the associated command. For example, you can input the
values of lower and higher temperature limits for the second axis-variable as follows:

GO POLY-3
SET-AXIS-VAR 2 T @?Low-temperature-limit:
@?High-temperature-limit:
You can have macro-variables denoted by the signs of @#n (for definition) and ##n (for usage); and up to

nine variables inside a single macro file. Such a macro-variable can be assigned with its desired value, as
for example:

@#3First-element?

This writes the text (note that the text describing the expected user specification/input is written as a
continuous string without any empty spaces) after the “@#3” sign as prompted on screen and then wait
for a specification. The input is assigned to the macro-variable ##3, which is directly called in different
parts within the current macro file.

For example, the content of the macro-variable ##3 is inserted in the command:

DEFINE-SYSTEM ##3

It is also useful in more complicated commands, such as:

SET AXIS VAR 1 x(##3) 0 1,,,

This command sets the mole fraction of macro variable 3 as axis 1.
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A macro file can have any number of pauses at the @« signs, for the purpose of checking the
details/results of executing certain commands when running the macro file. However, you can also
prevent the Thermo-Calc (Console Mode) software from temporarily stopping at any pause by typing
any character (except for the Y character for confirming a Yes answer to a command prompt) after
specifying the name of a macro file.

A macro file can have a maximum of five nested levels, i.e. a macro file can call another macro file, and if
one sub-level macro is terminated by the command it resumes at the next command in the previous
macro. Ifit is terminated by end-of-file, the Thermo-Calc (Console Mode) software stops.

This feature is especially useful for alloy design that requires many (hundreds) of calculations/simulations
on similar material system/processes (specified in many different but appropriately-documented macro
files that are organized in up to five levels) during a certain period of time (e.g. in an evening), you can run
the main macro (on the top level) at a certain time (e.g. before leaving the office) and afterwards (e.g.
next morning) you can systematically and efficiently check/compare/analyse the results (saved as
graphical files, and/or EXP, TXT, XLS... files).

By adding the SYS command SET_ECHO on page 242 at the beginning of a macro file (or in the primary
macro file on the top level if any sub-level(s) of macro files are used), it is useful to automatically display
the complete/detailed meaning of various commands in all the sequential operations in the software, all
enforced according to the macro file(s).

SET_INTERACTIVE

Syntax SET_INTERACTIVE

Resets the input and output units to the initial values, i.e. keyboard and screen. Add this as
the last command to the macro files.
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BINARY DIAGRAM Commands

In this section:

BINARY_DIAGRAM Module ... . 10
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BINARY_DIAGRAM Module

The BINARY_DIAGRAM module (short name, the BIN module) enables you to quickly calculate a simple
binary phase diagram. Access to specific databases designed for BIN, such as TCBIN, is required.

To enter the module, at the SYS prompt type GOTO MODULE BINARY. There are no other commands for
this module. Follow the prompts to plot a diagram.

@ Also see the Graphical Mode equivalent to this command, Binary Calculator on page 104 in
the Thermo-Calc User Guide.

Syntax BINARY_DIAGRAM

Prompts DATABASE: /TCBIN/

FIRST ELEMENT
SECOND ELEMENT

PHASE DIAGRAM, PHASE FRACTION (F), G- OR A-CURVES (G/A): /PHASE
DIAGRAM/
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DATABASE_RETRIEVAL Commands

Search the online help or see in the Thermo-Calc User Guide for step-by-step instructions to define a
system.

In this section:

AMEND_SELECTION .. . e 12
APPEND DATABASE . . L 12
DATABASE_INFORMATION . . e 13
DEFINE ELEMENT S el 14
DEFINE _SPECIES . . L 14
DEFINE_SYSTEM . e e e e e 15
GET D AT A e 15
LIS T DATABASE e 16
L ST S Y S T EM L 16
NEW_DIRECTORY _FILE . e 17
REJECT e 17
RESTORE L 18
SET_AUTO_APPEND DATABASE e 19
SWITCH _DATABASE ... 20
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AMEND_SELECTION

Use this command after defining the elements, species or the system (with the commands DEFINE_
ELEMENTS on page 14, DEFINE_SPECIES on page 14, or DEFINE_SYSTEM on page 15). The prompts allow
changes to the predefined system. By answering Y or N, each of the selected elements, species or phases
can be accepted or rejected (although this is not the case for the constituents or the entire system).

Syntax AMEND_SELECTION

KEEP <NAME1> NO/QUIT /YES/

Prompt
KEEP <NAME2> NO/QUIT /YES/

KEYWORD-- ELEMENTS/SPECIES/PHASES NAME&
Options
Names of the pre-defined or pre-selected elements/species/phases

APPEND_DATABASE

Append data from a file or additional database to the current set of data already read from another
database. Data already read from another database and stored in the Gibbs energy system is kept in the
GES5 workspace.

This command also enters all additional parameters (phase constituents, GO and interaction parameters,
etc.) to already existing phases, and all existing parameters (phase constituents, excess model, GO and
interaction parameters, etc.) in the phase are replaced with the values retrieved from the appending
database.

The command is equivalent to the SWITCH_DATABASE USER command sequence. It is also similar to
SWITCH_DATABASE on page 20, but does not reinitialize the DATA module and GIBBS workspace.

All the directly connected databases as predefined by the original database initiation file (TC_INITD.TDB
file in the /DATA/ area for Windows environments, or the initd. tdb file in the \data\ area for Linux), or
by a user-specified database initiation file after using NEW_DIRECTORY FILE on page 17, are listed after
pressing <Enter> without giving any argument. You can supply your own database by giving the
argument USER, the database name and the correct path if it is not located in the current working
directory.

After the command is executed for the first time, the TDB_XYZ: prompt (XYZ stands for the name of the
primary switched database) is changed to the APP: prompt to go to more commands related to
appending data.
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Options

Notes
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APPEND_DATABASE

Use one of these databases

PURE = SGTE PURE ELEMENT DATABASE
SSUB = SGTE SUBSTANCE DATABASE 1997
USER = USER DEFINED DATABASE

DATABASE NAME /XYZ/: <ADDITIONAL DATABASE NAME>
ADDITTONAL DATABASE NAME

The name of an existing database or a USER database definition file (***setup.TDB) that
corresponds to the appending database.

If a USER database name or its path is not given on the same line of the APPEND _
DATABASE command, or if the name or path is incomplete or incorrect, an Open window
displays to open an appropriate database-setup. You can then open the USER database,
or can cancel the open session; in the latter case, the program lists all predefined
databases in the installation area, and you can select one of these or proceed with the
USER option again for appending a desired database.

When this command is used in a macro (*.TCM) file, if the USER option is selected, the
database setup file name (*setup.TDB) containing the setup definitions of the USER
database, and its correct path, are required.

In Linux, the filename of a USER database, or one of the predefined names, can be used
under the prompt FILENAME: This is a valid filename for the USER database definition file
(***setup.tdb) or a predefined database name, with the correct path. The default filename
extension is .tdb.

This command can be called more than once if appending two or more databases to the
primary switched database.

After this command, the commands to define a system (in terms of either elements or
species), to reject/restore phases or species, and retrieve data must be repeated;
however, the second keywords and parameter values might have to be different from the
previous ones.

DATABASE_INFORMATION

Syntax

DATABASE_INFORMATION

A short description of the current database is normally given by typing this command.

This can include information on covered systems, used models, valid ranges for parameters
in temperature and composition, major applications, and so on.
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DEFINE_ELEMENTS

Define the system in terms of elements. All possible species that can be formed by the given elements are
retrieved from the database. The names of elements must be separated with a space or comma. It is
possible to use a wildcard * after a common part of element names so that all the elements, which start
with that common part and are available in the currently switched or appending database, are defined in
the system. Up to 40 elements can be defined into a single system.

@ Also see Defining a System in Console Mode on page 127 in the Thermo-Calc User Guide for
step-by-step instructions to define a system with this command.

Syntax DEFINE_ELEMENTS

ELEMENT& <ELEMENT1, ELEMENTZ, ..>

Prompt
Alist of elements to be defined into the system.

[3 When appending database(s), this command, or DEFINE_SPECIES below or
DEFINE_SYSTEM on the next page must be repeated with the same or similar
elements as defined in the first switched database.

DEFINE_SPECIES

Define the system in terms of species. Only those species given are retrieved. The different names of
species must be separated with a space or comma. It is possible to use a wildcard * after a common part
of species names so that all the species, which start with that common part and are available in the
currently switched or appending database, are defined in the system. Up to 1000 species can be defined
in a single system.

@ Also see Defining a System in Console Mode on page 127 in the Thermo-Calc User Guide.

Syntax DEFINE_SPECIES

SPECIES& <SPECIES1, SPECIES2, ..>

Prompt
A list of species to be defined in the system.

[3 When appending database(s), this command, DEFINE_ELEMENTS above or

DEFINE_SYSTEM on the next page must be repeated with the same or similar
elements as defined in the first switched database.
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DEFINE_SYSTEM

Define the system in terms of either elements (equivalent to DEFINE_ELEMENTS on the previous page) or
species (equivalent to DEFINE_SPECIES on the previous page). Certain databases have a default value of
the keyword (as either ELEMENTS or SPECIES) reflecting what is most appropriate when defining a
system.

The different names of elements or species must be separated with a space or comma. It is possible to
use a wildcard * after a common part of elements or species names so that all the elements or species,
which start with that common part and are available in the currently switched or appending database,
are defined in the system.

When appending database(s), this command (or DEFINE_ELEMENTS or DEFINE_SPECIES) must be
repeated with the same or similar elements as defined in the first switched database. Different databases
might contain different elements and have different species definitions: avoid defining elements/species
that are missing in the appending database(s). Otherwise, the program indicates these missing
elements/species, and ignores them in subsequent steps. But additional elements/species, and
additional phases not available in the first switched database can be defined and retrieved from the
appending database(s). Up to 40 elements and 1000 species can be defined in a single system.

@ Also see Defining a System in Console Mode on page 127 in the Thermo-Calc User Guide for
step-by-step instructions to define a system with this command.

Syntax DEFINE_SYSTEM

ELEMENTS: <ELEMENT1, ELEMENT2, ..>, OR

Prompt SPECTES: <SPECIES1, SPECIES2, .>
Options Description
SPECIES OR ELEMENTS Default keyword.
ELEMENTS& Specify a list of elements for the defining system.
SPECIES& Specify a list of species for the defining system.
GET_DATA

D/ Only after executing this command can you go to any of the application programs such as
GES, POLY or DICTRA and use the retrieved data. When appending database(s), this
command must be repeated in order to obtain the additional system definitions,
parameters and functions.
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Syntax GET_DATA

Enter the defined system’s elements, species, phases, and the connected parameters
obtained from either the primary switched or additionally appending database(s) to the
GIBBS and/or DICTRA workspace. This command is necessary for retrieval of all information
concerning a defined system from the databank.

LIST_DATABASE

List all elements, species, phases or phase constituents in the database.

Syntax

Options

KEYWORD

ELEMENTS

SPECIES

PHASES

CONSTITUENT

LIST_DATABASE
Description

One of the keywords Elements, Species, Phases or Constituent must be used to
indicate what to list

All available elements, the reference state, atomic mass, H298-HO and S298. Some
elements have spaces in the column for the reference state. This implies that there are
no parameters stored for this element.

All available species together with the stoichiometric factors.

All available phases together with the number of sublattices and the number of sites in
each sublattice.

All available phases, the number of sublattices, the number of sites in each sublattice
and the species dissolved in each phase. Species in different sublattices are separated
with a colon (:). It is important to realize, for example, a phase can consist of Fe, Mo,
V, and Cr, and its thermodynamic parameters can come from the binary systems Fe-
Mo, Fe-V, Fe-Cr, and Mo-Cr. These data can give a relatively good description of the
corners of the Fe-Cr-Mo system, but would most certainly give a bad one for the
system Mo-Cr-V, due to the fact that the interaction parameters are, by default, set to
zero, which originates from binary systems not included in the database.

LIST_SYSTEM

List all elements, species, phases or phase constituents in the defined system. It works only after a
system is defined.

Syntax  LIST_SYSTEM

One of the keywords Elements, Species, Phases or Constituent (as described in

Keyword

LIST _DATABASE above) must be used to indicate what to list.
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NEW_DIRECTORY_FILE

Open a new database initiation file (or called database directory file) generated by a local database
manager or user, for accessing additional databases not predefined in the original database initiation file.

The original database initiation file is automatically copied by the installation script to the main database
area, on a local computer for an independent installation locates or a connected server for a server
installation.

 For Windows this is the TC_INITD (or TC_INITD.TDB) file in the \DATA\ area under the
directory defined by the TCPATH parameter.

e For Linux, it is the initd.tdb file in /data/ area that is under the directory defined by the
TC_DATA parameter. If the Thermo-Calc (Console Mode) is run on a Linux platform, the
new database initiation file must be located in the current working directory.

If there are too many databases at one installation or if there are some user-specified databases for a
particular purpose, a local database manager can generate additional database initiation files, or each
user can have their own initiation file.

The command switches the working initialization of database groups in the DATA module among the
original and additional database initiation files. The Thermo-Calc (Console Mode) can use additional
database initiation files that define accessing paths to database groups (databases located in different
subdirectories under the directory defined by the TCPATH or TC_DATA parameter). All directly accessible
databases remain as in the same group, until this command is called or recalled.

Syntax NEW_DIRECTORY_FILE

FIIE WITH DATABASE DIRECTORY /TC_INITD/: <DATABASE-INITIATION-FILE NAME>

ANOTHER DATABASE-INITTATION-FILE NAME

Prompt
The name of the next database initiation file (either additional or original) that is to be

switched on as follows sessions.

[Z If the file name or its path is not given on the same line of the NEW_
DIRECTORY_FILE command, or if it is incomplete or incorrect, an Open
window displays to specify the new database initiation file.

REJECT

Reject elements, species, phases or phase constituents that can form from the defined elements and
species. Phases/species/constituents that are possible to form in the defined system are removed from
the list of system phases/species/constituents (shown by the command LIST _SYSTEM on the previous
page). Phases/species/constituents that are not included in the list cannot be entered without first being
restored. The different names must be separated with a space or comma. You can use a wildcard * after a
common part of names so that all the elements/species/phases/constituents that start with that
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common part and are available in the currently switched or appending database, are rejected from the

defined system.

This command can also reject a defined system, and thus reinitiate the entire DATA module memory and
GES5 workspace.

Syntax

Prompt 1

Prompt 2

Prompt 3

Options

KEYWORD

NAME:&

ELEMENTS

SPECIES

PHASES

CONSTITUENT

RESTORE

REJECT
(keyword = ELEMENTS or SPECIES or PHASES)
IF KEYWORD: <NAMEl, NAME2, ..>

(if keyword = CONSTITUENT)

PHASE: <PHASE NAME>
SUBLATTICE NUMBER: <SUBLATTICE NUMBER IN THE PHASE>
CONSTITUENT: <CONSTITUENT (S) IN THE SUBLATTICE OF THE PHASE>

If keyword = SYSTEM the DATA module is reset to its initial state; GIBBS is reinitiated
and data already entered to GESS is lost.

Description and additional information

One of the keywords Elements, Species, Phases, Constituent or System must
be used to indicate what is rejected.

Names of the pre-defined elements/species/phases/constituents/system
The given elements are rejected.

The given species are rejected, making it impossible to form them from the defined
elements.

The given phases are rejected, making it impossible to form them from the defined
elements or species.

The given constituent in one phase are rejected. Add the following when prompted:
Phase: The name of the phase containing the constituent to be rejected.

Sublattice number: The sublattice where the constituent enters (the first
sublattice is 1). The question is omitted if there exists only one possible sublattice.

Constituent: The name(s) of the constituent(s) to be rejected.

Restore already explicitly rejected elements, species, phases or constituents; it is the opposite of the
command REJECT on the previous page although it does not restore a completely rejected system.
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Phases/species/constituents that are possible to form from the defined elements or species are entered
to the list of system phases/species/constituents (shown by the command LIST_SYSTEM on page 16).
Phases/species/constituents that are not included on the list can now be added to the list. The different
names must be separated with a space or comma. It is possible to use a wildcard * after a common part
of names so that all the elements/species/phases/constituents, which start with that common part and
are available in the currently switched or appending database, are restored in the defined system.

Syntax

Promptl

Prompt2

Options

KEYWORD

NAME&
ELEMENTS

SPECIES

PHASES

CONSTITUENT

RESTORE
(if keyword = ELEMENTS or SPECIES or PHASES)
KEYWORD: <NAME1l, NAME2, ..>

(if keyword = CONSTITUENT)

PHASE:: <PHASE NAME>
SUBLATTICE NUMBER: <SUBLATTICE NUMBER IN THE PHASE>
CONSTITUENT: <CONSTITUENT (S) IN THE SUBLATTICE OF THE PHASE>

Description and Information

One of the keywords Elements, Species, Phases or Constituent must be used
to indicate what is rejected.

Names of the pre-defined elements, species, phases, and constituents
The given elements are restored.
The given species are restored and thus possible to form from the defined elements.

The given phases are restored and thus possible to form from the defined elements or
species.

The given constituent in one phase are restored.
Add the following when prompted:
Phase: The name of the phase containing the constituent to be restored.

Sublattice number: The sublattice where the constituent enters (the first
sublattice is 1).

Constituent: The name(s) of the constituent(s) to be restored.

SET_AUTO_APPEND_DATABASE

Enforce an automatic action that appends thermodynamic data from a chosen database regarding the
system to the data you already have about the system from the current database (that is, the default
database or the database last chosen with SWITCH_DATABASE on the next page or APPEND_DATABASE
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on page 12). This is useful to simultaneously retrieve both thermodynamic and mobility data for a
defined system when performing a DICTRA module simulation.

This command should be used before defining a system (with the commands DEFINE_ELEMENTS on
page 14, DEFINE_SPECIES on page 14, or DEFINE_SYSTEM on page 15) and retrieving the data with the
GET_DATA on page 15 command from the primary switched database.

Syntax SET_AUTO_APPEND_DATABASE

Prompt DATARASE NAME /XYZ/: <ADDITIONAL DATABASE NAME>
ADDITIONAL DATABASE NAME

Option The name of an existing database or a USER database that corresponds
to the automatically-appending database.

It works in a way that is similar to the APPEND_DATABASE<DATABASE-NAME> command sequence, but
only the phases that are also available in the primary switched database are appended. There is no
possibility to manually list, reject and/or restore any phase that is available in the appending database.
When retrieving data with the GET_DATA command afterwards, all the phases that exist in the appending
database but not in the primary switched database are automatically rejected. The prompt is kept as for
the primary switched database, TDB xYZ: (where XYZ stands for the name of the primary switched
database) until the execution of the GET_DATA command.

Therefore, to selectively append more phases from a secondary database to a system that is defined and
retrieved from a primary switched database, then the APPEND_DATABASE command and sequential
commands (such as DATABASE_INFORMATION, DEFINE_SYSTEM, DEFINE_ELEMENT, DEFINE_SPECIES,
LIST_SYSTEM, REJECT, RESTORE and GET_DATA) should be used instead, before this command.

Although it is impossible to manually list, reject and restore any phase from the appending database, the
DATA module automatically ignores all the phases that do not exist in both the primary switched
database and the appending database, and append the data for the phases (that are also available in the
primary switched database) from the appending database, as informed on screen when executing GET_
DATA on page 15 afterwards.

SWITCH_DATABASE

Switch (or change) from the current database to a new one, and reinitialize the entire DATA module for
defining a system and the GES5 workspace for storing retrieved data. All the directly connected
databases as predefined by the original database initiation file, or by a user-specified database initiation
file after using NEW_DIRECTORY _FILE on page 17, are listed by pressing the <Enter> key without giving
any argument. You can also supply your own database by giving the argument USER and then the
database name and its correct path if it is not located in the current working directory. The second part
of the prompt TDB_XYZ indicates the present database XYZ.
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Syntax ~ SWITCH_DATABASE
DATABASE NAME /XYZ/: <NEW DATABASE NAME>

Use one of these databases:

Prompt e PURE (SGTE pure element database)
e SSUB (SGTE substance database 1997)

e USER (user-defined database)

Options Description and Information

NEW

DATABASE. The name of an existing database or a USER database definition file (***setup.TDB).
NAME

The new database is specified by typing the abbreviation given in the front of one of the

available predefined databases. When switching/appending databases or additionally

purchased databases you can add these to the predefined database list in the database
DATABASE jnitiation file TC_INITD.TDB or initd.tdb of your installed software.

When this command is used in a macro (*.TCM) file, if the USER option is selected, the
database setup file name (*setup.TDB) that contains the setup definitions of the USER
database, and its correct path, must be provided.

In Linux, the filename of a USER database, or one of the predefined names, can be used
under this prompt. A valid filename for the USER database definition file (***setup.tdb) or
a predefined database name, with the correct path. The default filename extension is
.tdb.

FTIILENAME

If a USER database name or its path is not given on the same line of the SWITCH_
DATABASE command, or if it is incomplete or incorrect, an Open window is displayed for
the to-be-switched database.

The USER database is used without reinitiating the Gibbs energy system, data from
different databases can thus be combined. Therefore, the SWITCH_DATABASE USER
command sequence is equivalent to the APPEND_DATABASE USER command sequence.
The result of a combination must be examined carefully, because differences in standard
states, phase models and names can be disastrous. If the same parameters occur in
several such switched or appended databases, the last one retrieved is used in the
calculations. It is not advisable to use this method for large databases since these load
slowly.

Notes

After this command, those commands for defining system (in terms of either elements or
species), rejecting/restoring phases or species, retrieving data, as well as for appending
data from additional database(s), can be proceeded.
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EDIT_EXPERIMENTS Commands

El' These commands are accessed through the PARROT module.

Some special commands are designed only for the ED_EXP module and can also be used in *.POP or
* .DOP files.

In this section:

Running the EDIT_EXPERIMENTS Command ... .. ..o i 23
COMPUTE_ALL _EQUILIBRIA .. .. e 23
EXPERIMENT . oL 24
EX PO RT . L 26
IMPORT e 27
LABEL DA A 28
LIST _ALL EQUILIBRIA 28
MAKE PO FILE 28
READ . 29
RESTORE_ALL WEIGHTS ... .. 29
SAVE_WORKSPACES . .. e 30
SET_ALTERNATE_CONDITION ... .. 30
SET_WEIGHT . e 33
STORE_ALL _WEIGHTS ... . e 34
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Running the EDIT_EXPERIMENTS Command

To run the EDIT_EXPERIMENTS (ED_EXP) module:

o The first necessary command after entering the ED_EXP module for the first time (with
EDIT_EXPERIMENTS on page 95 in the PARROT module) should always be READ_BLOCK
in order to load the experimental data block from the current work *PAR-file for edit-
ing. Also, the read command must also be used prior to any other ED_EXP command if
the module is reinitiated, or if no experimental data block has not previously been read
from a work file compiled with a proper experimental data .POP/.DOP file, or if you
want to change to another data block for editing.

« If any change is made in the ED_EXP module remember to use the command SAVE _
WORKSPACE on page 232 before going BACK to the PARROT module.

D/ Although the TABLE_HEAD, COMMENT and FLUSH_BUFFER commands are visible in the
ED_EXP module, these cannot be used in the ED_EXP module; these are only functional in
an *.POP or *.DOP file.

COMPUTE_ALL_EQUILIBRIA

In ED_EXP and PARROT modules, each experiment is treated as an individual equilibrium with some
measured values. These are created with CREATE_NEW_EQUILIBRIUM on page 143, and stored in an
experimental data *.POP file and then compiled and saved in the POLY3 workspace of a PARROT work
* PAR file.

With COMPUTE-ALL-EQUILIBRIA, all equilibria from the current to the last experimental points are
calculated. If an equilibrium calculation fails, the calculation is stopped at that equilibrium. Equilibria with
weight zero is skipped.

D/ A current or present experimental point means the latest selected or calculated one. Once
used the current point turns to the last point in the data block; in such a case you first use
SELECT_EQUILIBRIUM on page 162 so that the current point is switched to a desired one.
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COMPUTE_ALL_EQUILIBRIA

For this command there is always a list output on screen, which consists of six columns for
all experimental points available in the current data block. The first column is the
equilibrium identifier (a number) assigned by this command, the second the data label
assigned with LABEL _DATA on page 28, the third the number of iterations, the fourth the
current weight, and the fifth the current temperature. In the sixth column the fixed stable
phases are listed together with any comment text given after a COMMENT on page 40 in
the *.POP or *.DOP file.

If the weight is zero for an equilibrium columns 3-5 are replaced by the text <unused>. If
the alternate mode is used for some experimental points, the listing is slightly different for
such points. The 3-4 columns are displayed with *alt*, instead. If an alternate calculation is
failed at one experimental point, the point is automatically assigned with a zero weight,
and a warning message is shown above the data line (with all six columns).

EXPERIMENT

This command is used in original experimental data files (*.POP or *.DOP), but can also be given
interactively inside the ED-EXP module, to change the value or uncertainty of an experiment or to add
more experimental information.

An experiment usually consists of two parts with a colon (:) separating them:

« as a quantity relation, and

« as the uncertainty of the value for the quantity,

The quantity relation can be a normal POLY-module condition or an inequality (which is similar to
condition but the relation between the quantity and given value is not in equality, i.e. < or >). The
uncertainty can be expressed as an absolute value or relative to the value (x%).

=

An experiment that uses an inequality gives zero contribution to the sum of errors in the
optimization procedure of PARROT if the value is on the right side. If the value is on the
wrong side, the value after the colon determines how steeply the error increases with the
value.

EXPERIMENT | 24 of 296



Thermo-Calc Documentation Set

Syntax EXPERIMENT

The experiment must be typed after the command. Several experiments can be given on
the same line.

The syntax of EXPERIMENT is similar to a CONDITION. Usually, a state variable set equal to a
value with a given uncertainty is specified after the colon (:). For example, T=1273.15:5.

An inequality, < or >, can also be used. For example:
ACR(C)<-0.01:0.001, W(BCC,AG)>0.05:10%
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Additional Information About the EXPERIMENT Command

Atypical experiment added interactively specifies that a phase should not be stable in a certain
experiment, because a phase may appear in a range of composition or of temperature where it has never
been observed during the optimization. A phase is unstable if its driving force is negative, and you can
add experimental information to enforce that. For example, you can suppress the HCP phase in an
existing experimental point:

CHANGE-STATUS HCP=DORMANT

EXPERIMENT DGM (HCP)<-.001:.0001

D/ DGM is the POLY variable for the driving force that is already divided by RT, and it is
dimensionless. Only dormant phases can have driving forces larger than zero, as this
indicates that these would be stable if allowed to form. The experiment in the above case
tries to modify the model parameters to make the HCP phase unstable.

More general examples of experiment definitions:
EXPERIMENT X (LIQ,PB)=.10:.01 X(FCC,PB)=0.02:.01
EXPERIMENT ACR(PB)=0.8:5%
EXPERIMENT T=700:5
The first experiment above describes a tie-line where the experimentally measured mole fraction of Pb is

0.1in theliquid phase and 0.02 in the FCC phase, and its uncertainty is 0.01 for both measurements. The
second experiment is that the activity of Pb should be 0.8 with an uncertainty of 5 percent.

D/ The reference state of the component Pb must be set with the command SET_REFERENCE _
STATE on page 169. The final one is that the temperature should be 700 K with an
uncertainty of 5 degrees.

Experiments that are functions of states variable(s) must be described as the defined functions. For
example:

ENTER FUNCTION HTR=HM (LIQUID)-HM(FCC) ;

EXPERIMENT HTR=7000:1000

EXPORT

Transfer/export a calculated value from an equilibrium to an optimizing variable in the PARROT
workspace. Thus the value can be used, for example, in the Gibbs energy description of a phase. Of
course, this variable should not be optimized (i.e. it should be set as a fixed variable in PARROT).
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Syntax EXPORT
FUNCTION NAME: <FUNCTION NAME>#<N>

Specify the name of the function, the value of which should be transferred to a v variable.
The number (n) of the v variable must be given after the function name, separated by hash

Prompt Character #.

Cl/ The function name is UPPER/lowercase sensitive, and it should normally be
given in UPPER case.

Example
ENTER FUNCTION STRNGY=GM (FCC) .X(CU) ;
EXPORT STRNGY#6

This transfers the value of the partial derivative of the Gibbs energy of the FCC phase with
respect to the mole fraction of Cu to the optimizing variable 6 (i.e. v6).

IMPORT

Transfer/import the value of one of the optimizing variables to a constant. Normally, it is directly used
inside an experimental data (*.POP or *.DOP]) file. It is the inverse of EXPORT on the previous page.

This is useful if several experiments are done at the same activity of a component, but this activity is not
known. The activity should then be optimized and all equilibria with the same activity should use the
same value. In this case the variable must be set as an optimizing variable, and an initial guess of the
activity should be given. During the optimization, the PARROT program tries to find the activity that gives
the best fit.

El/ If an approximate value of the activity is known, it can be supplied as an experiment.

e
il See example 36 in the Console Mode Examples Guide.
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Syntax IMPORT

CONSTANT NAME: <CONSTANT NAME>#<N>

The value of the v variable must be assigned a symbolic constant. The number (n) of the v

variable must be given after the constant name, separated by hash character #.
Prompt

D/ The constant name is UPPER/lowercase sensitive, and it should normally be
given in UPPER case.

Example

ENTER CONSTANT ACU=0.1

IMPORT ACU#2

This transfers the value of the optimizing variable 2 (i.e. V2) to the constant ACU.

LABEL_DATA

Add a label to the experimental equilibrium point, either as a single point or several points given
individually or in a table. The label is maximum four characters and must start with the letter A. Normally,

it is directly used inside an experimental data (*.POP or *.DOP) file.

Several experimental equilibria can be given the same label, and the label can be used in the command
SET_WEIGHT on page 33 to assign the same weight to all equilibria with the same label.

Syntax

Prompt

LABEL_DATA

LABEL? /Al/: A<BCD>

Specify a textual label (as maximum characters and must start with the letter &) for the
current experimental equilibrium point(s).

LIST_ALL_EQUILIBRIA

Syntax

LIST_ALL_EQUILIBRIA

List all the details (including equilibrium indicators, labels, iteration numbers, weight, and
fixed phases or comments) of all equilibrium points from the current one to the last one on
screen. You can always use SELECT_EQUILIBRIUM on page 162 to select a specific point as
the current equilibrium point for such a list.

MAKE_POP_FILE

Itis possible in the ED_EXP module to make interactive changes and additions to the original
experimental data file (the *.POP or *.DOP file).

LABEL_DATA | 28 of 296



Thermo-Calc Documentation Set

To document or transfer the current or final experimental data to a *.POP/*.DOP file, you can use this
command to write it to a new *.POP/*.DOP file or overwrite it on an old one.

Check this output carefully for errors. Tables in original *.POP/*.DOP files are written as individual
experimental points. The output can be shown on screen or be saved as a new *.POP file where to write
or overwrite the edited experimental information in a simple text format.

an existing *. ile name is specified, it is overwritten. In the module, an *.
D/ If isting *.POP fil i ified, it i i In the DICTRA modul *.DOP
file is written or overwritten.

Syntax MAKE_POP_FILE
OUTPUT TO SCREEN OR FILE /SCREEN/: <POP/DOP-FILE NAME>

Prompt  specify a name of the new *.POP/*.DOP file where to write or overwrite the edited
experimental information in a simple text format.

READ

@ This command must be given each time the ED_EXP module is entered, unless it is already
given once in ED_EXP and does not use LIST _RESULT on page 104 or OPTIMIZE_VARIABLES
on page 109 in PARROT in between.

Syntax READ
BLOCK NUMBER /#/: <N>

The number of data block that should be edited must be given. If there is no command
FLUSH_BUFFER on page 41 in the original POP or DOP file, then there is only one data block
with the number 1.

Prompt

z READ_WORKSPACE = READ

This command (previously named READ_BLOCK) is equivalent to READ_ WORKSPACE on
page 232 in the POLY module, but it only reads the POLY3 workspace from the work file set
by SET STORE_FILE on page 116 in the PARROT module.

RESTORE_ALL_WEIGHTS

Restore a specific weight-set (previously saved by STORE_ALL WEIGHTS on page 34) and assign all the
different experimental points in the current data block with the previously-set weights in the sequential
assessments.
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Syntax RESTORE_ALL WEIGHTS

SET NUMBER (0 FOR LIST) /0/: <WEIGHT-SET NUMBER>

Prompt
The default value Ois for a list on screen.

SAVE_WORKSPACES

In the PARROT workspace this command saves the current status of the EDIT_EXPERIMENT submodule
before you switch back to the PARROT module. This is required when you want to save equilibria
changes, including changes to conditions, experimental data, and/or computed equilibria results, as well
as any newly added equilibria.

With this command all the changes made in the EDIT_EXPERIMENT submodule are saved in the PARROT
workspace. This means you do not need to execute SAVE_ PARROT_WORKSPACES on page 111 in the
PARROT module.

However, when in the PARROT module, additional changes can only be saved with the SAVE_PARROT _
WORKSPACES command even if they have been made prior to executing SAVE_WORKSPACES in the
EDIT_EXPERIMENT module.

