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Key to Using this Guide

This installation guide is for all Thermo-Calc installations running on Windows, macOS 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:

o The types of licenses and installations available.

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

servers and client computers.

ICONS IN THIS GUIDE

Name

Information

Note

Operating system

L License file

4224 Thermo-Calc

Installing the license management software for network installations.
Retrieving and installing license files.

Troubleshooting to solve common installation problems.

Description

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

-f? The information can be of use to you. It is recommended that
you read the text or follow the link.

The operating system is indicated when the information is specific to a
Windows, macOS or Linux operating system.

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
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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 -

A boldface font indicates that the given word(s) are shown that way in on a toolbar
Boldface font 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.

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

Italic font L - .
explanation in the same paragraph or elsewhere in the guide.

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

Installation Terminology

Term Definition

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

A type of network installation where the Thermo-Calc software and a Thermo-Calc

consolidated licensing software are installed on a single server computer. This allows all computers in
network the network to access both the software and a license on the server via a client
installation.

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

software and the network license key via the server.

host ID The MAC 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-

license file .
Calc Software, usually by email.

The information contained in the license file that represents the products purchased and

i " - I ) . .
icense key which is then authorised for installation.
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Term Definition
License . . T .
The Windows program used for license management: it distributes license tokens as
Manager e . o
. specified in the network license file issued by Thermo-Calc Software.
(Windows)
License . . e . .

The Linux program used for license management: it distributes license tokens as specified

Server . . .
(Linux) 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
license option files (for example, in an "Unattended Network Client Installations" on page 44). For
server 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).
licensin The Thermo-Calc license management software. When working in Windows it is called
softwari 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).

The license type used with the licensing software. The NWL can only be used on one
Network specific computer that hosts the licensing software. This restricts license usage to a certain
License subnet or subnets.

(NWL) 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
standalone . .

A computer which uses a SUNLL license type.

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

License Server).

(SUNLL) )

An installation where the software is installed on a file server but is run from a client
thin client computer. The licensing software may be installed on the file server (consolidated

network installation) or on a different computer (distributed network installation).
XQuartz An open-source X Windows System, which is required to run Thermo-Calc on a Mac.
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About the Thermo-Calc Components To Be Installed

What is installed with a Full Standalone or Full Network Client
Option?
At the start of the installation process, the following components are installed when you

choose either the Full Standalone or Full Network Client options. If you want to exclude a
component (perhaps one of the SDKs), then you would use the Custom option.

y:-Y Setup

Select Installation Mode

Full 5tandalone

[n=tall all features
O

Choose a license file

Full Metwork Clent

[netall all features
O

A full installation means that all listed feature components are installed but the availability
of the individual components is based on the license you have. This is also applicable to the
databases and software development kits (SDKs).

Thermo-Calc

The Thermo-Calc software includes several add-on features and capabilities that are
packaged with the software and included with a full standalone or network client
installation. For example, there are the specialized add-on products Diffusion Module
(DICTRA), Precipitation Module (TC-PRISMA), and Process Metallurgy Module as well as the
Steel Model Library. For most of these specialized features, demonstration (demo) versions
and examples area available for all users but advanced features are only available with a
license.

Databases

All the latest databases are installed. As with the software features, availability of a specific
database in the software itself is based on license. However, several demonstration
(demo) databases are included and available to all users.
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Software Development Kits (SDKs)

When the Full Standalone or Full Network Client option is chosen, it installs the TC-Python,
TC-API and TQ-Interface SDKs. It does not install TC-Toolbox for MATLAB® (available only for
Windows) unless the program finds a MATLAB® installation on your computer during this
installation process, at which point you are asked if this component should be also be
installed.

The TC-Python program is installed when the Full Standalone or Full Network Client option
is chosen, but there are additional steps required to complete the installation as described
separately in the TC-Python Quick Installation Guide.

What does the Custom option allow me to do during an
installation?

During the installation process, there is some flexibility to choose what to include or exclude
with the installation by choosing the Custom option. This is primarily to the level of being
able to choose the SDKs or to exclude all databases or Thermo-Calc itself. That is, you cannot
choose specific Thermo-Calc features or databases as these are controlled by the license
and not the installation procedure.

A5 Setup - _ X

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 description
Databases

TC-Pythen

TC-API

TQ-Interface

[ TC-Toolbox for MATLAE (R)

System Requirements and Platforms Tested

p  "About the Thermo-Calc Components To Be Installed" on the previous page

A full list of system requirements and program availability are found on the Thermo-Calc
website. You can also see our roadmap for platform support to use for planning purposes.
The software development kits (SDKs) are available as follows for the indicated platforms:

SDK Windows Mac Linux

TC-Python X X X
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SDK Windows Mac Linux

TQ-Interface X not available X
TC-API X not available X
TC-Toolbox for MATLAB® X not available not available

Thermo-Calc and its components are tested on these platforms for Thermo-Calc 2020a:
Platforms Tested by Operating System

Windows Mac Linuxl,2

e Ubuntu 19.04 (Disco)

Windows 10 64-bit macOS X Catalina « Cent0S 7.6

10.15.1
e OpenSUSE 15.0

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

2|fyou areinstalling on CentOS 7, it is recommended you install gtk2 before you run the installation script.
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License and Installation Types
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License and Installation TYPeS ... 10
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License and Installation Types

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

E‘p Demo (trial) installations: Only a standalone installation is available and a
license file is automatically installed.

License . . .
Installation Type Windows macOS Linux
type
SUNLL Standalone Yes Yes Yes
Consolidated network Yes No Yes
NWL Distributed network Yes No Yes

License installations on a server

Yes Yesl Yes
network

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

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

About License Keys and Files

E‘p 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.

P "Regquest a License File from Thermo-Calc Software" on page 47
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Standalone Installations (SUNLL)

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

&

Thermo-Calc software £-\ and a Thermo-Calc license file L are installed on a
standalone computer. You can do a full (all operating systems) or a custom installation
(Windows and Linux only).

A+ i =

b Toget started, go to "First Steps of Installation" on page 15 and then "Standalone
Installations" on page 23.

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.

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.
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The Thermo-Calc software & and the license management program are installed on the

—
same 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 same computer server.

) Toget started, go to "First Steps of Installation" on page 15 and then "Network Client
Installations" on page 32.

Distributed Network Installations

The distributed network installation is used with a Network License (NWL) and is available
for Windows and Linux operating systems.
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&
A% . . .
The Thermo-Calc software £=. is installed on one computer server in a network and the

licensing software is installed on a different computer server where the license file “iiil 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.

b Togetstarted, go to "First Steps of Installation" on page 15 and then "Network Client
Installations" on page 32.

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 macOS the server containing the licensing
software must be set up on Windows or Linux.

A

N}
N}

The licensing software is installed on a computer server where the license file Ll is also
Ji‘:\'- . . .

copied. The Thermo-Calc software £ s installed on every computer in the network that

needs it.

b Togetstarted, go to "First Steps of Installation" on page 15 and then "Network Client
Installations" on page 32.
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Preparing for Installation

In this section:

First Steps of Installation ... L 15
Default Directory Installation Locations ... .. ... L 15
Subnet Information for Network LICeNSes ... ... .. 20
macOS Installation Notes ... 21
Linux Installation NOtes .. . .. 22
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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.

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

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

yum install gtk?2

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 Installation 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.

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 user name and <version> for the version of Thermo-Calc, for
example 2020a.

Thermo-Calc Default Directory Locations

LICENSE FILE - ALL OPERATING SYSTEMS

The license file is installed outside of the installation program folder. If you have more than
one version of Thermo-Calc installed then there will be additional folders here and one
license file.
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On a Mac the license file is putin /Users/Shared/Thermo-Calc. The example below is for
a Standalone Windows installation.

» ThisPC » 0O5(C:) # Program Files » Thermo-Calc »

Py

Marme Date modified Type
2019k 2019-09-24 055 File folder
2020a 2019-11-04 06:27 File folder
| ] lzervrc 2019-09-24 04:52 File
WINDOWS
Windows user type Default directory
The Thermo-Calc program is installed here:
Program Files\Thermo-Calc\<version>
The documents, materials, examples and other folders that sometimes
require additional licenses are installed here:
C:\Users\Public\Public Documents\Thermo-Calc\<version>
Mame
Exarnples
Manuals
Materials
. ProcessMetallurgyMaterials
Administrator 9y
PropertyModels
SO
A copy of the documents, materials, examples and more are then placed
here:
C:\Users\<user>\Documents\Thermo-Calc\<version>
@ It is recommended that you work with the files that are
copied to the user folder.
License software
installations on a server C:\Program Files (x86)\Common Files\SafeNet Sentinel\Sentinel RMS
network (the License License Manager\WinNT\

Manager software)
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MAc

Mac user type Default directory

The Thermo-Calc program is installed here in the Applications folder:

Thermo-Calc-<version>.app, Thermo-Calc-<version>-Demo.app,
and, uninstall-Thermo-Calc-<version>.app

Administrator (user name and The documents, materials, examples and other folders that sometimes
password required) require additional licenses are installed here:

/Users/Shared/Thermo-Calc/<version>

To go to this folder, in Finder, from the Go main menu select Go to
folder. Enter the above file path and click Go.

LINUX

Linux user type Default directory

The Thermo-Calc program including the documents, materials, examples
and other folders that sometimes require additional licenses are

Non root user installed here:

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

The Thermo-Calc program including the documents, materials, examples
and other folders that sometimes require additional licenses are

Root user installed here:

/opt/Thermo-Calc/<version>

If you are doing a network installation then these files are available as a

License software installations tar-file from the Thermo-Calc Software web site.

on aserver network (the In the downloaded tar-file, there is a restart_lserv script file, which can
License Server software) be used as a template for creating a script that starts up the License
Server.
DATABASES

The standard Thermo-Calc databases and the database initialization file tc_initd.tdb 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 where the file path is
C:\Program Files\Thermo-Calc\<version>\data.
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» ThisPC » Q5(C) » Program Files * Thermo-Calc » =wersion= > data

Marne : Type
A5 te initd Thermo-Calc TDE file
| STANDARD_DB_CLASSES.BIM BIM File

TCTI2 File folder

TCTN File folder

TC5LD3 File folder

TC-TooLBOX FOR MATLAB

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

.. \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.