When you exit the EDIT_EXPERIMENT module (or Thermo-Calc), the next time the file is opened it is in
the same state as when you executed the SAVE_ WORKSPACES command. However, if you use
OPTIMIZE _VARIABLES on page 109 the computed results are automatically updated.

Syntax SAVE_WORKSPACES

<FILE NAME> <Y OR N>

D/ Sometimes good starting values (SET_START_VALUE on page 171) are
required to successfully get or compute an equilibrium correctly. In this case,
it is important to save the computed equilibrium in the PARROT workspace. It
is important to remember that the computed results can be ruined by
improper optimizations. For this reason, it is suggested you save the PAR file
with a different name to back up the PARROT workspace.

Prompt

SET_ALTERNATE_CONDITION

A special command used in the experimental data *.POP/*.DOP file but also possible in the ED_EXP
module. It is used only when you have specified that the alternate mode is set in the PARROT module.

The command syntax is almost the same as for the POLY command SET_CONDITION on page 165 while
the uncertainty should also be specified.
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D/ The alternate condition (including the normally POLY-module condition plus uncertainly;
see below) must be given explicitly, but can be given on the same line or on separate lines
with each one started with the command.

Syntax

Prompt

Options

State
variables

Additional
prompts

SET_ALTERNATE_CONDITION

STATE VARIABIE EXPRESSION: <STATE VARIABLE NAME OR LINFAR EXPRESSION>

Give either a state variable or a linear expression of state variables.
Description and Information

Some of the state variables that can be used in conditions are:

o T (temperature in the system)

o P (pressure in the system)

e N (system size in moles)

e B (system site in grams)

e T(<component>) (mole fraction of a component in the system)

e X(<component>) (fraction of a component in the system)

e ACR(<component>) (activity of a component in the system)

e MUR(<component>) (chemical potential of a component in the system)
e l(<phase>,<component>) (mole fraction of a component in a phase)
e X(<phase>,<component>) (mass fraction of a component in a phase)
e ACR(<phase>,<component>) (activity of a component in a phase)

e MUR(<phase>,<component>) (chemical potential of a component in a
phase)

H (enthalpy in the system)

o HM(<phase>) (enthalpy of a phase per mole)

FACTOR: <A FACTOR FOR THE STATE VARIABLE, OR A CONTINUATION>

This question means that the previous question was not answered. The program is then
expecting a single state variable or a complete state variable expression, or the numeric
factor in an expression with only one state variable. In a state variable expression a state
variable may be preceded by a constant factor. An example of this is:

2*MUR (FE) +3*MUR (0) =-35000

This means that it should be a condition that two times the chemical potential of FE plus
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SET_ALTERNATE_CONDITION

three times the chemical potential of O should be -35000 J/mol.

STATE VARIABIE: <A SPECIFTED STATE VARIABLE, OR A CONTINUATION>

This question is prompted if a single state variable name has not given in either the
prompt State variable expressionorFactor, ora state variable expression is
given but the expression is incomplete, for example, T- or 2*MUR (FE) +, for which the
program is then expecting a continuation of the unfinished expression. You need to
specify a state variable or a complete state variable expression, or complete the
unfinished state variable expression. If a numeric factor is given before this prompt, only
one state variable can be specified; otherwise, the program only takes the first state
variable to complete the expression (i.e. the factor times the state variable).

VALUE /X/: <A NUMERIC VALUE, A CONSTANT OR A VARIABLE>

The value of the condition. This can be a numeric value, a constant or a variable. A
suggestion is given as the default value. The special value NONE means that the
condition is removed.

UNCERTAINTY /NONE/: <UNCERTAINTY OF THE CONDITION>

The uncertainty of the condition. This can be a numeric value, a constant or a variable.
The default value NONE means that the uncertainty for the value specified above is zero.
The uncertainty can either be expressed as an absolute value or relative to the value of
the condition in percent (x%).

There are more state variables that can be used in conditions. For more information,
type an INFO STATE_VARIABLES command in the POLY module. A condition is normally a
value of a single state variable with its value.

For example:
T=1273.15 P=1ES5
X (C)=.002
W(CR)=1.5
ACR (CR)=0.85
X (FCC,C)=.001
H=-250000
HM (BCC) =-225000
A condition can also be a value of a linear expression involving more than one state
variable.
For example:

X (LIQ,S)-X(PYRR,S)=0
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Syntax SET_ALTERNATE_CONDITION
This means that it is a condition that the mole fraction of s should be the same in the
LIQUID and PYRRHOTITE phases. In practice that should be the congruent melting point.
[Z After the equal sign only a numeric value is allowed.
SET_WEIGHT

Each experimental value has an uncertainty associated with it, specified by the value after the colon (:)
with the command EXPERIMENT on page 24. During an optimization the absolute difference between the
experimental and calculated values gives a contribution to the sum of error.

With the SET_WEIGHT command, you can change the scale of such a contribution (the uncertainty) for a
single experimental point, or the contributions (all uncertainties) for a set of equilibria. The default weight
is always unity. A value smaller than one means that the experiments should have less weight. A value
larger than one that these should have higher weight. The special value zero means that the set of
equilibria should be ignored in editing in ED_EXP (as COMPUTE_ALL EQUILIBRIA on page 23 is given) and
in OPTIMIZE_VARIABLES on page 109 in PARROT.

D/ The weight may be needed to obtain a balance between different kinds of experiments. For
example, if there are only five experimental values of the composition of a phase diagram
but 500 experimental values of activities or enthalpies, then the five composition points
may have to be given higher weight than unity, otherwise these are not well described by
the optimizing procedure.

Syntax

Prompts

SET_WEIGHT
VALUE /1/: <WEIGHT VALUE>

Specify a weight of the experiments in the specified equilibria (asked in the next prompt).
The contribution to the sum of errors of these experiments are multiplied by this weight.

CI/ The weight is squared, thus use 0.7 to make the error half (0.49) as big, and
1.4 to make it twice (1.96) as large.

EQUILIBRIA (RANGE) OR IABEL(S) /PRESENT/ :<SELECTION>

Define the equilibria. These are available in the read data block from the current work file
and are given the above-defined weight.

The selection may be given as a range but the equilibrium numbers must then be
separated only by a minus sign.
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Syntax SET WEIGHT

IZ The start and end equilibrium numbers must be available in the read data
block read from the current work file.

For example, 5-101, means that all equilibria starting from the identifier 5 until the
identifier 101. Some of numbers between these two identifiers may not exist in the data
block.

The selection may also be given as one or more labels (which should be separated only by
a space). All equilibria with the specified label(s) in the read data block are given the above-
defined weight.

By pressing <Enter>to accept the default value present, the above defined weight is
only assigned to the current or present experimental point (which is selected by the POLY
command SELECT _EQUILIBRIUM on page 162).

Z If COMPUTE_ALL EQUILIBRIA on page 23 is used but no specific equilibrium
point is selected afterwards, the last point in the read data block remains the
present point.

STORE_ALL_WEIGHTS

Store a new weight-set that is the current situation of specified weights for all the different experimental
points read from the currently-selected experimental data block in an assessment. This is useful when
you want to try various weight-settings for some experimental points or for all the points, and then
compare the assessment results from different weight-sets. Such a saved weight-set can be recalled and
restored for all experimental data point withRESTORE_ALL WEIGHTS on page 29 sequentially.

Syntax STORE_ALL_WEIGHTS
COMMAND LINE: <WEIGHT-SET NAME>
Prompt  Give a weight-set name (comment line texts) for the current weight set for all experimental

points.

TRANSFER_START_VALUE

In the ED_EXP module it is time consuming to calculate all equilibria when the optimization is sensitive to
start values of the composition of the phases. Usually in one data block there are several experimental
points with the same kind of equilibrium and each must have its start value set. When you manage to
calculate equilibriums of such experimental points, this command is useful to transfer the site fractions
from a successfully-calculated equilibria to the present experimental point.
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Syntax TRANSFER_START_VALUE
FROM EQUILIBRIUM /PREVIOUS/: <EQUILIBRIUM NUMBER>

The equilibrium number is the numeric identifier for the equilibrium from which the start

Prompt
values should be copied to the present experimental point. Previous is the default if you

press <Enter>.
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Experimental Data Files

In this section:

Commands in the Experimental Data Files (*.POP, *.DOP) ....... ..o 37
TABLE_HEAD, TABLE_VALUES and TABLE_END .. . . 39
COMMENT e 40
FLUSH_BUFFER . e 41
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Commands in the Experimental Data Files (*.POP, *.DOP)

In order to conduct an assessment for a system, the experimental data is described with a syntax, which
is similar to the way that one calculates an equilibrium in the POLY module or you edit an experimental
point in the ED_EXP module. Similar to a Thermo-Calc (TCC) macro file (*.TCM), an experimental data file
(i.e. the *.POP or *.DOP file) is a basic text file and can be opened and edited by any text editor. For this
reason, an *.POP or *.DOP file is not hardware dependent.

A POP or DOP file consists of various commands from the POLY and ED_EXP modules, as well some
special commands which can only be used in such experimental data files. Various experimental
information can be inputted in an *.POP or *.DOP file as different tables; the same type of experimental
data are usually documented in the same table (see below).

An *.POP or *.DOP file is used in the PARROT module to provide experimental information for the
optimization process, and is checked by a syntax checker when the PARROT command COMPILE _
EXPERIMENTS on page 92 is proceeded.

Many POLY and ED_EXP commands can be directly used in a POP or DOP file. But there are some
differences with the set of POLY or ED_EXP commands, and some specially designed commands as
described in this topic can only be used in the *.POP or *.DOP files.

Frequently Used Commands

Most of the commands in the experimental data file are the same as in the POLY module. The most
frequently used are listed below:

o CREATE_NEW_EQUILIBRIUM on page 143

e CHANGE_STATUS on page 135

e SET_CONDITION on page 165

o SET_REFERENCE_STATE on page 169

e ENTER_SYMBOL on page 195

e SAVE_WORKSPACES on page 30

@ As the last command in an *.POP or *.DOP file, you must always have the SAVE command.

Other Commands

Other legal commands from the POLY module that are used less often are:

o DEFINE_COMPONENTS on page 143
e EVALUATE_FUNCTIONS on page 155
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o SET_ALL _START_VALUES on page 162
e SET_NUMERICAL_LIMITS on page 168
e SET_START_VALUE on page 171

o ADVANCED_OPTIONS on page 125

® The DEFINE-COMPONENTS command must be always used as the first command in an
*.POP or *.DOP file, as it automatically reinitiates the whole workspace.

Most of the special commands for the ED_EXP module are also often used in an *.POP or *.DOP file. For
example:

e EXPERIMENT on page 24

e EXPORT on page 26

e IMPORT on page 27

e LABEL DATA on page 28

o SET_ALTERNATE_CONDITION on page 30
e SET_WEIGHT on page 33

@ The following special ED_EXP commands are illegal and should not be used in any *.POP or
*.DOP file:

¢ COMPUTE-ALL-EQUILIBRIA

o MAKE-POP-FILE

o READ (READ-BLOCK OR READ-WORKSPACE)

o TRANSFER-START-VALUES
The special commenting identifier, i.e. a single dollar sign $ which starts a line, is used to document
comment lines at any position in an *.POP or *.DOP file. You may remember that this feature is
universally the same as in almost all kinds of text files in Thermo-Calc software, e.g. in *.TDB, *.DAT,
* TCM, *.POP/*.DOP and *.EXP files. Such a sign and all information afterwards in the same comment

line is skipped and ignored by the syntax checker. Therefore, you shall feel free to write such comment
lines in any of these types of text files.
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TABLE_HEAD, TABLE_VALUES and TABLE_END

These commands are used only in the *.POP/*.DOP files. It represents a convenient way to enter many
experimental measurements of the same type in a table format.

(

0

These commands should always be used together and in a sequence, meaning that a table
should always start with the TABLE-HEAD command, then follows the TABLE-VALUES
command, and finish by the TABLE-END command. Between the two TABLEHEAD and
TABLE-VALUES commands, there should exist some definition lines (e.g. on phase status,
reference states, conditions, experiments, labels, etc.) for the experimental measurements
of the current information type.

Syntax

Prompt

TABLE_HEAD
TABLE_VALUES
TABLE_END

After the TABLE-HEAD command, there must be an equilibrium description similar to a

single experimental equilibrium but with some special notation. Then, there is always a
TABLE-VALUES command, after which the actual data is given in columns. At the end of
each table, there must be a TABLE-END command.

The TABLE-HEAD command must be followed by a numeric value. This is used to generate
unique numeric identifiers for all the equilibria in the table. The numeric identifier is
incremented by one for each experimental (equilibrium) point in the table.

Example
An example of the use of a table for enthalpy measurements in the liquid is given here.
Much more elaborate tables can be used
S Enthalpies of mixing, Topor and Kleppa, Met Trans 1984 TABLE-HEAD 1
CREATE-NEW @Q 1
CHANGE-STATUS PHASE LIQ=FIX 1
SET-REFERENCE-STATE AU LIQ * 1E5
SET-REFERENCE-STATE CU LIQ * 1E5
SET-CONDITION P=1E5 T=1379 X (LIQ,AU)=@1
LABEL ALH
EXPER HMR=Q2:5%

TABLE—VALUES
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TABLE_HEAD
Syntax TABLE_VALUES
TABLE_END

0.0115 -322

0.0563 -1520

0.8499 -2976

0.9002 -2114

TABLE—END

The equilibrium description between TABLE-HEAD and TABLE-VALUES is similar as for a
single experiment, except for these details:

COMMENT

o @@ Used to automatically generate a series of identifying numbers instead

of creating only one with the command CREATE_NEW_EQUILIBRIUM on

page 143. The program automatically generates the identifying numbers
starting after the number given after the TABLE-HEAD command (in this
case it is 1).

@1 values in the table are specified by an @ sign followed by a column
number. In the above case, the mole fraction of Au in the liquid is in
column 1 (see the line for SET-CONDITION). The columns may have other
information than values, and you can use phase names or any text. If the
text contains spaces or special characters, it must be surrounded by double
guotes in the table, e.g. “ABC DEF&ghi”.

For the syntax checker all commands describing the equilibrium must be in
UPPER case after the TABLE-HEAD command.

After the TABLE-VALUES command, there should be one line for each exper-
imental measurement of the same type giving the values or texts that
should be copied into the places of the condition or experiment defined by
@1, t, etc. You can have columns that are not used but there must be
exactly the same number of columns of each line, otherwise the syntax
checker gives an error message in the PARROT module.

This command is only used in the *.POP/*.DOP files to write brief comments or descriptive information
on a newly created equilibrium (experimental) data point or a set of points given in a table.
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Syntax COMMENT

A comment can have a maximum of about 60 characters written on the same line.

FLUSH_BUFFER

This command is only used in the *.POP/*.DOP files. It is needed if the number of experiments require
more space than can be fitted into one buffer. When the PARROT program compiles experiments, it
informs if any FLUSH commands are needed. The FLUSH_BUFFER command terminates the current
block, save it to the work file and starts a new block. With the READ command in the EDIT-EXP module,

you can select the block to edit.

Syntax FLUSH_BUFFER

After a FLUSH_BUFFER command, the workspace is reinitiated and all functions or
constants must be entered again in the *.POP file. You can take advantage of this; for
example, you can use the FLUSH command to have blocks with different components in

one *.POP file.
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ADD_COMMENT

Syntax ADD_COMMENT

Add a comment or make notes about parameters.

AMEND_ELEMENT_DATA

The data for an element (in the SER, the Stable Element Reference, state) can be changed by this
command. It should only be used for the elements that do not have any data in the database because
the element data available in the database is set by the database-developer for the purpose of internal
consistency. Except for the mass, the other values have no influence on the calculations.

Syntax AMEND_ELEMENT_DATA

ELEMENT NAME: <ELEMENT NAME>

Prompts
Specify the name of the element for which you want to change the data.

NEW STABLE ELEMENT REFERENCE /ABCD/: <NAME OF SER>

Press <Enter> to accept the default SER or specify a new SER for the element. Important:
The default name should not be changed if this data is retrieved from a database. This
name is used when parameters for a phase are listed and the database assumes that the
stable element reference is the same as in the database. Only if the element's data have
not been fetched from a database, e.g. entered manually, can you enter a new SER.

NEW ATOMIC MASS /XX.XXXX/: <YYYYYY>

Press <Enter> to accept the default atomic mass or specify a new value for the element.
The atomic mass of the element is given in g/mol.

NEW H(298.15)-H(0) /XXX.XXX/: <YYYYY>

Press <Enter>to accept the default H(298.15)-H(0) or specify a new value for the element.
H(298.15)-H(0) is the enthalpy difference between 298.15 K and 0 K for the element in its
SER state.

NEW S(298.15) /XX.XXXX/: <YYYYY>

Press <Enter>to accept the default $(298.15) or specify a new value for the element. S
(298.15) is the absolute value of the entropy at 298.15 K for the element in its SER state.

DEFAULT ELEMENT REFERENCE STATE SYMBOL INDEX /#/: <INDEX>

@ The index only changes the symbol, not any value. Normally the index is set
correctly by the database. Only when manually entering data, you must set
the index to get the correct symbol.
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AMEND_ELEMENT_DATA

Specify an index for the default listing parameters (symbol), or press <Enter> to accept the
pre-set index. Ois for G, 1is for H298 and 2 is for HO.

The index is to define the symbol printed in parameter listings. The symbol can be:
« G the data are referred to Gibbs energy at a variable temperature (also

called lattice stability).

» H298 the data are referred to the enthalpy of the element at 298.15 K and
1 bar.

e HO is the same as H298 but at the temperature 0 K.

AMEND_PARAMETER

Use this command to interactively change/amend the temperature-pressure function of a parameter.
This is useful to correct typing errors because the old function is made available on the terminal for
interactive editing. For most of these prompts, refer to ENTER_PARAMETER on page 99 for details.

This AMEND_PARAMETER command is for the GES module. There is also a PARROT module command
with the same name (AMEND_PARAMETER on page 88).

Syntax

Prompts

AMEND_PARAMETER
PARAMETER: <PARAMETER NAME>

Specify a correct parameter name. If a parameter name is not acceptable or you only
press <Enter>, the error message displays:

ERROR, PLEASE RE-ENTER EACH PART SEPARATELY

The program prompts for separate input for each part for a parameter name.
IDENTIFTER (/X/): <G OR L, OR TC, OR BM, OR VO OR VA OR VB OR VC OR VK>
Specify one of these legal identifiers as described for ENTER_PARAMETER.

PHASE NAME (/ABCD/): <PHASE NAME>

Specify the phase name.

CONSTITUENT (IN SUBLATTICE # /ABC/): <SPECIES NAME>

Specify the constituent name.

INTERACTING CONSTITUENT (IN SUBLATTICE # /XYZ/): <SPECIES NAME>

Specify the interacting constituent name: If there is no interacting constituent, press
<Enter>.
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AMEND_PARAMETER
INTERACTING CONSTITUENT (IN SUBLATTICE # /XYZ/): <SPECIES NAME>

If there are more than one interacting constituents, specify them; otherwise press
<Enter>.

DEGREE /#/: <DEGREE>
Specify a numerical number as the degree of the phase parameter.

After the parameter name is specified correctly, the program lists its current definition
(either present in the database or defined by the ENTER_PARAMETER command), such as:

L (PHASE2,AL,MG;1)=
298.15<T<2000.00: +5000
2000.00<T<4500.00: +4500

4500.00<T<6000.00: +4000

Then you are prompted to change the parameter definition, as shown below:

DO YOU WANT TO CHANGE THE NUMBER OF RANGES /NO/: <Y OR N>

If you want to change the number of ranges for the chosen function, or change some of
the temperature limits in the definition, for Y, retype both the low/high temperature
limits and functions.

If you do not want to change the number of ranges but want to change the function(s) in
one or more ranges, press <Enter>to accept the default N, then the whole definition of
the chosen parameter in all ranges (if any) is listed on screen, such as:

DIFFERENT FUNCTIONS IN THESE RANGES
298.15<T<2000.00
2000.00<T<4500.00
4500.00<T<6000.00

The prompt is given:

DO YOU WANT TO CHANGE RANGE LIMITS /NO/: <Y OR N>

If there is more than one range, this question is prompted press <Enter>.

RANGE NUMBER (0 TO EXIT) /0/: <RANGE NUMBER>

If the function of a parameter is different in two or more temperature ranges, you must
specify the range of the function of which you want to amend. Or press <Enter> or type 0
to exit this command without making any changes.

FUNCTION:
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Syntax  AMEND_PARAMETER

The previous function is available for editing. The editing is performed within the general
subroutine FOOLED, as described in AMEND_SYMBOL on page 90. This routine prompts
as follows:

Lode>

The prompt consists of the current position in the string and the character at that
position between colons, (::).

Commands
These commands can be given:
o Help: 2
e Move CP to last or first character: <+/-> A

Delete characters from CP: <+-#characters> D

Exit: E

Find: <#occurrences> F<string>@

e Insert: I<string>@
e Move: <+-#positions> M
e Restore string: r

Substitute: s<OLD>@R<NEW>@

e Type string: T
Where CP denotes the current position in string, # means number of, @ is a terminator of

an input or search string.

[:]/ When the string is typed the character at the current position is replaced by
an underscore _.

To finish the editing of the current function, type E at the prompt.

Solution Models in the GIBBS Module

The command AMEND_PHASE _DESCRIPTION on page 52 is used to specify/amend phase descriptions ifa
phase has a miscibility gap, uses a special excess energy model, or has a specific additional contribution
to its Gibbs energy, for example.

This topic outlines the application of each option and includes important information about each
command.
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There are many solution models implemented in the GIBBS module (type INFO MODELS to see details
about various thermodynamic models). However, these are switched on and handled differently via
various GIBBS routines/commands:

o The first models the non-ideality as excess parts, i.e. by amending the phase’s EXCESS_
MODEL and/or TERNARY_EXTRAPOLAT models.

o The second models the non-ideality as ADDITIONAL parts, i.e. by amending the phase’s
other subjects in this command, e.g. MAGNETIC_ORDERING for the Magnetic Ordering
Model, DISORDERED_PART for the CVM Approach in modelling chemical order-
ing/disordering phenomenon, QUASICHEM_IONIC for using a quasi-chemical entropy
term for an ionic two-sublattice liquid solution phase, QUASICHEM_FACTQO or
QUASICHEM_IRSID for describing a substitutional liquid solution phase, DEBYE_ HUCKEL
for the DHLL/SIT Model in describing a dilute aqueous solution phase, etc.

« The third implements the model entirely or partially into the GIBBS module and related
database(s), such as for the electrostatic contribution in an AQUEOUS solution phase by
the Complete Revised HKF Model, the Murngham Model, Birch-Murngham Model or
Generalized PVT Model for high-pressure/temperature volume contribution in a solid or
liquid phase, the SUPERFLUID Model for the non-ideal EOS and non-ideal mixing in a
gaseous mixture.

NEW_CONSTITUENT

Use this if you want to add a new constituent to a phase. It is illegal to add new constituents to an ionic
two-sublattice liquid phase.

RENAME_PHASE

Use this to change the names of some specific phases. For example, a phase called FE304_S may be
better named Magnetite to help identify it during the calculations and postprocessing. This is also a way
to delete a phase by hiding it under a new name.

SITE_RATIOS

Use this to change the number of sites (i.e. the stoichiometric coefficients of various sublattices) in a
sublattice phase.

COMPOSITION_SETS

Use this for solution phases that may have miscibility gap(s). However, this is less important today and
often unnecessary to define additional composition set(s), since the implemented Global Minimization
Technique can usually detect and add such composition set(s) in an automatic manner where it is really
necessary during equilibrium calculations (of single-points, stepping or mapping).

MAJOR_CONSTITUENT

Use this to set major constituent(s) on each sublattice in each composition set for a solution phase. This
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is useful to make calculations converge faster because it may simplify giving start values when calculating
the equilibrium as those phases with miscibility gaps should have different major constituents for each
composition set. The databases often set major constituents for several phases automatically when data
are retrieved.

FRACTION_LIMITS

Use this to limit the application range (in terms of mole-fractions of all the involved elements) of a
particular solution phase. This is useful to avoid automatic creations (enforced by the Global
Minimization Technique) of additional composition sets for some solution phases (such as AQUEOUS
solutions or dilute Fe-based liquid mixtures) of which the used models [e.g. the SIT Model orthe
Complete Revised HKF Model for AQUEOUS solution, or the modified dilute solution parameters
(plus a quadratic term, according to Hillert (1986) based on the SigworthElliot Model (Sigworth and Elliot,
1974) for Fe-rich liquid mixture] cannot be appropriately applied on a full scale.

Globally set the composition limits (in terms of mole fractions of various elements) in a specific solution
phase, so that whenever the program finds a potential phase composition or a new composition set of
possible miscibility gap(s) but that is out of this globally-set composition range, the program
automatically ignores such a phase composition in an equilibrium calculation. This can be done either
permanently inside a database (by enforcing this option for amending the phase-description of the
solution phase) or temporarily within the GIBBS module (by using this phase-description amendment
option).

This is important for solution phases for which the thermodynamic models and assessed data for the
phases are for specific composition ranges, for example, the FE_LIQUID phase in the SLAG database is
only applicable for Fe-rich liquid mixture, and the AQUEOUS phase in the TCAQ/PAQ and AQS/PAQS
databases is only applicable for H20-dominant aqueous solution phase.

Specify the low and high mole-fraction limits for each of the elements possibly available within the
considered phase (in the currently defined system, or in a certain database). Do this for all the possible
elements (defined in the phase) in a single AMEND_PHASE_DESCRIPTION FRACTION_LIMITS command-
sequence, for example:

TYPE DEFINITION R GES AM PH DES FE LIQUID FRACTION LIMITS Fe 0 0.6
Ag 0 0.01 A1 0 0.05 Ca 0 0.05 Co O 0.01 Cr 0 0.01
Cu 0 0.02 Mg 0 0.05 Mn 0 0.05 Mo 0 0.05 Nb 0 0.05
Ni 0 0.05 Pb 0 0.05 sSi 0 0.10 Sn O 0.02 Ti O 0.05
U 00.01 v 00.02 w 00.02 Zr 0 0.03
B 00.01 ¢ 00.01 H O0O0.01 N O0O0.0L O O O0.01

P 00.01 s 00.01 !

DISORDERED_PART

This command is needed for the special treatment of chemically-ordered phases where the contributions
from the disordered state are described by a phase without ordering sublattices (the disordered phase
name must be specified).
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Several checks are made that the ordered and disordered phases are compatible (sublattices, sites and
constituents). Alink is then created between the phases, and the disordered phase is hidden from
application programs. The Gibbs energy for the ordered phase also includes the Gibbs energy for the
disordered phase.

Phases which can have an order/disorder transformation have parameters split on two phases and are
referred to as the two phase description in the GIBBS module. One of them has sublattices for chemical
ordering, the other one represents the disordered state. Normally, the ordered BCC and FCC or HCP
phases may have either 2 or 4 substitutional sublattice (plus one additional interstitial site), that are
handled by the Two Substitutional-Sublattice Ordering Model or Four Substitutional-Sublattice Ordering
Model, respectively.

Two phase means that the ordered phase has parameters that describe the ordering. The disordered
phase has all parameters for the reference state and those for describing the disordered phase. The
ordered phase may occur only is some systems whereas the disordered phase may occur frequently,
typical examples are the disordered FCC and BCC which may become ordered as L12 or B2 in certain
systems. In order to treat multicomponent systems where some subsystems have ordering it would be
necessary to transform all parameters of BCC into a B2 model.

The parameters describing the disordered phase are not changed but the Gibbs Energy system is
informed that the Gibbs Energy for the two phases should be added.

The method used calculates the Gibbs Energy of a two phase model with two or four substitutional
sublattices for ordering.

G*. = Gi.:.:-[:-]'.: : -:L:] + Gf:(rr) - Gi:.:-E-:L': =X = 'T.')

El" The mole fractions xi are calculated from the site fractions yi. The last term means that the
contribution from Gmord in a disordered state (same site fraction, equal to the mole
fraction, on both sublattices) is subtracted. The effect of this is that the parameters in the
ordered phase have no contribution to the disordered state.

MAGNETIC_ORDERING

Change the magnetic ordering parameter for a certain phase with magnetic ordering contribution, in
terms of its anti-ferromagnetic factor. By default this is —1 for BCC phase and -3 for all other phases (FCC,
HCP, etc.). The fraction value of the total enthalpy (due to short-range ordering above the magnetic
transition temperature) is by default 0.40 for BCC phase and 0.28 for all other phases (FCC, HCP, etc.).

EXCESS_MODEL

Use this to change the default Excess Model (for interaction energies) from the default (REDLICH-KISTER _
MUGGIANU). The model handles the excess interaction energies in a solution phase is chosen from:

e REDLICH-KISTER_MUGGIANU: for binary (R-K) & ternary (R-K-M) interactions
e REDLICH-KISTER_KOHLER: for binary (R-K) & ternary (R-K-K) interactions
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FLORY-HUGGINS POLYMER MODEL: for interactions in a polymer mixture phase (F-H)

MIXED-EXCESS-MODELS: (R-K default) for mixed binary excess model (R-K, Legendre &
Polynom) of a substitutional solution phase

o HKF: for interaction in an AQUEOUS solution phase (HKF)
e PITZER: for interaction in an AQUEQOUS solution phase (PIT)
o CENTRAL_ATOM_MODEL: for interaction in a liquid slag solution phase (C-A-M)

For extrapolations of excess energies from related binary systems to ternary or higher-order systems, the
Redlich-Kister binary excess interaction parameters may be extrapolated with either a Muggianu
extension (i.e. the default REDLICH-KISTER_MUGGIANU model) and a Kohler extension (i.e. the
alternative REDLICH-KISTER_KOHLER model), where there is no ternary, quaternary or higher-order
interaction parameter.

D/ The REDLICHKISTER_KOHLER model is implemented only for ternary systems.

The MIXED-EXCESS-MODELS option works only for a substitutional phase with no sublattice (such as the
metallic LIQUID phase) and it can be used to invoke asymmetrical simple or Legendre polynomial as
binary excess energy models in addition to the default symmetrical Redlich-Kister model for the chosen
pair of constituents in a substitutional phase with no sublattice. Asymmetrical here means that the
power series depend only on one of the constituents, for example with expansions based on the [1-2*X
(B)] term rather than [X(A)X(B)].

D/ Binary interaction parameters for such a pair of constituents must be entered prior to
turning on the non-default Legendre or Polynom models.

e
il See example 52 in the Console Mode Examples Guidefor an example.

TERNARY_EXTRAPOLAT

Use this to change the extrapolation method from the default REDLICH-KISTER_MUGGIANU to another
extrapolation model. This method extrapolates from binary to ternary (and higher-order) excess
interaction parameters in a solution phase and is chosen from:

MUGGIANU for Muggianu Extrapolation from R-K parameters
TOOP-KOHLER for Toop-Kohler Extrapolation Model

KOHLER-ALL for Kohler Extrapolation Model

e MUGGIANU_RESTOR for Muggianu-Restor Extrapolation Model
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El' Only when all the relevant binary excess energies in the current solution phase are treated
by the default Redlich-Kister Model (i.e. the Mixed-Excess-Model should have not been
used), the MUGGIANU_RESTOR method for ternary extrapolations is equivalent to the
Redlich-Kister_Muggianu Model, or the KOHLER-ALL method to the RedlichKister_Kohler
Model.

The default ternary extrapolation method MUGGIANU_RESTOR applies to a solution phase as a whole,
whatever the binary excess model(s) enforced to each of individual binary pairs in the phase. In case that
all the binary pairs in the phase use the default binary excess model REDLICH-KISTER, then the ternary
extrapolation method becomes the so-called Redlich-Kister Muggianu Model (in short as R-K-M), for
extrapolations from binary parameters to ternary (and higher-order) excess energy terms; when no
ternary L parameter is entered for that, such a default R-K-M Model is always used.

The KOHLER-ALL ternary extrapolation method can be turned on also for a solution phase as a whole,
whatever the binary excess model(s) enforced to each of individual binary pairs in the phase. In case that
all the binary pairs in the phase use the default binary excess model.

REDLICH-KISTER, then the ternary extrapolation method becomes the so-called Redlich-Kister_Kohler
Model (in short as R-K-K), for extrapolations from binary parameters to ternary (and higher-order) excess
energy terms; when no ternary L parameter is entered for that, such an R-K-K Model is used.

The TOOP-KOHLER ternary extrapolation method is applied in a special way: for a specific ternary system
(e.g. A-B-C) in a solution phase, specify which two constituents as the so-called Kohler constituents and
the remaining constituent as the so-called Toop constituent on a given sublattice. If for the A-B-C ternary
system you have specified Aand B, or B and A, as the Kohler constituents (entered as the basis
constituent and first interacting constituent) and C as the Toop constituent, only the A-B binary
interaction parameters are used in accordance with the Kohler ternary extrapolation formula for A-B-C
ternary interaction, while any other binary interaction parameters involving the Toop species C (i.e. of A-
C and B-C binaries) are used in line with the Toop-Kohler ternary extrapolation formula (for the A-C-B and
B-C-A ternary interactions).

P
|ﬂ This concept is shown in the Console Mode Examples Guide.