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.

=1  Thermo-Calc accepts deviations from these syntax rules. This means that a
7 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.

MATERIALS

When you are working with the System Definer you can open the default Materials folder
included with your installation.
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At the bottom of the window under Material, click Load material to navigate to a material
file.

E‘;:- There is a separate folder for materials saved using the Process Metallurgy
Calculator. See Process Metallurgy Materials.

Material i i
Material name: Look in: Materials v| & eE
Aluminum Alloys
Cast Iron
Amount |Mass percent My Materials
Mickel Alloys
93,98
Fe 99,98 Solder Alloys
. AL Steel
Titanium Alloys
cr 0.01
Load material...
" Save matend as... L_a* File name: | et

Network :
ik Files of type: | Material file [=.xmi] = Cancel

The default directory where these files are stored is based on operating system:

Operatin L . .

P g Materials installation directory
system
Windows C:\Users\<user>\Documents\Thermo-Calc\2020a\Materials

On Linux all user files are installed where the program is installed. If installed as
Linux root the default is:
/opt/Thermo-Calc/2020a/Materials

Mac /Users/Shared/Thermo-Calc/2020a/Materials

CusToM PROPERTY MODELS

@ All property models (whether these are predefined or custom models) must be
located in a subdirectory of the property model directory. You can go to Tools
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@ -» Options and the Model directory field displays the default directory.

Predefined models included with the Property Model Calculator are installed in the locations
below based on your operating system. If you create your own models, this is the default
directory where these are saved. You can also use one of these as a template to create your
own property model.

Operatin . . .
P g Property model installation directory
system
Windows C:\Users\<user>\Documents\Thermo-Calc\2020a\PropertyModels
On Linux all user files are installed where the program is installed. If installed as
Linux root the default is:
/opt/Thermo-Calc/2020a/PropertyModels
Mac /Users/Shared/Thermo-Calc/2020a/PropertyModels

PROCESS METALLURGY MATERIALS

With the Process Metallurgy Calculator you can save materials to work with again. This is
the default folder where these are stored based on your operating system:

Operatin s . .
P g Process Metallurgy Materials installation directory
system
Windows C:\Users\<user>\Documents\Thermo-Calc\2020a\ProcessMetallurgyMaterials
On Linux all user files are installed where the program is installed. If installed as
Linux root the default is:
/opt/Thermo-Calc/2020a/ProcessMetallurgyMaterials
Mac /Users/Shared/Thermo-Calc/2020a/ProcessMetallurgyMaterials

Subnet Information for Network Licenses

For network licenses, the subnet information is also required. Ask your network
administrator for the network address for the subnet. Additional requirements are included
elsewhere for network installations.
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« Subnets should be in the format aaa.bbb.ccc*** (for example: 192.168.29.0/24 or
192.168.29.*

o A maximum of six subnets are permitted.

An alternative way to get this information is to run the command:

e Windows:ipconfig /all

e Mac/ Linux: ip a

macOS 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 macOS 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/.

. In the Search Mac Apps field, enter XQuartz.

. Click the XQuartz search result. For example, based on the recent version, the name is

XQuartz-2.7.7.dmg.

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

. Click OK when the message about logging out displays and click Close when the

installation is successful.

ENABLING THE SECURITY SETTINGS

1.
2.
3.

From the Apple main menu, select System Preferences.
Click Security and Privacy.

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

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).

l_:%l? 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.

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-2020a application or from the Thermo-
Calc installation directory enter s . /Thermo-Calc-2020a.sh in the terminal.
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Standalone Installations

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

In this section:

Full Standalone Installations ... 24
Custom Standalone Installations ... oo 27
Add New Components to an Existing Installation ... . 30
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Full Standalone Installations

The following describes a full standalone installation. These steps assume you have
completed the section "First Steps of Installation" on page 15.

Request your license file from Thermo-Calc Software

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

= Updates to Thermo-Calc: Customers who subscribe to the annual maintenance
7 plan can skip this step if you have received your license file in an email from
Thermo-Calc Software AB. Save the license file to your computer to use during
software installation. The license file name must be the same as the existing file
name to ensure there are no errors during the update.

Follow the instructions for your operating system in the section "Request a License File from
Thermo-Calc Software" on page 47.

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.

Run the applicable installation file for your operating system

1. Navigate to the folder for your operating system and click the link to download the
software package, then go to the folder where you downloaded it.

@ Administrative rights are required for Windows and Mac installations.
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WINDOWS
Right-click the .exe file and choose Run as administrator to launch the Setup program.

Open

0 Run as administrator
Troubleshoot cnr‘npatil::lilit_-,rl/‘x’
Pin to Start

MACOS

Double-click the downloaded file then follow the instructions.

( A

Q For macOS and when you first run the installer, you may see a message that
Thermo-Calc-osx-<version> can't be opened because Apple cannot check it for
malicious software. If this happens, select Show in Finder. Then, in the opened
Finder window right-click the downloaded file Thermo-calc-osx-<version>
and select Open.

LINUX

To start the Setup Wizard in a Terminal window, enter these commands in the directory
where the installation file is saved:

> chmod +x linux-installation-x64-2020a.run

> ./linux-installation-x64-2020a.run

=7 If you are an openSUSE root user, see "Linux Installation Notes" on page 22 for
some information about your installation.

2. On the Setup window click Next.

3. On the License Agreement window click the button to accept the license agreement
then click Next.

Demo (trial) installations: Your installation starts and is done when the
Completing the Thermo-Calc Demo Setup Wizard opens. Click Finish and start
using Thermo-Calc.
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Select the installation type and upload the license file

b "About the Thermo-Calc Components To Be Installed" on page 6

1. In the Select Installation Mode window click Full Standalone: Install all features.

Q If you want to exclude a component (perhaps one of the SDKs), then you
would use the Custom option. See "Custom Standalone Installations" on

the next page.

= When the Full Standalone or Full Network Client option is chosen, it
7 installs everything except the TC-Toolbox for MATLAB® (available for
Windows only). However, if the program finds a MATLAB® installation on
your computer during this installation process, you are prompted if this
component should be also be installed.

= The TC-Python program is installed when the Full Standalone or Full
Network Client option is chosen, but there are additional steps required
as described separately for this SDK.

2. For a Full Standalone installation, in the Choose a license file field either enter the

file path or 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.

.Y Setup

Select Installation Mode

Full Standalone
Install all features
®

Choose a license file ChUsershamandatDownloadst LSERVRC | @
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=2 Toprevent errors, leave this field blank if you did not get a license file
yet.

3. TC-Python is installed for all users even if you do not have a license. The Install TC-
Python window is a reminder that additional installation procedures are required
after Thermo-Calc is installed. Click Next.

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 finish the installation and start using Thermo-Calc.

= macOS installations and if you have previous Thermo-Calc installations:
7 When you launch Thermo-Calc with the new or updated version, the
splash screen hides the Import User Settings dialog box. In order to
proceed you need to click the splash screen and then click Yes or No in
the dialog box.

Import user settings >

A Do you want to import user settings from

» If you did not get your license file see "Request a License File from Thermo-Calc
Software" on page 47.

Custom Standalone Installations

b "About the Thermo-Calc Components To Be Installed" on page 6

Use the Custom option if you want more control over what component features to include or
exclude, for example use it to exclude an SDK.

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 these sections:
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o "First Steps of Installation" on page 15

« Steps 1 to 3 of a "Full Standalone Installations" on page 24 where you request your
license file, download the software and then have started to set up the program up to
the Select Installation Mode window.

Select the installation mode and what components to include or
exclude

b "About the Thermo-Calc Components To Be Installed" on page 6

1. In the Select installation mode window click Custom (the option appears greyed
out, but it is available to select). Click Next.

Full Metwork Client

Install all features

O

Enter the narme or IP number of the licensing server

Custom
Choose which features to install

2. On the Specify Configuration window the Create Shortcuts on Desktop check box is
selected by default. Click Next.

3. In the Select Components window, click to deselect the check boxes as needed. Click
Next.

A Setup - _ %

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-Cale Click on a component to get a detailed description
Databases

TC-Python

TC-API

TQ-Interface

[ TC-Toolbox for MATLAE (R)

Set the installation directory and choose the license file

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 Installation
Locations" on page 15). Click the file button ® to Browse for Folder and navigate to
another directory. Click Next.
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A, Setup

Installation Directory

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

Installation Directory C:‘-._F'ro ram Files', Thermo-Calc =Tt el | 7]

=7 Topreventerrors, leave this field blank if you do not have a license file
yet.

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.

ol

2. In the Choose Setup Type window, click Standalone.

A Setup
Choose Setup Type

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

Standalane

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

Network Client

Enter name or IP number of the licensing server

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 and open the file.
Click Next.

4. If TC-Python is selected to be installed, the Install TC-Pythonwindow is a reminder
that additional installation procedures are required after Thermo-Calc is installed.
Click Next.
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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
finish the installation and start using Thermo-Calc.

i= macOS installations and if you have previous Thermo-Calc installations: When
you launch Thermo-Calc with the new or updated version, the splash screen
hides the Import User Settings dialog box. In order to proceed you need to click
the splash screen and then click Yes or No in the dialog box.

Import user settings it

& Do you want to import user settings from

b If you did not get your license file see "Request a License File from Thermo-Calc
Software" on page 47.

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-Python), run the installation file again as in Step 3 of "Full
Standalone Installations" on page 24.

1. For all OS you need to have administrative level rights. For example in Windows,
right-click the executable Thermo-Calc installation .exe file and choose Run as
administrator to launch the Setup program.