DEBYE_HUCKEL

To use the DHLL (Debye-Hiickel Limiting Law) model and SIT (Specific lonic Interaction Theory) model for a
dilute AQUEOUS solution phase, switch the DEBYE_HUCKEL part on, and it removes previously set (if any)
ADDITIONAL part on the non-ideality for the chosen AQUEOUS phase.

HKF_ELECTROSTATIC

To use the hypothetical electrostatic contribution for the chosen phase (it must be an aqueous solution
phase using the Complete Revised_HKF Model). It removes previously set (if any) ADDITIONAL part on
the non-ideality for the chosen AQUEOUS solution phase.

QUASICHEM_IONIC
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To use the Quasichemical-lonic model for the chosen liquid phase, you must have already
entered/retrieved a liquid phase as an ionic two-sublattice liquid solution phase (normally, that is the
IONIC_LIQ phase), and then use this amending option to switch QUASICHEM _IONIC on. It creates a
completely new liquid solution phase [namely the QUAS_IONIC phase which uses the Quasichemical
Model for the entropy, according to Mats Hillert (2001: J of Alloys and Compounds, 320, 161-176)], while
the original IONIC_LIQ phase remains in the system and is not changed by this option.

QUASICHEM_FACTO00

To use the Quasichemical Model developed by Kongoli et al. in the F*A*C*T group in Montreal, you must
have entered/retrieved a liquid phase using a normal substitutional liquid model with specified
associates or species (on a single lattice site), and then turn on the option QUASICHEM_FACTOO. This
removes the previously-set (if any) ADDITIONAL part on the non-ideality for the chosen liquid phase.

P
|ﬂ See examples 49 and 50 in the Console Mode Examples Guide.

QUASICHEM_IRSID

To use the Kapoor-Frohberg-Gaye Quasichemical Cell Model (i.e. the Quasichemical Model developed by
ISRID, France) for a liquid SLAG solution phase, you can use a normal liquid model with specified
associates or species.

GLASS_TRANSITION

To use the special model for glass transition of a liquid phase. It removes previously set (if any)
ADDITIONAL part on the non-ideality for the chosen liquid phase.

REMOVE_ADDITION

To remove all the selected ADDITIONAL part from the Gibbs energy description for the chosen phase. If
preferred, set a specific phase-status bit for a phase, use the PHASE_BITS option as long you know the
restrict meaning of each part of a phase- status bits.

DEFAULT_STABLE

Set phases as default-stable, which helps you to have a better guess of which phases that should be
stable at the first calculation.

AMEND_PHASE_DESCRIPTION

Specify/amend phase descriptions if a phase has a miscibility gap, uses a special excess energy model, or
has a specific additional contribution to its Gibbs energy, for example.

@ Also see Solution Models in the GIBBS Module on page 46 for detailed information about
this command and its options.
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AMEND_PHASE_DESCRIPTION

PHASE NAME: <PHASE NAME>

Specify the name of the phase.

AMEND WHAT /COMPOSITION SET/: <SUBJECT>

Several subjects for the phase can be amended but most often this command is used
to enter two or more composition sets for a phase. If a phase has a miscibility gap it
is necessary to have two composition sets, one for each possible composition that
can be stable simultaneously.

Enter a question mark at the prompt to get a list of all possibly amended subjects for
a phase.

There are no additional prompts for DEBYE_ HUCKEL, HKF_ELECTROSTATIC, GLASS _

TRANSITION, QUASICHEM_FACTO00, QUASICHEM_ISRID, REMOVE_ADDITION, and
DEFAULT_STABLE.

RENAME, PHASE

SITE RATIOS

NEW
CONSTITUENT

COMPOSITION
SETS

NEW PHASE NAME /ABCD/: <PHASE NAME>

Give a new phase name for the chosen phase, or press <Enter>to keep the default
shown.

SITES IN FIRST SUBLATTICE /XX/ : <YY> SITES IN SECOND SUBLATTICE /XX/ :
<YY>

Specify the site numbers for each of the prompted sublattices for the current phase.
Press <Enter> to accept the previous definitions.

SUBLATTICE /#/: <SUBLATTICE NUMBER>

Specify the sublattice where the new constituents are located.

SPECIES: <SPECIES NAME>
Give a valid species name.

NEW HIGHEST SET NUMBER /#/: <SET NUMBER N>

The default value (#) is usually one higher than the current value. All phases have
initially one composition set. If a lower value (i.e. lower than the default one) is given,
that specific composition sets are deleted.

D/ You cannot take away the first composition set.

MAJOR CONSTITUENT (S) FOR SUBLATTICE #: /AB/: <MAJOR CONSTITUENT (S)>

Specify the new major constituent(s) for the sublattice #, or press <Enter> to accept
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AMEND_PHASE_DESCRIPTION

the default which was automatically set according to the specified composition set of
the phase.

This prompt is repeated for all available sublattices in the chosen phase. The major
constituents in each sublattice can be given. This may simplify giving start values
when calculating the equilibrium as phases with miscibility gaps should have different
major constituents for each composition set.

COMPOSITION SET /1/: <COMPOSITION SET NUMBER>

Give the composition set (digit number) for the chosen phase, or press <Enter> if you
want to set major constituents for the specified composition set.

MAJOR CONSTITUENT (S) FOR SUBLATTICE #: /AB/: <MAJOR CONSTITUENT (S)>

Specify the new major constituent(s) for the sublattice #, or press <Enter> to accept
the default which is automatically set according to the specified composition set of
the phase.

This prompt is repeated for all available sublattices in the chosen phase for the
specified composition set.

The major constituents in each sublattice can be specified. This is useful in order to
make calculations converge faster and more easily (because it may simplify giving
start values when calculating the equilibrium as those phases with miscibility gaps
should have different major constituents for each composition set). The databases
often set major constituents for several phases automatically when data are
retrieved.

ELEMENT : <EL1>

LOW FRACTION LIMIT /0/ : <APPROPRIATE LOW LIMIT>

HIGH FRACTION LIMIT /1/ : <APPROPRIATE HIGH LIMIT >

ELEMENT : <EL2>

ILOW FRACTION LIMIT /0/ : <APPROPRIATE IOW LIMIT>

HIGH FRACTION LIMIT /1/ : <APPROPRIATE HIGH LIMIT>

ELEMENT : <EIN>

LOW FRACTION LIMIT /0/ : <APPROPRIATE LOW LIMIT>

HIGH FRACTION LIMIT /1/ : <APPROPRIATE HIGH LIMIT >

THE ANTIFERROMAGNETIC FACTOR /XX/: <YY>

Specify the anti-ferromagnetic factor for the chosen phase. This should be —1 for BCC
phase and -3 for all other phases (FCC, HCP, etc.).

SHORT RANGE ORDER FRACTION OF THE ENTHALPY /XX/: <YY>
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Syntax AMEND_PHASE_DESCRIPTION

The magnetic ordering is a second-order transformation and part of the enthalpy
due to this transformation is due to short-range order. This value is the fraction of
the total enthalpy that is due to short-range ordering above the magnetic transition
temperature.

The default value (xx) is 0.40 for BCC phase, and 0.28 for all other phases (FCC, HCP,
etc.).

DISORDERED DISORDERED PHASE NAME: <PHASE NAME>

PART Give the disordered phase name for which there is no ordering sublattice.

MODEL NAME /ABCDEFG/: <MODEL NAME>

The default model is the pre-set model for the solution phase, normally the REDLICH-
KISTER_MUGGIANU model, or choose another model for the phase to be amended:
REDLICH-KISTER_MUGGIANU

REDLICH-KISTER_KOHLER

o FLORY-HUGGINS POLYMER MODEL

o MIXED-EXCESS-MODELS (R-K default)

o HKF

PITZER

CENTRAL_ATOM_MODEL

EXCESS MODEL The MIXED-EXCESS-MODELS option has sub-options:

FIRST (THE INDEPENDENT) CONSTITUENT: <CONSTITUENT NAME>
SECOND (THE DEPENDENT) CONSTITUENT: <CONSTITUENT NAME>

Specify the binary pair of constituents in the current substitutional solution phase
(the first one as the so-called independent constituent, and the second one as the
dependent constituent), for which you wish to change the binary excess model from
the default REDLICH-KISTER model to another model (LEGENDRE or POLYNOM).

You are repeatedly prompted with the first sub-option (i.e. First (the
independent) constituent after you have specified the desired binary Excess
model type. To make further changes of binary excess model for other specific binary
pairs in the current substitutional solution phase, press <Enter> (implying that there
are no more changes of binary excess model for all other possibly-remaining binary
pairs that shall still use the default REDLICH-KISTER model).

EXCESS MODEL TYPE: /LEGENDRE/: <DESIRED BINARY EXCESS MODEL TYPE>
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For the currently-specified binary pair, choose one the legal binary excess models:
LEGENDRE, POLYNOM or REDLICH-KISTER. If the default binary excess model
REDLICH-KISTER is used for a certain binary pair, you can either specify the model
name (or in short as R-K) or press <Enter>. After this sub-option, it returns to the first
sub-option First (the independent) constituent: either for further change(s) of binary
excess model of any other binary pair(s) or for termination (by pressing <Enter>) in
the MIXED-EXCESS-MODELS option.

EXTRAPOLATION METHOD: /TOOP-KOHLER/: <TERNARY MODEL>

Choose a ternary extrapolation model for the current solution phase:

e TOOP-KOHLER for Toop-Kohler Extrapolation Model
o KOHLER-ALL for Kohler Extrapolation Model
o MUGGIANU_RESTOR for Muggianu-Restor Extrapolation Model

The TOOP-KOHLER option further prompts:

CONSTITUENT IN SUBLATTICE #: <BASIS CONSTITUENT NAME>
FIRST INTERACTION CONSTITUENT: <INTERACTING CONSTITUENT NAME>
TOOP CONSTITUENT: <TOOP CONSTITUENT NAME>

Specify the so-called Kohler constituents (entered as the basis constituent and first
interacting constituent) and Toop constituent on a given sublattice in the current
solution phase.

To use the Quasichemical Model for the chosen liquid phase, you must first enter it
as an ionic liquid phase, and then use this amending option. It creates a completely
new phase, the original IONIC_LIQUID phase remains in the system and is not
changed.

NUMBER OF BONDS/ATOM /2/: <NUMBER OF BONDS PER ATOM>
Specify the Z value (humber of bonds per atom).

Correct the phase status bits. It is important to fully understand this command
before using it:

NEW STATUS WORD (IN HEXADECIMAL) /04204000/: <NEW STATUS BITS>

@ Also see LIST_STATUS on page 80 for information on the status bits.

Normally, these should never be changed in this way, because such phase status bits
are automatically set on when all the phase descriptions (predefined in databases
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and amended in the GIBBS module) are defined properly. The only exceptions are for
the Kapoor-Frohberg-Gaye cell model for liquid SLAG solution phase, which can be
set only as 04208000; and for the complete Revised HKF AQUEOUS solution model,
which can be set as 02084000.

AMEND_SYMBOL

In the GIBBS and PARROT modules, interactively calculate the current values of a function or table
(predefined by the switched database or previously entered with ENTER_SYMBOL on page 72) at the
current temperature and pressure condition, and also possible to modify the definitions of variables or
functions.

D/ The current values of the temperature and pressure used to calculate the functions or
tables are the ones listed with LIST_STATUS on page 80. There is no way to change the
current temperature and pressure values interactively.

To modify the definitions of entered symbols (variable, functions or parameters), the performance of this
command is slightly different one from another, as described below:

« For variables, the values can be changed.

o For functions the low and high temperature limits in various ranges (if any), as well the
expressions, can be changed.

o For parameters the low and high temperature limits in various ranges (if any), as well
the expressions, can be changed.
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NAME: <SYMBOL NAME>
Specify the name of an entered symbol.

For tables and functions (or parameters which are treated as functions after these are
entered by the ENTER_SYMBOL command with the Parameter keyword, but not by the
ENTER_PARAMETER command), after the symbol name is specified here, the program
automatically calculates the values under the current temperature and pressure
conditions, and lists the current values, such as:

FUNCTION VALUE 2.52500000E+01

TABLE VALUE 1.56000000E+02

For variables and functions (or parameters), there are additional prompts and depend on
the symbol type.

For a variable, its current value is displayed, and you can change it to a new value:

VALUE /CURRENT VALUE/: <NEW VALUE>

For a function (or a parameter entered as a symbol):

DO YOU WANT TO CHANGE THE NUMBER OF RANGES /NO/: <Y OR N>

To change the number of ranges for the function, or change some of the temperature
limits in the definition, For Y, you must retype both the low/high temperature limits and
functions (see all the remaining details in the ENTER_SYMBOL command.

If you do not want to change it, press <Enter> to accept the default. The definition of the
chosen function in all ranges (if any) is listed, for example:

DIFFERENT FUNCTIONS IN THESE RANGES
298.15<T<2000.00
2000.00<T<4500.00
4500.00<T<6000.00

and this message displays:

Do you want to change range limits /no/: <y or n>

If a function is different in two or more temperature ranges, you must specify the range of
the function of which you want to amend. Or press <Enter> or type 0 to exit this
command without making any change.

RANGE NUMBER (0 TO EXIT) /0/: <RANGE NUMBER>
FUNCTION:

The previous function is available for editing. The editing is performed within the general
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subroutine FOOLED. This routine prompts as follows:
l:t:>

The prompt consists of the current position in the string and the character at that
position between colons (::).

Commands
These commands can be given:
o Help: 2
o Move CP to last or first character: <+/-> a

Delete characters from CP: <+-#characters> D

Exit: £

e Find: <#occurrences> F<string>@
e Insert: I<string>@

e Move: <+-#positions> M

Restore string: R

Substitute: S<OLD>@<NEW>Q

e Type string: T

where CP denotes the current position in the string, # means number of, @ is a
terminator of an input or search string.

D/ When the string is typed the character at the current position is replaced by
an underscore . To finish the editing of the current function, type E at the
prompt.

CHANGE_STATUS

For the GIBBS_ENERGY_SYSTEM Module, the status of an element or species or phase can be either
ENTERED or SUSPENDED. The suspended status can be either implicit or explicit. The implicitly suspended
status can be set e.g. for a species if any of the elements in its chemical formula is explicitly suspended. A
species that is implicitly suspended becomes entered automatically if all its elements are set entered.
After this command, a message shows which elements/species/phases are suspended or restored
(entered). Consequently, the status bits for the specified elements or species or phases are changed, as
listed with LIST _STATUS on page 80.
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FOR ELEMENT, SPECIES OR PHASE /SPECIES/: <KEYWORD>

Prompts
Specify the keyword (element, species or phase).

SUSPEND /Y/: <Y OR N>
The status is changed from ENTERED to SUSPENDED (Y), or vice versa (N).

If an element is suspended all species with this element become implicitly SUSPENDED
too. A phase may become implicitly suspended if all its constituents or all constituents in
a sublattice are suspended.

LIST OF ELEMENTS/SPECIES/PHASES: <NAME OF ELEMENTS OR SPECIES OR PHASES>

Specify the names or indices of those elements or species or phases that shall become
suspended or active. For names, these should be separated by a space and terminated
with a semicolon (;) or an empty line. For indices it is possible to give a range by
separating two numbers by a hyphen (-). The list should be terminated by a semicolon (;).
Example:5 1 7-12 FE;

ENTER_ELEMENT

Specify a system interactively. The program searches the currently switched or preset database for data
for the given elements. The data for the elements in the database are the:

e massin g/mol

« name of the Selected Element Reference State (SER) which normally is the stable phase
for the element at 298.15 K

« enthalpy difference for the element in the SER state at 298.15 K and zero K
« absolute entropy for the element in the SER state at 298.15 K.

The two predefined elements, i.e. electrons and vacancies, have the chemical symbols /- and va,
respectively. Initially, these are suspended but can be entered either by this command or CHANGE _
STATUS on the previous page.

If an aqueous solution phase is involved, in the GIBBS module you enter a special aqueous electron
called, ZE. This is specially designed for appropriately calculating the standard electric potential in the
aqueous solution system.
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ELEMENT NAME: <ELEMENT NAME>

Specify several elements on one line. The name of an element is its chemical symbol. The
chemical symbols must be separated by spaces. Fictitious element names are legal but
naturally no data are found in the database for them.

Prompt

[Z An element name (maximum 2 characters) can either have its first letter in
upper and the second (if any) in lower case (i.e. Lower Case Mode) or both
letters can be in upper or lower case (i.e. Upper Case Mode). The Upper or
Lower Case Mode is selected by the command REINITIATE on page 83, which
removes all data, and should be executed before any other command.

About the ENTER_ PARAMETER Command

CI/ For the PARROT Module, this command is the same and is described here. Also see ENTER _
PARAMETER on page 99 for the command details.

In the descriptions of the standard thermochemical properties and special physical properties for a
phase, there are a number of parameters which may depend on the temperature and pressure. The
expressions for these parameters can be given in a free form as a sum of terms with powers of Tand P
and may also include the natural logarithm and exponential function. This type of expression is called TP-
functions. ldentical parameters (in terms of parameter-names) are stored only once in the GIBBS
workspaces.

The composition-dependence of the Gibbs energy is described in the GIBBS module by the internal data
structure, which is created when the phase is entered (see GIBBS_ENERGY_SYSTEM Commands on
page 42). The Gibbs energy of a phase is always referred to one formula unit of the phase, i.e. the
amount derived from the number of sites (i.e. the stoichiometric coefficient) for each sublattice. If
vacancy is a constituent of a sublattice, the amount of matter per formula unit of the phase may vary
with composition.

Defining the Parameter

Avalid parameter should have the general form of:

<identifier> (<phase>, <constituent array>; <digit>) <xxx> <expression> <yyy> <keyword
Y or N> <zzz> !

The identifier must be followed by an opening parenthesis, a phase name, a comma and a constituent
array. Optionally, the constituent array can be followed by a semicolon and a digit. The parameter name
is terminated by a closing parenthesis. The parameter form is defined as:
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<identifier> is the parameter type;
<phase> is the phase name (maximum 24 characters);
<constituent array> is the specific constituent array in the phase;

<digit> is the degree of composition-dependent interaction contribution (an integer
number from 0 through 9), that is only for excess energy (L), Curie temperature (TC)
and Bohr magneton number (BMAGN), as well as for volume-related parameters (VO or
VA or VB or VC or VK); if it is valued as zero, or if it is for the standard Gibbs energy (G)
for which the degree is always zero, it can be omitted;

<expression> is the mathematical relation to describe the parameter;

<xxx> and <yyy> are the low and high temperature limits respectively for the applic-
able temperature range of the parameter expression;

<keyword Y or N> isthe indicator on if there is continuation for the parameter expres-
sion or not;

<zzz> is the reference index/number for the assessment of this parameter;

The exclamation point ! is used to indicate that the current parameter definition is
ended.

PARAMETER NAME

The GES parameter name has a general form of:

<identifier>(<phase>,<constituent array>;<digit>)

Examples of parameter names:

G (GAS, Cc102) : The Gibbs energy of formation of a CO2 molecule in gas.
G (FCC, FE:VA): The Gibbs energy of formation of fcc Fe with interstitials.
L(LIQ,Fe,Cr;0: The regular solution parameter for Fe and Cr in liquid.
L(LIQ,Fe,Cr;1):The sub-regular solution parameter.

TC (BCC, Fe:Va): The Curie temperature of bcc Fe.

BMAGN (BCC, Fe:Va) : The Bohr magneton number parameter of bcc Fe.

The parameter name consists of several parts. The first is a type-identifier and these can be used:

G: Standard energy parameter (Gibbs energy of formation) or for interaction para-
meters;

L: Excess energy parameter (Gibbs energy of interaction) always used for interaction
parameters;
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e TC: Curie temperature for magnetic ordering;

e BMAGN or BM: Bohr magneton number for magnetic ordering (or Born function wPr,Tr for
agueous solute species).

« vO: Molar volume at 298.15 K and 1 bar (a numeric value only);

T
298.15

a (T)dT a (T)dT

T
e VA: Integrated thermal expansivity; f293.15
o VB: Bulk modulus at 1 bar;
e vC: Isothermal compressibility;

« VK: High-pressure fitting parameter.

EI' When necessary quantities as H (enthalpy), s (entropy), v (Volume), F (Helmholtz energy),
etc., can be calculated from the Gibbs energy.

PHASE NAME

Specifying the PHASE NAME in uppercase is recommended; however, if you prefer to write it as a mixture
of uppercase and lowercase, it automatically converts all lowercase to uppercase, as the GIBBS module
only recognises uppercase phase names. It is important that if a phase bears a legal phase-type (among
G, A, Y, L, I, Fand B) in its phase definition (already by the PHASE keyword; such as GAS:G,
LIQUID:L,SLAG:L, IONIC-LIQ:Y, SPINEL:I, FCC_L12:F, HCP_DO021:F, BCC_B2:B, AQUEOUS:A), such a valid
phase-type code should not be attached to the phase name when ENTER_PARAMETER is executed.

CONSTITUENT ARRAY

The constituent array consists of a list of constituent names. Interaction parameters have two or more
constituents from the same sublattice separated by a comma. If the phase has sublattices, at least one
constituent in each sublattice must be specified. The constituents in different sublattices must be given
in sublattice order and are separated by a colon.

After the component array, a sub-index digit can be specified after a semicolon. This digit must be in the
range 0to 9. The interpretation of the sub-index depends on the excess energy model used for the
phase. If no semicolon and digit are given, the sub-index value is assumed to be as zero.

The excess energy parameters, e.g. the regular/subregular (binary) parameter or ternary parameters, are
multiplied with two or more fractions of the constituents from the same sublattice of the solution phase.
These additional constituents must be given as interacting constituents (as the following prompt).

EI' Solution phases with sublattices can have interacting constituents in each sublattice.

INTERACTION PARAMETER

An interaction parameter, which is used to describe the excess term of a quantity, must have two or
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more constituents that interact with each other on a specified sublattice site of the given phase. It is
arbitrary which of these constituents is given as the first constituent and what is given as the interacting
constituents. The software always sorts the constituents (in each sublattice) in alphabetical order when
the parameter name is written as a prompt (for entering its parameter value) and when the parameter is
listed (using the GIBBS commands LIST_PARAMETER on page 102 or LIST_PHASE_DATA (from GIBBS) on
page 103). This is important for all asymmetric interaction parameters where the sign of the interaction
parameter must depend on the appearance order.

Use an asterisk* to denote that the excess interaction parameter is independent of the constituents of a
specific sublattice. For example, L (FCC 1L12,AL,NI:*) means thatthe interaction parameteris for the
binary interaction between constituents AL and NI on the first sublattice in the FCC_L12 solution phase,
while it is independent of all constituents on the second sublattice. An interaction parameter in the list of
constituents is always added to the Gibbs energy and the asterisk * is calculated with the term of [1Jy
(specified constituents)], which implies that in an A-B binary system these L parameters are identical (but
in higher-order systems, these are different):

e L (phase, A,B) is multiplied with X(A)*X(B)
e L (phase, A, *) is multiplied with X(A)*(1-X(A))
e L (phase, B, *) is multiplied with X(B)*(1-X(B))

If you press <Enter> when you are asked for a parameter name or if you have improperly input the entire
parameter name, you are asked for each of these items in the name.

ENTER_PARAMETER

EI' For the PARROT Module, this command is the same and is described here.

@ Also see About the ENTER_PARAMETER Command on page 95 for details about each of the
options.

Use this command to enter TP-function(s) for a specific parameter for a phase interactively with this
command. If there is already a parameter expression defined (for this parameter), that is deleted and
replaced with newly entered one.

The entered TP-Function(s) for the parameter can be changed later with the command AMEND _
PARAMETER on page 44.
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ENTER_PARAMETER
PARAMETER: <PARAMETER NAME>

As explained in About the ENTER_PARAMETER Command on page 95, specify a correct
and complete Parameter Name, which should contain all the necessary parts of the
general form:

<IDENTIFTIER> (<PHASE>, <CONSTITUENT ARRAY>;<DIGIT>)

If a parameter name is not acceptable or <Enter>, is pressed, a message displays:

*** Error, please re-enter each part separately
and you are prompted for input for each required part for a parameter name.

Description or Information
IDENTIFIER (/X/): <G OR L, OR TC, OR BM, OR VO OR VA CR VB OR VC OR VK>

If this command is used one or more times, the previous value on this prompt is set as
default. Press <Enter> for the same type identifier or specify a new type.

PHASE NAME (/ABCD/): <PHASE NAME>

Each parameter is valid for a specific phase only. The name of that phase must be
supplied (maximum 24 characters). The name can be abbreviated.

CONSTITUENT (IN SUBLATTICE # /ABC/): <SPECIES NAME>

A parameter is identified by the constituents on a specified sublattice site of the given
phase, the stoichiometric coefficients of which are multiplied with the parameter. The
name of the constituent can be abbreviated.

D/ It is the species name, not the stoichiometric formula required here.

If this command is used one or more times, the previous value on this prompt is set as
default. Accept it by pressing <Enter> if the constituent is the same, or specify a new
species name.

For phases with several sublattices, the program asks for one constituent in each
sublattice.

INTERACTING CONSTITUENT (IN SUBLATTICE # /XYZ/): <SPECIES NAME>

If this command is used one or more times, the previous value on this prompt is set as
default. Press <Enter>to accept it if the constituent is the same, or specify a new
species name.
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D/ To cancel the default value of the interacting constituent type NONE or
the name of another constituent.

This question is repeated until all the interested interacting constituent(s) on a specific
sublattice in the phase are specified, and finally an <Enter> is enforced.

DEGREE /#/: <DEGREE>

Degree is model-dependent. Specify an integer number (a value from 0 through 9) as
the degree of composition-dependent interaction contribution for the phase
parameter. This is valid for excess energy (L), Curie temperature (TC) and Bohr
magneton number (BMAGN), as well as for volume-related parameters (vV0, VA, VB, VC
or VK).

For binary interaction parameters, the degree is usually the power in the Redlich-
Kister expression. For ternary interaction parameters, it is usually the Hillert ternary
index.

For a standard G parameter for a pure component (end-member) its degree should be
always 0 and this prompt should not display.

After this prompt, the program echoes on the screen the full TP-Function of the phase
parameter.

LOW TEMPERATURE LIMIT /298.15/: <LOWEST TEMPERATURE LIMIT IN K>

Specify the lowest temperature limit (in Kelvin), or the lowest-pressure limit (in Pascal
but entered as a negative number), for the current TP-Function.

FUNCTION: <DEFINITION FOR A FUNCTION>

A TP-Function consists of terms in T and P.

& <CONTINUATION OF THE DEFINITION FOR THE CURRENT EUNCTION>

Continuation of a TP-Function definition.

HIGH TEMPERATURE LIMIT /6000/: <HIGH TEMPERATURE LIMIT IN K>

Specify the high temperature limit (in Kelvin), or the high-pressure limit (in Pascal; only
if the lowest limit is entered as a negative number) for the current TP-Function.

ANY MORE RANGES /N/: <Y OR N>

Enter Y for more function(s) or N to end this command.
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About the ENTER_PHASE Command

With the command ENTER_PHASE on page 69, the phase name, phase-type, sublattice number, and
constituents or constituent array(s) for the phase are entered into the GIBBS workspaces.

About Phase Names

Athermochemical system must have at least one phase (which is a homogeneous part of the system
with a uniform composition and structure). In the GIBBS module, any number of phases can be entered
for a system and for each phase there must be a description of how its Gibbs energy varies with
temperature, pressure and composition. A phase has a large amount of data connected to it, e.g. it
starts with a phase name:

o It may be treated as a special phase-type;
« It may have structural information about sublattice(s), etc.,

o There must be a list of constituents (for a substitutional phase with no sublattice) or of
constituent arrays (for a sublattice phase);

o There may be basic information on what kind of EXCESS_MODEL (polynomial expres-
sion) is used to describe the binary, ternary and/or higher-order interactions between
constituents;

o There may be so-called Additional contributions to the Gibbs energy of the phase from
special physical phenomena, e.g. magnetic ordering, hypothetical electrostatic inter-
action, and so forth;

e There must exist all the parameters required for the descriptions of thermochemical
properties (i.e. G terms for standard Gibbs energies, and L. terms for binary, ternary or
higher-order interaction excess energies) and of some special physical properties (e.g.
the Curie temperature Tc and Bohr magneton number BMAGN (or BM) for magnetic order-
ing, V0-VA-VB-VC-VK parameters for volume contributions, Born functions for hypo-
thetical electrostatic interaction in an aqueous solution phase) stored in connection with
the phase.

About Phase Type Code

A G phase (gaseous mixture) or an A phase (aqueous solution) is usually treated as a substitutional phase
without sublattice, and that an L phase (ordinary liquid solution) is normally (but not always) modelled as
a substitutional phase without sublattice, too.

The F and B phase-types are useful for ordered FCC (or HCP) and BCC solution phases handled by the so-
called Four Substitutional-Sublattice Ordering Model, which always requires that the solution phase
must have four sublattices for substitutional ordering and can additionally have an interstitial sublattice.

For ordered FCC or HCP phases, these four substitutional sublattices represent four corners of the
regular tetrahedron on these lattices all of which are the nearest neighbours. A Normal 4-Sublattice
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Model requires that all the G parameters for each of end-members with the same elements but
distributed on different sites be given separately. However, as these corners are identical lattice points,
the phase-type option F means that the G parameters need be given only once. The possible
permutations are handled automatically. To be more clarified: An A-B binary solution phase (with the
element A locates on one sublattice site and B on three sublattice sites) treated by the Normal 4-
Sublattice Model has to have 4 G parameters for 4 end-members, i.e. G(phase,A:B:B:B), G
(phase,B:A:B:B), G(phase,B:B:A:B) and G(phase,B:B:B:A), because of that in the general case these G
parameters can be different from each other. But for the FCC and HCP orderings, these are identical and
thus all G parameters of such end-members need be given only once, and the possible permutations are
then automatically handled by the GIBBS module. This significantly simplifies the usage of this model
(Four Substitutional-Sublattice Ordering Model) in multicomponent alloys.

There are restrictions on the excess parameters allowed with the phase-type option F. You can only have
excess parameters of these types:

L (phase,A,B:*:*:%;0..9)

L (phase,A,B:C,D:*:*;0..9)

The asterisk * means that the interaction parameter is independent on the constituents on its
corresponding sublattice. No ternary interaction parameters (i.e. with three elements on one sublattice
site) are allowed. The reason for this restriction is that it would be too complicated to handle all possible
permutations. In the current Four Substitutional Sublattice Ordering Model, the binary interaction
between A and B atoms is thus independent of the constituents on the other sublattices, where there
are many other parameters to model the composition-dependence of the Gibbs energy (both in the
ordered and disordered parts of the phase). The model for these ordered phases are always partitioned
in a disordered part (with a single substitutional sublattice) and an ordered part (with four substitutional
sublattices for ordering).

For ordered BCC phases, the phase-type option B means the same thing but the situation is more
complicated, as the 4-sublattice ordering phase represents an irregular tetrahedron with two pairs of
sites that are next nearest neighbours. Thus, for an A-B binary solution phase (with the element A locates
on two sublattice site and B on other two sublattice sites) treated by the Normal 4-Sublattice Model, the
end-member described by the G(phase,A:A:B:B) term has four nearest neighbour bonds between A and
B atoms, whereas the end-member described by the G(phase,A:B:A:B) term has two nearest neighbour
bonds between A and B atoms and two next nearest neighbour bonds

@ For detailed reference visit the Crystal Lattice Structure web page
http://www.nrl.navy.mil/mstd/branches/6390.

The first end-member (described by the G(phase,A:A:B:B) term) represents B2- ordering and the second
(described by the G(phase,A:B:A:B) term) stands for B32-ordering. There are two permutations of the G
(phase,A:A:B:B) term and four permutations of the G(phase,A:B:A:B) term, automatically conducted in
the Four Substitutional-Sublattice Ordering Model. And there are also two kinds of reciprocal interaction
parameters, i.e.

L (phase,A,B:C,D:*:*;0..9) L(phase,A,B:*:C,D:%*;0..9)
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An advanced feature with the phase-type options F and B is that a composition set that represents the
solution phase has a suffix (indicating that it is really as an ordered or disordered phase) that is
automatically added to its phase name in some listings of equilibrium calculations (when performing
either single-point or stepping or mapping calculations, and when plotting the calculated property
diagrams or phase diagrams). Such suffix indications can be:

e L12o0r 110 for ordered FCC

e 121 for disordered FCC

e B2, B32, D03 or 121 for ordered BCC

a2 for disordered BCC

D019 and B19 for ordered HCP

a3 for disordered HCP

Solution Phase  Suffix for Disordered Phase Suffix for Ordered Phase

PHASE_L12
FCC PHASE PHASE_A1
PHASE_L10

PHASE_B2

PHASE_B32
BCC PHASE PHASE_A2
PHASE_DO3

PHASE_L21

PHASE_DO019
HCP PHASE PHASE_A3
PHASE_B19

ENTER_PHASE

CI/ See About the ENTER_PHASE Command on page 67 for details about the phase-type and
other prompts.