Open

E;' Run as administrator
Troubleshoot cnmpatibilit}rl/}
Pin to Start

2. Click Next. 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).
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E‘:’ Use the Uninstall program to remove components.

p  "Uninstalling Thermo-Calc" on page 65
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Network Client Installations

This installation type is available for all operating systems, however for macOS the License
Server must be run on a Windows or Linux computer. It is applicable to the consolidated and
distributed network types of installations as well as for the licensing installation on a server
network.

p  "About the Thermo-Calc Components To Be Installed" on page 6

In this section:

Full Network Client Installations ... ... .. 33
Set Up the License Manager on Windows ... ... 34
Set Up the License Server on Linux ... . 36
Thin Client Installations ... .. 39
Custom Network Client Installations ... ... ... 41
Unattended Network Client Installations 44
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Full Network Client Installations

The following outlines how you do a full network client installation.
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 36

Complete Steps 1 to 3 of a full standalone installation

These steps assume you have completed the instructions for "Full Standalone Installations"
on page 24 to download and run the software up to the Select Installation Mode window. It
is up to you whether you get the computer information for the license files before or after
installing the software.

Choose the installation type and enter the computer server
details

p  "About the Thermo-Calc Components To Be Installed" on page 6

1. In the Select Installation Mode window click Full Network Client to Install all
features (the option appears greyed out, but it is available to select).

Q If you want to exclude a component (perhaps one of the SDKs), then use
the Custom option and see "Custom Network Client Installations" on

page 41.

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

Full Metwork Client
® Install all features

Enter the name or IP number of the licensing server || |

3. TC-Python is installed for all users even if you do not have a license. The Install TC-
Python window is a reminder that additional installation procedures are required
after Thermo-Calc is installed. Click Next.
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4. In the Ready to Install window click Next.

5. When the Completing the Thermo-Calc Setup Wizard window opens, click
Finish.For Linux users, log out and log back in to start using Thermo-Calc.

= macOS installations and if you have previous Thermo-Calc installations:
7 When you launch Thermo-Calc with the new or updated version, the
splash screen hides the Import User Settings dialog box. In order to
proceed you need to click the splash screen and then click Yes or No in
the dialog box.

Import user settings ot

& Do you want to import user settings from

» If you did not get your license file see "Request a License File from Thermo-Calc
Software" on page 47.

Set Up the License Manager on Windows

= 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. See "Installation Terminology" on page 4 for more
information.

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 file must be set up on a
Windows or Linux computer.
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« For testing purposes, and in order to confirm the installation is working correctly,
install the Thermo-Calc software on the same computer as the Sentinel RMS License
Manager. Thermo-Calc can always be uninstalled after testing if required.

o Administrator rights are required.

Installing the License Manager on Windows
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.

Choose the installation directory

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

2. Enter your User Name and Organization and select to install the License Manager
for All users. Click Next.

3. In the Destination Folder window click Next to accept the suggested destination
directory or Change to select another directory. Click Next.

Choose the setup type and install the software

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

2. Select the Unblock the system firewall for the Sentinel RMS License Manager
check box.

@ Selecting the check box is required to run Thermo-Calc.

3. Click Next and then Install.
4. Click Finish to exit the InstallShield Wizard.
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Copy the license files to the destination directory

1. Copy the network license file to the destination directory. By default, it is installed in
the following directory with the name Iservrc.

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

4 )\

@ The name of the license file must be in lower case letters (Iservrc). This
is especially important if both Windows and Linux operating systems are
part of your network; Linux commands and operations are case-
sensitive.

(. J

If the default file path does not work, you can set the environmental variable
LSERVOPTS to select the license file:
a. In the Windows Control Panel, go to System -» Advanced system settings.
b. In System Properties select Advanced - Environment Variables - New.

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

d. 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>

Reboot or restart the license manager

Set Up the License Server on Linux

= 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. See "Installation Terminology" on page 4 for more
information.

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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o You need to stop older versions of the License Server before running the new one. To
stop the license server you run Isrvdown .

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

« 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.i686

« You need a valid Iservrc network license file supplied by Thermo-Calc Software and
the actual License Server—a file(program) called Iserv.

@ The name of the license file must be in lower case letters (Iservrc)
because Linux commands and operations are case-sensitive.

« The license file need to be read and writable by the license server(license manager)

« If you have a license server; Upgrade your license server if the new one is a higher
version than the present one. Clients work with newer license servers(managers) but
not necessarily with ones older than client.

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 on Linux

Stop any older versions of the License Server

E‘;’ 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:
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>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.

D For more information about the Iservdown utility, go to
Q http://sentinelrms.safenet-
inc.com/RMSDocumentation/SysAdmin/Content/Isrvdown.htm

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_lserv 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/2020a/Licensing-files
# set the directory of the license file lservrc
LICENSE FILE DIR=/usr/local/Thermo-Calc/2020a/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)
SLICENSE SERVER DIR/lsrvdown $HOSTNAME
# start the license server

$LICENSE_SERVER DIR/lserv -s $LICENSE FILE DIR/lservrc -1 $LOG_DIR/lserv use.log -f
$LOG_DIR/lserv_err.log

Confirm the HOSTNAME variable and open the UDP port

The hostname should always correspond to the DNS record verify this by doing the following.

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:
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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 in the
/etc/selinux/config file.

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.

INSTALLATION REQUIREMENTS

e 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.

o 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. Map the file server share as a network drive so that it gets an assigned drive letter
(e.g. E:).

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

3. Open the directory Thin-client. Double-click the Thermo-calc-client-windows-
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<version>.exe file.
4. Click to accept the terms of the license agreement. Click Next.

5. Enter the name or IP number of where the license file and the License Manager
software is installed. Click Next.

6. By default the Create Shortcuts on Desktop check box is selected. Click Next.
7. In the Ready to Install window, click Next.

8. Click Finish. To start Thermo-Calc 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/2020a
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/2020a). How the directory is mounted depends on the Linux distribution being
used as well as how the 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-1linux-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.
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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 installation type is available for all operating systems, however for macOS the License
Server must be run on a Windows or Linux computer.The requirements are the same as for
a full client installation.

Install the licensing software
Follow the instructions for your operating system:

¢ "Set Up the License Manager on Windows" on page 34, or

e "Set Up the License Server on Linux" on page 36

Complete Steps 1 to 4 of a full standalone installation

Follow the instructions for "Full Standalone Installations" on page 24 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.

Select the installation mode and what components to include or exclude

b "About the Thermo-Calc Components To Be Installed" on page 6

1. In the Select installation mode window click Custom (the option appears greyed
out, but it is available to select). Click Next.

Full Metwork Client

Install all features

C

Enter the name or IP number of the licensing server

Custom
Choose which features to install

2. On the Specify Configuration window the Create Shortcuts on Desktop check box is
selected by default. Click Next.
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3. In the Select Components window, click to deselect the check boxes as needed. Click
Next.

Ay setup - _ x

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-Cale Click on a component to get a detailed description
Databases

TC-Python

TC-API

TQ-Interface

[ TC-Toolbox for MATLAB (R)

Set the installation directory and the file path to the license

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 Installation
Locations" on page 15). Click the file button ® to Browse for Folder and navigate to
another directory. Click Next.

A Setup

Installation Directory

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

“Program Files\ Thermo-Calc U=l | e

Installation Directory C:

=2 Toprevent errors, leave this field blank if you do not have a license file
yet.

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.

Al

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

Choose Setup Type

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

Standalone

O

Choose a license file CAUsers\amanda\Downloads\LSERVRC

MNetwork Client

Enter name or IP number of the licensing server ||

= If you have selected to install TC-Python there is a reminder window
that additional installation procedures are required after Thermo-Calc is
installed. Click Next.

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
finish the installation and start using Thermo-Calc.

= macOS installations and if you have previous Thermo-Calc installations: When
you launch Thermo-Calc with the new or updated version, the splash screen
hides the Import User Settings dialog box. In order to proceed you need to click
the splash screen and then click Yes or No in the dialog box.

Import user settings it

A Do you want to import user settings from

b If you did not get your license file see "Request a License File from Thermo-Calc
Software" on page 47.
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Unattended Network Client Installations

= 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.

‘=7  Make sure you know the name or IP number of the computer where the
licensing software and the license file are to be installed.

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:

installation mode=custom

setup_ type=client
enable-components=thermo, databases, tqg, tcapi, toolbox, tcpython
icons=1

license server=<name/IP number>

Below is a shorter example, specifying that a full Thermo-Calc network client should be
installed:

installation mode=full client

license server=<name/IP number>

Go to the directory where the installation file is stored

'_:%|¢ 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>
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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 ..., 47
Getting License Information Using Thermo-Calc ... .. ... 47
Requesting the License File for Windows or Linux ... ... . 48
Requesting the License File for macOS ... . 50
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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 organization’s site number. You can find the site
number 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.

3 https://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.

A& Thermo-Calc

File Tools Window Help
m = AD
Mew Open Save | Switch to Console Mode

Project

3. At the sys: prompt, enter bIsPLAY LICENSE INFO (all caps).
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B console 1 @ | 1| =

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

Local contact Computer: orion.thermocalc.se

EYZ:DISPLAY LICENSE INFO

4. You can output the information to a FILE or to the SCREEN.

EYE5:DISPLAY LICENSE INFO
OUTEUT TO SCREEN OR FILE Jl‘rSl'.Zl:EEEIMLI‘r:Sl'.ZREEl‘-]i

5. 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.

Requesting the License File for Windows or Linux

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

i= 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. To access the computer information you need to provide to get a license, start
Thermo-Calc and select Help - Show License Info.
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A License Information W

License diagnostics program
build: created: Wed Oct 11 09:15:37 Z01B

Log gensrated at: 09%-11-2018 09%:15:39
Safenet environment variables

LSHOST: NO-NET

LSEREVRC: C:\Program Files‘\Thermo-Calc-academicsversion=, LSERVRC

Local {client) info

hostname: amanda
license wersion: 8.5.1.0017
ethernet: FO-D5-BF-4E-CR-D7 v

OK

2. Copy the information from the License Information window. A lot of information
may be shown below the initial screen, so make sure you scroll down to the end
when you select and copy the window's contents. (Alternatively, you can copy the
same information from the console by using the SYS module command DISPLAY _
LICENSE_INFO.)