With this command, the phase name, phase-type, sublattice number, and constituents or constituent
array(s) for the phase are entered into the GIBBS workspaces. However, for the remaining parts of
thermodynamic descriptions (i.e. thermochemical and physical parameters, excess model, and possibly
additional contribution term) for the phase, the GIBBS commands ENTER_PARAMETER on page 99 and
AMEND_PHASE _DESCRIPTION on page 52, should be used sequentially.
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Normally, data for a system are retrieved from the preset database after the elements and species are
specified. This is automatically done through GET_DATA on page 15. In some cases, specify a phase

interactively.

Syntax

Options

PHASE NAME

PHASE-TYPE

SUBLATTICE
NUMBER

ENTER_PHASE
Description and Information
NAME OF PHASE: <PHASE NAME>

The phase name is any string starting with a letter and containing only letters, digits
or the underscore character. The phase name must be unique.

TYPE CODE: <PHASE-TYPE CODE>

The Phase-type code must be specified for the phase if it is not an ordinary
solution phase. Press <Enter> if the phase is ordinary.

Gaseous mixture phase.

D/ There may only exist one gas phase in a system.

Aqueous solution phase.
Liquid solution phase but not A (aqueous) or Y (ionic liquid)

lonic liquid solution phase (that is specially treated by the lonic Two Sublattice Liquid
Model).

A phase with charged species but not G (gaseous), A (agueous) or Y (ionic liquid).

An ordered FCC or HCP solution phase with four substitutional sublattices
(additionally, such a phase can also have an interstitial sublattice).

An ordered BCC solution phase with four substitutional sublattices (additionally,
such a phase can also have an interstitial sublattice).

NUMBER OF SUBLATTICES /1/: <SUBLATTICE NUMBER>

Phases with stoichiometric constraints usually have two or more sublattices. On each
sublattice one or more species can be entered as constituents. The number of
sublattices must not exceed 10. Substitutional phases with no sublattices are treated
as phases with one sublattice.

NUMBER OF SITES ON SUBLATTICE # /1/: <SITE NUMBER>

For phases with sublattices, the ratio of the sites on each sublattice (donated with #)
must be given. The program asks for values for all sublattices (by repeating this
guestion for each sublattice), but these may have a common factor extracted. It is
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ENTER_PHASE

recommended to use integer numbers as sites if possible. For substitutional phases
with no sublattices, this question does not show up.

NAME OF CONSTITUENT: <CONSTITUENT NAME (S)>

For each sublattice specify at least one species as constituent. Several constituents
can be given consequently (on the repeated prompt) or on the same line separated
by a space. This question is repeated till pressing <Enter> or giving a semi-colon (;),

meaning that the list of constituents is terminated by (;) or an empty line.

WILL YOU ADD CONSTITUENTS IATER /NO/: <Y OR N>

For Y add other constituents to the phase by specifying new components in e.g. an
ENTER_PARAMETER command. The default is N or press <Enter>.

Ifillegal constituents are used, you get a message e.g. when parameters are entered.

DO YOU WANT A LIST OF POSSIBLE PARAMETERS /NO/: <Y OR N>

Enter Y for a list of all possible parameters up to the fifth interaction order for the
entered phase.

ENTER_SPECIES

Specify a species from the already entered elements. The stoichiometry of the species is the chemical
formula of the species. For each species, its name and chemical formula must be given.

@ All elements are automatically entered simultaneously as species. The constituents of a
phase must be species, but there is no thermochemical data associated with the species
except as constituents of a phase.
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Syntax ENTER_SPECIES
SPECIES NAME: <SPECIES NAME>

Enter a unique species name. This is usually its chemical formula but it can be any string
which starts with a letter and contains only letters or digits. Parenthesis () and an
underscore _are permitted. The combination /- or /+ used to denote charge.

e Species Names Examples

NACL2, FE203, FEO3/2, FE101.5, CA.5MG.5SI103,

AL1H101 Al (OH) , AL1H10l HAlO, C2H403 124TRIOXOLANE, NA+, SIO4-4, H1/+1,
H101/-1, AGC2N2-1.

The species name can be used to separate isomers with the same stoichiometry, e.g.
C2H2C12, (CHCl)2 cis, (CHCl)2 trans, CH2 CCl2.

STOICHIOMETRY /SPECIES NAME/: <CHEMICAL FORMULA>

The elements in the chemical formula are normally separated by stoichiometric numbers.
Neither parenthesis () nor an underscore _is allowed in the chemical formula, while the
special combination /- or /+ can be used.

In upper case mode (see REINITIATE on page 83), the stoichiometric number unity can be
excluded only if the element symbol consists of two letters. In lower case mode, the
element must be typed with the first letter in UPPER case and the second in lower, and it is
thus possible to distinguish CO (carbon monoxide) from Co (cobalt) without any
stoichiometry number.

@ All elements in a species must be entered prior to entering the species.

ENTER_SYMBOL

In the GIBBS module, a symbol can be used to represent a numeric quantity (e.g. a variable), a function,
or atable. The entered symbol (with a symbol name of maximum eight characters) can be used later
when parameters are entered, and this is a flexible way to manipulate thermodynamic functions.
Symbols are especially useful if the same function or table is used in several thermochemical parameters.
A parameter symbolis used to assign the values of phase parameters (which are defined with the
command ENTER_PARAMETER on page 99) to specific characterized symbols. If you want to define a
constant quantity, enter it as a simple function with a constant value in all (temperature) ranges.

The symbols entered in the GIBBS module can also be listed and used in the PARROT Commands on
page 86 (for data optimization) where you can use the GIBBS-entered symbols (variables, functions or
parameters) to define parameters that shall be optimized.
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D/ Symbols entered in the GIBBS module are not the same symbols as defined in the POLY and
POST modules.

@ Also see ENTER_SYMBOL on page 195 for the POLY and POST modules.

See example 44 in the Console Mode Examples Guidefor an example of using variables and

functions.

Syntax

Prompt

Variable
symbol

Function
symbol

ENTER_SYMBOL
VARIABLE, FUNCTION, TABLE OR PARAMETER? /FUNCTION/: <KEYWORD>

The keyword can be a variable, function, table or parameter.

e Variables are similar to functions because these can also be expres-
sions of state variables. It is possible to enter a variable with a new
expression anytime.

e Functions are expressions of state variables or other functions.

e Tables are used for listing results. A table consists of a list of any num-
ber of state variables, functions or variables.

e Parameter symbols are used to assign the values of phase parameters
(which are defined by the command ENTER_PARAMETER) to specific
characterized symbols. If the phase parameter is not defined yet, the
parameter symbol is assigned zero or a symbol which is valued as zero.
In this way it is easy to refer to entered phase parameters in further
defining other phase parameters.

NAME: <NAME OF THE SYMBOL>

Each symbol has a unique name that must start with a letter and can have maximum 8
characters.

The following prompts are based on the type of symbol.

VALUE: <NUMERIC VALUE OF A VARIABLE>
Only a constant numeric value, not an expression, is accepted.

Enter the lower-temperature limit, the expression, an upper-temperature limit and if
there is another expression above this upper limit:

LOW TEMPERATURE LIMIT /298.15/: <LOWEST TEMPERATURE LIMIT IN K>
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Syntax ENTER_SYMBOL

Specify the lowest-temperature limit, below which its (first) expression is not
applicable. The default lowest limit of all kinds of data is 298.15 K.

If a negative number is given as the lowest-temperature limit, it is assumed that there
are breakpoints in pressure for this function; in such a case, it is interpreted as the
lowest-pressure limit (in Pascal), and the other limits in the current function are also
taken as pressure limit values (in Pascal).

The temperature/pressure limits for the functions are checked during calculations. An
indicator is set if the actual temperature/pressure condition is below the lowest
temperature/pressure limit or above the highest temperature/pressure limit; and in
such a case, an extrapolation is conducted using the TP-FUNCTIONS valid in the
nearest temperature/pressure range.

FUNCTION: <DEFINITION FOR A TP-FUNCTION>

ATP-Function consists of terms in T and P. The expression is a FORTRAN-like
expression and operators +, -, ¥, =and ** can be used (** only with integer powers).
Unary-functions LN or LOG (both for natural logarithm) and EXP (for exponential) can
also be used. An expression can be continued on more than one line. A PT-function
must be terminated by a semicolon (;) or an empty line. No more than 78 characters
can be written on a line. If this is not sufficient space on one line, press <Enter>and
continue on the next line. The program prompts with an ampersand & when a
continuation is expected.

D/ Afunction can have several temperature ranges, and a different
expression (i.e. a TP-Function) for each region; if required, a single
function can have up to ten different temperature ranges (and thus have
up to ten different TP-Functions).

This question is repeated if the current function has more than one expression
(TPFunction) in various temperature ranges [or pressure ranges; only if the lowest limit
is entered as a negative number)].

& <CONTINUATION OF THE DEEFINITION FOR THE CURRENT TP-FUNCTION>

This is for a continuation of the definition for the current TP-Function. The ampersand
& means that you can continue to write the function on the new line if one line is not
enough for the current TP-Function. If you are finished the current TP-Function, press
<Enter> again.

HIGH TEMPERATURE LIMIT /6000/: <HIGH TEMPERATURE LIMIT IN K>

For a TP-Function, specify the high-temperature limit, above which its current
expression is not applicable. The default high-temperature limit for all kinds of data is
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Syntax ENTER_SYMBOL

always 6000 K.

This question is repeated if the function has more than one expression (TPFunction) in
various temperature ranges.

D/ All the temperature limits for the presently-be-entered TP-Function
MUST be in an increasing order; otherwise the whole function is given a
single value of zero.

If a negative number is given as the lowest-temperature limit, it is interpreted as the
low-pressure limit (in Pascal), and the high-temperature limit is also taken as the high-
pressure limit (in Pascal) for the current TP-Function.

The high-temperature/pressure limit for the current applicable expression
(TPFunction) is the low temperature/pressure limit for the next range if several ranges
are needed to describe the temperature/pressure-dependence of this function.

The temperature/pressure limits for the functions are checked during calculations. An
indicator is set if the actual temperature/pressure condition is below the lowest
temperature/pressure limit or above the highest temperature/pressure limit; and in
such a case, an extrapolation is conducted using the TP-Function valid in the nearest
temperature/pressure range.

ANY MORE RANGES /N/: <Y OR N>

Answer N to finish the definition of the current function. If Y the program asks for a
new function valid above the last high temperature limit and below a new high
temperature limit. The maximum number of temperature ranges is 10.

Important note: Make sure that the function and its first derivatives are continuous
across break points.

Specify the low and high temperature limits, temperature step and tabled value at
each specified temperature:

ILOW TEMPERATURE LIMIT /298.15/: <LOW TEMPERATURE LIMIT IN K>
The lowest temperature where the table has a value.

Table
symbol

HIGH TEMPERATURE LIMIT /6000/: <HIGH TEMPERATURE LIMIT IN K>

The highest temperature where the table has a value.

STEP IN TEMPERATURE /100/: <TEMPERATURE STEP>

The step in temperature between each value in the table. This step must be constant
for the whole table. If a table cannot be described with a single step it must be divided
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ENTER_SYMBOL

into several tables for different temperature ranges. The upper and lower limits are
truncated to give reasonable values where the table values must be specified.

TABLE VALUE AT XX /YY/: <TABLE VALUE>

The value of the table at the specified temperature (xx) must be given. The default
value (yy) is the last value.

Input the correct name of a phase parameter (including its identifier, phase name,
constituent and interacting constituent(s) in various sublattices (if exist), and degree of
the parameter. Most of the settings are the same as in the ENTER_PARAMETER on
page 99 command or the Function symbol prompts above.

PARAMETER: <PARAMETER NAME>

Specify a correct and complete parameter name, which should contain all the
necessary parts of the general form:

<IDENTIFIER> (<PHASE>, <CONSTITUENT ARRAY>;<DIGIT>)

If a parameter name is not acceptable or <Enter> is pressed, this error message
displays:

**x FRROR, PLEASE RE-ENTER EACH PART SEPARATELY

The program prompts for separate input for each required part for a parameter name.
IDENTIFIER (/X/): <G OR L, OR TC, COR BM, OR VO OR VA CR VB OR VC OR VK>
Specify one of these types of legal identifiers.

PHASE NAME (/ABCD/): <PHASE NAME>

Specify the phase name.

CONSTITUENT (IN SUBLATTICE # /ABC/): <SPECIES NAME>

Specify the constituent name on the specified sublattice site of the given phase.
INTERACTING CONSTITUENT (IN SUBLATTICE # /XYZ/): <SPECIES NAME>

Specify the interacting constituent name on the specified sublattice site of the given
phase; if there is no interacting constituent, press <Enter>.

INTERACTING CONSTITUENT (IN SUBLATTICE # /XYZ/): <SPECIES NAME>

If there is more than one interacting constituent on the specified sublattice site of the
given phase, specify them; otherwise press <Enter>.

DEGREE /#/: <DEGREE>

Specify an integer number (a value from 0 through 9) as the degree for the phase
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Syntax ENTER_SYMBOL

parameter.

LOW TEMPERATURE LIMIT /298.15/: <LOWEST TEMPERATURE LIMIT IN K>

Specify the lowest-temperature limit (in Kelvin), or the lowest-pressure limit (in Pascal
but entered as a negative number), for the current TP-Function.

FUNCTION: <DEFINITICN FOR A EUNCTION>

Specify the desired TP-Function for the current temperature range (or current pressure
range; only if the lowest limit is entered as a negative number).

& <CONTINUATION OF THE DEEFINITION FOR THE CURRENT TP-FUNCTION>

Specify the desired TP-Function continuation for the current temperature range (or
current pressure range; only if the lowest limit is entered as a negative number).

HIGH TEMPERATURE LIMIT /6000/: <HIGH TEMPERATURE LIMIT IN K>

Specify the high-temperature limit (in Kelvin), or the high-pressure limit (in Pascal; only
if the lowest limit is entered as a negative number) for the current TP Function.

ANY MORE RANGES /N/: <Y OR N>
LIST_CONSTITUENT

Syntax LIST_CONSTITUENT

List all the constitutions (as site-fractions) for all the phases in the defined system.

[Zf This is mainly for software managers. There are no commands in the GIBBS
monitor to set the constitution.

LIST_DATA

All data for the current system that is defined (retrieved from database in the DATA module, or directly
entered in the GIBBS module) within the current GIBBS workspace is written in a readable manner on the
output file. If no output file is specified, the data display on screen.

The output data consists of a list of all elements and their data followed by a list of all phases and the
data associated with each phase. The thermochemical parameters listed for each phase are always in SI
units.
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D/ For encrypted commercial databases you may not be able to use this command to list any
retrieved data. However, it can be used to list some basic definitions (such as phase models
and phase-constituents) retrieved from an encrypted database, as well as all the references
related to original assessments (but not thermodynamic parameters) for the currently-
defined system.

Syntax LIST_DATA
OUTPUT TO SCREEN OR FILE /SCREEN/: <FILE NAME>

Prompts Specify the name of a file in which the data shall be written in a readable manner. The
default value is the screen (by pressing <Enter>).

OPTICNS?: <OPTION (S)>

Choose one or several of these options for output:

« N the output is written as a user database format.

p the output is written as a macro file for future input. This is useful for
creating *seTUP files for data assessments.

s the symbols are suppressed.

« R the references for the parameters are listed (only for some databases in
which references are available)

L the output is written suitable for a LaTeX preprocessor.

LIST_ PARAMETER
This command is for both the GIBBS and PARROT modules.

List the TP-function(s) of a specific parameter for a phase. You must supply the name of the phase
parameter:

THE PARAMETER NAME: <IDENTIFIER> (<PHASE>,<CONSTITUENT ARRAY>;<DIGIT>)

D/ For encrypted commercial databases, you may not be able to use this command to list any
retrieved parameter.
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Syntax  LIST_PARAMETER
PARAMETER: <PARAMETER NAME>

Specify a correct and complete parameter name, which should contain all the necessary
parts of the general form: <identifier>(<phase>,<constituent array>;<digit>)

@ See About the ENTER_PARAMETER Command on page 95 to learn how to
Prompts define the Parameter Name.

If a parameter name is not acceptable or <Enter> is pressed, an error message displays:

*** Error, please re-enter each part separately
The program prompts for separate input for each required part for a parameter name.
IDENTIFIER (/X/): <G OR L, OR TC, OR BM, OR VO OR VA OR VB OR VC OR VK>
Specify one of these types of legal identifiers.
PHASE NAME (/ABCD/): <PHASE NAME>
Specify the phase name.
CONSTITUENT (IN SUBLATTICE # /ABC/): <SPECIES NAME>
Specify the constituent name on the specified sublattice site of the given phase.
INTERACTING CONSTITUENT (IN SUBIATTICE # /XYZ/): <SPECIES NAME>

Specify the interacting constituent name on the specified sublattice site of the given
phase; if there is no interacting constituent, press <Enter>.

INTERACTING CONSTITUENT (IN SUBLATTICE # /XYZ/): <SPECIES NAME>

If there is more than one interacting constituent on the specified sublattice site of the
given phase, specify them; otherwise press <Enter>.

DEGREE /#/: <DEGREE>

Specify a numerical number as the degree for the phase parameter.

LIST_PHASE_DATA

All data for a specific phase are written in a readable manner on screen. The thermochemical parameters
listed for the phase are always in Sl units.
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For encrypted commercial databases you may not be able to use this command to list any
phase data. However, this command can be used for listing some basic definitions (such as
phase model and phase-constituents) for the specified phase, as well as all the references
related to original assessments (but not thermodynamic parameters) for the currently-
defined system.

LIST_PHASE_DATA
PHASE NAME: <PHASE NAME>

Specify a phase name (if abbreviated, it should be unique).

LIST_STATUS

Syntax

LIST_STATUS

For the GIBBS module, list the entered elements, phases and species with the status word.
The command is included for system managers.

CI/ Each element, species, phase and symbol has a set of status bits. The values
of these bits are listed with this command.

The bits are listed as hexadecimal, i.e. four bits are written as a hexadecimal number. Two
hexadecimal numbers make a byte. In hexadecimal, 0 to 9 mean normal digits. Ato F
means values 10 to 15. The number E4000000 has thus bit 1, 2, 3 and 6 equal to one. The
bits are numbered starting with 1 for the most significant (leftmost) bit.

Element Status Word

Set the element status word (Bit. Meaning) if:

1. Element cannot be deleted (only vacancy and electron)

2. Suspended (inclusive OR of bit 3 and 4)

3. Explicitly suspended

4. Implicitly suspended (cannot occur for an element)

Species Status Word

Set species status word (Bit. Meaning) if:

1. Species record for an element (each element has a species record)

2. Suspended (inclusive OR of bit 3 and 4)
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. Explicitly suspended

. Implicitly suspended (e.g. if a species element is suspended)
. Charged (inclusive OR of bit 6 and 7)

. Negative charge

. Positive charge

. Vacancy

. Component (by default the elements are the components)

Phase Status Word

Set phase status word (Bit. Meaning) if:

O 00 N o U B W N

T O
o W 00 N O U pp W N B O

. Ideal (no sublattices and no excess parameters)

. Suspended (inclusive OR of bit 3 and 4)

. Explicitly suspended

. Implicitly suspended (e.g. if all constituents suspended)

. Gas phase

. Liquid phase

. Solution phase

. Only one constituent (in each sublattice)

. lons (inclusive OR of bit 10 and 12)

. New ionic liquid model (charge balance handled internally)
. Constituents cannot be added

. External charge balance needed

. Aqueous model

. Charged species (ions)

. Dilute entropy

. Last calculation exceeded temperature range for any parameter
. Kapoor-Frohberg-Gaye cell model

. Turbo calculation used

. Turbo calculation impossible

. Turbo calculation illegal
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22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.

Phase is not ideal

Current site fractions saved

This phase is the ordered part

This phase is the disordered part (bit 2 and 3 also set)
Shadow phase with diffusion data

Error in ionic model

Sometimes

CVM-SRO (short-range ordering) entropy expression
CVM initialization is made

Used to test quasi-chemical ordering model

Major constituents check even if no miscibility gap (ordering)

Hoch-Arpshofen model

Symbol Status Word

Set symbol status word (Bit meaning) if:

o vk W N e

Constant

Variable

Function

Table

Value must not be amended

Undefined

LIST_SYMBOL
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List the symbols available in the current GIBBS workspace, which are defined (retrieved from database in
the DATA module, or directly entered in the GIBBS module) and used in TP-functions for the entered
model parameters for various phases in the defined system.

=

For encrypted commercial databases you may not be able to use this command to list any

retrieved symbol.
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Syntax LIST_SYMBOL
NAME: <SYMBOL NAME>

Specify a symbol name (either as the full name of a defined symbol, or as the
first few common characters of several symbols which have names starting
with such common characters).

Prompts D/

Only those symbols that match this name are listed.

Or press <Enter> for a list of all the symbols defined (retrieved from database
in the DATA module, or directly entered in the GIBBS module) for the current
system, which are available in the current GIBBS workspace.

OUTPUT TO SCREEN CR FILE /SCREEN/: <FILE NAME>

Specify the name of a simple-textual file in which the entered symbols shall be
written in a readable manner (such a basic textual file can later on be opened
and edited by any text editor). The default value is the screen (by pressing
<Enter>).

READ_GES_WORKSPACE

The data area saved onto a *.GESS5 file with SAVE_GES_WORKSPACE on the next page is read back into
the GIBBS workspace.

Syntax READ_GES_WORKSPACE

Enter a File name and specify the working directory where to save the file in the Look in
field. Normally the default file-type in the Files of type field is the correct one for the GIBBS
workspace format (i.e. *.GES5 file).

CI/ The saved *.GESS5 files are unique for each CPU type, and therefore a *.GES5
file saved on one CPU type cannot be read and used on another CPU type.

REINITIATE

All data in the stored GIBBS workspace are erased, and all variables are initiated to their default values.
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Syntax  REINITIATE
UPPER CASE ONLY /Y/: <Y OR N>

The name of elements and species can be either in only UPPER case (by typing Y or
pressing <Enter>), or the elements with two letter names have the first letter in Upper and
Prompts thesecond in lower case (by typing N).

CI/ In upper case mode all input in lower case is automatically converted to
upper case.
LOWER TEMPERATURE LIMIT /298.15/: <LOWEST T IN K>
This value is used as the lower temperature limit when data are entered interactively.
UPPER TEMPERATURE LIMIT /6000/: <HIGHEST T IN K>
This value is used as the upper temperature limit when data are entered interactively.
DEFAULT EIEMENT REFERENCE STATE SYMBOL INDEX /1/: <1 OR 2 OR 3>

Specify a proper index for the default listing parameters (symbol), or press <Enter> to
accept the preset index 1.

The index is for defining the symbol printed in listings of parameters. The symbol can be:

« G: the data are referred to Gibbs energy at a variable temperature (also
called Lattice Stability).

» H298: the data are referred to the enthalpy of the element at 298.15 K and
1 bar.

e HO is the same as H298 but at the temperature 0 K.

D/ The index only changes the symbol, not any value. Normally the index is set
correctly by the database. Only when manually entering data must you set
the index to get the correct symbol. Set the index value to O to get the
symbol G, to 1 to get the symbol H298 and to 2 to get HO.

SAVE_GES_WORKSPACE

The data area used by the GIBBS workspace can be saved on a file (with a default extension GES5 under
MS-Windows, or ges5 under Linux). The default file name is RESULT.GES5 or equal to the one used in a
previous READ_GES_WORKSPACE on the previous page command.
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Syntax SAVE_GES_WORKSPACE

Enter a File name and specify the working directory where to save the file in the Save in
field. Normally the default file-type in the Files of type field is the correct one for the GIBBS
workspace format (i.e. *.GES5 file).

D/ The output is unformatted and cannot be printed.

SET_R_AND_P_NORM

The value of the gas constant (R) is used to define the energy units that are used for input of data. On
output, all data are in Sl units. The value of the pressure 1 atm is used to interpret values of the pressure
given by application programs.

Syntax SET_R_AND_P_NORM

VALUE OF GAS CONSTANT IN YOUR ENERGY UNITS /8.31451/: <NEW VALUE>

The default value of the gas constant is in Sl units (i.e. 8.31451). If you change this value, it
only affects the interpretation of energy data given interactively from the terminal, e.g. if
the value is set to 1.98717 you can give values in Calories.

Prompts

VALUE OF ONE BAR IN YOUR PRESURE UNITS /100000/: <NEW VALUE>

The value of the pressure given in application programs is divided by this value and then
multiplied with the value of one bar expressed in Pascal before it is used inside the GIBBS
module.
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PARROT Commands

In this section:

AMEND_PARAMETER . 88
AMEND_SYMBOL ... 90
COMPILE EXPERIMENTS . L 92
CONTINUE_OPTIMIZATION .. e 94
CREATE_INEW _STORE_FILE ... el 94
EDIT_EXPERIMENTS . e 95
About the ENTER_PARAMETER Command ....... ... 95
ENTER _PARAMETER L 99
LIST_ALL VARIABLES . . 101
LIST_CONDITIONS . L 102
LIST_PARAMETER . . e 102
LIST_PHASE_DATA (from GIBBS) . . .. .. L 103
LIST RESULT e 104
LIST STORE_FILE .. e 108
LIST _SYMBOL_IN_GES . ... e 108
OPTIMIZE_VARIABLES . . . e 109
READ_PARROT_WORKSPACES .. . .. 109
RECOVER_VARIABLES . 110
REINITIATE 110
RESCALE_VARIABLES < . . e 110
SAVE_PARROT_WORKSPACES ... el 111
SET_ALTERNATE_MODE ... e 111
SET_EXTERNAL PARAMETER . . . 111
SET_FIX_VARIABLE . . 112
SET_OPTIMIZING_CONDITION ... . 113
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SET_OPTIMIZING VARIABLE ... oo 114
SET_OUTPUT LEVELS .o 115
SET SCALED _VARIABLE ...\ o oo 115
SET STORE_FILE oo 116
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AMEND_PARAMETER

Interactively modify the TP-function(s) for a specific parameter for a phase with this command. This is
useful in order to correct typing errors because the old function is made available for interactive editing
on the terminal.

D/ This AMEND_PARAMETER command is for the PARROT module. There is also a GES module
command with the same name (AMEND_PARAMETER on page 44).

Syntax

Prompts

AMEND_PARAMETER
PARAMETER: <PARAMETER NAME>

Specify a correct parameter name. If a parameter name is not acceptable or <Enter> is
pressed, the error message displays:

*** FERROR, PLEASE RE-ENTER EACH PART SEPARATELY

The program prompts for separate input for each part for a parameter name.
IDENTIFIER (/X/): <G OR L, OR TC, CR BM, OR VO OR VA CR VB OR VC CR VK>
Specify one of these types of legal identifiers (see ENTER_PARAMETER on page 99).
PHASE NAME (/ABCD/): <PHASE NAME>

Specify the phase name.

CONSTITUENT (IN SUBLATTICE # /ABC/): <SPECIES NAME>

Specify the constituent name.

INTERACTING CONSTITUENT (IN SUBLATTICE # /XYZ/): <SPECIES NAME>

Specify the interacting constituent name; if there is no interacting constituent, press
<Enter>.

INTERACTING CONSTITUENT (IN SUBLATTICE # /XYZ/): <SPECIES NAME>
If there is more than one interacting constituent, specify these; otherwise press <Enter>.
DEGREE /#/: <DEGREE>

Specify a numerical number as the degree of the phase parameter.

After the parameter name is specified correctly, the program lists its current definition
(either preset in database or defined by the ENTER_PARAMETER command), such as:
L (PHASE2,AL,MG;1) =
298.15<T<2000.00: +5000

2000.00<T<4500.00: +4500
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AMEND_PARAMETER
4500.00<T<6000.00: +4000

You are prompted to change the parameter definition:

DO YOU WANT TO CHANGE THE NUMBER OF RANGES /NO/: <Y OR N>

To change the number of ranges for the chosen function, or change some of the
temperature limits in the definition, by typing Y you have to retype both the low/high
temperature limits and functions

If you do not want to change the number of ranges but want to change the function(s) in
one or more ranges, press <Enter> to accept the default N the whole definition of the
chosen parameter in all ranges (if any) is listed such as:

DIFFERENT FUNCTIONS IN THESE RANGES
298.15<T<2000.00
2000.00<T<4500.00

4500.00<T<6000.00
This message prompts:
DO YOU WANT TO CHANGE RANGE LIMITS /NO/: <Y OR N>
If there is more than one range, this question is prompted. Press <Enter>.
RANGE NUMBER (0 TO EXIT) /0/: <RANGE NUMBER>

If the function of a parameter is different in two or more temperature ranges, you must
specify the range of the function of which you want to amend. Or press <Enter> or type 0
to exit this command without making any change.

FUNCTION

The previous function is available for editing. The editing is performed within the general
subroutine FOOLED, as described in AMEND_SYMBOL on the next page. This routine
prompts as follows:

1>

The prompt consists of the current position in the string and the character at that
position between colons, (::).

Commands

These commands can be given:

e Help: 2

e« Move CP to last or first character: <+/-> a
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Syntax AMEND_PARAMETER

o Delete characters from CP: <+-#characters> D

e Exit: E

Find: <#occurrences> F<string>@
e Insert: I<string>@
e Move: <+-#positions> M

Restore string: R

Substitute: S<OLD>QR<NEW>@

o Type string: T

where CP denotes the current position in string, # means number of, @ is a terminator of
an input or search string.

Z When the string is typed the character at the current position is replaced by
an underscore .

To finish the editing of the current function, type E.
RANGE NUMBER (0 TO EXIT) /0/: <RANGE NUMBER>

Give a range number to edit that function, or press <Enter> or type 0 to exit this
command.

AMEND_SYMBOL

In the GIBBS and PARROT modules, interactively calculate the current values of a function or table
(predefined by the switched database or previously entered with ENTER_SYMBOL on page 72) at the
current temperature and pressure condition, and also possible to modify the definitions of variables or
functions.

D/ The current values of the temperature and pressure used to calculate the functions or
tables are the ones listed with LIST_STATUS on page 80. There is no way to change the
current temperature and pressure values interactively.

To modify the definitions of entered symbols (variable, functions or parameters), the performance of this
command is slightly different one from another, as described below:
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o For variables, the values can be changed.

o For functions the low and high temperature limits in various ranges (if any), as well the
expressions, can be changed.

o For parameters the low and high temperature limits in various ranges (if any), as well
the expressions, can be changed.

Syntax

Prompts

AMEND_SYMBOL
NAME: <SYMBOL NAME>
Specify the name of an entered symbol.

For tables and functions (or parameters which are treated as functions after these are
entered by the ENTER_SYMBOL command with the Parameter keyword, but not by the
ENTER_PARAMETER command), after the symbol name is specified here, the program
automatically calculates the values under the current temperature and pressure
conditions, and lists the current values, such as:

FUNCTION VALUE 2.52500000E+01

TABLE VALUE 1.56000000E+02

For variables and functions (or parameters), there are additional prompts and depend on
the symbol type.

For a variable, its current value is displayed, and you can change it to a new value:

VALUE /CURRENT VALUE/: <NEW VALUE>

For a function (or a parameter entered as a symbol):

DO YOU WANT TO CHANGE THE NUMBER OF RANGES /NO/: <Y OR N>

To change the number of ranges for the function, or change some of the temperature
limits in the definition, For Y, you must retype both the low/high temperature limits and
functions (see all the remaining details in the ENTER_SYMBOL command.

If you do not want to change it, press <Enter>to accept the default. The definition of the
chosen function in all ranges (if any) is listed, for example:

DIFFERENT FUNCTIONS IN THESE RANGES
298.15<T<2000.00
2000.00<T<4500.00

4500.00<T<6000.00

and this message displays:

Do you want to change range limits /no/: <y or n>

If a function is different in two or more temperature ranges, you must specify the range of
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Syntax AMEND_SYMBOL

the function of which you want to amend. Or press <Enter> or type 0 to exit this
command without making any change.

RANGE NUMBER (0 TO EXIT) /0/: <RANGE NUMBER>
FUNCTION:

The previous function is available for editing. The editing is performed within the general
subroutine FOOLED. This routine prompts as follows:

14>

The prompt consists of the current position in the string and the character at that
position between colons (::).

Commands
These commands can be given:

e Help: »

e Move CP to last or first character: <+/-> 2

Delete characters from CP: <+-#characters> D

Exit: E

e Find: <#occurrences> F<string>@
e Insert: 1<string>@
e Move: <+-#positions> M

Restore string: R

Substitute: S<OLD>@<NEW>Q

e Type string: T

where CP denotes the current position in the string, # means number of, @ is a
terminator of an input or search string.

D/ When the string is typed the character at the current position is replaced by
an underscore _. To finish the editing of the current function, type E at the
prompt.

COMPILE_EXPERIMENTS

The descriptions of the experimental equilibria saved on a textual *.POP file, given as commands in the
POLY and ED_EXP syntax, is compiled by this command into the PARROT structured data, i.e. stored into
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the current work *.PAR file which is created with CREATE_ NEW_STORE_FILE on the next page, set by SET _
STORE_FILE on page 116, or opened with READ_PARROT_WORKSPACES on page 109, all done before
COMPILE_EXPERIMENTS.

This command also lists the compilation details on screen or onto a listing file (*.TXT).

D/ If a syntax error in the commands is detected, the compilation is terminated. You need to
correct the error in the *.POP file (using a textual editor) and recompile it with the *.PAR
work (store) file.

After a successful compilation, the program translates all the experimental data points in the *.POP file
into a graphical experimental data file (*.EXP) in the DATAPLOT syntax, which can be further edited and
used as a graphical experimental data file (*.EXP) for the purposes of imposing onto calculated/plotted
phase diagrams and/or property diagrams for comparisons during the assessment process.

@ Also see the DATPLOT User Guide included with this documentation set.

Syntax COMPILE_EXPERIMENTS

A window displays to open the original experimental data file (*.POP). Enter a *.POP File
name box, and specify the working directory in the Look in box. Normally the default file-
type in the Files of type field is the correct one for the experimental data format (i.e.

* POP file). Click Open or Cancel button as applicable.

OUTPUT TO SCREEN OR FILE /SCREEN/: <*.POP FILE NAME>

Alist of the source code in the *.POP file and error messages during compilation is written
on screen (by pressing <Enter>) or on a list *.TXT file under a specific file name which can
later on be opened and edited by any basic textual editor.

Prompts

INITIATE STORE FILE /Y/: <Y OR N>

After a successful compilation, the data in the POLY3 workspace is stored as a new block
of equilibria on the current work (store) file. If you specify that the store file should be
initiated before compilation (Y), only the compiled block is stored on the current work file
(consequently, the *.PAR file is updated). If a negative answer (N) is chosen here, the
current work file is not changed.

A window displays to generate/store the graphical experimental data file (*.EXP) in the
DATAPLOT syntax. Enter a *.EXP file name in the File name field and specify the working
directory when opening the *.EXP file in the Look in field. Normally the default file type in
the Files of type field is the correct one for the graphical experimental data format (i.e.

* EXP file). Click Open or Cancel as applicable.
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CONTINUE_OPTIMIZATION

This command continues the optimization using the same Hessian matrix.

D/ In some cases it is not possible to attempt continuation. For example, if the optimization
has already converged or if the optimizing parameters or the set of experimental equilibria
used in the current optimization runs are changed. The program gives a warning message if
you try to continue when you make these changes.

Syntax

Prompts

CONTINUE_OPTIMIZATION
ARE YOU SURE? /N/: <N OR Y>

Prior to this question, a message displays to confirm if it is OK to continue:

It is safe to CONTINUE only after TOO MANY ITERATIONS and no change in
variables and experiments ...

You can accept the default (N) in order to cancel this special attempt.
NUMBER OF ITERATIONS /N/: <INTEGRAL NUMBER OF ITERATION>

Specify an integral number for the optimization iteration. The specified iteration number
is shown as the default number. The PARROT program tries this exact number of different
sets of values of the optimizing variables without stopping the optimization even it would
have converged earlier or should give up earlier.

CREATE_NEW_STORE_FILE

El/ This file is hardware dependent and cannot be read by any text editor.

Create a binary file to be used as a work file (also called store file) before any optimization can be done.
The workspace used by the GIBBS, POLY and PARROT modules is stored automatically on the work file
but not any experimental information. The binary work file has a default extension of PAR under MS-
Windows or par under Linux/UNIX.

A work file that is created at a previous run can be used in the PARROT module with the other command
SET-STORE-FILE.

Syntax

Prompt

CREATE_NEW_STORE_FILE

<* par file name>

A Save window displays. Enter a File name and specify the working directory in the Save in
field. Normally the default file-type in the Files of type field is the correct one for the
PARROT workspace format (i.e. PAR file). Click Save or Cancel as applicable.

CONTINUE_OPTIMIZATION | 94 of 296



Thermo-Calc Documentation Set

EDIT_EXPERIMENTS

Initialise and make available the sub-module for editing experimental equilibria, i.e. the ED_EXP module.
All experimental equilibria compiled from the *.POP file can be accessed in the ED_EXP module.

The ED_EXP module is similar to the normal POLY module, but some commands are special and some
POLY commands are not available. In the ED_EXP module, you can calculate each equilibrium separately
or together, provide start values for equilibria which failed to converge, set weights, and modify the
values of experiments or conditions.

@ Also see Running the EDIT_EXPERIMENTS Command on page 23.

Syntax EDIT_EXPERIMENTS

You are now in this submodule and can start using the
commands.

About the ENTER PARAMETER Command

CI/ For the PARROT Module, this command is the same and is described here. Also see ENTER _
PARAMETER on page 99 for the command details.

In the descriptions of the standard thermochemical properties and special physical properties for a
phase, there are a number of parameters which may depend on the temperature and pressure. The
expressions for these parameters can be given in a free form as a sum of terms with powers of Tand P
and may also include the natural logarithm and exponential function. This type of expression is called TP-
functions. ldentical parameters (in terms of parameter-names) are stored only once in the GIBBS
workspaces.

The composition-dependence of the Gibbs energy is described in the GIBBS module by the internal data
structure, which is created when the phase is entered (see GIBBS_ENERGY_SYSTEM Commands on
page 42). The Gibbs energy of a phase is always referred to one formula unit of the phase, i.e. the
amount derived from the number of sites (i.e. the stoichiometric coefficient) for each sublattice. If
vacancy is a constituent of a sublattice, the amount of matter per formula unit of the phase may vary
with composition.

Defining the Parameter

Avalid parameter should have the general form of:

<identifier> (<phase>, <constituent array>; <digit>) <xxx> <expression> <yyy> <keyword
Y or N> <zzz> !
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The identifier must be followed by an opening parenthesis, a phase name, a comma and a constituent
array. Optionally, the constituent array can be followed by a semicolon and a digit. The parameter name
is terminated by a closing parenthesis. The parameter form is defined as:

<identifier> is the parameter type;
<phase> is the phase name (maximum 24 characters);
<constituent array> is the specific constituent array in the phase;

<digit> is the degree of composition-dependent interaction contribution (an integer
number from 0 through 9), that is only for excess energy (L), Curie temperature (TC)
and Bohr magneton number (BMAGN), as well as for volume-related parameters (VO or
VA or VB or VC or VK); if it is valued as zero, or if it is for the standard Gibbs energy (G)
for which the degree is always zero, it can be omitted,;

<expression> is the mathematical relation to describe the parameter;

<xxx> and <yyy> are the low and high temperature limits respectively for the applic-
able temperature range of the parameter expression;

<keyword Y or N> isthe indicator on if there is continuation for the parameter expres-
sion or not;

<zzz> is the reference index/number for the assessment of this parameter;

The exclamation point ! is used to indicate that the current parameter definition is
ended.

PARAMETER NAME

The GES parameter name has a general form of:

<identifier> (<phase>,<constituent array>;<digit>)

Examples of parameter names:

G (GAS, Cc102) : The Gibbs energy of formation of a CO2 molecule in gas.
G (FCC, FE:VA) : The Gibbs energy of formation of fcc Fe with interstitials.
L(LIQ,Fe,Cr;0: The regular solution parameter for Fe and Cr in liquid.
L(LIQ,Fe,Cr;1): The sub-regular solution parameter.

TC (BCC, Fe:Va): The Curie temperature of bcc Fe.

BMAGN (BCC, Fe:Va) : The Bohr magneton number parameter of bcc Fe.

The parameter name consists of several parts. The first is a type-identifier and these can be used:

G: Standard energy parameter (Gibbs energy of formation) or for interaction
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parameters;

 L: Excess energy parameter (Gibbs energy of interaction) always used for interaction
parameters;

o TC: Curie temperature for magnetic ordering;

e BMAGN or BM: Bohr magneton number for magnetic ordering (or Born function wPr,Tr for
aqueous solute species).

e vO: Molar volume at 298.15 K and 1 bar (a numeric value only);

T
298.15

a (T)dT a (T)dT

T
e VA: Integrated thermal expansivity; f293.15
e vB: Bulk modulus at 1 bar;
e vC: Isothermal compressibility;

 VK: High-pressure fitting parameter.

Ef When necessary quantities as H (enthalpy), s (entropy), v (Volume), F (Helmholtz energy),
etc., can be calculated from the Gibbs energy.
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PHASE NAME

Specifying the PHASE NAME in uppercase is recommended; however, if you prefer to write it as a mixture
of uppercase and lowercase, it automatically converts all lowercase to uppercase, as the GIBBS module
only recognises uppercase phase names. It is important that if a phase bears a legal phase-type (among
G, A, Y, L, I, Fand B) in its phase definition (already by the PHASE keyword; such as GAS:G,
LIQUID:L,SLAG:L, IONIC-LIQ:Y, SPINEL:l, FCC_L12:F, HCP_DO021:F, BCC_B2:B, AQUEOUS:A), such a valid
phase-type code should not be attached to the phase name when ENTER_PARAMETER is executed.

CONSTITUENT ARRAY

The constituent array consists of a list of constituent names. Interaction parameters have two or more
constituents from the same sublattice separated by a comma. If the phase has sublattices, at least one
constituent in each sublattice must be specified. The constituents in different sublattices must be given
in sublattice order and are separated by a colon.

After the component array, a sub-index digit can be specified after a semicolon. This digit must be in the
range 0to 9. The interpretation of the sub-index depends on the excess energy model used for the
phase. If no semicolon and digit are given, the sub-index value is assumed to be as zero.

The excess energy parameters, e.g. the regular/subregular (binary) parameter or ternary parameters, are
multiplied with two or more fractions of the constituents from the same sublattice of the solution phase.
These additional constituents must be given as interacting constituents (as the following prompt).

EI' Solution phases with sublattices can have interacting constituents in each sublattice.

INTERACTION PARAMETER

An interaction parameter, which is used to describe the excess term of a quantity, must have two or
more constituents that interact with each other on a specified sublattice site of the given phase. It is
arbitrary which of these constituents is given as the first constituent and what is given as the interacting
constituents. The software always sorts the constituents (in each sublattice) in alphabetical order when
the parameter name is written as a prompt (for entering its parameter value) and when the parameter is
listed (using the GIBBS commands LIST_ PARAMETER on page 102 or LIST _PHASE _DATA (from GIBBS) on
page 103). This is important for all asymmetric interaction parameters where the sign of the interaction
parameter must depend on the appearance order.

Use an asterisk* to denote that the excess interaction parameter is independent of the constituents of a
specific sublattice. For example, L (FCC_L12,AL,NI:*) means that the interaction parameter is for the
binary interaction between constituents AL and NI on the first sublattice in the FCC_L12 solution phase,
while it is independent of all constituents on the second sublattice. An interaction parameter in the list of
constituents is always added to the Gibbs energy and the asterisk * is calculated with the term of [13y
(specified constituents)], which implies that in an A-B binary system these L parameters are identical (but
in higher-order systems, these are different):

e L (phase, A, B) is multiplied with X(A)*X(B)
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e L (phase, A, *) is multiplied with X(A)*(1-X(A))
e L (phase, B, *) is multiplied with X(B)*(1-X(B))

If you press <Enter> when you are asked for a parameter name or if you have improperly input the entire
parameter name, you are asked for each of these items in the name.

ENTER_PARAMETER

D/ For the PARROT Module, this command is the same and is described here.

@ Also see About the ENTER_PARAMETER Command on page 95 for details about each of the
options.

Use this command to enter TP-function(s) for a specific parameter for a phase interactively with this
command. If there is already a parameter expression defined (for this parameter), that is deleted and
replaced with newly entered one.

The entered TP-Function(s) for the parameter can be changed later with the command AMEND _
PARAMETER on page 44.

Syntax ENTER_PARAMETER
PARAMETER: <PARAMETER NAME>

As explained in About the ENTER_PARAMETER Command on page 95, specify a correct
and complete Parameter Name, wWhich should contain all the necessary parts of the
general form:

Prompts <IDENTIFIER> (KPHASE>, <CONSTITUENT ARRAY>;<DIGIT>)
If a parameter name is not acceptable or <Enter>, is pressed, a message displays:
*** Error, please re-enter each part separately
and you are prompted for input for each required part for a parameter name.
Options Description or Information
IDENTIFTIER (/X/): <G OR I, OR TC, OR BM, OR VO OR VA OR VB OR VC OR VK>

IDENTIFIER | this command is used one or more times, the previous value on this prompt is set as
default. Press <Enter> for the same type identifier or specify a new type.

PHASE NAME (/ABCD/): <PHASE NAME>

PHASE NAME  Each parameter is valid for a specific phase only. The name of that phase must be
supplied (maximum 24 characters). The name can be abbreviated.
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ENTER_PARAMETER
CONSTITUENT (IN SUBLATTICE # /ABC/): <SPECIES NAME>

A parameter is identified by the constituents on a specified sublattice site of the given
phase, the stoichiometric coefficients of which are multiplied with the parameter. The
name of the constituent can be abbreviated.

D/ It is the species name, not the stoichiometric formula required here.

If this command is used one or more times, the previous value on this prompt is set as
default. Accept it by pressing <Enter> if the constituent is the same, or specify a new
species name.

For phases with several sublattices, the program asks for one constituent in each
sublattice.

INTERACTING CONSTITUENT (IN SUBLATTICE # /XYZ/): <SPECIES NAME>

If this command is used one or more times, the previous value on this prompt is set as
default. Press <Enter> to accept it if the constituent is the same, or specify a new
species name.

D/ To cancel the default value of the interacting constituent type NONE or
the name of another constituent.

This question is repeated until all the interested interacting constituent(s) on a specific
sublattice in the phase are specified, and finally an <Enter> is enforced.

DEGREE /#/: <DEGREE>

Degree is model-dependent. Specify an integer number (a value from 0 through 9) as
the degree of composition-dependent interaction contribution for the phase
parameter. This is valid for excess energy (L), Curie temperature (TC) and Bohr
magneton number (BMAGN), as well as for volume-related parameters (v0, VA, VB, VC
or VK).

For binary interaction parameters, the degree is usually the power in the Redlich-
Kister expression. For ternary interaction parameters, it is usually the Hillert ternary
index.

For a standard G parameter for a pure component (end-member) its degree should be
always 0 and this prompt should not display.

After this prompt, the program echoes on the screen the full TP-Function of the phase
parameter.
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Syntax ENTER_PARAMETER
LOW TEMPERATURE LIMIT /298.15/: <LOWEST TEMPERATURE LIMIT IN K>

Specify the lowest temperature limit (in Kelvin), or the lowest-pressure limit (in Pascal
but entered as a negative number), for the current TP-Function.

FUNCTION: <DEFINITION FOR A FUNCTION>
ATP-Function consists of terms in T and P.

& <CONTINUATION OF THE DEFINITION FOR THE CURRENT FUNCTION>
Continuation of a TP-Function definition.

HIGH TEMPERATURE LIMIT /6000/: <HIGH TEMPERATURE LIMIT IN K>

Specify the high temperature limit (in Kelvin), or the high-pressure limit (in Pascal; only
if the lowest limit is entered as a negative number) for the current TP-Function.

ANY MORE RANGES /N/: <Y OR N>

Enter Y for more function(s) or N to end this command.

LIST_ALL_VARIABLES

Create a list of the values and status of all variables in the PARROT workspace on screen or in a text file.
After an optimization some statistical information is also written. The correlation matrix is written if that

option is chosen.

@ Also see SET_OUTPUT_LEVELS on page 115.

Syntax LIST_ALL_VARIABLES
OUTPUT TO SCREEN OR FILE /SCREEN/: <FILE NAME>

Alist of the current values and status, as well statistical information (if after optimization)
Prompt  and the correlation matrix (optionally), for all variables is written on screen (by pressing
<Enter>) or on the list file under a specific file name which can later on be opened and

edited by basic text editor.

Example Output

The following is the listed variables for the example TCEX36, after the first optimization
when having set all variables available for optimization.

== OPTIMIZING VARIABLES ==
AVAILABLE VARIABLES ARE V1 TO V0O

VAR. VALUE START VALUE SCALING FACTOR REL.STAND.DEV
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Syntax LIST_ALL_VARIABLES

V1 2.03729090E+04 2.03688352E+04 2.03688352E+04
3.41524152E+00

V2 -2.94286372E+01 -2.94286372E+01 -2.94286372E+01
2.37944771E+00

V1l -2.17373936E+04 -2.18095983E+04 -2.18095983E+04 3.97086303E-
02

V12 1.52107184E+01 1.51660547E+01 1.51660547E+01 5.84552327E~
02

V15 2.42082351E+04 2.45139169E+04 2.45139169E+04

5.00914471E+00

V16 -8.38723972E+00 -8.83460472E+00 -8.83460472E+00

1.60961318E+01

V17 3.08916533E+03 3.15802558E+03 3.15802558E+03

9.63738108E+00

V19 2.20292586E+04 2.21385673E+04 2.21385673E+04

4.14274011E+01 V20 =7.04217974E+00 -7.22424882E+00 -7.22424882E+00

1.00561540E+02

NUMBER OF OPTIMIZING VARIABLES : 9

ALL OTHER VARIABLES ARE FIX WITH THE VALUE ZERO

THE SUM OF SQUARES HAS CHANGED EFROM 8.00002729E+04 TO 8.00002719E+04

DEGREES OF FREEDOM 45. REDUCED SUM OF SQUARES 1.77778382E+03

LIST_CONDITIONS

In the PARROT module, generate a list of the current values of optimization conditions, as well the
current status of listing, either on screen or in a basic text file which can be opened and edited by a text
editor.

Syntax LIST_CONDITIONS
OUTPUT TO SCREEN CR FILE /SCREEN/: <FILE NAME>

Prompt
Press <Enter>to output to screen or on the list file under a specific file name.

LIST_ PARAMETER
This command is for both the GIBBS and PARROT modules.

List the TP-function(s) of a specific parameter for a phase. You must supply the name of the phase
parameter:

THE PARAMETER NAME: <IDENTIFTIER> (<PHASE>,<CONSTITUENT ARRAY>;<DIGIT>)
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D/ For encrypted commercial databases, you may not be able to use this command to list any
retrieved parameter.

Syntax  LIST_PARAMETER
PARAMETER: <PARAMETER NAME>

Specify a correct and complete parameter name, which should contain all the necessary
parts of the general form: <identifier>(<phase>,<constituent array>;<digit>)

@ See About the ENTER_PARAMETER Command on page 95 to learn how to
Prompts define the Parameter Name.

If a parameter name is not acceptable or <Enter> is pressed, an error message displays:

*** Error, please re-enter each part separately
The program prompts for separate input for each required part for a parameter name.
IDENTIFIER (/X/): <G OR L, OR TC, OR BM, OR VO OR VA CR VB OR VC OR VK>
Specify one of these types of legal identifiers.
PHASE NAME (/ABCD/): <PHASE NAME>
Specify the phase name.
CONSTITUENT (IN SUBLATTICE # /ABC/): <SPECIES NAME>
Specify the constituent name on the specified sublattice site of the given phase.
INTERACTING CONSTITUENT (IN SUBLATTICE # /XYZ/): <SPECIES NAME>

Specify the interacting constituent name on the specified sublattice site of the given
phase; if there is no interacting constituent, press <Enter>.

INTERACTING CONSTITUENT (IN SUBLATTICE # /XYZ/): <SPECIES NAME>

If there is more than one interacting constituent on the specified sublattice site of the
given phase, specify them; otherwise press <Enter>.

DEGREE /#/: <DEGREE>

Specify a numerical number as the degree for the phase parameter.

LIST_PHASE_DATA (from GIBBS)

All data for a specific phase are written on screen. The thermochemical parameters listed for each phase
are always in Sl units.
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Syntax LIST_PHASE_DATA

PHASE NAME: <PHASE NAME>

Prompt
Specify a phase name.

LIST_RESULT

List the result of the current optimization run on screen or in a specified file. The level of detail listed can
be prescribed by the command SET_OUTPUT _LEVELS on page 115.

The LIST_RESULT command has an option G for creation of an experimental data file with two columns,
one for the experimental value and the other for the calculated value. It allows plotting a diagram and
visualizing the fitting results. The plot is automatically plotted and you can scale it giving commands in
the POST module. The option D lists all experiments, including those with fulfilled inequalities which are
suppressed with the default option C.

Syntax LIST_RESULT
Prompt FULL, CONDENSED, DETAILED OR GRAPHIC FORMAT: /C/: <C OR D OR F CR G>

Choose a format.

e C (condensed) is the default.

« D (detailed) lists all experiments, including those with fulfilled inequalities
(not included with the default condensed file).

« The G (graphical) format creates an experimental data file containing two
columns, one with the experimental value and the other with the calculated
value. This allows plotting of a diagram where all symbols should be on the
diagonal if the fit is perfect. The plot is automatically plotted and you can
scale it giving commands in the POST module.

e The F (full) format is obsolete but retained for backward compatibility.
OUTPUT TO SCREEN CR FILE /SCREEN/: <FILE NAME>

Alist of the current optimization results are written on screen (by pressing <Enter>) or on
the list file under a specific file name which can later on be opened and edited by basic text
editor.

The output normally consists of these parts:

o A title showing the data of the action;

o A message on successful optimization with the iteration number in the last
optimization;
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Syntax LIST_RESULT

o A paragraph describing the optimization condition;
o A list of the latest set of optimized and fixed variables;

A paragraph describing the optimization quality (some statistical inform-
ation);

« A correlation matrix for all optimizing variables (optionally shown, pre-set
by the SET_OUTPUT_LEVELS command);

o Alist of all parameters (including their symbol names, status and current
values or function expressions), and all phase descriptions (including phase
name, model names, constituents, and phase’s G/L/TC/BM expressions) pre-
defined for each phase in the system (optionally shown, pre-set by the SET_
OUTPUT_LEVELS command);

« A paragraph describing the alternate equilibria (and possible error during
optimization);

o A detailed list on all the equilibrium points used in the current optimization.
If the alternate-mode is used in the optimization, only an error value is
shown. For normal-mode calculations, a list is shown for the experimental
equilibrium numbers (first column) and corresponding original exper-
imental data (second column, in the form quantity = value) which are
used in optimization (i.e. non-zero weighted points). Such experimental
data are by each point compared by the calculated value (third column)
after the last optimization. Also listed are the experimental error (column
4), the difference between the calculated value and original experimental
data (column 5), and the contribution to the sum of least square (column
6).

Example Output

The following is the listed result in the example TCEX36 ( in the Console Mode Examples Guide.), after the
first optimization based on the prescribed definitions in the TCEX36a.TCM and TCEX36b.TCM, but having
set all variables available for optimization.

OUTPUT FROM P A R R O T.

*** SUCCESSFUL OPTIMIZATION. *** NUMBER OF ITERATIONS: 10
== OPTIMIZING CONDITIONS ==

RELATIVE STANDARD DEVIATIONS FOR EXPERIMENTS: N
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MINIMUM SAVE ON FILE: Y

ERROR FOR INEQUALITIES = 1.00000000E+00

RELATIVE STEP FOR CALCULATION OF DERIVATIVES = 1.00000000E-04
ARGUMENTS FOR SUBROUTINE VAOSAD (HSL)

MAXFUN = 1 DMAX = 1.00000000E+02 H= 1.00000000E-04 ACC = (INITIAL SUM
OF SQUARES) * 1.00000000E-03

== OPTIMIZING VARIABLES ==

AVAILABLE VARIABLES ARE V1 TO V0O

VAR. VALUE START VALUE SCALING FACTOR REL.STAND.DEV

V1 2.03749463E+04 2.03729090E+04 2.03729090E+04 3.41455863E+00

V2 -2.94286372E+01 -2.94286372E+01 -2.94286372E+01 2.37944774E+00

V11 -2.17395673E+04 -2.17373936E+04 -2.17373936E+04 3.98405298E-02

V12 1.52107184E+01 1.52107184E+01 1.52107184E+01 5.82861832E-02

V15 2.42106560E+04 2.42082351E+04 2.42082351E+04 5.07239609E+00

v1e -8.38723972E+00 -8.38723972E+00 -8.38723972E+00 1.69546796E+01

V17 3.08947424E+03 3.08916533E+03 3.08916533E+03 9.85220694E+00

V19 2.20314615E+04 2.20292586E+04 2.20292586E+04 4.16329629E+01 V20 -

7.04217974E+00 -7.04217974E+00 -7.04217974E+00 1.03161466E+02
NUMBER OF OPTIMIZING VARIABLES : 9

ALL OTHER VARIABLES ARE FIX WITH THE VALUE ZERO

THE SUM OF SQUARES HAS CHANGED FROM 8.00002719E+04 TO 8.00002709E+04

DEGREES OF FREEDOM 45. REDUCED SUM OF SQUARES 1.77778380E+03

Number of alternate equilibria 14
SYMBOL STATUS VALUE/FUNCTION
R 80000000 8.3145100E+00
RTLNP 20000000 +R*T*LN (1E-05*P)
V1 48000000 2.0374946E+04
V2 48000000 -2.9428637E+01
V1l 48000000 -2.1739567E+04
V12 48000000 1.5210718E+01
V15 48000000 2.4210656E+04
V1e 48000000 -8.3872397E+00
V17 48000000 3.0894742E+03
21 V19 48000000 2.2031462E+04 22 V20 48000000 -7.0421797E+00
LIQUID
EXCESS MODEL IS REDLICH-KISTER MUGGIANU CONSTITUENTS: A,B
G (LIQUID,A;0)-G(BCC,A;0) = 500.00<T< 2000.00: +14000-10*T
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G(LIQUID,B;0)-G(BCC,B;0) =

L(LIQUID,A,B;0) =
500.00<T< 2000.00: +V13+V14*T

AZB

2 SUBLATTICES, SITES 2: 1

G (A2B,A:B;0)- 2 G(BCC,A;0)-G(BCC,B;0)

500.00<T< 2000.00:
BCC
EXCESS MODEL IS REDLICH-KISTER MUGGIANU

G (BCC,A;0)-G(BCC,A;0) = 500.00<T<

G (BCC,B;0)-G(BCC,B;0) = 500.00<T<
L(BCC,A,B;0) = 500.00<T< 2000.00:
L(BCC,A,B;1) = 500.00<T< 2000.00:

FCC

EXCESS MODEL IS REDLICH-KISTER MUGGIANU

G(FCC,A;0)-G(BCC,A;0) = 500.00<T<
G(FCC,B;0)-G(BCC,B;0) = 500.00<T<
L(FCC,A,B;0) = 500.00<T< 2000.00:
L(FCC,A,B;1) = 500.00<T< 2000.00:
====== BLOCK NUMBER 1
DEFINED CONSTANTS
DX=2E-2, P0=101325, DH=500, DT=10

DEFINED FUNCTIONS AND VARIABLESS
HTR=HM (LIQUID) -HM (A2B)

Alternate equilibrium calculation

500.00<T< 2000.00:

500.00<T< 2000.00:

Alternate equilibrium

Alternate equilibrium
Alternate equilibrium
Alternate equilibrium
Alternate equilibrium
Alternate equilibrium
Alternate equilibrium
Alternate equilibrium
Alternate equilibrium
Alternate equilibrium

Alternate equilibrium

calculation
calculation
calculation
calculation
calculation
calculation
calculation
calculation
calculation
calculation

calculation
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+18000-12*T

+V114V12*T L(LIQUID,A,B;1) =

CONSTITUENTS: A : B

FVL14+V2*T+V3*T*LN (T)

CONSTITUENTS: A,B
2000.00: 0.0
2000.00: 0.0
+V15+V16*T
+V17+V18*T

CONSTITUENTS: A,B
2000.00: 408
2000.00: +3300-3*T
+V19+V20*T

+V21+V22*T

0.4183
0.1932
0.1016
1.4354E-03
2.5063E-02
8.3929E-03
141.4
141.4
141.4
141.4
1.2532E-03

5.4781E-04
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Alternate equilibrium calculation 1.5404E-03

Alternate equilibrium calculation 1.2702E-03
ACR(B)=9.4E-1 0.9397 2.85E-02 -2.7745E-04 -9.7472E-03
ACR(B)=8.4E-1 0.8395 2.82E-02 -4.9038E-04 -1.7396E-02
ACR(B)=7.4E-1 0.7407 2.81E-02 7.3804E-04 2.6305E-02
ACR(B)=6.4E-1 0.6424 2.81E-02 2.3935E-03 8.5272E-02
ACR(B)=5.4E-1 0.5434 2.82E-02 3.4449E-03 0.1220
ACR(B)=4.4E-1 0.4428 2.85E-02 2.8265E-03 9.9024E-02
ACR(B)=3.4E-1 0.3394 2.90E-02 -5.8174E-04 -2.0040E-02
ACR(B)=2.3E-1 0.2320 2.97E-02 2.0260E-03 6.8208E-02
ACR(B)=1.2E-1 0.1194 3.06E-02 -6.4192E-04 -2.0981E-02
HMR (LIQUID)=-1964 -1957. 5.00E+02 7.439 1.4878E-02
HMR (LIQUID)=-3500 -3478. 5.00E+02 21.67 4.3338E-02
HMR (LIQUID)=-4588 -4565. 5.00E+02 22.69 4.5382E-02
HMR (LIQUID)=-5239 -5217. 5.00E+02 21.50 4.3008E-02
HMR (LIQUID)=-5454 -5435. 5.00E+02 19.11 3.8216E-02
HMR (LIQUID)=-5233 -5217. 5.00E+02 15.50 3.1008E-02
HMR (LIQUID)=-4575 -4565. 5.00E+02 9.691 1.9382E-02
HMR (LIQUID)=-3481 -3478. 5.00E+02 2.669 5.3385E-03 118 HMR
(LIQUID)=-1950 -1957. 5.00E+02 -6.561 -1.3122E-02

LIST_STORE_FILE

Syntax LIST_STORE_FILE

Displays the name of the store file and its full path.

LIST_SYMBOL_IN_GES

Lists TP-function(s) for the entered model parameters for phases in the system on screen. In many cases,
the optimizing variables are parts of the TP-functions which in turn are entered in model parameters for
various phases in the GIBBS workspace.

This command is a way to find out how the functions depend on the optimizing variables. In the PARROT
module the list is only shown on screen, not written to any file (which the LIST_SYMBOL command in the
GIBBS module does).
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LIST_SYMBOL_IN_GES
NAME: <SYMBOL NAME>
Specify a symbol name.

Cl/ Only those symbols that match this name are listed. Or press <Enter> for a
list of all available symbols entered in the system.

OPTIMIZE_VARIABLES

Perform variable optimization. All system-definition data needed for the optimization is read from the
current work file (*.PAR). The result of the optimization is automatically stored in the current work file.

Syntax

Prompt

OPTIMIZE_VARIABLES
NUMBER OF ITERATION /N/: <INTEGRAL NUMBER OF ITERATION>

Specify an integral number for the optimization iteration. The specified iteration number is
shown as the default number. The PARROT module tries this number of different sets of
values of the optimizing variables unless it has converged earlier, or has given up earlier.

[3 It initially takes a small step in each variable to find the steepest slope. You
can give zero iteration to calculate the error in all selected experiments, and
then use LIST_RESULT on page 104to check how good (bad) the current fit is.

READ_PARROT_WORKSPACES

Read the previous PARROT/GIBBS/POLY3 workspaces back to replace the current PARROT/GIBBS/POLY3
workspaces. It is useful if late changes made through various PARROT/GIBBS/POLY commands are not
satisfactory.

Syntax

READ_PARROT_WORKSPACES

The previous PARROT/GIBBS/POLY3 workspaces are always associated with the latest
action to either open a work file by SET STORE FILE on page 116, or to create a work file by
CREATE_NEW_STORE_FILE on page 94 (either interactively in the PARROT module or
through a MACRO_FILE_OPEN on page 5 of an *SETUP.TCM file), or to update the work file
by SAVE_ PARROT_WORKSPACES on page 111.

Unlike the READ commands in other modules (e.g. GIBBS or PLOY), this command in the
PARROT module does not ask for the file name where to read a previously
opened/created/updated PARROT/GIBBS/POLY3 workspaces, for the reason described
above.

OPTIMIZE_VARIABLES | 109 of 296



Thermo-Calc Documentation Set

Syntax READ_PARROT_WORKSPACES

CI/ You cannot use this command if there is no work file opened or created

already.

RECOVER_VARIABLES

Syntax RECOVER_VARIABLES

The values of all variables are set back to the start values.

REINITIATE

@ This command should not be used unless you want to destroy the current PARROT
workspace. However, this PARROT command does not reinitiate the GIBBS/POLY3

workspaces.

Syntax REINITIATE

The workspace used by the PARROT program is reinitiated. All output and optimizing
conditions are given their default values. All variables are set fixed with their value equal to

Zero.

RESCALE_VARIABLES

Syntax RESCALE_VARIABLES

The current values of all the parameters are copied to their start values and the scaling
factors for further optimization. Thus it should be done now and again, in particular if you
think the optimization results are improved after the previous run(s), or if any variable

changes more than a factor of 10.

RECOVER_VARIABLES | 110 of 296



Thermo-Calc Documentation Set

SAVE_PARROT_WORKSPACES

Syntax SAVE_PARROT_WORKSPACE

If the latest changes made through various PARROT/GIBBS/POLY commands are as
required, use this command to save the current workspace (i.e. data area) used by the
PARROT program (also including the current GIBBS and POLY3 workspaces), onto the
present work *.PAR file which has already been opened by SET STORE_FILE on page 116 or
been created by CREATE_NEW_STORE_FILE on page 94 (either interactively in the PARROT
module or through a MACRO_FILE_OPEN of an *SETUP.TCM file).