3. Send an email to support@thermocalc.com. 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: supportg@thermocalc.com
Cec:

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

Add attachments | ] tcloglog (7.3 KB} [x

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

5. Save the license file(s) to your computer or network.
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Requesting the License File for macOS

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

i= 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.

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.

Network

Ethernet

TCP/AP DNS  WINS B02.1X Proxies

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

Configure: | Automatically d
Speed:
Duplex: half-duplex
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.
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Designated Site 12345
XYZ Company

900 Main Street
Stockholm 11
SWEDEN

To: |suppnrt@thermncalc.cnm

Cc |

|License diagnostic information from Jane Smith, XYZ Company, Site 12348

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.
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Troubleshooting

In this section:

LiCENSE ErrOrS 53
Determining the Current License File Directory Path ... ... .. ... 54
Specifying a New Server Name or IP Number ... .. L 57
MATLAB® Installation DireCtory . ... i 58
FirewWalls il 59
Client/Server MismatCh .. . 59
macOS Installations: Running the License Initialization Script ........ .. ...................... 61
Linux Installations: Running the License Initialization Script ........... .. ... 62
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License Errors

Installation

Action or link to more

Issue Platform . .
type information
How do | add or update a
standalone (SUNLL)
license on a Windows . "Determining the Current License File
Windows Standalone - "
computer where Directory Path" on the next page
Thermo-Calc is already
installed?
How do | add or update a
standalone (SUNLL)
license on a Linux . "Determining the Current License File
Linux Standalone - "
computer where Directory Path" on the next page
Thermo-Calc is already
installed?
How do | add dat - . .
ow do ? orupdate a . "Determining the Current License File
network license on Windows Network Directorv Path” on the next page
Windows? y Pag
How do | add dat . . .
ow do ? orupdate a . "Determining the Current License File
network license on Linux Network - ~
. Directory Path" on the next page
Linux?
No license file found. You get this message if the wrong path or
Copy a valid license file no license file is found at a path entered
to the installation All Al during the installation process. See "Default
directory after Directory Installation Locations" on page 15
completing the and "Determining the Current License File
installation. Directory Path" on the next page
MATLAB® not found (for " ® . . "
the TC-Toolbox for Windows All 'ZIAeTIS";\B Installation Directory " on
MATLAB component) Page o2
Warning Environment
variable LSHOS'T is not All Network SpeC|fy|Ir|1g a New Server Name or IP
set. Software will not Number" on page 57
function properly.
Problem running post- "macOS Installations: Running the License
install step. Installation Linux and Initialization Script " on page 61or "Linux
Standalone - - -
may not complete Mac Installations: Running the License

correctly.

Initialization Script" on page 62
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Installation  Action or link to more

Issue Platform . .
type information

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

Firewall warnings related
to license management .
. e Windows e "
software (License . Network Firewalls" on page 59
. and Linux
Manager and License
Server)

Client / Server naming Windows

mismatches and Linux Network Client/Server Mismatch" on page 59

You are not notified if the InstallScript
scripting engine is not installed. Install the
In§ta.IIScript engine Windows Network ISScript.msi filfe and then run the .
missing downloaded file from Thermo-Calc again as
described in "Set Up the License Manager
on Windows" on page 34

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
GULI. Select Help - Show License Info.

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

WINDOWS STANDALONE INSTALLATIONS

How do I add or update a standalone (SUNLL) license on a Windows computer where
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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

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:\Users\<user>\Documents\Thermo-Calc\lservrc

then the new license file should be placed in c:\Program Files\Thermo-
Calc\2020a\

LINUX STANDALONE INSTALLATIONS

How do 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

How do | add or update a network license on Windows?
1. You need administrator rights to do the following.

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

e 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)

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 ManageriWinNT\lservnt 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 startthe service from
here.

Start 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

« Right-clicking Sentinel RMS License Manager and selecting Restart from the

list of installed services.

LINUX NETWORK INSTALLATIONS

How do | add or update a network license on Linux?
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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.

If the 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

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.

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

Permanently set the environmental variable LSHOST to specify a new licensing server name
or IP number. Refer to the file /Applications/Thermo-Calc-2020a.app/Contents/plist.info.

In this file, you can manually set the TC20A_HOME variable, which specifies the home
directory of the Thermo-Calc program. See the plist.info file for an example.

LINUX

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) software being used. This can be useful while troubleshooting network
installations.
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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

Type the command >1servnt.exe -help and the version is displayed.

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

>cd opt/Thermo-Calc/<version>/Licensing-files

Type the 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) 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.
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How 1O CHECK

Compare computer names on the client computer and server

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

¢ Hostname
o DNS Suffix
e Current IPv 4 Address

2. In the command window, type nslookup <client_computer_name>, where client_
computer_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:

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 configure the computer names and IP addresses in the local Hostfile of the
client and server:

1. On the client computer, make a backup copy of the file
C:\Windows\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:
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192.168.29.27 license_server.thermocalc.se.
Save the changes.
On the server, make a backup copy of the file /etc/hosts.

Open the original in a simple text editor.

N o v A

Add a new line which contains the IP and name of the client, for example:
192.168.29.47 Computer_A.thermocalc.se.

o

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.

macOS 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.

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:

/Users/Shared/Thermo-Calc

p  "Default Directory Installation Locations" on page 15

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-
2020a.app/Contents/Resources/license-initialization-macOS-
x86_ 64.sh

For demo installations, the path should be /applications/Thermo-Calc-2020a-

Demo.app/Contents/Resources/ license-initialization-macOS-x86 64.sh.

Troubleshooting | 61 of 67



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.

E‘; 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

E‘p 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.

b "Default Directory Installation Locations" on page 15
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1. In the console, go to the Thermo-Calc installation directory.

e The license file is put in /home/<user>/Thermo-Calc 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 opt/Thermo-Calc/.

2. Enter this command:

S sudo sh license-initialization-linux.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:

S sh license-initialization-linux.sh

3. 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 ... oo o 65

Uninstalling Standalone Versions of TC-PRISMA ... 66
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Uninstalling Thermo-Calc

WINDOWS 10

1. From the Control Panel Desktop app, go to Programs - Programs and Features =
Uninstall or change a program.

2. In the list of programs, locate the version of Thermo-Calc you want to uninstall. Click
to highlight that row.

3. Click Uninstall/Change.

4. In the Setup window, Uninstallation Mode dialog box, choose to uninstall the Entire
application or Individual components. Follow the instructions to finish.

MAc

Deleting the program from the Applications folder does not remove the program from your
operating system. Run the Thermo-Calc-<version>-uninstaller program located in the
Applications folder. This is also applicable to the Demo version of the software.

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

2. Click Yes to choose Entire application or select individual components. Otherwise
click No to quit.

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

LINUX

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

the command
./Thermo-Calc-2020a-uninstaller.run

For Thin Client installations, use the command

./Thermo-Calc-client-2020a-uninstaller.run

2. 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.
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@ If you intend to reinstall Thermo-Calc 2020a it is important to remove the
environmental variable TC20A_HOME by logging out and back into the Linux
user account.

Uninstalling Standalone Versions of TC-PRISMA

= 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.

1. Go to the Thermo-Calc uninstaller. For example, in Windows 7, go to Start = All
Programs - Thermo-Calc or in Windows 10 go to Start - All Apps - Thermo-Calc.

2. Click uninstall-Thermo-Calc-2015b (or the version of TC-PRISMA you have).
Thermo-Calc
TC-PRISMA-2015b

Thermo-Calc-2015b
£+, uninstall-Thermo-Calc-2015b

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

TP W

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:

L\\s Removes individual components while leaving the rest of application installed

4. Select the TC-PRISMA check box.
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Select Compeonents To Uninstall

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

| Thermo-Calc
7] TC-PRISMA
| Databases

. Click Next and then OK when the software component is uninstalled.
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The Thermo-Calc Software

Thermo-Calc Version 2020a

Thermo-Calc
Software



About the Thermo-Calc Software

In this section:

The Thermo-Calc Software ... L 3
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About the Thermo-Calc Software | 2 of 56



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.

About the Thermo-Calc Add-on Modules

The Thermo-Calc program also includes add-on modules as briefly described below and at
the links to our website.

o The Diffusion Module (DICTRA) is used to simulate diffusion controlled
transformations in multicomponent systems. You can find more about it on our
website.

e The Precipitation Module (TC-PRISMA) is used to simulate diffusion controlled multi-
particle precipitation process in multicomponent and multi-phase alloy systems. You
can find more about it on our website.

e The Process Metallurgy Module is used to set up calculations used in steel making
and other metallurgical industries. You can find more about it on our website.

Diffusion Module (DICTRA)

The Diffusion Module (DICTRA) is an add-on module to Thermo-Calc. It is used for simulation
of diffusion controlled transformations in multicomponent systems. The simulation
calculations are both time- and space-dependent. The Diffusion Module (DICTRA) is
available in both Graphical Mode (as the Diffusion Calculator) and Console Mode (as the
DICTRA module).

The Diffusion Module (DICTRA), which is often just referred to as DICTRA, is ideally suited to
solve diffusion simulations that include a moving boundary (Stefan problems). The
multicomponent diffusion equations in the various regions of a material are solved under
the assumption that thermodynamic equilibrium holds locally at all phase interfaces.
Simulations are one-dimensional and three different geometries can be performed: planar,
cylindrical, and spherical.
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Examples of cases that have been simulated using the Diffusion Module (DICTRA) include:

o Microsegregation during solidification

« Homogenization of alloys

o Growth/dissolution of carbides, nitrides and intermetallic phases

o Coarsening of precipitate phases

« Interdiffusion in compounds, e.g. coating systems

« Austenite to ferrite transformations in steel

o Carburization, nitriding and carbonitriding of high-temperature alloys and steels
o Post weld heat treatment

« Sintering of cemented-carbides

Precipitation Module (TC-PRISMA)

The Precipitation Module, or TC-PRISMA, is an add-on module to Thermo-Calc and it is
available in Graphical Mode as the Precipitation Calculator.