D/ The PARROT/GIBBS/POLY3 workspaces are updated after each
PARROT/GIBBS/POLY command. This means the current
PARROT/GIBBS/POLY3 workspaces are always updated onto the latest work
* PAR file that is associated with the latest SET_STORE_FILE or CREATE_NEW _
STORE_FILE command.

[z Unlike the SAVE commands in other modules (e.g. GIBBS or PLOY), this
command in the PARROT module does not ask for the file name where to
save the current PARROT/GIBBS/POLY3 workspaces, for the reason described
above. You cannot use this command if there is no work *.PAR file opened or
created already.

SET_ALTERNATE_MODE

Turn the alternate mode on or off. The alternate mode is described in PARROT Commands on page 86. It
should be used only to optimize start values of the model parameters in the beginning of the
assessment.

With the ALTERNATE mode is possible to include functions to be evaluated together with an alternate
calculation and to select ALTERNATE mode for each experimental equilibrium.
Syntax SET_ALTERNATE_MODE
ON /Y/: <Y OR N>

Prompt
The default Y turns on the alternate mode.

SET_EXTERNAL_PARAMETER

Optimize model parameters of the so-called external models, which may not be as fully-
implemented/integrated parts inside the GIBBS system and thus are independently defined within user-
specified/written source codes. This command makes links between the PARROT optimizing variables
and external model parameters.
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In order to be able to build the specified external model and to use this SET_EXTERNAL _
PARAMETER command, it requires you to first write codes for a preferred external model
(as it is not within the standard GIBBS system of the Thermo-Calc software) and then
provide it to the consultancy team (consult@thermocalc.se) of Thermo-Calc Software
Company in Stockholm for the purpose of including the external model in a separate DLL
that is interactively connected to the Thermo-Calc software. Such a special service
can/should only be provided under the restrictive condition that a specific Consultancy
Project Contract is bilaterally agreed and signed in advance between users and Thermo-
Calc Software.

Syntax

Prompt

SET_EXTERNAL_PARAMETER

EXTERNAL NAME: <PARAMETER NAME IN THE EXTERNAL MODEL>

Correctly specify the parameter name defined within a specified/written external model.
AS OPTIMIZING VARIABLE NUMBER: <N>

Give the number of the PARROT optimizing variable, which should have a unique link to
the specified parameter name of the external model.
For example, @@ Link PARROT variables to CAM parameters:

SET-EXTER-PAR GT (SLAG A,0-2,SI+4,CA+2) 1

SET-EXTER-PAR ET (SLAG A,0-2,SI+4,CA+2) 2

SET-EXTER-PAR EXT (SLAG A,0-2,SI+4,CA+2) 3

SET_FIX_VARIABLE

Prescribe a fixed value to a variable. The variable is considered as a constant at the optimization, usually
after successful optimization runs for some specific variables (for some of the phases in the system). Such
fixed variables can also be set back for further optimization run by using SET_OPTIMIZING_VARIABLE on

page 114.
Syntax  SET_FIX_VARIABLE
VARIABLE NUMBER: <VARIABLE NUMBER (S)>
Prompts Specify the number of the variable. It is possible to give a range by giving two numbers

with a hyphen in between (no spaces allowed), e.g. 1. The parameters within the limits are
set fixed to their current values (no question of values).

START VALUE /XXXX.XXXXX/: <A VALUE TO BE FIXED>

Specify a numerical value to be fixed for the selected variable (only when one variable
number is specified at the previous prompt). The current value for the selected variable is
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SET_FIX_VARIABLE

shown as default.

If a range of variable numbers is specified at the previous prompt, this question is not
prompted, and the current values are used as fixed values.

SET_OPTIMIZING_CONDITION

Specify the conditions for the optimization. The default values are chosen automatically by the PARROT
program, and in most cases these should not be changed.

“

Syntax

Prompt

The optimization stops when the sum of errors decreases by this value, even though it
might be possible to increase it further with a new OPTIMIZE command.

SET OPTIMIZING_CONDITION
REIATIVE STANDARD DEVIATION FOR EXPERIMENTS? /N/: <Y OR N>

Choose whether the standard deviation of the experimental determinations are absolute
values (N) or if these are used as relative weighting factors (Y). The estimated standard
deviations of the optimized variables might be different for the two cases.

MIN SAVE ON FILE? /Y/: <Y OR N>

Specify whether the program should minimize the transfer of data to and from the current
work file during the optimization:

IfY, it speeds up the optimization. After optimization use the SAVE_ PARROT_WORKSPACES
on page 111 command to update the progress onto the current work file.

If minimum saving on file is not specified (N), the workspaces are stored on the current
work file after every iteration in the optimization procedure.

ERROR FOR VARIABLE BOUNDS: /1/: <RETURN >
This feature has not been implemented yet. Press <Enter>.
REIATIVE STEP FOR CALCULATION OF DERIVATIVES: /1E-04/: <xXXX>

In the calculation of the correlation matrix for equilibria with inaccuracy in the independent
state variables, some numerical derivatives might have to be calculated.

Specify the relative step (xxx) for the calculation of these derivatives.
MAXFUN (VAOSAD): /100/: <N>

The maximum number of iterations in the optimization. The same value set by the
OPTIMIZE command.
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SET OPTIMIZING_CONDITION
DMAX (VAO5AD) : /100/: <IN>

An estimate of the maximum distance between the start and the final values of the
variables. A smaller value makes the program vary the parameters with smaller factors.

H (VAOSAD) : /1E-04/: <XXX>

The step used in the scaled variables for calculating numerical derivatives during the
optimization.

ACC/ (INITIAL SUM OF SQUARES) (VAO5AD): /.001/: <XxXxX>

The break condition for the optimization. The accepted value is the difference between the
true minimum and the calculated one.

SET_OPTIMIZING_VARIABLE

Specify which variable value should be estimated at the optimization. Such a variable can have a value of
zero or another start value, or is fixed by SET_FIX_VARIABLE on page 112 prior to the previous
optimization run.

For a good reference prior to this command, a list of all variables (which are used to define various
parameters for phases in the optimizing system, as pre-entered in the *SETUP.TCM file or interactively
entered in the GIBBS module) are obtained by using LIST_ALL _VARIABLES on page 101.

Syntax

Prompts

SET_OPTIMIZING_VARIABLE
VARIABLE NUMBER: <VARIABLE NUMBER (S)>

Specify the number(s) for the variable(s) to be set. Any non-zero parameter within the
range is allowed to be optimized. A parameter with a current value equal to zero must be
specified explicitly here in order to be optimized.

Specify a range by giving two numbers connected by a hyphen (no space allowed!), e.g.
2-8. Under this circumstance, no question of start values are asked.

START VALUE /XXXX.XXXXX/: <A GUESS VALUE>

Specify a start guess of the optimum value (only when one variable number is specified at
the previous prompt). The current numerical value for the selected variable is shown as
default.

s N

@ This guess is critical as the initial guess of all parameters must make it
possible to calculate the selected equilibria. If a range of variable numbers is
specified at the previous prompt, this question is not prompted, and the
current values (as start values) are not changed.
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SET_OUTPUT_LEVELS

Choose the type of information the PARROT module gives during the optimization procedure and when
listing results.

Syntax

Prompts

SET_OUTPUT_LEVELS
LIST INCREMENT /1/: <INCREMENT IN ITERATION NUMBER>

Specify the increment in iteration number for which information is listed on screen during
the optimization. By giving a larger number it shortens the list.

LIST SUM OF SQUARES: /Y/: <Y OR N>

Choose whether the sum of squares is listed on screen during the optimization
procedure.

LIST SCALED VARIABIES: /Y/: <Y OR N>

Choose whether the scaled variable values are listed on the terminal during the
optimization procedure.

LIST WEIGHTENED RESIDUALS: /N/: <N OR Y>

Choose whether the weighted residuals are listed on the terminal during the optimization
procedure.

LIST ALL PARAMETERS: /N/: <N OR Y>
Choose whether all parameters in the models are listed in LIST_RESULT on page 104.
LIST CORRELATION MATRIX: /N/: <N OR Y>

Choose whether the correlation matrix of the variables are listed with the commands
LIST_RESULT and LIST_ALL VARIABLES on page 101.

SET_SCALED_VARIABLE

This command is similar to SET_OPTIMIZING_VARIABLE on the previous page in that it specifies start

values for optimizing variables. The difference being it is functional for only one optimizing variable at
one time. It also prescribes a minimum and maximum value for the variable. During the optimization
runs, the variable value is limited within this min-max range.

Such a variable may have a value of zero or another start value, or may be fixed by SET_FIX_ VARIABLE on
page 112 prior to the previous optimization run. For a good reference prior to using this command, a list
of all variables (which are used to define various parameters for phases in the optimizing system, as
entered in the *SETUP.TCM file or interactively entered in the GIBBS module) is obtained by using LIST
ALL VARIABLES on page 101.
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Syntax ~ SET_SCALED_VARIABLE
VARIABLE NUMBER: <VARIABLE NUMBER (S)>

Specify the number for an optimizing variable to be set. Any non-zero parameter is
allowed to be optimized, and a parameter with a current value equal to zero must be
specified explicitly here in order to be optimized.

Prompts

START VALUE /XXXX.XXXXX/: <A GUESS VALUE>

Specify a start guess of the optimum value. The current numerical value for the selected
variable is shown as default.

@ This guess is critical as the initial guess of all parameters must make it
possible to calculate the selected equilibria.

MIN VALUE /XXXX.XXXXX/: <A GUESS VALUE>

Specify a minimum guess of the optimum value. It should be smaller than, at least equal
to, the current start value for the selected variable.

MAX VALUE /XXXX.XXXXX/: <A GUESS VALUE>

Specify a maximum guess of the optimum value. It should be larger than, at least equal
to, the current start value for the selected variable.

SET_STORE_FILE

Specify a store file (work file) to be used for compilation and optimization. The *.PAR work file must be
created (CREATE_NEW_STORE FILE on page 94) as a store file. The GIBBS, POLY and PARROT workspaces
are read from the specified store file (with a default extension of PAR).

Syntax SET_STORE_FILE

Enteran *.PAR file name in the File name field and specify the working directory in the
Prompt Look in field. Normally the default file-type in the Files of type field is the correct one for
the PARROT workspace format (i.e. *.PAR file). Click Open or Cancel as applicable.
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POLY_3 Commands

In this section:

ADD_INITIAL_EQUILIBRIUM ... 119
ADVANCED_OPTIONS Descriptions ...... ... e 120
ADVANCED_OPTIONS . . e 125
AMEND_STORED_EQUILIBRIA . . . . 133
CHANGE_STATUS .. e 135
COMPUTE_EQUILIBRIUM ... ... el 139
COMPUTE_TRANSITION . e 141
CREATE_NEW_EQUILIBRIUM ... ... 143
DEFINE_COMPONENTS e 143
DEFINE_DIAGRAM 144
DEFINE_MATERIAL . . L 147
DELETE_INITIAL_EQUILIBRIUM ... ... e 151
DELETE _SYMBOL ..o 151
ENTER_SYMBOL ..o L 151
EVALUATE_FUNCTIONS . e 155
LIST_AXIS_VARIABLE . . e 155
LIST_CONDITIONS . . L 155
LIST_EQUILIBRIUM ... e 156
LIST_INITIAL_EQUILIBRIA . . L 157
LIS T S TATUS 157
LIST_SYMBOLS ... oL 158
LOAD_INITIAL_EQUILIBRIUM ... ... e 158
M AP L 158
POST 160
READ_WORKSPACES .. . . . 160
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RECOVER START VALUES ... @ 160
REINITIATE MODULE ...\ oo 161
SAVE WORKSPACES ..o 161
SELECT EQUILIBRIUM ... oo 162
SET_ALL_START _VALUES ... oo 162
SET_AXIS _VARIABLE ...\ o oo 164
SET_CONDITION oo 165
SET_INPUT_AMOUNTS oo 168
SET_NUMERICAL LIMITS oo 168
SET_REFERENCE STATE ..o\ oo 169
SET_START _CONSTITUTION ..o 171
SET START VALUE ..o, 171
SHOW VALUE ... oo 172
STEP_WITH_OPTIONS ..o 172
TABULATE oo 187
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ADD_INITIAL_EQUILIBRIUM

Add initial equilibrium points from which a phase diagram is calculated (through the MAP on page 158
command).

Syntax ADD_INITIAL_EQUILBRIUM
DIRECTION /DEFAULT/: <DIRECTION CODE>

direction code (s) 1 or 2 for positive direction of axis 1 or 2, respectively; -1 or -2
for negative direction of axis 1 or 2, respectively; Default for all directions.

Prompt The direction is important when the initial equilibrium point is in a single-phase region or
when the phase diagram is an isopleth (tie-lines not in the plane of calculation). In such
cases, the program searches for a line in the diagram (i.e. a line where the amount of a
phaseis zero, imply that if it starts to become stable on one side of the line and disappear
on the other side) in the given direction.

Normally, this command is not needed to calculate a property diagram (with the STEP_WITH_OPTIONS
on page 172 - NORMAL command-sequence). In many cases, the ADD_INITIAL_EQUILBRIUM command
is not required for MAP commands either, as the mapping procedure starts from the current equilibrium
state already calculated. In order to calculate a simple phase diagram, set the equilibrium conditions and
the mapping axis variables, and then give a MAP command. But if a phase diagram has disconnected
lines, the ADD_INITIAL_EQUILBRIUM command may still be needed to add two or more initial equilibria
so that the MAP calculation starts from such initial equilibria at the specified directions to find all phase
boundary lines.

This command becomes unnecessary in most cases, as the MAP routines that by default use the Global
Minimization Technique handles all the initial equilibrium points in a robust and automatic way.
Therefore, you do not need to have a good guess of the starting point and to add any initial equilibrium
point prior to the calculations of various types of phase diagrams. However, if preferred, use this
command to add any initial equilibrium points in certain directions, the POLY module uses the specified
starting point(s) and corresponding user-added initial equilibrium point(s) for a mapping calculation; in
such a case, the automatic procedure in the rewritten MAP routines are not enforced while the Global
Minimization Technique can still be applied. Similar situations occur when a specific database, in which
there are some definitions of initial-equilibrium adding direction(s) for accessed binary and/or ternary
subsystems in its ACCESSED_SYSTEM section, is used in the BINARY or TERNARY module for calculating a
binary or ternary phase diagram.

The ADD_INITIAL_EQUILBRIUM command with the default direction scans along the axis variables and
generates start points each time the scanning procedure crosses a phase boundary. In addition, it
generates four start points, scanning cross the middle of each axis, if there is any solubility line that does
not reach the axes. At the MAP command, a search for lines in the diagram is made along each direction
of the axis variables in the diagram. In this way, it should guarantee that all possible phase boundary
lines in a phase diagram are found. Of course, it may take a little longer time to execute than using the
minimum number of start points, as some lines may be calculated more than once. But the POLY module
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remembers all node points and subsequently stops calculations along a line when it finds a known node
point.

It is also possible to create a sequence of start points from one initial equilibria by appending a > after the
direction at the ADD command. For example:

Direction /default/: 2>

Direction /default/: -2>

This generates one start point for each set of phase change in the positive direction of the axis 2 (or
negative direction of the axis 2); this ensures finding all possible phase boundary lines (not just the first
one) along such an axis direction.

This is particularly useful when you have a phase diagram with several lines with no intersection. It is thus
possible to calculate e.g. an isopleth for a much more limited composition range. It is also useful for
calculating CVD diagrams and Pourbaix diagrams.

All the initial equilibrium points generated by the ADD_INITIAL_EQUILBRIUM command (previously and
presently; saved in the current POLY workspace) can be easily listed out on screen with LIST_INITIAL
EQUILIBRIA on page 157. A certain initial equilibrium point (including its conditions and equilibrium
results) can be loaded into the current equilibrium, if needed, with LOAD INITIAL_EQUILIBRIUM on

page 158. Any specific or all of the initial equilibrium points can be deleted from current POLY workspace,
if desired, with DELETE_INITIAL_EQUILIBRIUM on page 151.

ADVANCED_OPTIONS Descriptions
@ Also see ADVANCED _OPTIONS on page 125 for information about the command.

These ADVANCED_OPTIONS can be set:
EQUILIBRIUM_CALCUL

Designed to decide how to perform the Ordinary POLY Minimization (i.e. the traditional Gibbs Energy
Minimization) in the POLY module. By default, the Global Minimization Technique for various single point
equilibrium calculations and for stepping or mapping calculations is used. You can use the advanced
option GLOBAL_MINIMIZATION on page 236 to permanently turn off (for all sequential calculations
throughout the current TCC run) the Global Minimization Technique and consequently use only the
Ordinary POLY Minimization, and additionally adjust the ways to proceed the normal minimization
(mainly in terms of how to control the steps in reaching Gibbs energy minima in an equilibrium state).
When enforcing the Global Minimization Technique in the equilibrium calculations, you can further
adjust the manners for assigning grid-points and for handling new possible compositional set(s) for
solution phases during stepping/mapping; since the Global Minimization Technique also uses the normal
POLY optimization routine for some calculations, it is also possible to change the ways on how to control
the steps in reach Gibbs energy minima in an equilibrium state, in order to improve convergence.

GLOBAL_MINIMIZATION

Designed to decide how to perform the so-called Global Minimization in the POLY module. By default,
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the POLY module uses the Global Minimization Technique for various single-point equilibrium
calculations and for stepping or mapping calculations. You can use this to permanently (for all sequential
calculations throughout the current TCC run) turn off the Global Minimization Technique and
consequently use only the Ordinary POLY Minimization, and additionally adjust the ways to proceed the
normal minimization (mainly in terms of how to control the steps in reaching Gibbs energy minima in an
equilibrium state). When enforcing the Global Minimization Technique in the equilibrium calculations,
you can adjust the manners for assigning grid-points and for handling new possible compositional set(s)
for solution phases during stepping/mapping; since the Global Minimization Technique also uses the
normal POLY optimization routine for some calculations, it is also possible to change the ways on how to
control the steps in reach Gibbs energy minima in an equilibrium state, in order to improve convergence.
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LIST_PHASE_ADDITION

The values set as additional contributions (given by PHASE_ADDITION) to Gibbs energy Gm (J/mol
formula unit) to all the phases (stoichiometric or solution) are listed at the current calculated equilibrium.

MAJOR_CONSTITUENTS

Use this to set the major constituent(s) of a composition sets in a miscibility gap of a solution phase.
Normally, the major constituents are specified when a new composition set is created by the NEW _
COMPOSITION_SET option; but for the first composition set, this option may be needed before using
NEW_COMPOSITION_SET.

NEW_COMPOSITION_SET

A solution phase that can exist with two (or more) different compositions simultaneously must have two
(or more) composition sets in its phase descriptions. Normally the database creates as many
composition sets as is necessary but use this command to add or delete more composition sets. A
complex solution phase in a defined multicomponent system can have up to 9 different composition sets
for the purpose of appropriately handling its possible miscibility gap(s) under various temperature-
pressure-composition conditions.

This option is unnecessary if the Global Minimization Technique is in use, as it can automatically detect all
possible miscibility gap(s) for complex solution phases (normal or disordered/ordered phases) and then
automatically add required composition sets for such phases in the defined system.

This option can automatically create composition sets also for disordered phase when it is executed for
the ordered phase.

If you have your own data file, this option must be used to indicate that a solution phase can have a
miscibility gap (or may exhibit some complex phase separations as to more than two composition sets),
unless that the possibly-additional composition set(s) for the solution phase must have already been
added inside the TDB file (through a TYPE_DEFINITION command to amend composition-set) or been
manipulated through the GIBBS module (using the AMEND_PHASE_DESCRIPTION COMPOSITION_SET
command-sequence). This option asks for default major constituents for the new sets and it is important
that this is set correctly, otherwise the test for miscibility gaps may fail.

OUTPUT_FILE_FOR_SHOW

The name of a text file is asked for and all the results output from the command SHOW_VALUE is written
to this file.

PARAEQUILIBRIUM

This calculates a paraequilibrium between two specific phases in an alloy system with one or more
interstitial component(s) as fast diffusion species. Under the paraequilibrium state, two partially-
equilibrated phases have the same chemical potential (but different contents) for one or more interstitial
components (such as C, N, O, S, etc., as individual or combined)], along varied temperature or along a
composition variable (of the matrix or one substitutional component) which has already set as the
stepping variable with SET_AXIS_VARIABLE on page 164.
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To ensure a successful point calculation of paraequilibrium state between two specific phases in a defined
alloy system, it is important that you first have made a single-point equilibrium calculation with an initial
overall composition in the current system before performing this advanced-option calculation; however,
it is unnecessary to obtain an equilibrium in which either one or both of the target phases is stable. The
initial overall composition must have a reasonable setting for the desired paraequilibrium calculation for
the two target phases. This is especially true for cases where there are more than one interstitial
components to be considered in the paraequilibrium state, because different interstitial components (for
example C and N combined) may have significant different behaviours as partitioning into different
structured phases; otherwise, for one chosen interstitial component the initial overall composition is OK
for the paraequilibrium calculation between the specified two phases, but for other chosen interstitial
component(s) it might be impossible to calculate the paraequilibrium state.

Note the following:

Always check if the chosen phases A and B have the exactly same definition of elements and if the chosen
interstitial components are all in the vacancy sublattice sites of the two phases; otherwise the program
cannot find the paraequilibrium state (as it is impossible to correctly calculate u-fractions).

Always have a comprehensive understanding of the normal phase diagram for the currently investigated
system, so that you make the appropriate choice of the phase pair and staring bulk composition for the
system.

Always set the status of the chosen interstitial components as SPECIAL using the POLY command:
CHANGE_STATUS on page 135 Component <interstitial component> = SPECIAL. By doing this,
you get a clear picture of u-fractions of various substitutional and interstitial components, which are
different from the overall composition in the system. The SPECIAL status means that specified
component(s) are not included in summations for mole or mass fractions. Therefore, all the composition
variables plotted from paraequilibrium calculations are u-fraction related quantities.

PHASE_ADDITION

Sometimes it is interesting to add a constant contribution to the Gibbs energy of a phase (stoichiometric
or solution). This can be done in the Database Module (DATA) or Gibbs Energy Module (GIBBS), for a
stoichiometric phase, or for a pure end-member in a solution phase. However, if the addition is related to
the equilibrium state, for example, strain energies or surface energies, interfacial energies or deformation
energies, it may be more convenient to have this quantity related to the equilibrium state rather than
the thermodynamic data.

Give a value of an addition to the Gibbs energy of a phase. The value should always be constant (implying
that the addition is not a function of phase composition or temperature-pressure conditions in the
equilibrium state) and always be given in the unit of J/mol formula unit of the phase.

PRESENT_PHASE

The phase specified must be stable at all equilibria calculated during a MAP on page 158 command. Itis a
way to limit the calculations of the monovariant lines in a ternary system to those in the liquidus surface.
Normally such a calculation would have two compositional axes and a temperature axis and all
monovariant lines, also those between 3 solids, would be mapped. If the liquid is set as PRESENT, only
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those with the liquid is mapped.
SHOW_FOR_T=

Display various thermodynamic properties (state variables, derived/partial variables or entered symbols)
of the currently calculated (stable/meta-stable) equilibrium state but under a different temperature
condition. This is useful for knowing, for example, a volume-related property of a frozen (stable/meta-
stable) equilibrium state at a certain temperature, where the equilibrated phase assemblage and all the
phase compositions are not adjusted while only the temperature condition is changed.

Use this option carefully. You must have successfully calculated a real equilibrium state under one
temperature condition (normally the temperature for the last heat treatment). This can then be used to
obtain the value(s) of any specified state variable(s) or derived/partial variable(s) or defined symbol(s) for
thermodynamic properties of the entire system, of components, or of phases for the currently-defined
system (being in a frozen state) under another temperature (normally at room temperature). No real
equilibrium is re-calculated through this option, and thus the phase amounts and compositions in the
system are the same as at the last real equilibrium calculation.

STABILITY_CHECK

In some composition ranges of a multicomponent system, it often happens that an unstable solution
phase region locates inside a miscibility gap, and the stability limit (the spinodal curve or spinodal) may
be not easy to find. A system inside a spinodal is thermodynamically unstable with respect to
compositional fluctuations, and the system may experience the spinodal decomposition (i.e.
decomposing to a mixture of regions with the two stable compositions, one on each side of the
miscibility gap).

This option makes it possible to automatically check internal stability of both stable and unstable phases
in all subsequent single-point equilibrium and MAP/STEP calculations. It can find out if any phase is
subject to spinodal decomposition during the subsequent calculations. If there is an unstable phase
located inside a miscibility gap in a calculation, it gives a warning so that you suspend the unstable
phase, or use FORCED automatic start values for phase constituents (i.e. SET_ALL START _VALUES on
page 162 - FORCE command-sequence), or create other composition sets; you can also ignore the
warning message if you know that the unstable phase is not formed in the current calculations.

STEP_AND_MAP

This is the default and is used to determine how to perform Global Minimization test and how to handle
initial equilibrium points.

T-ZERO_TEMPERATURE

This calculates the temperature when two specific phases have the same Gibbs energy, i.e. the so-called
TO temperature. You must calculate an equilibrium state at an estimated temperature before performing
this advanced-option calculation; however, it is unnecessary to obtain an equilibrium state in which
either one or both of the target phases is stable.

TOGGLE_ALTERNATE_MODE

Toggle the ALTERNATE mode for experimental equilibrium calculation between DEFAULT, ALWAYS and
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NEVER, during data-assessments using the PARROT optimization.

ADVANCED_OPTIONS

@ Also see ADVANCED_OPTIONS Descriptions on page 120.

Syntax

Prompt

Options

NONE

STEP AND MAP
(the default)

ADVANCED_OPTIONS
WHICH OPTION? /STEP AND MAP/: <OPTION>
Description and Information

Take away any set advanced option in all subsequent single-point equilibrium and
MAP/STEP calculations.

If there is any convergence problem in finding a stable solution, at any stage of an
advanced option calculation conducted by an ADVANCED_OPTIONS command-
sequence, these messages display:

Convergence problems, increasing smallest site-fraction from

1.00E-30 to hardware precision 2.00E-14. You can restore using
SET-NUMERICAL-LIMITS

The smallest site fraction in the current POLY3 workspace is automatically
increased from the default value 1.00E-30 to the hardware-dependent precision
(under Linux, as 2.00E-14). For other subsequent POLY-module calculation in the
current TC run, you can use the POLY command SET_NUMERICAL_LIMITS on
page 168 to restore or reset the smallest site fraction to the previous or another
preferred value, as well as to reset other numerical limits.

Settings for MAP and STEP:

GLOBAL TEST INTERVAL /0/: <INTEGER NUMBER>

Settings for MAP:

AUTOMATICALLY ADD INITIAL EQUILIBRIA /Y/: <Y OR N>
NUMBER OF MESH ALONG AN AXIS /3/: <INTEGER NUMBER>
USE INSIDE MESHING POINTS /N/: <Y OR N>

GLOBAL TEST INTERVAL /0/: <INTEGER NUMBER>

The integer number determines how often the Global Minimization should be
used during STEP_WITH_OPTIONS and MAP calculations. Ifit is set to O (zero), the
recommended global test interval is used: i.e. every tenth step and at each phase
change during STEP calculations, and only at node points during MAP
calculations. Any other positive integer number, n, suggests it performs a Global
Minimization test at every n-th step during STEP and MAP calculations. Of course,
the Global Minimization test is always carried out at a phase change or a node
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ADVANCED_OPTIONS

point. The Thermo-Calc software is installed with 0 (zero) as the default value, but
such a configuration for the default value can be changed by using SET_TC_
OPTIONS in the SYS module.

AUTOMATICALLY ADD INITIAL EQUILIBRIA /Y/: <Y OR N>

When ADD_INITIAL_EQUILIBRIUM on page 119 is not used before MAP, a mesh of
initial equilibrium points are added before the mapping itself takes place. This
mesh is only available when two (2) axes are already defined. The default on start-
up may be changed by SET_TC_OPTIONS in the SYS monitor.

NUMBER OF MESH ALONG AN AXIS /3/: <INTEGER NUMBER>

An integer for how many intervals of initial equilibrium points to be added along
an edge in the diagram. For example, if set to 2 (two), initial equilibrium points are
added at the beginning, centre, and end of each axis-variable forming 2 intervals.

USE INSIDE MESHING POINTS /N/: <Y OR N>

If N the INITIAL_EQUILIBRIUM mesh consists of initial equilibrium points added
only along the edge/border of the diagram defined by the axis-variables. If v, the
initial equilibrium points added are also added inside edge.

The following prompts affect the ways how the POLY optimization does the
Ordinary POLY Minimization to reach the minimum of an equilibrium state.

Settings for the minimization of an equilibria:

FORCE POSITIVE DEFINITE PHASE HESSIAN /Y/: <Y OR N>
CONTROL STEPSIZE DURING MINIMIZATION /Y/: <Y OR N>

FORCE POSITIVE DEFINITE PHASE HESSIAN /Y/: <Y OR N>

Choose Y or N to determine how to reach the minimum of an equilibrium state in
a normal POLY optimization procedure. This is related to the special quantity, the
phase stability function QF (phase), for all kinds of phases in an equilibrium state

[A phase stability function for a phase is negative when the phase composition is

inside a spinodal, and positive everywhere else].

If the composition of a solution phase is inside its spinodal, the enforcement of
positive definite eigenvalues of a Hessian matrix (i.e. by answering Y) makes the
step be taken towards the minima rather than the local maxima. Furthermore, if
an eigenvalue (for a phase) of the Hessian matrix is near 0.0, the step-size is large
and the answering Y sets a lower limit to this eigenvalue, and reduces the step-
size and improves the convergence. The POLY command-sequence SHOW_VALUE
QF(phase) shows the size of the lowest eigenvalue of a phase in an equilibrium
state.
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By answering Y it might help the Ordinary POLY Minimization to converge, if there
is such a problem, especially if QF(phase)=0 for phases.

By answering N the Ordinary POLY Minimization routine is applied.

For each phase in a defined system, the molar Gibbs energy of the phase is a
function of the temperature-pressure condition and its composition:

Gm(X) :Gm(TaP;yl’y27""yn)

Compute a Hessian matrix as which describes the curvature of the Gibbs energy
curve of this phase at the defined composition X:

0%G,, [0y 0y,

Diagonalise this matrix and call the Eigenvalues as el,e2,...,en . The QF(phase)
qguantity for this phase is the lowest of these eigenvalues divided by the same
values for a corresponding ideal (stoichiometric) phase:

OF(ph) = min({e,e,,....e, }) / min({se,se,,....se, })

Here, sel,se2,...,sen are the eigenvalues for the ideal phase. Therefore, for an
ideal (stoichiometric) phase, the QF(phase) should always be 1.0.

CONTROL STEPSIZE DURING MINIMIZATION /Y/: <Y OR N>

Choose Y or N to determine whether to introduce a control of step-size while
reaching the minimum of an equilibrium state in a normal POLY optimization
procedure. By answering Y it might help the POLY optimization to converge,
especially if when some site fractions are less than 1E-4.

The following prompts affect how the Global Minimization is done. Settings for
global minimization:

USE GLOBAL MINIMIZATION AS MUCH AS POSSIBLE /Y/: <Y OR N>

USE GLOBAL MINIMIZATION FOR TEST ONLY? /N/: <Y OR N>

MAXTMUM NUMBER OF GRIDPOINTS PER PHASE /2000/: <INTEGER NUMBER>

USE GLOBAL MINIMIZATION AS MUCH AS POSSIBLE /Y/: <Y OR N>

Choose Y or N to decide if using the Global Minimization Technique from start of
calculation or not. The default value on start-up may be changed by SET_TC_
OPTIONS in the SYS module.

If Yy the calculation is done when possible (depending on the condition settings),
and a Global Minimization test is always performed when an equilibrium is
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Syntax ADVANCED_OPTIONS

reached. This costs more computer time but the calculations are more accurate.

If N the calculation is not used to reach the equilibrium state. Use global
minimization for test only? determines if the Global Minimization test is
made against the calculated equilibrium states obtained by the Ordinary POLY
Minimization calculation.

USE GLOBAL MINIMIZATION FOR TEST ONLY? /N/: <Y OR N>

If Y a calculated equilibrium state obtained by the Ordinary POLY Minimization
calculation is tested against the Global Minimization Technique after it is reached;
and if found it as unstable, there is an error message.

If N the Global Minimization Technique is never tested for or done for all
sequential calculations throughout the current TCC run. This implies that Global
Minimization Technique is permanently turned off, and that consequently only
the Ordinary POLY Minimization routine is used.

MAXIMUM NUMBER OF GRIDPOINTS PER PHASE /2000/: <INTEGER NUMBER>

Specify the maximum number of grid points that are computed for each of the
phases in the currently defined system, during the calculations enforced by the
global minimization. More grid points give a higher robustness and take more
computation time. The total number of computed grid points in all phases is
limited to 2E6.

IGNORE_COMPOST

IGNORE ITION SET ORDER /N
SET ORDER GNORE COMPOSITION SET O /N/

The following prompts are to specify the additional composition set(s) to handle
possible miscibility gap(s) of a certain solution phase:

PHASE WITH MISCIBILITY GAP: <NAME OF A PHASE>
Specify the name of the phase with miscibility gap.
NEW HIGHEST COMPOSITION SET NUMBER /2/: <#>

NEW The default value is usually one higher than the current value. Each phase has
COMPOSITION SeT initially one composition set. If a lower value is given, composition sets are
deleted. You cannot take away the first composition set.

A message displays to show that you need to specify the composition for the
composition set # (2,3,...).

MAJOR CONSTITUENT (S) FOR SUBLATTICE 1: /XX/: <YY>

The major constituents (YY) in each sublattice can be given. This may simplify
giving start values when calculating the equilibrium as phases with miscibility gaps
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should have different major constituents for each composition set.

This prompt is repeated for each sublattice in the phase, sometimes even for all
sublattices in the first composition set if such major constituents have not been
specified.

The following prompts are to specify the major constituent(s) on each of the
sublattice sites for a composition set of a certain solution phase:

PHASE NAME: <NAME OF A PHASE>

Specify the name of the solution phase with a new set of major constituents.

COMPOSITICON SET NUMBER /1/: <#>

The default value for the composition set number (#) is usually /1/ as the other
composition sets are given major constituents when creating them. Each phase
has initially one composition set.

MAJOR CONSTITUENT (S) FOR SUBLATTICE 1: /XX/: <YY>

The major constituents (YY) on each sublattice of a solution phase can be given.
This may simplify giving start values when calculating the equilibrium as phases
with miscibility gaps should have different major constituents for each
composition set.

This question is repeated for each sublattice in the phase.

The following prompts are to specify the additional energy term (always being a
constant) of a given phase.

PHASE NAME:: <NAME OF A PHASE>

Specify the name of the (stoichiometric or solution) phase with the addition.

ADDITION TO G PER MOLE FORMULA UNIT: <XX3XXXX>

The value (xxxxx) given is added to the Gibbs energy of the (stoichiometric or
solution) phase. It can represent a nucleation barrier, surface tension, elastic
energy or whatsoever.

D/ It is not composition-, temperature- or pressure-dependent.

No additional prompt.

Specify the name of the present phase a the name of the phase that should be
present at all calculated equilibria:
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PRESENT PHASE:
PHASE NAME:: <NAME OF A PHASE>

NAME OF FIRST PHASE: <PHASE A>
NAME OF SECOND PHASE: <PHASE B>

The names of phases A and B must be given, for which the TO temperature (where
the Gibbs energies are equal) is to be calculated.

If the TO temperature between the two specified phases is successfully calculated,
a message displays, e.g.

THE TO TEMPERATURE IS 840.82 K. NOTE: LIST-EQUILIBRIUM IS NOT RELEVANT

The first message shows the calculated TO temperature between the two specified
phases.

The second message indicates that after this option calculation with LIST_
EQUILIBRIUM is irrelevant and does not list the equilibrium for the system at the
TO-temperature.

NAME. OF FIRST PHASE: <PHASE A>
NAME. OF SECOND PHASE: <PHASE B>

The names of the two target phases A and B, between which the paraequilibrium
state is to be calculated, must be entered subsequently or on the same (first) line
at once then separated by an empty space, e.g. FCC#1 BCC or FCC#2 M23C6.

D/ You need to understand what you are dealing with in terms of
calculating a paraequilibrium state between the two specified
phases.

Specifically, there are four distinguished cases to understand: (1) both chosen
phases must have similar interstitial/vacancy sublattices where the fast-diffusion
interstitial component(s) occupy; (2) the choice on the target phase pair must be
reasonable for the defined system and specified initial overall composition; (3)
both target phases should have phase constitution definitions that cover all the
defined substitutional and interstitial components of the current alloy system; or
(4) it is impossible to calculate the paraequilibrium state between the target phase
pairs with given interstitial component(s) in the currently defined system.

FAST DIFFUSING COMPONENT: /C/: <INTERSTITTAL COMPONENT (S)>
FAST DIFFUSING COMPONENT: /NONE/: <INTERSTITIAL COMPONENT (S)>

The name(s) of the fast-diffusing component(s) (C as the default single
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component) must be given at the above prompts subsequently or at the same
(first) prompt. It is possible to specify more than one interstitial component as
fast diffusion species.

Note the following:

Such specified interstitial component(s) must be appropriately defined according
to the phase constitution definitions of the two selected phases: these must be
located on the interstitial/vacancy sublattices in both chosen phases;

If there is only one fast-diffusing component which is carbon, press the <Enter>
key to accept the default input at the first prompt; if the single fast-diffusing
component is another element (e.g. N), type its name at the first prompt;

If there are two or more fast-diffusing components (e.g. C and N), type their
names at the above prompts subsequently or at the same (first) prompt
(separated by an empty space, such as ¢ N);

To finish the input of fast-diffusing elements, accept NONE at a repeated prompt,
i.e. by pressing <Enter> key to start the paraequilibrium point calculation;

If NONE or a non-existing component name is typed at the first prompt, it means
no back diffusion is to be considered, and the para-equilibrium calculation is thus
cancelled entirely.

If the paraequilibrium state between the two specified phases is successfully
calculated, the messages displays e.g.

NP (FCC) = 0.3586 with U-fractions C = 2.71821E-02 N = 4.1548129E-
03
NP (BCC) = 0.6414 with U-fractions C = 7.10061E-04 N = 2.3781027E-
04

All other compositions the same in both phases

Note: LIST-EQUILIBRIUM is not relevant

The first and second lines list the phase amounts expressed in mole-percent [NP
(phase)] and the contents of the interstitial components C and N in a specific
phase expressed in the so-called u-fractions [u-f(phase,C) and u-f(phase,N)], for
the phase A (in this case as FCC) and phase B (in this case as BCC), respectively.
The third line states that the compositions of the matrix component and all the
remaining compositions (regarding substitutional components) in both the target
phase A and target phase B are the same at the current paraequilibrium state,
while these are not shown on screen. The last line indicates that after this
advanced-option calculation the LIST_EQUILIBRIUM command is irrelevant and
does not list the paraequilibrium state for the system at the current condition.
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However, if the single-point calculation of the paraequilibrium state between the
two specified phases has failed, these messages display:

*** ERROR 4 IN NSO1AD
*** NUMERICAL ERROR

This implies that the chosen target phase pair may be unreasonable for the
defined alloy system or for the defined initial overall composition, or one or both
phases may have inappropriate phase constitution definitions regarding the
specified interstitial component(s). Then, you must either modify the settings of
initial overall composition or specify the reasonable target phase pair with an
appropriate choice of the fast diffusion interstitials in the defined alloy system.

STARILITY CHECK ON? /Y/: <Y OR N>

The default is Y to switch on the automatic stability check during all subsequent
single-point equilibrium and MAP/STEP calculations. By answering N, there is no
stability check in various calculations.

CHECK ALSO FOR UNSTABLE PHASES? /Y/: <Y OR N>

If the automatic stability-check option is switched on choose to also check the
stability for unstable phases. The default is Y and if an unstable phase is found to
be located in a miscibility gas during a subsequent single-point equilibrium or
MAP/STEP calculation, a warning message informs you to selectively make
adjustments in the calculation settings [e.g. suspending the unstable phase, or
using FORCED automatic start values for phase constituents by theS_A_ S VF
command-sequence, or creating other composition sets, etc.]. By answering N
the stability check is enforced only to stable phases in the system.

SET ALTERNATE TOGGLE TO DEFAULT, ALWAYS, OR NEVER?
SET GLOBAL TOGGLE TO DEFAULT, AILWAYS, OR NEVER?

DEFAULT means that the experiment points are calculated according to the
Alternate Technique depending on the SET_ALTERNATE command.

ALWAYS means the experiment points are always calculated according to the
Alternate Technique even if the Alternate Mode is switched off in the PARROT
module.

NEVER means the experiment points are calculated as normal equilibria even if
you SET_ALTERNATE in the PARROT module.

TEMPERATURE (K) /298.15/: <TEMPERATURE IN K>

Specify the new temperature condition (in K) under which the values of some
specific state variable(s) or derived/partial variable(s) or defined symbol(s) for
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various thermodynamic properties of the entire system, of components, or of
phases) in the currently-defined system (being in a frozen state) is shown on
screen.

STATE VARIABRLE OR SYMBOL /VM/: <STATE VARIABLE OR SYMBOL NAME (S)>

Specify the name(s) of the desired state variable(s) or derived/partial variable(s) or
defined symbol(s) for various thermodynamic properties of the entire system, of
components, or of phases) in the currently-defined system. More than one state
variable or symbol of interest can be simultaneously specified on the same line.
For example, you can choose to show the values of VM or GM (i.e. molar volume
or molar Gibbs energy of the entire system), or of VM(*) or HM(*).T (i.e. molar
volumes or isobaric heat capacity of all phases), or of ACR(*), DGM(*) and LNACR
(*,FCC) [i.e. activities of all system components, driving forces for all phases, and
activities (in logarithm) of all system components in the FCC solution phase],
under the new temperature condition (being in a frozen state).

A window opens with a default name for the file tc_show.dat. Choose a location
to save the file and click Open.

AMEND_STORED_EQUILIBRIA

This command gives information about the calculated blocks (and phase regions included in blocks) after
the STEP or MAP calculation(s). It allows you to list all or part of the calculation results, to suspend all or
parts of the calculation results that are redundant or where metastable equilibria are calculated, and to
restore all or parts of the calculation results (if having been suspended by another AMEND_STORED _
EQUILIBRIA command).

The workspace for storing equilibria may overflow during stepping or mapping, and is then written to a
file as blocks. Each block usually contains one or more ranges of equilibrium regions.

Use one these options:

L to list the calculated equilibria (all or a specified block)
s to suspend everything (all blocks and their regions)
0 to suspend each set of equilibria individually (specified blocks and/or regions)

R to restore everything (all blocks and their regions)
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NAME: <NAME OF A DEFINED TABLE>

List (1) the calculated equilibria, suspend everything (S) or suspend each set of equilibria
individually (Q), or restore everything (R).

BLOCK /*/: <BLOCK NUMBER>

Specify a block number in the option 1, S, Q or R. Orinclude all the blocks in the amending
option, by accepting the wildcard * (press <Enter>).

For 1, a block (if a block number is specified) or all the blocks (if the wildcard * is
accepted/used), with the regions and the equilibrium details, that are calculated during
stepping or mapping is listed on screen or in a textual file.

For @, each ranger in a block (if a block number is specified) or in all blocks (if the wildcard *
is accepted/used) then choose:

S (USPEND) K(EEP) /K/: <S OR K>

For s orR, if a block is specified, you are asked what region in the block should be
suspended or restored. However, if the wildcard * is accepted/used, you are asked the
following:

REALLY SUSPEND ALL /N/: <Y OR N>
REALLY RESTORE ALL /N/: <Y OR N>

If the answer is N, the program asks for which block(s) and which region(s) in a certain
block to execute the s or R action.

REALLY SUSPEND ALL /N/: <Y OR N>

Y suspends everything.

REALLY RESTORE ALL /N/: <Y OR N>

Y restore everything.

RANGE: <RANGE (S) OF REGION>

Specify one or more ranges to be suspended (the S option) or restored (the R option). The
wildcard * suspends or restores all ranges in the specified block.

In order to know the ranges the LIST option must first be used.
S (USPEND) K(EEP) /K/: <S OR K>

The Query suspend option (Q) asks for each region in a certain block if it should be
suspended or kept. Suspended regions are not included on sequentially generated plots.

OUTPUT FILE: /SCREEN/: <FILE NAME>
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This prompt is only for listing (the L option), and after it the command is terminated. The
file name must be given here; or accept the default SCREEN (terminal) by pressing
<Enter>. A list of stored equilibria as various blocks (with all their ranges) are shown out on
screen or the file.

CHANGE_STATUS

In the POLY module, set the status for components, species and phases in the defined system for all the
sequential calculations (single-point, stepping and mapping) in equilibrium or local/partial equilibrium
state. Each component, species and phase has a status. The default status is ENTERED.

The most important use is to calculate metastable equilibria and metastable phase diagrams by setting
some phases (that would otherwise be stable) to the SUSPENDED or DORMANT phase-status. Another
important applications is to calculate paraequilibria by setting some components to the SPECIAL
component-status.

For a component and for a species, the status can be one of the following:

e ENTERED - the component(s) or species are included in the calculation. This is the default
status.

e SUSPENDED - the component(s) or species are not considered in the calculation.

e SPECIAL means - specified component(s) are not included in summations for mole or
mass fractions. It only works for component(s).

D/ Only component(s) can have the status SPECIAL, which implies that these are not included
in summations for mole or mass fractions.

For example, for the u-fractions or other normalized fractions, when one or more of the components are
excluded from the summation, you must specify which component(s) should be excluded from the
calculation of mole or mass fraction. This component status is particularly useful when calculating
paraequilibrium states. Such component(s) are normally interstitial component, and must have the
status SPECIAL. This is assigned by the CHANGE_STATUS command.

Syntax CHANGE_STATUS

FOR PHASES, SPECIES OR COMPONENTS? /PHASES/: <KEYWORD>
Prompts

Keyword =phase or species or components

PHASE NAME (S) : <NAME (S) OF THE PHASE (S)>

For phase as the keyword, the names of the phases that have their status changed must
be given (all on one line). Acomma or space must be used as separator. The status to be
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assigned to the phases can also be given on the same line if preceded with an equal sign =.

D/ An asterisk, *, can be used to denote all phases. The special notations *S,
i.e. a wildcard * directly followed by an S, sign, means all suspended phases.
In the same way, *D means all dormant phases, and *E means all entered
phases.

NAME (S) : <NAME (S) OF THE SPECIE(S) OR COMPONENT (S)>

For species or component as the keyword, the names of the species or components
that have their status changed must be given (all on one line). Acomma or space must be
used as separator. Similarly to the case of phase as the keyword, the status to be
assigned to the species or components can also be given on the same line if preceded
with an equal sign =.

D/ An asterisk, *, can be used to denote all species or components. The special
notations xS, i.e. a wildcard * directly followed by an s, sign, means all
suspended species or components. In the same way, *E means all entered
species or components.

STATUS /ENTERED/: <NEW STATUS>
The new status to be assigned must be given.

For species, the values ENTERED or SUSPENDED can be used.

For components, the status ENTERED, SUSPENDED or SPECIAL can be given. SPECIAL
means that this component is excluded from sums for mole fractions and mass fractions,
which is useful when calculating the ufractions or other normalized fractions of system
components.

For phases, the status ENTERED, SUSPENDED, DORMANT or FIXED can be given.
DORMANT means the same as suspended but the driving force is calculated. FIXED means
that it is a condition that the phase is stable at a certain amount.

For example, for the ufractions, when one or more of the components are excluded from
the summation, you must specify which component should be excluded from the
calculation of the mole fraction. This component must have the status SPECIAL. This is
assigned by the CHANGE_STATUS command: Change Status comp C=special.

START VALUE, NUMBER OF MOLES /0/: <INITIAL AMOUNT>

For ENTERED phases, an initial amount ofthe phase can be given. Normally, Ois
given if the phase is not likely to be stable, and 0.5 or 1 or any positive number if the
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phase could be stable, but such an initial amount is only used as the rough starting
estimation in the equilibrium calculations.

NUMBER OF MOLES /0/: <EQUILIBRIUM AMOUNT>

For FIXED phases, the equilibrium amount ofthe phase [always using an initial
estimation being the NPF (phase) value which it is the normalized mole number of
components (per mole formula unit) of the specific status-fixed phase] must be given. If
the equilibrium amount is zero, then the phase is at its stability limit.

Special attentions should be paid when specifying a FIXED phase status in equilibrium
calculations (for single points, stepping or mapping calculations), as described below:

The phase amount variables, NP(phase), BP(phase) and VP(phase), as well as all their
M/W/V-suffixed quantities, should not be used as conditions. Instead, use the CHANGE_
STATUS command to set a relevant condition, e.g. CHANGE STATUS phase
<phase>=fix <amount> where the fixed <amount>is roughly the same as the F-
suffixed quantity NPF (phase).

The NPF (phase) quantity is the normalized mole number of components (per mole
formula unit) of the specific phase in the defined system, which unlike other F-suffixed
state variables [e.g. GF(phase), HF(phase) and DGF(phase)] cannot be directly applied in
any POLY command, implying that it cannot be directly evaluated or listed/shown. If
intended to shown such a normalized phase amount value in an equilibrium state, you
should use a properly-entered symbol (function or variable), for example: NPFabc = NP
(abc) /NA Or NPFabc = NPM (abc) /NA*N. Nis the total system size (in mole). The NA
value is a quantity that is phase-dependent (and sometimes also equilibrium-dependent
for ionic solution phases), and is the total atomic number in a mole-formula-unit of the
specific phase abc (excluding interstitial component and, of course, vacancy). For
example, the SIGMA, FCC, BCC and LIQUID phases (among others) in a defined Fe-Cr-Ni-C-
N-O system (retrieved from a specific database) may be modelled by certain models, and
their NA values must be evaluated in different ways, as described below:

LIQUID (C,Cr,Cr03/2,Fe,Fe0,FE03/2,N,Ni,Ni0O)1 =NA = 1
FCC_ Al (Cr,Fe,Ni)l(Va,C,N,0)1 =NA = 1
BCC A2 (Cr,Fe,Ni)l(Va,C,N,0)3 =NA = 1

SIGMA (Fe,Ni)8(Cr)4 (Cr,Fe,Ni)18 =NA = 30

Ifin the same Fe-Cr-Ni-C-N-O system the liquid solution phase is modelled by the Two-
Sublattice lonic Liquid Model, i.e.:

IONIC LIQ (Cr+3,Fe+2,Ni+2)p(VA,C,N,0-2,FE03/2)q,7

then the evaluation of its NA value becomes even more complicated:

NA = p + g*yC2 + g*yN2 + g*y02@R + g*yFe02 3/ 2
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where the stoichiometric coefficients p and g are also dependent upon the real
equilibrium state (rather than having fixed values in the system). Similar situations occur
for other (solid) phases which are described by a multiple sublattice model with ionic
constituents, such as SPINEL and HALITE phases in some databases.

There is no strange thing when using a zero value [i.e. 0] in a FIXED phase-status, since it
means the specified phase is stable in equilibrium state but has a zero-amount of mass in
the equilibrium calculations; in other words, on a phase diagram, the specific phase is on
a zero-fraction line (ZFL), i.e. it starts becoming stable on one side of a corresponding
phase-boundary line or unstable on the other side of the same boundary. It is often and
efficient to do so when calculating e.g. solidus equilibrium states.

However, when a non-zero value [it must always be positive; e.g. 1or 0.5 or 0.3 or 1.5] is
to be specified in a FIXED phase-status, it is unnecessarily the exactly same stable amount
of the specific FIXED-status phase in a calculated equilibrium state any longer; instead, the
<equilibrium amount> value is the NPF(phase) value that is only roughly used as the
estimated starting-value of the FIXED-status phase in the equilibrium calculations.

Therefore, a FIXED-status for a liquid phase being unity does not necessarily imply that it
is a liquidus equilibrium state (where the liquid phase is in equilibrium with some solid
phases but the liquid phase takes all the mass in the defined system). A unity value for
setting the liquid phase status in calculating liquidus equilibrium state can only be used
when the liquid mixture phase is predefined as a single-sublattice solution phase (such as
metallic liquid phase in multicomponent alloy systems) and the total system size as one
mole (i.e. N=1).

When a phase is described by a solution model in which two or more sublattices are
considered and these sublattice sites may also have different stoichiometric coefficients
[meaning that the mixture phase could have more than one atom in formula [NA>1; see
some examples above], the unity value should not be used when setting the FIXED status
for the phase; instead, you should use an appropriate value that ranges from 0 to a NPF
(phase) value that equals to or is smaller than 1/NA (if the total system size N=1) or
1/NA*N (if N differs from unity). For this reason, if a multicomponent system bears an
IONIC_LIQUID phase that is described by the Two-Sublattice lonic Liquid Model (or any
other multiple-sublattice ionic solution phases), it is difficult to use a proper NPF (ION
LIQ) valuein setting its FIXED phase-status, because that should be less than (or equal
to) the complex value of

N/[p +q*YC2+q*Yp2+q"V 022 +q Y023/ 2].

Examples

For example, to obtain the metallic fraction in a system with carbon as an interstitial component, you can
set the component status for carbon as SPECIAL:
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Ef The SUSPENDED status for components and species does not always work as expected.

For a phase, it may have one of these statues:

e ENTERED - the phase(s) are included in the equilibrium calculations and these are stable
if that minimizes the total Gibbs energy in the defined system. This is the default status
for all phases already retrieved from the chosen database(s). An ENTERED phase-status
is always associated with an initially-estimated amount [in mole number; normally, as 0
if the phase is not likely to be stable, and as 0.5 or 1 or any positive number if the phase
could be stable] but it is only used as the rough starting value in the equilibrium cal-
culations.

e SUSPENDED - the phase(s) are not considered in the equilibrium calculations.

e DORMANT - the phase(s) are not considered in the equilibrium calculations but their driv-
ing forces for precipitation are calculated.

e FIXED - itis an equilibrium condition that the status-fixed phase must be stable, and be
in equilibrium at a specified amount [always using an initial estimation being the npF
(phase) value which it is the normalized mole number of components (per mole for-
mula unit) of the specific status-fixed phase]. See more descriptions at the end of this
command.

COMPUTE_EQUILIBRIUM

The full equilibrium state is calculated for the given set of conditions. The Global Minimization Technique
is by default enforced in this command (C_E), while it can be disabled temporarily (for the current single-
point equilibrium calculation) if using C_E—or C_E * command-combination, or permanently (for all the
sub sequential single-point calculations or stepping/mapping calculations within the current TCC run) if
having decisively switched it off by a user (or possibly in some special modules) through changing the
minimization option using the ADVANCED_OPTIONS on page 125 - MINIMIZATION OPTION command-
sequence.
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The C_E command can be used, in order to enforce the ordinary POLY minimization
routines in an equilibrium calculation; this is because of that the ordinary C_E command is
now associated with the Global Minimization Technique, and only after the Global
Minimization

If technique is permanently switched off the C_E command makes no difference from the
C_E —command-combination.

Only certain types of equilibrium conditions [e.g. T, P, N, N(<component>), X
(<component>), B, B(<component>), and W(<component>)] are fully supported in the
Global Minimization mode (called Direct Global Minimization); and when other types of
equilibrium conditions are used, after the initial POLY, a Global Minimization test and
corrections are performed until the lowest minimum is found (called /ndirect Global
Minimization).

If there is any problem with convergence, you may try the C_E * command-combination.
The character * enforces the command to use an advanced technique to obtain a complex
equilibrium. However, after a successful C_E *calculation, you may repeat the C_E
command and can check the status of phases, species or components (with LIST STATUS
on page 157 - CPS command-sequence) and equilibrium conditions (with LIST
CONDITIONS on page 155) and list out the calculation results (with LIST _EQUILIBRIUM on
page 156), because such actions may tell you how to further modify various settings for
your current calculation. This command-combination is not that useful anymore, because
the Global Minimization Technique that is always associated with the C_E command is
even more powerful and more precise in finding the most-stable equilibrium state in a
complex heterogeneous interaction system; therefore, the C_E * command-combination is
functional and can be used only after the Global Minimization mode has already been
disabled temporarily or permanently.

Some phases that are not stable in the current equilibrium state may not have their most
favourable composition after this command, and thus their driving forces may not be
correct. You can force the program to correctly calculate the driving forces of metastable
phases, by giving repeated C_E commands until the number of iterations (that is shown on
screen after this command) is reduced to 2.

D/ Also see the POLY command SET_NUMERICAL LIMITS on page 168 which can
set the approximate driving force for metastable phases option on or off in all
the subsequent POLY calculations within the current TCC run.

D/ If an equilibrium state for the defined system is not found, an error message
is given.
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You can try repeating this command a few times, or change some of settings for the
numerical limits, for starting variables and starting values, for starting constitutions of
certain phases and for reference states of certain components, or to verify some of the
defined conditions.

COMPUTE_TRANSITION

This command is a combination of the CHANGE_STATUS, SET_CONDITION and COMPUTE_EQUILIBRIUM
commands. It allows a direct calculation when a new phase may form by varying one of the already-set
conditions. It can be used only after at least one equilibrium is calculated successfully; otherwise, you are
informed on the necessity of first making an equilibrium calculation to find out the stable phases under
the current conditions.

When this command is used, the program calls the command CHANGE_STATUS on page 59 to
temporarily change the phase status of a specified phase as FIXED at the zero amount, and at the same
time to temporarily release one of the existing equilibrium conditions (which is chosen by you). The
program calculates a new equilibrium in which that specific phase is stable but its equilibrium amount in
the system is zero. The released condition is then assigned with a calculated value that ensures the
calculated equilibrium. Afterwards, the program automatically changes the phase status of that specific
phase back to ENTERED, and resets the temporarily released condition as one of the conditions and
assigns it with the value that is calculated to ensure the zero-amount formation of that specific phase.

This command is useful to find melting temperature, boiling temperature, or solubility limits, and
generally when you want to set the most optimal conditions for calculating an equilibrium where a
specific phase becomes stable. It can also be used when you want to know exactly how far away the
defined conditions are from the value that can ensure a zero-amount of a specific phase in the system
when other conditions remain the same.

After a successful COMPUTE_TRANSITION calculation, you can issue a COMPUTE_EQUILIBRIUM on
page 139 calculation to assure the calculated transitional equilibrium is a really stable one, and can also
use LIST _EQUILIBRIUM on page 156 to see the details of transitional equilibrium state.
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PHASE TO FORM: <PHASE NAME>

Anewphase name, e.g. BCC that is expected to form, is specified here. This changes the
status of this new phase to be FIXED as 0 amount, and the program shows the
information such as:

You must remove one of the these conditions

P=100000, T=800, N=1, X(FE)=.5 DEGREE OF FREEDOM O

If the key word ANY is used when prompted for Phase to form (instead of a specific
phase name), it is possible to find out any new phase to be formed, in a given varying
direction sign and at an estimated change of the released condition: a negative sign
means at a lower value of the released condition any new phase is to be found, and a
positive sign at a higher value; an estimated change of the released condition implies
where any new phase is expected (but it is only estimated value, so any value within its
reasonable scale would be enough). Such calculations can be repeated if required. This
feature is useful to find out all possible phase transformations along a certain released
condition.

GIVE THE STATE VARIABRLE TO BE REMOVED /T/: <ONE CONDITION>

One condition must beremoved, in order to calculate the transition equilibrium where
the specified (or any) new phase to be formed at a calculated value of this released
variable.

Therefore, the message may display (after a successful calculation) if, for example, x
(Fe)is entered:
To form BCC the condition is set to X(FE)=.48605791769
This calculated value is assigned as the parameter of that removed condition, in this case,
the X (FE) variable. If the LIST_CONDITIONS command is typed this message displays:
P=100000, T=800, N=1, X (FE)=4.86057918E-1
DEGREES OF FREEDOM 0
If the key word ANY (instead of a specific phase) is given as the phase name when it is
prompted for Phase to form, the line is prompted for a given varying direction sign and an

estimated change of the released condition before the calculation of transition
equilibrium:

ESTIMATED CHANGE (WITH SIGN) /1/: <+/-#>

A given varying direction sign and an estimated change of the released condition, in this
case as X (FE) , must be given here: a negative sigh means at a lower value of the released
condition any new phase is to be found, and a positive sign at a higher value; an
estimated change of the released condition implies where any new phase is expected (but
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it is only estimated value, so any value within its reasonable scale would be enough). For
example, if a combination of -0.02 is input, this message may display (after a successful
calculation):

To form BCC A2#1 the condition is set to X(FE)=.493708756187

This calculated value is then assigned as the parameter of that removed condition, in this
case, the X (FE) variable. The message is shown if the LIST_CONDITIONS command is

typed:
P=100000, T=800, N=1, X(FE)=4.93708756E-1

DEGREES OF FREEDOM 0

CREATE_NEW_EQUILIBRIUM

During data-assessments using the PARROT/ED_EXP modules, you can, in the POLY module, create
several equilibria with different sets of conditions and phases (but normally with the same set of
components). By default, there is one equilibrium. To keep the set of conditions and phase for this
equilibrium, create another one using this command, and use another set of conditions for that. Two
equilibria may be useful to calculate easily the enthalpy difference between two states. In the PARROT
module, the experimental information is stored as a sequence of equilibria.

Syntax CREATE_NEW_EQUILIBRIUM

EQUILIBRIUM NUMBER /2/: <A NEW EQUILIBRIUM NUMBER>

Each equilibrium in the POLY3 workspace is identified by a unique integer
number. Such an equilibrium number can be recalled with SELECT _
EQUILIBRIUM on page 162.

Prompts

INITIATION CODE /2/:

When an equilibrium is created, you can choose to ENTER all components
and phases (initiation code 2), ENTER the components only (initiation code 1)
or SUSPEND everything (initiation code 0). No other values are legal.

[Z The entered components and phases can later be changed with
CHANGE_STATUS on page 59.

DEFINE_COMPONENTS

Change the set of components. By default, the elements are used as components. The set of
components can be important because some conditions are set using components, for example, the

amounts, activities or chemical potentials.
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For example, in the system Fe-Si-O, you can define FEO, FE203 and SIO2 as components, thus replacing
the default FE, Sl and O.

E]/ This implies a command REINITIATE_MODULE on page 161 and it should be given as the
first command in the POLY module.

Syntax DEFINE_COMPONENTS
GIVE ALL NEW COMPONENTS /EXISTING COMPONENTS/: <NEW COMPONENTS>

The new components must be specified all on one line. These replace the existing

component definitions.
Prompt

Cl/ The number of components cannot be changed with this command. Use
CHANGE_STATUS on page 59 instead.

To keep some existing components, it is recommended that you also enter these on the
line. Otherwise, the added new components may not be defined correctly. This is especially
important if some components are built out of several elements.

[Z The new components do not have to be present as species.

DEFINE_DIAGRAM

This allows automatic calculation and plotting of a diagram with a single command. It is the same as the
DEFINE_MATERIAL command up to when the first equilibrium is calculated. The alloy OPTION feature is
also available in this command to specify alloying compositions for a special alloy predefined by the
OPTION keyword in a selected database (e.g. the TCNI Ni-based Superalloys Database).

Use this command to calculate all types of phase diagrams after specifying all composition value and an
initial temperature (if temperature is used as an axis). However, for binary and ternary diagrams, the
special BIN and TERN modules may be preferred.

It then lists all the independent variables for the defined system (i.e. temperature and the components)
and asks for a variable as the X-axis. You must also specify a maximum and minimum for the X-axis. The
second axis (Y-axis) can be another composition (or the temperature if that is not on the X-axis) from the
independent variable list. The program then calculates and plots a phase diagram, as there are two
independent quantities on the axes.

Alternatively, select a dependent quantity as the Y-axis variable from the second list on screen (e.g. the
amount of all phases, composition of a specific phase, or fractions of a component in all phases), and the
program calculates and plots how this quantity depends on the condition on the X-axis. This is a
property diagram.
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This command ends up within the POST module monitor. You can refine the calculated phase diagram or
property diagram.

Moreover, many more property diagrams with axes other than compositions can also be plotted (after
the calculation), using SET_AXIS_VARIABLE on page 164 in the sequent POST monitor.

Syntax

Prompts

DEFINE_DIAGRAM

These prompts are given:

SAME ELEMENTS AS BEFORE /Y/? <Y OR N>
MOLE PERCENT OF <ELEMENT> /##/: <VALUE>

or

MASS PERCENT OF <ELEMENT> /##/: <VALUE>

DATABASE /ABCDE/: <DATABASE NAME>

MAJCR ELEMENT OR ALIOY: <ELEMENT NAME>

COMPOSITION IN MASS (WEIGHT) PERCENT? /Y/: <Y OR N>

1ST ALLOYING ELEMENT: <ELEMENT NAME>

MASS (WEIGHT) PERCENT: <AMOUNT OF THE ABOVE SPECIFIED ELEMENT>
2ND ALLOYING ELEMENT: <ELEMENT NAME>

NEXT ALIOYING ELEMENT: <ELEMENT NAME>

MASS (WEIGHT) PERCENT: <AMOUNT OF THE ABOVE SPECIFIED ELEMENT>
TEMPERATURE (C) /1000/: <TEMPERATURE OF INTEREST IN OC>

REJECT PHASE (S) /NONE/: <LIST OF PHASE(S) TO BE REJECTED>
RESTORE PHASE (S) /NONE/: <LIST OF PHASE(S) TO BE RESTORED>

OK? /Y/: <Y OR N>

SHOULD ANY PHASE HAVE A MISCIBILITY GAP CHECK? /N/: <Y OR N>
PHASE WITH MISCIBILITY GAP: <PHASE NAME>

MAJOR CONSTITUENT (S) FOR SUBLATTICE #: /AA/: <CONSTITUENT (S)>
PHASE WITH MISCIBILITY GAP: <PHASE NAME>

The first equilibrium is calculated, as with DEFINE_MATERIAL on page 147. Then a list of all
independent conditions suitable to be chosen as X/Y-axis variables is given by the
program.

QUIT? /Y/: <Y OR N>

This question is asked only when the axis variables are already defined, or if the command
DEFINE_DIAGRAM is used. It then offers an opportunity to quit (Y) the calculation or to
continue (N) the calculation but by defining other axes.