The module treats concurrent nucleation, growth/dissolution and coarsening under arbitrary
heat treatment conditions in multi-component and multi-phase systems using Langer-
Schwartz theory and the Kampmann-Wagner numerical approach. It is a general
computational tool for simulating kinetics of diffusion controlled multi-particle precipitation
processes in multicomponent and multiphase alloy systems.

You can use the Precipitation Module for:

« Concurrent nucleation, growth/dissolution and coarsening of precipitates
o Temporal evolution of particle size distribution

o Average particle radius and number density

« Volume fraction and composition of precipitate

o Nucleation rate and coarsening rate

o Time-Temperature-Precipitation (TTP) diagrams

« Continuous-Cooling-Transformation (CCT) diagrams

o Estimation of multi-component interfacial energy
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Process Metallurgy Module

The Process Metallurgy Module is an add-on module to Thermo-Calc and it is available in
Graphical Mode as the Process Metallurgy Calculator. The module is designed to model
reactions that occur in metallurgical processes. It is based on the global equilibrium of the
process. Although primarily used in steelmaking and steel refining processes (such as basic
oxygen furnaces, electric arc furnaces, ladle furnace metallurgy and so forth), applications
are not limited to steelmaking. The main difference compared to the a standard Equilibrium
Calculator is that it is easy to handle the different materials present in a metallurgical
process. The is especially true for the slag composition that is based on components.

Both isothermal and adiabatic calculations are possible. Adiabatic calculations assume no
heat and mass exchange with the environment during the equilibrium reaction.

You can use the Process Metallurgy Module to calculate:

e The equilibrium between predefined steels and slags

o Desulfurization, dephosphorization, decarburization

o Any partition coefficient

« Slag characteristics, such as slag basicity or sulphur capacity
o The fraction of liquid and solid in the slag

o The temperature change in an adiabatic process

The module requires both a valid Maintenance and Support Subscription (M&SS) and a
license for the TCS Metal Oxide Solutions Database (TCOX).

Graphical Mode vs Console Mode

There are two interfaces available in Thermo-Calc: Graphical Mode with a graphical user
interface (GUI) and Console Mode, which uses a command line interface. Thermo-Calc and
the Diffusion Module (DICTRA) are available in both modes, and the Precipitation Module
(TC-PRISMA) is only available in Graphical Mode.

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

In Graphical Mode calculations are set up, carried out, and visualized as part of

I;I a project. The steps in the project are performed with activities. There are
templates and a Wizard available to guide you through the process of defining
the project.
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In Console Mode you work with modules, which are managed using commands

E typed at a prompt. Some modules, called response-driven modules, ask you a
series of questions that typically take you through the process of defining your
system, setting calculation 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 GRAPHICAL IMIODE TOOLBAR where you switch between modes.
File Tools Window Help

0@ B8 V- X0

New Open Save | Switch to Console Mode

In Console Mode, except for the SWITCH TO GRAPHICAL IVIODE button, the toolbar is not used.
O

Switch to Graphical Mode

New Open Save

D See "Menu, Toolbar and Keyboard Shortcuts" on page 4 for information about
the Tools, Window and Help menus, which are available in both modes.

FILE EXTENSIONS

The file extensions are different based on the mode you are in (Graphical vs. Console). In
Console Mode the extensions are also based on whether you are working with Thermo-Calc
or the Diffusion Module (DICTRA).

I;I In Graphical Mode, the Thermo-Calc project files have the extension *.tcu. This
includes the examples for the add-on Diffusion Module (DICTRA) and
Precipitation Module (TC-PRISMA).

E In Console Mode, Thermo-Calc macro files have a *.TcM extension and the
Diffusion Module (DICTRA) file extension is *.pcM. In addition to macro files in
Console Mode the are also Log files and Workspace files, which also differ.

CAN | WORK WITH BOTH MODES AT THE SAME TIME?

The two modes can be run simultaneously, but there is no communication between them.
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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 47.

DATA OPTIMIZATION AND THERMODYNAMIC / KINETIC ASSESSMENTS

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

Graphical Mode Activities vs Console Mode Modules

b Graphical Mode: "About the Activity Nodes" on page 9

) "Console Mode Modules" on page 9

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

Below is a brief description of 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 final calculations, are incorporated into the projects and activity nodes.
Some modules require additional licenses.

GRAPHICAL MODE ACTIVITIES VERSUS CONSOLE MODE IMODULES

Binary BIN Calculate binary phase diagrams. Access to specific databases designed for
Calculator BIN, such as TCBIN, is required.

System DATA Select appropriate databases, define chemical systems and retrieve the data
Definer required for calculations.

Diffusion Run simulations of diffusion controlled transformations in Thermo-Calc using
Calculator DICTRA the Diffusion Module (DICTRA). An additional license is required for this

feature.

This is the data optimization module for the Diffusion Module (DICTRA). It
— DIC_PARROT allows you to assess experimental data and use such data to optimize
calculations. An additional license is required for this feature.
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This is the
calculation
engine

Precipitation
Calculator

Property
Model
Calculator

Equilibrium
Calculator

Plot
Renderer

Ternary
Calculator

Process
Metallurgy
Calculator

Scheil
Calculator

Ternary
Calculator

ED_EXP

GIBBS or GES

PARROT

POLY

POST

POTENTIAL

POURBAIX

REACTOR

SCHEIL

SYS

TAB

TERN

Part of the PARROT submodule, use it to edit experimental data points to
make reliable optimizations.

Handles thermodynamic models and quantities. Generally you do not need
to use this module, but you can get information about models, and list, add
or amend the thermodynamic parameters in use.

A data optimization module to assess experimental data and use the data to
optimize calculations.

Set the conditions for, and perform, a precipitation calculation.

Predict and optimize material properties based on their chemical
composition and temperature. There are preconfigured General Models
and Steel Models available.

Equilibrium calculation module. Specify conditions and make calculations.

This is a submodule to POLY and is for post-processing and plotting of
calculation results. Modify property and phase diagrams, add labels, change
the diagram colors and so forth.

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.

Use this to set up calculations for steel and slag. Define the composition of a
steel and slag system using material groups: one each for steel (or another
user-defined metal), slag and gas.

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).

Calculate ternary phase diagrams.
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Graphical Mode vs Console Mode: Calculation Types

P "The Calculation Types in Graphical Mode" on page 23

p  "Calculations" on page 35

When you are using Thermo-Calc and the add-on modules, you generally first set up a
system, select the databases to use, and then define various parameters related to the
simulation you want to conduct. Once this is set up you decide what calculation type to
perform, choose a plot type (or a table for single equilibrium, for example) to use and then
eventually get a result.

How Thermo-Calc handles the calculation behind the scenes is the same whether you use
Graphical Mode or Console Mode. However, there are differences with the workflow and for
historical reasons some calculation types are named differently based on whether you are in
one mode or another. In addition, the plot types (diagrams) you choose to output the
information are also different based on whether you are in Graphical or Console Mode.
These plot types are often based on the type of calculation being done, where in some cases
you can only do it in one mode and not the other. For example, precipitation calculations are
only available with the Precipitation Calculator, which is only available in Graphical Mode,
but you can do diffusion calculations in both Graphical and Console Mode.

COMPARISON OF CALCULATION TYPES IN GRAPHICAL MODE vs CONSOLE MODE

The table lists most of the calculation types that you will want to perform based on whether
it is in Graphical Mode or Console Mode. The first column is primarily based on the
calculation types you can select when working in Graphical Mode and when using the
various calculators as indicated in the second column. The third column is the module or
command in Console Mode that you would use to perform the same, or similar, type of
calculation.

Calculation . e
Graphical Console Definition
Type

An equilibrium defines the amount(s) and
composition(s) of one or several phases that
have the minimum Gibbs energy at a given
temperature and pressure. A prerequisite

Equilibrium - for a successful equilibrium calculation is

calculations (el (HOR e L that the number of degrees of freedom

according to Gibb's phase rule must be zero.
This means that the right number of
independent conditions must be setin order
to successfully be able to calculate an
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Calculation
Type

Single
equilibrium

Single (no axes)

One axis

Property
diagrams

Phase diagrams

Scheil
calculations

Graphical

Property Model

Console

Calculator (Equilibrium_ POLY3 module

model) and
Equilibrium Calculator

Property Model
Calculator and Process
Metallurgy Calculator

Property Model
Calculator, Equilibrium
Calculator and Process
Metallurgy Calculator

One axis: available
with Equilibrium
Calculator or Property
Model Calculator

Equilibrium Calculator,
Binary Calculator, and
Ternary Calculator

Scheil Calculator

POLY3 module

POLY3 module

POLY3 module,
STEP command

POLY3 module,
MAP command,
BINARY module,
and

TERNARY module

Scheil module

Definition

equilibrium.

To calculate a single equilibrium. The results
from this calculation are displayed as
follows:

o Graphical Mode: In the Results
window for a Table Renderer or in
the Event Log window (for the
Property Model Calculator)

e Console Mode: With the LIST _
EQUILIBRIUM command.

To calculate a single point. The results from
this calculation are displayed as follows:

e Graphical Mode: In the Results
window for a Table Renderer or in
the Event Log window.

e Console Mode: With the LIST _
EQUILIBRIUM command.

To vary a quantity on the X-axis.

A property diagram is calculated by stepping
one of the conditions that were defined for
the equilibrium calculation and plotting
some other property against this variable.
For example stepping through temperature
and plotting equilibrium composition of a
certain phase, or stepping through
composition and plotting equilibrium phase
fractions, and so forth.

A phase diagram is mapped within a specific
space constructed by two (or more)
independent mapping variables. These are
mostly temperature and composition, but
can be many other, such as temperature and
pressure, activity of oxygen and activity of
sulphur, and so forth.

Simulate a non-equilibrium transformation or
partial-equilibrium transformation, also called
a Scheil-Gulliver solidification.
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Calculation
Type

Gibbs energy
curves

Activity curves

Phase fractions

Isothermal
section

Monovariant
lines

Liquidus
projection

Potential
diagrams

TO temperature

simulations

Paraequilibrium

Grid

Min/Max

Graphical

Binary Calculator

Binary Calculator

Binary Calculator

Ternary Calculator

Ternary Calculator

Ternary Calculator

not available

not available

not available

Property Model
Calculator, Equilibrium
Calculator, and Process
Metallurgy Calculator

Property Model
Calculator

Console

BINARY module

BINARY module

BINARY module

TERNARY module

TERNARY module

TERNARY module

Potential Diagram
module and
POLY3 module

POLY3 module

POLY3 module

not available

not available

Definition

To calculate at a constant temperature over
the whole composition range.

To calculate at a constant temperature over
the whole composition range.

To calculate as a function of temperature at
a constant composition.

To calculate the ternary system for the
whole composition range at a constant
temperature.

To calculate the variation of the liquid
compositions with temperature.

The projection liquid surface and the
monovariant lines are calculated over the
given temperature range.

A potential diagram uses the activities of two
major species in the gaseous mixture phase as
mapping variables. For example, use this for a
metal-oxide/sulphide-gas interaction system
to calculate a diagram based on a specific
temperature and pressure .

The TO-temperature is the temperature at
which two phases have the same Gibbs energy
for a certain composition for a certain alloy
composition.

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).

With the Equilibrium Calculator, it computes
the equilibrium of each grid point in a two-
dimensional grid.

With the Property Model Calculator, it
evaluates two axis variables of the selected
quantities in the specified range and number
of steps.

Evaluates the property model(s) for all
variations of the selected quantities at the
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Calculation

Graphical Console Definition
Type
given limits.
Property Model Evaluates the property model(s) where the
Uncertainty Calculator and Process  not available values of the quantities are sampled from
Metallurgy Calculator Gaussian distributions.
A Pourbaix diagram is a kind of phase
Aqgueous Pourbaix diagram that shows the stability boundaries
solutions, S . for a metal-aqueous interaction system. The
. Equilibrium Calculator  Diagram module, . .
Pourbaix phase boundaries are shown as a function of
POLY module

diagram pH (acidity) and Eh (standard hydrogen
electronic potential).

To tabulate thermodynamic functions of any

Tabulation . - .

reaction not available TAB module type of substance, stoichiometric phase or
solution phase, or reaction.

Diffusion e . Detail imulation of diffusion controll

.I USIO. Diffusion Calculator DICTRA monitor etal_ed s! uatl9 of diffusion controlled

simulation reactions in multi-component systems.
Isothermal calculations in general can be
done in all Console Mode modules, for

POLY3, DICTRA example an Isothermal diffusion in
Isothermal See below

monitor DICTRA monitor and an isothermal
calculation in POLY3 using the
STEP command.

You can calculate nucleation,
growth/dissolution and coarsening of
particles size classes under these conditions:

Precipitation Calculator See above isothermic (precipitation simulation at
constant temperature) or non-isothermic
(precipitation simulation with user-defined
temperature profile).

Isothermal and
non-isothermal

The TTT (Time-Temperature-Transformation)
and CCT (Continuous Cooling
Transformation) diagram can be simulated
for one or more particles.

TTT and CCT Precipitation Calculator  not available

About the File Types and Formats

The file formats (and the file extensions / suffixes) are based on whether you are working in
Graphical or Console Mode, and in Console Mode, whether you are working with Thermo-
Calc and/or the Diffusion Module (DICTRA).

GRAPHICAL MODE
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In Graphical Mode you work with one file type, a project file, which has a *.tcu file
extension. This is applicable to Thermo-Calc and the add-on Diffusion and Precipitation
modules.

CoNsOLE MODE

In Thermo-Calc Console Mode there are file types—macro (including log files) and
workspace—and extensions —+* . TcM, *.POLY3, *.GESS5, *.PAR, *.POP, and * .EXP.

E A reminder that Linux and Mac are case sensitive; when applicable ensure you
enter file extensions with capital letters.

l_:%l? Workspace files are not currently available with GES6.

P "Working with the Console Mode File Types" on page 20

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.

This is an example of part of a License Information window for a network installation. It only
shows the fields you would expect to see as the details are unique for each installation.
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A Licenze Information

License diagnostics program
build: 19853 created: Mon Apr 08 14:24:19 2019

Log generated at: 24-04-2015% 10:59:13
Safenet environment wvariables

LSHOST:

LSERVEC

Local {client) info
hostname:
license wersion:

ethernet: #1
ethernet: #2
ip address: #1
ip address: #2
dns name: $#1
dns name: #2

short locking code:
short lock name:
short lock IP-adress:
short lock ethernet:

NETWORK LICENSES

For a network license, 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

Q activity is created, and checked back in when that Equilibrium Calculator is
removed. For the add-on Diffusion Module (DICTRA) and/or Precipitation
Module (TC-PRISMA) this also applies to the Diffusion Calculator and the
Precipitation Calculator.

E 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.

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

purchases.

¢ The Version is an internal version number for the feature.
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o The number of licenses column is how many instances of each license type available
to be checked out simultaneously.

« 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.

« 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.
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Examples, Manuals and Materials Folders

There are several ways to access the examples, manuals (containing PDF documentation)
and materials data folders.

From the
Main System Windows On your .
Menu Definer Start computer Website
Menu

Manuals (PDF documentation,
DATAPLOT EXP files, and Property Model X - X X X
Framework Tutorial Examples)

SDK (TCAPI, TC-Python and TQ-Interface

APIs)* X ; ; X X
Examples (project and macro files) X - X X X
Materials - X X X X
Property Models - - - X R
Process Metallurgy Materials** - - - X -

* The SDK folder is installed when you have selected this custom option during installation and have a
license for the applicable SDK.

** The Process Metallurgy Module user-defined material compositions are saved from the Process
Metallurgy Calculator and managed from the Tools — Options menu.

FROM THE MAIN MENU

Once your Thermo-Calc software is installed you can open the Examples and PDF
documentation (Manuals) from the main menu:

« To open the Manuals folder select Help - Manuals Folder. Note for Linux openSUSE
users: This link is not functional. To access the folder, navigate to the default location
based on your installation type

« To open the Examples based on whether you are in Console Mode or Graphical
Mode, select File = Examples Files or Help - Examples Files.

FROM THE SYSTEM DEFINER (MATERIALS ONLY)
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When you are working with the System Definer you can open the default Materials folder
included with your installation.

At the bottom of the window under Material, click Load material to navigate to a material
file.

E‘p There is a separate folder for materials saved using the Process Metallurgy
Calculator. See Process Metallurgy Materials.

Material
Material name: Look in: Materials v| ¥ eem-

Aluminum Alloys

Cast Iron
Amount |Mass percent o My Materials

Mickel Alloys
Fe 99,98 Solder Alloys
. St Steel

Titanium Alloys
cr 0.01

=
Documents

»

This PC

Load material, ..

 Save materdl as... La‘ File name: | Open
MNetwork

Files of type: | Material file [=.xml] v Cancel

The default directory where these files are stored is based on operating system:

Operatin e . . .

P g Materials installation directory
system
Windows C:\Users\<user>\Documents\Thermo-Calc\2020a\Materials

On Linux all user files are installed where the program is installed. If installed as
Linux root the default is:
/opt/Thermo-Calc/2020a/Materials

Mac /Users/Shared/Thermo-Calc/2020a/Materials

START MENU (WINDOWS ONLY)

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

ON YOUR COMPUTER (ALL OPERATING SYSTEMS)

The PDFs, example files and materials xml files are included with your installation in a folder
location based on the operating system.

In the table, <user> stands for the username and <version> for the version of Thermo-Calc,
for example 2020a.

Windows File Paths

User type Default directory

Software

Program Files\Thermo-Calc\<version>

Administrator
Examples, Manuals, Materials, Property Models, Process Metallurgy Materials and

SDK folders:

Users\Documents\Thermo- Calc\<version>

Mac File Paths

User type Default directory

Examples, Manuals, Materials, Property Models, Process Metallurgy
Materials and SDK folders:
Administrator (user name and

password required) /Users/Shared/Thermo-Calc/<version>

To go to this folder, in Finder, from the Go main menu select Go to
folder. Enter the above file path and click Go.

Linux File Paths
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User type Default directory

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

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

WEBSITE

You can download the PDF documentation and examples from the website.

1. Go to https://www.thermocalc.com/.

2. From the menu, select Support - Documentation and navigate to the applicable
section.

About the PDF Documentation Folder

There is PDF documentation available as part of your installation. This is the same
information as that contained in the online help, just in a different format. The contents of
each folder are described below.

Help |

&  Online Help F1 . ’
H video Tutorials Marme
Examples Files All Thermo-Cale Documentation
| ~Manuals Folder [% | Database Information Sheets
A Thermo-Calc Website DATAPLOT Example EXP Files

Show License Info Diffasan Momule (DICTRR)

Installation Guides

#5 Checkfor Updates PN

Precipitation Module (TC-PRISMA)
& Request Support

Property Model Development Framework
& About

Software Development Kits (5DKs)
TC-Python

All Thermo-Calc Documentation

The Thermo-Calc Documentation Set is one large PDF that includes the information needed
to work with the Thermo-Calc software. By having all content in one PDF it enables you to
search the content just like you would when in the online help, although this PDF does not
include all the add-on module and SDK content.
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The documentation set includes:
« Thermo-Calc installation guides including Windows, Mac and TC-Python Quick Install
Guides
o User guides for both Graphical Mode and Console Mode
o Data Optimization User Guide - Console Mode only
o Database Manager User Guide - Console Mode only
o DATAPLOT User Guide - Console Mode only
e Pourbaix Diagrams Educational Material
e Thermo-Calc Console Mode Example Macros

o Property Model Development Framework Guide - Graphical Mode only

Database Information Sheets

The text contained in the extended information database information sheets is included in
the online help system. PDF copies are located in this sub-folder. You can also download
these from the Thermo-Calc website.