GIVE THE NUMBER OF THE CONDITION TO VARY /1/: <A CONDITION INDEX>
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Select one of the independent conditions by giving its index on the condition list as the X-
axis variable.

MINIMUM VALUE /XXX/: <MINIMUM VALUE FOR X-AXIS>

Specify the minimum value of the chosen X-axis variable. A default value is shown
automatically by the program; press <Enter> to accept it or input another value.

MAXIMUM VALUE /YYY/: <MAXIMUM VALUE FOR X-AXIS>

Specify the maximum value of the chosen X-axis variable. A default value is shown
automatically by the program; press <Enter> to accept it or input another value. Then
another list with some dependent quantities is given by the program, which can be
selected as the Y-axis variable.

GIVE THE NUMBER OF THE QUANTITY ON THE SECOND AXIS /#/: <#i#>

Select one of the independent conditions or dependent quantities as the Y-axis variable,
by giving its corresponding index given on the condition lists.

@ It must be different from the X-axis variable already selected.

If selecting one of dependent quantities (by giving the corresponding number from the
second list) as the Y-axis, then a property diagram is to be automatically calculated
(through a normal stepping procedure) and generated. For composition of a phase
the phase name is asked for further specification subsequently.

If selecting any of the other independent variables (conditions) on the first list as the Y-
axis, then a phase diagram is automatically calculated (through a mapping procedure) and
plotted.

NAME OF PHASE: /ABC/: <PHASE NAME>

This is prompted only in case of that the composition of a phaseis selected as the Y-
axis variable. The phase name for which the composition varied along with X-axis variable
should be specified.

MULTIPLE START POINTS? /Y/: <Y OR N>

This question is to confirm whether or not to let the program to automatically generate
and use multiple start points for mapping the defined phase diagram.

SAVE FILE /RESULT/: <FILE NAME>

The file name where the calculations are stored (saved as a *.POLY3 file) should be
specified; the default file name is RESULT . POLY3 (Windows) or RESULT . poly3 (Linux).
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DEFINE_MATERIAL

Read data for a system from a database in the POLY module. It is convenient to use for alloys when there
is a major component and the amount of the other elements is known in mass (weight) fraction. The
command reads the system from the specified database, sets the composition and temperature (and
pressure equal to 1 bar) and calculates the equilibrium state before the prompting for a new command.
You can list the results with LIST_EQUILIBRIUM on page 156 or set a new composition or set axis for a
STEP or MAP command.

D/ You cannot append data from different databases in this way. Use this command with data
from a USER database.

Syntax

Prompts

DEFINE_MATERIAL
SAME ELEMENTS AS BEFORE /Y/? <Y OR N>

This question is asked only if some data is already read from the database, or if the
command DEFINE_MATERIAL or DEFINE_DIAGRAM is used. It then offers a convenient
way to change the composition and temperature with one command.

D/ This command only works properly in cases where the composition of the
material system is already defined as in the mole-percent or mass-percent
unit.

MOLE PERCENT OF <ELEMENT> /##/: <VALUE>

or

MASS PERCENT OF <ELEMENT> /##/: <VALUE>

If you have decided to use the same materials system (available in the current POLY3
workspace) by accepting the default answer (Y) to the previous prompt Same elements
as before /Y/?,oneofthe alternative prompts display for each of the components in
the defined system, depending on how the composition is defined (either in mole-
percent, or in mass-percent).

Prompts are repeated until all the defined components are completed. Then, the program
prompts to specify the temperature condition.

DATABASE /ABCDE/: <DATABASE NAME>

The database with the description for the material must be given, or press <Enter> if using
the current database. It is possible to give a USER database.

MAJOR ELEMENT OR ALLOY: <ELEMENT NAME>

The material must have a major element, usually the element which is present in the
largest amount. The fraction of this element is not set but is the rest.
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In some databases there are the alloys predefined. An alloy has a default major element
and have limits of the amounts of the alloying elements. If you stay within these limits the
calculation gives reasonable results.

COMPOSITION IN MASS (WEIGHT) PERCENT? /Y/: <Y OR N>

The default is that input is taken as mass percent, but it is possible to change to mole
percent by answering N.

@ Composition should be given in PERCENT not FRACTION, as it is required for
the w and X state variables in the SET_CONDITION on page 165 command.

1ST ALLOYING ELEMENT: <ELEMENT NAME>
The first alloying element must be given.

All alloying elements are asked for in a sequence. These can be given in any order. You
must know if you are present as assessed systems in the database. There is no error or
warning messages if data are missing. Check the documentation of the database selected.

If an alloy is selected, a list of legal alloying elements and their maximum percent is listed
on-line.

MASS (WEIGHT) PERCENT: <AMOUNT OF THE ABOVE SPECIFIED ELEMENT>

The amount of the alloying element in mass (weight) percent. Using the DEFINE_
MATERIAL command you cannot use the normal flexibility of Thermo-Calc for conditions,
but all must be given in mass percent. However, you can afterwards change the
conditions using the SET_CONDITION command.

2ND ALLOYING ELEMENT: <ELEMENT NAME>

The second alloying element must be given. If only one, press <Enter>. If an element
name is given then the program asks for its mass fraction.

MASS (WEIGHT) PERCENT: <AMOUNT OF THE ABOVE SPECIFIED ELEMENT>

The amount of the above specified alloying element in mass (weight) percent.

NEXT ALLOYING ELEMENT: <ELEMENT NAME>

Continue giving elements and mass (weight) fractions until all elements specified. When all
alloying elements and their compositions (as in the above prompt) are specified, press
<Enter> as answer to this question to finish the materials definition.

TEMPERATURE (C) /1000/: <TEMPERATURE OF INTEREST IN OC>
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POLY makes the first calculation after retrieving the data for this temperature. By pressing
<Enter>to accept the default temperature. The value should be given in Celsius (oC).

D/ The pressure is set to 1 bar.

REJECT PHASE (S) /NONE/: <LIST OF PHASE(S) TO BE REJECTED>

This is a question generated by the database allowing you to select the phases. Normally,
all phases should be included when you press <Enter>. If a phase is to be rejected, the
name of the phase must be supplied. Several phase names can be specified in one line. It
is possible to reject all phase by giving an asterisk *. If the number of phases to be
included is much smaller than the total number of phases, it may be convenient to first
reject all phases and then restore those that should be included. The question is repeated
until you press <Enter> after rejecting all unwanted phases or an asterisk *.

RESTORE PHASE (S) /NONE/: <LIST OF PHASE(S) TO BE RESTORED>

You can restore phases that are accidentally or deliberately rejected. It may also be
possible to restore some hidden phases.

If phases are to be restored the name of the phases must be supplied. Several phase
names can be specified in one line. It is possible to restore all phase by giving an asterisk *.
The question is repeated until you press <Enter> after restoring all desired phases.

OK? /Y/: <Y OR N>

All phases to be selected from the database are listed and the selection confirmed. If there
are any errors or you want to amend the selection, answer N and you are returned to the
guestion about rejecting phase(s).

If the selection is confirmed by answering Y the software retrieves all thermodynamic data
and available references from the chosen database.

SHOULD ANY PHASE HAVE A MISCIBILITY GAP CHECK? /N/: <Y OR N>

The database usually creates two or more composition sets for phases that can have
miscibility gaps. However, for some phases this is not done automatically, for example the
miscibility gap in the bcc phase in Fe-Cr is usually ignored. But if it is important to include a
Cr-rich bcc phase, specify this here. It costs some computation time and may make the
subsequent MAP or STEP more difficult to converge.

If you do not want to have any phase with a miscibility gap in the calculation, press
<Enter>. Then, the DEFINE_MATERIAL command starts calculating the equilibrium, and is
terminated.

To set such a phase with miscibility gaps in the calculation, answer Y. Then the software
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asks questions about the phase names and their constitutions, such as:

PHASE WITH MISCIBILITY GAP: <PHASE NAME>

You must supply the phase name, which has a miscibility gap under the specified system
and conditions.

MAJOR CONSTITUENT (S) FOR SUBLATTICE #: /AA/: <CONSTITUENT (S)>

The software shows a default constituent in the sublattice # (1, 2, 3, ...), according to the
existing phase definition in the chosen database. You can specify one or more major
constituents for the sublattice # in the phase.

This question is repeated until all sublattices are specified.

PHASE WITH MISCIBILITY GAP: <PHASE NAME>

You can supply another phase name with a miscibility gap under the specified system and
conditions, and answer the questions concerning the major constituent(s) in associated
sublattice(s).

By pressing <Enter>, the command starts calculating the equilibrium, and then
terminates.

D/ It is also possible to use this command to select an alloy from a specific
database (e.g. the TCNI Ni-based Superalloys Database). Such alloys are
predefined by the OPTION keyword inside the database, and have their
default major elements and composition limits of their alloy elements.

Such alloys available in the selected database (at the prompt Database /ABCDE/ can be
listed on the screen if typing a ? mark on the prompt Major element or alloy. When
a specific predefined alloy (instead of a major element) is selected, the major element is
staked from the alloy definition and shown on the screen (with a message like A11oy

found with major element NI).

You can only specify alloying elements and the compositions (weight percent or mole
percent). Typing a ? at any of the prompts for the alloying element names, e.g. 1st
alloying element,2nd alloying element, lists all the alloying elements and the
composition limits in the alloy. If the composition of an alloying element is outside of its
limit, there is a message (such as Amount above limit: 30.0000)and aprompt
Override limit ? /N/.Ifyou decideto enforce the override by answering v on this
prompt (i.e. accepting the over-limit alloying composition), another warning message
(such as Amount of major element below limit: 70.0000)and prompt
Override limit ? /N/.Then further decide if enforcing the overriding: if Y then
accepting the major element’s composition below the limit; if N then using the predefined
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major element composition limit.

DELETE_INITIAL_EQUILIBRIUM

Delete ONE specific initial equilibrium point or ALL of the initial equilibria. The initial equilibria are used as
starting points for all the sub-sequential MAP and STEP calculations.

@ Also see ADD_INITIAL_EQUILIBRIUM on page 119.

Syntax DELETE_INITIAL_EQUILIBRIUM
Prompt NUMBER /ALL/: <NUMBER OF AN INITIAL EQUILIBRIUM>

Specify the number of an initial equilibrium (as a specific digit e.g. 3, or ALL) to be deleted
from the POLY3 workspaces. It is recommended to use LIST_INITIAL_EQUILIBRIA on
page 157 to figure out the numbers for all the existing initial equilibrium points that have
already been added (manually through ADD_INITIAL_EQUILIBRIUM on page 119, or
automatically by some other POLY commands) and stored in the current POLY3
workspace. By default, ALL the initial equilibrium points are deleted.

DELETE_SYMBOL

Delete symbols (i.e. constants, variables, functions or tables. These symbols are entered with ENTER _
SYMBOL on page 72.

Syntax DELETE_SYMBOL

NAME: <NAME OF A SYMBOL>

Prompt
Specify the name of the symbol to be deleted. Only one symbol can be deleted each time.

ENTER_SYMBOL

Symbols are a useful feature of the POLY and POST modules to define quantities that are convenient.
Symbols can be constants, variables, functions or tables.

Functions or tables (with defined functions as values) can be entered in the POST module after a stepping
or mapping calculation, for purposes of plotting such entered functions or tables as axis variables.

Within the POLY module, symbols are normally defined prior to an equilibrium calculation (enforced by a
C_E command), stepping calculation (enforced by the command STEP_WITH_OPTIONS on page 172) or
mapping calculation (enforced by MAP on page 158). These can be entered after an equilibrium
calculation; however, for defined functions, variable or tables, it requires using EVALUATE_FUNCTIONS on
page 155 before showing the corresponding values in the calculated equilibrium state.

DELETE_INITIAL_EQUILIBRIUM | 151 of 296



Thermo-Calc Documentation Set

The symbols entered in the POST module are not saved in the currently-loaded POLY3 workspaces.
Therefore, if you want to apply such symbols in other similar calculations for the same defined system,

you must use the ENTER_SYMBOL command prior to the STEPPING or MAPPING calculation in the POLY
module.

@ Also see ENTER_SYMBOL on page 72 for the GIBBS Module.

fiﬁ See example 44 in the Console Mode Examples Guidefor an example of using variables and

functions.
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ENTER_SYMBOL
CONSTANT, VARIABLE, FUNCTION OR TABLE? /FUNCTION/: <KEYWORD>

The Keyword can be specified as CONSTANT, VARIABLE, FUNCTION or TABLE.

o CONSTANTS can only be entered once and is a means of using a name for a
numeric value. For example, the value of 1 atmosphere in Pascal can be
denoted by po after the command ENTER CONSTANT p0=101325. Defined
constants can be used as values in condition assignments, for example,
SET-COND P=PO0.

o FUNCTIONS are expressions of state variables or other functions. These
expressions are saved, and whenever a function value is requested all func-
tions are evaluated. The reason for this is that they may depend on each
other.

o VARIABLES are similar to functions because they can also be expressions of
state variables. However, contrary to functions, they are only evaluated
when they are entered or if they are explicitly named in an EVALUATE _
FUNCTIONS on page 155 command. It is possible to enter a variable with a
new expression any time. This expression is evaluated directly and its value
stored as the value of the variable. Defined variables can be used as values
in the SET-CONDITION command.

o TABLES are used for listing results from the STEP or MAP commands. A
table consists of a list of any number of state variables, functions or vari-
ables. Defined tables can also be used in the post-processor POST.

D/ There is a special connection between tables and variables. If a variable is
used in a table, it is evaluated for each line of the table in the TABULATE
command or when the table is used in a plot.

NAME: <NAME OF THE SYMBOL>

Each symbol has a unique name that must start with a letter and can have maximum 8
characters.

Legal characters include letters (either UPPER or lower case), digits and underscore _. Any
other special character, such as parentheses (and ), plus +, minus -, slash / or \, full stop
(.), areillegal for symbol names.

You can enter the symbol name and the value or function on the same line, these must be
separated with an equal sign =, for example, TC=T-273.150r T C=T273.15 which
stands for a definition of temperature in Celsius. Otherwise, these questions are asked.
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D/ For different types of symbol (constant, function, variable or table), the
guestions have different prompts.
FUNCTION: <DEFINITION FOR A FUNCTION OR VARIABLE>

Functions and variables are evaluated from an expression of state variables or other
functions, constants or variables. The expression is a FORTRAN-like expression and
operators +, -, *, =and ** can be used (** only with integer powers).

Unary functions like LOG, LOG10, EXP, SIN, COS and ERF can also be used. An expression
can be continued on more than one line. An expression should be terminated by a
semicolon (;) or an empty line (by pressing <Enter> at the next prompt).

Examples of function expressions:

e GM(LIQUID): The Gibbs energy of liquid per mole component
e H.T/4.184: The heat capacity of the system in calories
e ACR(CR) /X (FCC, CR) : The activity coefficient for Cr in FCC

e T-273.15: The temperature in Celsius

&: <CONTINUATION OF THE DEFINITION FOR THE SYMBOL>

The ampersand & means that you can continue to write the function on the new line if one
line is not enough for the function. If you finish the function press <Enter> again.

VALUE: <VALUE FOR A CONSTANT>
A constant can only be assigned a numeric value once.
VALUE OR EXPRESSION: <VALUE OF EXPRESSION FOR A VARIABLE>

Avariable can be assigned a numeric value or an expression. An expression is evaluated
immediately and discarded. Only the numeric value is kept. This gives a possibility to save
a value between calculations with different conditions because all state variables and
functions are evaluated for the new conditions.

VARIABLE (S) : <VARIABIE (S) IN A TABLE>

A table consists of a list of state variables or functions. One way to obtain results from a
STEP command is through a table.

Example:

ENTER TABLE K=T,X(LIQ,C),X(LIQ,CR),ACR(C)

Which means that the table called K contains four columns, i.e. the temperature, the mole
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Syntax ENTER_SYMBOL

fractions of Cand Crin the LIQUID phase, and the activity of C.

To show the temperature in Celsius in a table, give the command ENTER FUNCTION TC=T-
273; and then use the symbol TC in the table.

& <CONTINUATION OF THE DEFINITION FOR THE TABLE>

The ampersand s means that you can continue to write the table on the new line if one
line is not enough for the table. If you finish the table press <Enter> again.

EVALUATE_FUNCTIONS

The value of one or more or all entered functions or variables are evaluated and listed.

Syntax EVALUATE_FUNCTIONS
NAME (S) : <NAME (S) OF DEFINED FUNCTION (S)>

The names of one or more entered functions or variables must be specified. By typing a
Prompt Wildcard ¥, all functions and variables are evaluated.

D/ Variables are evaluated only if these are explicitly named.

LIST_AXIS_VARIABLE

Syntax LIST_AXIS_VARIABLE

Lists all the axis variables for a stepping or mapping calculation that have already been set
by SET_AXIS_VARIABLE on page 164.

LIST_CONDITIONS

All the conditions that are set by the command SET_CONDITION and the command-sequence CHANGE _
STATUS PHASE =FIXED <0 or 1 or alike>, are listed. The current conditions are also listed by the command
LIST_EQUILIBRIUM. The degree of freedom in the defined system is also shown up. If this is zero, you can
perform a COMPUTE_EQUILIBRIUM command. Ifit is larger than zero, some more conditions are
required, and you must further set additional ones, using SET_CONDITION on page 165 or CHANGE _
STATUS on page 135. Ifit is negative, a user has defined too many conditions and needs to take away the
unnecessary ones, using the SET_CONDITION command (with a value of NONE for the to-be-deleted
condition) or CHANGE_STATUS command (i.e. changing a FIXED status of a phase to another type of
phase status, ENTERED or DORMANT or SUSPENDED).
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P=100000, T=800, N(NI)=1E-1, N=1
Exanuﬂe FIXED PHASES

FCC_Al=1 LIQUID=0 DEGREE OF FREEDOM O

LIST_EQUILIBRIUM

The result (always in Sl units) from the last calculated equilibrium is listed on screen or in a textual file.

D/ You can also execute this command if no calculation is made or if the calculation fails. It is
your responsibility to interpret the results accordingly.

Syntax LIST_EQUILIBRIUM
OUTPUT TO SCREEN OR FILE /SCREEN/: <FILE NAME>

Prompt
The name of the text file where the list of the calculation results shall be written.

OPTIONS /VWCS/: <OPTION(S)>

Select the output units and formats by optionally specifying a combination of these letters.

e Fraction order:v means VALUE ORDER; 2 means ALPHABETICAL ORDER.

e Fraction type: w means MASS FRACTION; x means MOLE FRACTION.

e Composition: c means only COMPOSITION; N means CONSTITUTION and
COMPOSITION.

e Phase: s means including only STABLE PHASES; p means including ALL NON-
SUSPENDED PHASES.

Default options are viiCs. If the output fraction type should be in mole fraction (rather
than mass fraction), then give vXCs or type x (implying that in this case the options V, C
and S are accepted as the listing manners for fraction order, composition and phase).

If accepting all the default options, or if accepting all the altered options that had already

changed when using this command previously, you can typeL E,,, or LIST
EQUILIBRIUM ,,,

Cl/ LIST_EQUILIBRIUM displays ORD (ordered) or DISORD (disordered) (when
available). See CHANGE_LEGEND on page 193 for details.
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LIST_INITIAL_EQUILIBRIA

List all the equilibria added with ADD _INITIAL_EQUILIBRIUM on page 119.

Syntax LIST_INITIAL EQUILIBRIA

All the initial equilibria are used for the MAP (and STEP) calculations.

LIST_STATUS

In the POLY module, list the status of components, species or phases.

Syntax LIST_STATUS

Specify what to list:

OPTION /CPS/: <KEYWORD (S)> KEYWORD = COR P OR S,0R ANY COMBINATION

c means list component status

Prompt e P means list phase status

s means list species status

o Cs for both components and species

Default is CPs.

The results depend on the key word specified in the options for CHANGE_STATUS on
page 59, a table with the current status of phases or species or components, or the
combinations, is shown:

o For components, the statuses and reference states are listed.

» For species, only the status is listed.

o For ENTERED and FIXED phases, the status, driving forces and equilibrium
amounts are listed.

D/ The metastable phases are listed in descending order of stability. To avoid
long outputs only 10 metastable phases (in ENTERED status) are listed by
lines, while all other less stable phases are merged onto one line. For
DORMANT phases, their phase names and driving forces are listed. For
SUSPENDED phases, only the phase names are listed.
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LIST_SYMBOLS

For both the POLY and POST modaules, list the definitions for all constants, functions, variables and
tables.

In order to find the value of a function or variable, use SHOW _VALUE on page 172 or EVALUATE _
FUNCTIONS on page 155. Atableis tabulated with the TABULATE command.

Syntax LIST_SYMBOLS

The defined variables are listed up together with the defined functions, but variable names
are followed by a percentage sign %.

LOAD_INITIAL_EQUILIBRIUM

Copies all conditions and calculated results from a specific added initial equilibrium to the current
equilibrium. The current conditions and calculation results are lost, and the newly loaded initial
equilibrium point gets into the POLY workspace.

Syntax LOAD_INITIAL_EQUILIBRIUM
NUMBER: <NUMBER OF AN INITIAL EQUILIBRIUM>

Prompt  gpecify the number of an initial equilibrium to be loaded as current. The number can be
found with LIST_INITIAL_EQUILIBRIA on the previous page.

MAP

This command starts the mapping procedure for making a calculation of phase diagrams in a defined
multicomponent heterogeneous system, from one or more initial equilibria. A phase diagram is usually
mapped within a specific space that is constructed by two (or more) defined independent mapping axis-
variables.

Syntax MAP

A phase diagram consists of mapped phase boundary lines/curves; on one
D/ side of each such phase-boundary line/curve, the amount of one specific

stable phase is zero (i.e. the zero-fraction lines). From a single MAP
calculation, many different types of phase diagrams in the defined
multicomponent heterogeneous system can be plotted, with some desired
properties (that vary along the calculated phase-region boundaries) plotted
as X/Y-axis variables. All different types of phase diagrams are generated by
the mapping calculations through this command.
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Normally, you need to have calculated at least one initial equilibrium point and have also defined at least
two independent varying variables (i.e. the controlling conditions in the system) that are set with SET_
AXIS_VARIABLE on page 164. You can also have three, or four or maximum five independent varying
variables that are defined by the SET_AXIS_VARIABLE command).

This lists the current values of each of the independent axis variables for each of the calculated
equilibrium points along each of the mapped phase boundaries, and also lists the corresponding
information when the set of stable phases changes.

The Global Minimization Technique is by default enforced in this command while it can be disabled if
having decisively switched it off (or possibly in some special modules) through changing the minimization
option using the ADVANCED_OPTIONS on page 125 - MINIMIZATION_OPTION command-sequence.
You can choose how often to do a Global Minimization test (via the Global Test Interval option) in the
ADVANCED_OPTIONS STEP_AND_MAP command-sequence.

During a MAP calculation, the values of mapped axis-variables for presenting each phase boundary
(lines/points) of the calculated phase-regions are listed, and the corresponding stable-phase sets are
shown up. You can terminate the mapping of a line by pressing a single CTRL-A (Windows) or CTRL-C
(Linux). This can be useful in order to stop a longish calculation without losing what is already calculated.

If there is any convergence problem in finding a stable solution at a certain stage during a calculation
procedure enforced by this command, these messages display on screen:

Convergence problems, increasing smallest site-fraction from 1.00E-30 to hardware
precision 2.00E-14. You can restore using SET-NUMERICAL-LIMITS

This implies that smallest site fraction in the current POLY3 workspace is automatically increased from
the default value 1.00E-30 to the hardware-dependent precision (under Linux, as 2.00E-14). For other
subsequent POLY-module calculation in the current TC run, you can use the POLY command SET _
NUMERICAL_LIMITS on page 168 to restore or reset the smallest site fraction to the previous or another
preferred value, as well as to reset other numerical limits.

In particular, for phase diagrams with tie-lines in the plane (i.e. most binary systems and ternary
isotherms), there is a MAP procedure which checks for the best phase to use as axis variables in order to
ensure reasonable increments between the tie-lines. This produces smoother curves and also gives a
better stability in finding adjacent phase-regions.

Complex miscibility gaps of various solution phases are automatically detected during a mapping
calculation, and two or more composition sets for each of such solution phases are automatically
generated as well, through an automatic Global Minimization Test procedure (by specifying a Global Test
Interval value and confirming the Automatically add initial equilibria in the ADVANCED
OPTION STEP_AND_MAP command-sequence). As a particular case, such an automatic Global
Minimization Test ensures that you can start calculating from high temperatures in an austenitic steel
(metallic FCC_A1 solution phase) where the MC carbides/nitrides/carbonitrides (i.e. the C-/N-rich sides of
the FCC_A1 miscibility-gap, often (while not always) being referred to as FCC_A1#2, FCC _Al#3, etc.)
are not stable, and during the MAP command the MC carbides/nitrides/carbonitrides may first become
metastable with a composition different from the metallic FCC_A1 phase and later also stable. The
advanced mapping procedure (enforced by the Global Minimization Technique) inside the Thermo-Calc
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software (both the Console Mode and Graphical Mode) can efficiently and effectively handle complex
miscibility gaps in multicomponent heterogeneous systems.

To get a complete phase diagram, sometimes it may be necessary to have multiple starting equilibrium-
points, and/or to have added multiple initial-equilibrium points (through ADD_INITIAL_EQUILIBRIUM on
page 119) inside various phase-region boundaries under certain direction(s).

POST

Syntax POST

Switches to the post-processor (the POST module), which has its own command repertoire.

@ See POST Commands on page 188 for all details.

READ_WORKSPACES

The POLY3 and GIBBS workspaces and the calculated results from the MAP and STEP commands can be
READ from a file where they are saved with SAVE_WORKSPACES on page 30. Such an *.POLY3 file is not
printable.

Syntax READ_WORKSPACES

File name is the name of a saved POLY3-file where the POLY3 and GIBBS workspaces
shall be read from must be specified. You do not need to type the extension if it is the

default *.POLY3 (Windows) or *.poly3 (Linux), otherwise type the whole POLY-file name.
Options
Awindow opens so that the path (in the Look in field) and File name can be specified. The

Files of type (i.e. POLY3) cannot be changed. Click Open to open the POLY3 and GIBBS
workspaces from the saved *.POLY3 file.

When reading back an original POLY3 workspace that has already been saved as an

* POLY3 file in the current Thermo-Calc (Console Mode) run or had been read from an
existing POLY3 file under the current work area, while some additional changes in the
settings may be made but do not need to be kept in further steps in the current Thermo-
Calc (Console Mode) run or any diagram is plotted in the POST module, you can type
READ, , or READ WORKSPACE ,,

RECOVER_START_VALUES

Syntax RECOVER_START_VALUES

Recovers the start values in equilibrium calculations.
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REINITIATE_MODULE

Ensures that the whole POLY module (and thus the entire POLY workspace) is reinitiated to the state as it
was when first entered.

Syntax REINITIATE_MODULE

All the defined components, defined conditions, changed status, entered symbols, defined
independent axis-variables, calculated starting equilibrium-points, added initial equilibrium
points, stepped/mapped equilibrium data, and so forth, are removed completely. The
saved file name is restored to the default.

SAVE_WORKSPACES

Thermo-Calc allows saving the current status and workspaces of the program, including thermodynamic
data, conditions, options and results from a single, stepping or mapping calculation on an *.POLY3 file.
Do this for later use or when you need to terminate the current Thermo-Calc (Console Mode) run.

The POLY3 and GIBBS workspaces are saved on a file with this command. In the GIBBS workspace, all
thermochemical data are stored. In the POLY3 workspace, all thermochemical data, all the last set of
conditions and equilibrium state, changed status, entered symbols, advanced options, defined
stepping/mapping variables, added initial equilibria, stepped/mapped results, etc., are stored, so it also
contain the GIBBS workspace. After a SAVE_WORKSPACE command, you can always come back to
exactly the state you had when you issued the SAVE_ WORKSPACE command by giving a READ _
WORKSPACE command.

After saving the POLY3 and GIBBS workspaces on a file, you can leave the program and at a later time
READ the file and continue from the saved state.

CI/ A STEP or MAP command automatically saves the work file with the most lately specified
name. Do not SAVE after a MAP or STEP.

The results from the STEP or MAP commands are destroyed by the SAVE_ WORKSPACE command. You
may append several results obtained by sequential STEP or MAP calculations without destroying the
previous results, whilst SAVE_WORKSPACE erases them all. Keeping this in mind is important and useful
particularly for calculating various isothermal (or isoplethal) sections and plotting them on the same
diagram in a single Thermo-Calc run.

You may append several results by STEP or MAP without destroying the previous results but the SAVE
command erases them all. To suspend some of the STEP or MAP results, use the AMEND_STORED _
EQUILIBRIA command.

When you go to a response-driven module such as POTENTIAL or SCHEIL for example, a workspace file is
automatically opened. In the workspace file, system definitions, conditions for the calculation,
calculation results, and plot settings is saved. The file is saved in the current working directory, and is
named after the name of the module that created it. For example, the POTENTIAL module saves a
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workspace file called POT.POLY3 (or POT.poly3 in Linux); the POURBAIX module saves a file called
POURBAIX.POLY3; etc.

Syntax

Options

SAVE_WORKSPACES

A file name must be specified. The default extension of the POLY workspace file is
* POLY3 (Windows) or *.poly3 (Linux), while you can have any other extension.

A Save window displays, so that the path (in the Save in field) and File name can be
specified. The file type (i.e. POLY3) in the Files of type cannot be changed.

When saving a POLY3 workspace under a name that already exists under the
D/ wor . .
current work area, which is saved by default (after running a special module,
e.g. BIN, TERN, POT, SCHEIL and POURBAIX) or in an earlier stage of the
current Thermo-Calc (Console Mode) run or in a previous run (which is READ
into the current POLY3 workspace), you can type SAVE,,y or SAVE
WORKSPACE , ,y. However, this must also be avoided if some results from
previous MAP or STEP calculations shall not be destroyed.

SELECT_EQUILIBRIUM

If you create more than one initial equilibrium (during data-assessments using the PARROT/ED_EXP
modaules), you can switch between them using this command.

Syntax

Prompt

SELECT_EQUILIBRIUM
NUMBER /NEXT/: <CHOICE ON EQUILIBRIUM>
Answer FIRST, LAST, NEXT, PREVIOUS or PRESENT.

Most commands affect only the PRESENT equilibrium. However, the commands
REINITIATE_MODULE on the previous page and DEFINE_COMPONENTS on page 143
remove all the stored equilibria.

SET_ALL_START_VALUES

Set start values, e.g. if the calculation fails or if you have a miscibility gap or ordering. If temperature and
pressure are not conditions, you are asked for values of them. Then for each phase prompt on if it
should be stable and on its constitution.

Syntax

SET_ALL_START_VALUES
T /XXXX/: <TEMPERATURE IN K>
If the temperature is not a condition, supply a guess of its final value (in K).

P /100000/: <PRESSURE IN PA>
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SET_ALL_START_VALUES

Ifthe pressure is not a condition supply a guess of its final value (in pa).
AUTOMATIC START VALUES FOR PHASE CONSTITUTIONS? /N/: <Y, N OR F>
Answer N (the default), Y or F (for force).

The reason for the F option is that in some cases the calculation has failed because
impossible conditions are set, e.g. W(C)=1.5 [W(C) is mass fraction and must thus be
less than unity]. The program tries to fulfil this condition by putting maximum amount of
carbon in all phases, but can fail anyway. When you detect the error and set W (C) to
0.015, the calculation may still fail because it could start from the previous values. To get
back to ‘fresh’ start values, give the answer F for FORCE.

If Y this command immediately terminates, and the program automatically sets the start
values for phase constitutions in all possible phases.

For N supply an initial amount of each entered phase and the major constituents or site
fraction of each constituent.

SHOULD <PHASE> BE STABLE /N/: <Y/1 OR N/2>

A guess on if this phase should be stable or not is requested. All entered phases are
prompted for this question and next two.

s N

@ You cannot have more phases stable than you have components, but at
least one (which dissolves all constituents) must be set as stable. For
backward compatibility, this question can be answered by 1 (for Yes) or 0
(for No).

- J

The phase name may have a hash sign # followed by a digit, e.g. BCC A2#2. For phases
with miscibility gaps, there should be two phases with the same name but with different
numbers after the hash sign.

MAJOR CONSTITUENT (S) : <NAME OF MAJOR CONSTITUENT (S) IN THE PHASE>

The constituent with the largest fraction in the phase should be specified. If there are
more than one constituent with a large fraction, give them all on the same line. If the
default major constituents should be used answer with an asterisk (*). By giving S the
constitution is not changed. If there should be no major constituent give NONE and or if
the major constituent(s) are improperly specified, you are asked for individual fractions in
the phase.

Y (KPHASE>, <CONSTITUENT>) / . XXXXXXXXXX/: <.YYYYY>

The current value (. xxxxxxxxxX) is default. You can accept the default by pressing
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SET_ALL_START_VALUES

<Enter> or give a new value (.YYYYY).

The phase name or constituent name may have a hash sign # followed by a digit, e.g. ¥
(BCC A2#2,FE), Y(BCC A2#2,C#2).For phases with miscibility gaps, there should
be two phases with the same name but with different numbers after the 