DATAPLOT Example EXP Files

The examples are available as supplementary information as described in the
DATAPLOT User Guide, which you can find in either the online help, Thermo-Calc
Documentation Set or Diffusion Module (DICTRA) Documentation Set.

Diffusion Module (DICTRA)

The Diffusion Module Documentation Set is one large PDF that contains information you
need to work with this add-on module. By having all content in one PDF it enables you to
search the content just like you would when in the online help, although this PDF does not
include any installation or SDK content.

The documentation set includes:

« All the user guides available in the Thermo-Calc Documentation Set

o Diffusion Module (DICTRA) user guides and quick start guides for both Graphical
Mode and Console Mode
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The following guides are also available separately in this folder as well included in the
documentation set:

o Diffusion Module Quick Guide - Console Mode

o Diffusion Module Quick Guide - Graphical Mode

o Diffusion Module (DICTRA) Console Mode Example Macros

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. A quick install guide for TC-
Python is also there.

Precipitation Module (TC-PRISMA)

There is a stand-alone user guide in this folder. Use the Thermo-Calc Documentation Set for
all other details you need to work with this add-on module, which treats concurrent
nucleation, growth/dissolution and coarsening under arbitrary heat treatment conditions in
multicomponent and multi-phase systems using Langer-Schwartz theory and the Kampmann-
Wagner numerical approach.

Property Model Development Framework

The PDF guide contains details about setting up a development environment so you can build
custom property models in Thermo-Calc.

The folder also includes two tutorial Python files you can copy and use in your own custom
property models. The examples are available as supplementary information as described in
the Property Model Development Framework Guide.

Software Development Kits (SDKs)

Q The TC-Python API HTML documentation is stored in its own folder. It is also
available from our website. In this folder you will find the PDF version of the
help.

« TQ-Interface Programmer Guide: The TQ-Interface is available as a way to make
Thermo-Calc an integral part of application programs such as those for process
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simulation, microstructure evolution modeling and materials property prediction.

o TCToolbox for MATLAB® Programmer Guide: Use this to enable communication
between Thermo-Calc and MATLAB® to be able to retrieve thermodynamic and
kinetic quantities.

o TC-APIl Programmer Guide: This is the Thermo-Calc API that can be used by
programmers to set up your own applications to work with Thermo-Calc.

TC-Python (SDK)

TC-Python is an SDK and you can search and use the special HTML file located in this folder.
Double-click the Index.html file to open it. This help is also available via our website.

About the Examples

To learn more about how to use the software you can open and run the example projects
(Graphical Mode) and macro files (Console Mode).
GRAPHICAL MODE EXAMPLES

Graphical Mode examples are available for Thermo-Calc and the add-on Diffusion Module
(DICTRA), Precipitation Module (TC-PRISMA), and Process Metallurgy Module. These are in
the format of project files (*.tcu).

CONSOLE MODE EXAMPLES

Console Mode examples are available for Thermo-Calc and the Diffusion Module (DICTRA).
The macro files are in the format of *.TCM and *.DCM, respectively.

Q There are other file types when you are working in Console Mode. See
"Working with the Console Mode File Types" on page 20 and About the File
Formats in the Diffusion Module Quick Start Guide.

Examples by Product

Thermo-Calc Examples

A description of the Thermo-Calc examples, and how to access them, is based on whether
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you are using Graphical Mode or Console Mode.

|_ "Graphical Mode Examples" on page 239

|_ "Thermo-Calc Console Mode Examples " on page 414

Diffusion Module (DICTRA) Examples

A description of Diffusion Module (DICTRA) examples, which are available for both
Graphical Mode and Console Mode, is included in both the Thermo-Calc and Diffusion
Module (DICTRA) documentation.

For Graphical Mode, see "Diffusion Module (DICTRA) Graphical Mode
Examples" on page 308

P For Console Mode, search the help or go to the Diffusion Module
(DICTRA) documentation set.

.. All the macro files and the outputs are also combined into one file that you can
|— search and read. This is included with your installation as a PDF (go to Help >
Manuals folder > Diffusion Module (DICTRA) and open Diffusion Module
Console Mode Example Macros.

Precipitation Module (TC-PRISMA)

A description of examples using the Precipitation Calculator, which is only available in
Graphical Mode, is included in both the Thermo-Calc and Precipitation Module (TC-PRISMA)
documentation.

|_ "Precipitation Module (TC-PRISMA) Graphical Mode Examples" on page 330

Process Metallurgy Module Examples

A description of examples using the Process Metallurgy Calculator, which is only available in
Graphical Mode, is included in the Thermo-Calc documentation.

|_ "Process Metallurgy Examples Collection" on page 288

TC-Python Examples
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A brief description of the TC-Python SDK examples, and how to access these, is available in
the Help.

TQ-Interface and TC-Toolbox for MATLAB Examples

There are examples for the TQ-Interface and TC-Toolbox for MATLAB available as described
in "Examples, Manuals and Materials Folders" on page 17. You can also find information
about these in the respective user guides or by searching the online help.

Watch the Video Tutorials

[k Many of the Graphical Mode examples have video tutorials available both on
our website and our YouTube channel.

Q You can access video tutorials in a variety of ways. When in Thermo-Calc, from
the menu select Help - Video Tutorials, or you can go to the website or our
YouTube channel.

Help Resources

'Online’ Help: No Internet Required

To access online help in a browser, open Thermo-Calc and press <F1> on the keyboard, or
select Help > Online Help.

The content opens in a browser but uses local content so you don't need an Internet
connection except for links to external websites.

Context Help (Graphical Mode Only)

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.
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File Tools Window Help

0OG B AD

New Open Save | Switch to Console Mode

Project a & = e =l e Results o & X

s e @@= -

My Project [

by e Thermo-Calc
/ A Software

Search q

Exuilibriumn Calcuator 1 i -.1g

Plot Renderer 1

You are here: Therme-Calc > Therme-Calc User Guide > Graphical Mode Activities ¢

» System Definer

System Definer
Scheduler

o

.2 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 ) o
change the reference temperature and pressure for your components, Graphical Mode Activities

System Definer

@ Also see ([ vl ors for a list of possible
successors and predecessors for this activity.

Creating a System Definer A

Property Model Calculator

| Back H Close H Reload H Forward |

Perform Tree l A .
LAY

3

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, ’ Back ” Close H Reload ” Forward l,

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 content.

Console Mode Help

E 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:
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 He1p followed by the name of the
command. You can only get online help about a command related to the current
module you are in.

« 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.
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Typographical Conventions

The following typographical conventions are used throughout the documentation, both
online and in the PDF documents.

TEXT

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
9

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.

An italic font in the body of the text indicates the introduction of important
Italic font terminology. Expect to find an explanation in the same paragraph or elsewhere
in the guide.

For features in Thermo-Calc that use Console Mode (i.e. the command line),

this font and all capital letters indicates that this is a Console Mode COMMAND.

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

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 topic in the
current or referenced guide. Command names are often also topics. Clicking

HELP . . . . .

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

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

(or Return) or to use a series of keys such as <Ctrl + S>.

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

code and code bold highlights the entry.

In general, you click with the mouse to perform an action on the screen (e.g.
click vs press click Save) and you press keys on a keyboard to enter a set of commands (e.g.
press Ctrl+S).
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Convention

Definition

ICONS

Convention

When working in Console Mode, you can use keyboard

E shortcuts. Sometimes a window opens where you have the
option to Save, Cancel or Open a file, for example. In these cases
the instructions might say click Save, whereas you would need to
press the applicable keys to perform the action.

Definition

Important

Note

Also see

Tip

Examples

Console Mode

Graphical Mode

@ Provides important information. It is recommended that you
read the text or follow the link.

= The information can be of use to you. It is recommended that
74
you read the text or follow the link to more information.

D Go to the link or guide to see more general information about
Q the topic being discussed. Usually includes both text and a link.

P The small blue arrow is used when there is one (sometimes two) cross
reference and no text describing the link. Often used in settings pages
to link you to accompanying theory or extra detail.

Q This is general information that can be of use but is not required
knowledge.

|_ Go to the example collection to learn more.
E This note relates specifically to something in Console Mode.

Q This note relates specifically to something in Graphical Mode.
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Convention Definition

Fan) This indicates that the information relates to the add-on Diffusion
Diffusion Module AL (DICTRA) Module.

This indicates that the information relates to the add-on
Precipitation Module Precipitation Module.
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Database Files

In this section:

About the Database Files ... ... . 31
Database Installation Folder ... . . . . 32
About Cached Database Files ... ... . 33
Editing the Database Initialization File or Unencrypted Database File ........................ 34
Database Checker ... . . 35
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About the Database Files

Eél "Database Manager User Guide" on page 1

D Go to the Thermo-Calc website for links to all the current database information
sheets.

Encrypted vs Unencrypted Database Files

Any licensed databases purchased from Thermo-Calc Software are encrypted in files with
the extension . Tpc; these files cannot be edited. These are referred to as encrypted
databases.

Unencrypted databases have the file extension . TpB 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.

b "Editing the Database Initialization File or Unencrypted Database File" on page 34

Database Initialization File

The database initialization file is called tc_initd.tdp. 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.

b "About Cached Database Files" on page 33 and "Editing the Database Initialization File
or Unencrypted Database File" on page 34

User Database Files

A user-defined database is considered to be an unencrypted database because you can make
changes to it.

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.

b "Global Settings: System Definer" on page 41 to add a user database.
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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.

»  "Editing the Database Initialization File or Unencrypted Database File" on page 34

Custom Databases: GES5 and GES6 Calculation Engine Version

As of Thermo-Calc version 2019b, the default calculation engine is set to GES6. For custom
database users, you may sometimes see messages in the log indicating that additional
preparation is being done by Thermo-Calc prior to a calculation. The preparation is carried
out automatically; it is usually fast and only needed the first time a custom database is used
after a modification. While databases with warnings are tolerated, databases that contain
errors can only be loaded by GES6 after the errors are corrected.

The Database Checker tool uses the same parser as GES6 and can be used to verify the
consistency and correctness of databases during development, before the databases are
actually used.

b "Database Checker" on page 35

Q To globally set the default from GES6 back to GES5, go to the Tools < Options
-> "General" on page 37 tab and click Version 5 for the Preferred Gibbs Energy
System setting. The "SET_GES VERSION" on page 118 Console Mode command
is used to change GES versions for a single Thermo-Calc session.

=» Contact Thermo-Calc Software AB at info@thermocalc.com for more
information about the changes or if you encounter any issues you think are
related to the new version of the calculation engine.

Database Installation Folder

The standard Thermo-Calc databases and the database initialization file tc_initd.tdb 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 where the file path is
C:\Program Files\Thermo-Calc\<version>\data.
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Marme : Type
A5 te initd Thermo-Calc TDE file
| STANDARD_DB_CLASSES.BIN BIM File
TCTI2 File folder
TCTN File folder
TC5LD3 File folder

About Cached Database Files

l;l This is applicable to Graphical Mode.

D Also see Global Settings "General" on page 37 where you can set the default
O, database directory path. There is also an option to clear the database cache,
which may be helpful if you are having issues.

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. TCFE or TCNI)
contained in this initialization file.

e B

@ 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.
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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.

b "About the Database Files" on page 31

p  "About Cached Database Files" on the previous page

The following recommendations are also applicable if you edit an unencrypted database file,
which includes user databases and free databases such as PURES or PG35.

Best Practice Recommendations

b "Database Installation Folder" on page 32

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.

« 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 PURES
and PG35 files):

« Do not edit the file in the installation folder. Instead make a local copy and load it
into the application as a user database.
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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.

=1  Thermo-Calc accepts deviations from these syntax rules. This means that a
7 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.

b "Database Manager User Guide" on page 1

Database Files | 35 of 56



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:

GeNeral 37
Graphical Mode - Default Units ... .. 39
Graphical Mode: Activities ...l 40
Global Settings: Graphical and Console Mode Plotting ... .. ... . 47
Global Settings: Console Mode Default Appearance ..o, 54
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General

& Options

General )Graphical Mode | Console Mode|

These settings are for both Graphical Mode and Console Mode. To open this window, from
the main menu select Tools - Options.

Tooltips enabled

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.

Localization

To change the GUI language from the Localization list choose English (the default),
Swedish, Spanish, German, Russian, Chinese, Japanese or French.

Look and feel

To change the Look and feel of the GUI layout, choose Windows (the default), Metal,
Nimbus, CDE/Motif or Windows Classic.

Log level

Select the level and type of information to display in the Event Log window using the Log
level slide bar. Choose from a Debug, Info, Warning or Error level of detail.

Database directory

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)
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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.

p  "About the Database Files" on page 31

Model directory

This is where the predefined and custom property models are saved and stored by default.
Click Modify to open the default folder or to create a custom folder for your own models.

@ All property models (whether these are predefined or custom models) must be
located in a subdirectory of the property model directory. For that reason it is
recommended that you do not change the directory location.

See "Property Model Calculator" on page 75 for information about using the

Ijél predefined models. Also see "Creating a New Property Model" in the Property
Model Development Framework Guide for details about creating a custom
model.

Check update interval

From the Check update interval list, choose not to check (Do not check, the default) or On
startup. You can also manually check for updates — choose Help—>Check for Updates.

Preferred Gibbs Energy System

b "About the Gibbs Energy System (GES) Module" on page 36.

Use this setting to globally set the default GES version to be either GES6 (the default) or
GES5)
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This setting is useful if you are using the PARROT module (optimization), POURBAIX module
(aqueous solutions) or if you have a custom database that is not compatible with GES6. The
"SET_GES VERSION" on page 118 Console Mode command can also be used to change GES
versions for a single Thermo-Calc session.

E} Contact Thermo-Calc Software AB at info@thermocalc.com for more
information about the changes or if you encounter any issues you think are
related to the new version of the calculation engine.

RESET ALL SETTINGS AND THE DATABASE CACHE TO DEFAULTS

Click Factory reset to reset all the settings to the original defaults, including clearing the
database cache. The changes are applied when Thermo-Calc is restarted. This may be useful
when there are several versions of Thermo-Calc installed and there are conflicts between
settings or loading databases becomes problematic. See "About Cached Database Files" on

page 33.

Reset to original settings

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 - Default Units

£y Options
F raphical Mnde Console Mode
Activities\. Default Units

To open this window, from the main menu select Tools < Optionsand click the Default
Units tab.

Reset to original settings

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.

Temperature Kelvin (the default), Celsius or Fahrenheit

Pressure Pascal (the default), Atmospheres or Bar
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Amount
Composition
Energy
Volume
Density
Entropy
Length

Time

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

Graphical Mode: Activities

A Options

General Graphical Mode ¢

Activities  pefault Units

- @ PIUtting

“[=] Tabulation

DM
System definition

Calculation
Precipitation

& Diffusion
: E Scheil

To open this window, from the main menu select Tools < Options and click the Activities

tab.

There are System definition, Calculation, Precipitation, Diffusion, Scheil, Process
Metallurgy, Plotting and Tabulation settings windows.

=, 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).

» "Global Settings: Graphical and Console Mode Plotting" on page 47
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Global Settings: 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.

Activities  Default Units

[ Default Configurations
Tl = dﬁrlition Default databasze selection: |Datab « | TCFES: Steels/Fe-Allays v9.0 ~
Sys
Caleulation User Databases
= Precipitation
D Diffusion Database name: ~ Add Remove
& Scheil
----- @ Flotting Database Packages
e Tabulati
=] Tabulation &) & |Steels and Fe-alloys # Show details
&) & |Nickel-based superalloys + Show details
) & | Aluminium-based alloys # Show details
&) & |Magnesium-based alloys # Show details

b "System Definer" on page 36

b "Creating a Database Package" on the next page and "Clearing a Database Package
Message" on page 43

Default database selection

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 TCFE9 or TCNIS8.

If you choose Database Package, select an option from the list. These Database Packages
are defined in Database Packages.

User Databases

Database name

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.
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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

Based on the installed databases, there are also default Database Packages available.

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.

b "Creating a Database Package" below

Reset to original settings

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.

Creating a Database Package

1. From the main menu select Tools < Options .

2. Click the Activities tab and click System definition.

3. Under Database Packages, click the Add a database package®? button.
4

. Replace the default text with a name for the package, for example My database
package.

5. Select a database from the Choose database list, for example, TCFE9 Steels/Fe-
Alloys.

6. Click the Add a database & button and from the Choose database list, select
another database, for example, TCCU2 Cu-Alloys

7. Click OK. The Database Package is now available to choose as the default for new
System Definer activities.
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Default database selection: :Database Package v: ;Demo; Steels and Fe-alloys [FEDEMO, MFEDEMO] v;

Dema: Steels and Fe-alloys [FEDEMO, MFEDEMO]
My database package [TCFES, TCAL4]

Database name: || Add Remove

Database Packages

) & |Demo: Steels and Fe-alloys
) & |My database package

User Databases

@ The package is available for new System Definer nodes defined after adding the
package.

24 System Definer 2

Package: Pt

Magnesium-based alloys (TCMG4, MOBMG1) ~
Iltra-high-purity silicon (TCSI1, MOBSI1)

solder alloys (TCSLD3, MOBSLD1)

Copper based alloys (TCCUZ, MOBCUZ)

Demo: Steels and Fe-alloys (FEDEMO, MFEDEMO)

Demo: Mickel-based superalloys (MIDEMO, MMIDEMO)
Material Demo: Aluminium-based alloys (ALDEMO, MALDEMC)
Material name: My database padkage (TCFES, TCCUZ) W

s

b "Clearing a Database Package Message" below and "Global Settings: System Definer'
on page 41

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

« 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.
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Package: Demo;: Steels and Fe-alloys [FEDEMO, MFEDEMO]: +

This adds the FEDEMO and MFEDEMO databases.

Databases
) (&) |FEDEMO: Iron Demo Database v2.0 -
) (& MFEDEMO: Fe-Alloys Mobility demo database v2.0 W

If you add or remove Databases, in this example MFEDEMO is removed, then this does not
match the Package and the message displays:
Databases R

+] FEDEMO: Iron Demo Database w  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.

b "Creating a Database Package" on page 42 and "Global Settings: System Definer" on
page 41

Global Settings: 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.

b "Options Tab Settings" on page 53

%, You can reset the defaults. 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: Diffusion Calculator

When you create a new Diffusion Calculator, its initial settings are taken from these
defaults. The settings for each Diffusion Calculator can then be configured individually. Once
created, the specific (local) settings 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 Diffusion.

P "Options Tab Settings" on page 121

Reset to original settings
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 Calculator

When you create a new Precipitation Calculator, some of 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.

b "Conditions Tab Settings" on page 132

Reset to original settings

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: Process Metallurgy

Q The Material Manager is only available from this window. Use it to create
material groups, as described below.
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When you create a new Process Metallurgy Calculator, its initial settings are taken from
these defaults. The settings for each Process Metallurgy Calculator can then be configured
individually. Once created, the specific (local) settings are not affected if you later make
changes to the global defaults.

To open this window, from the main menu select Tools - Options - Graphical Mode and
click the Activities tab. Then click Process Metallurgy.

Except for the Material Manager, you can globally adjust the other settings, which are
described for the "Options Tab " on page 174.

Material Manager

P For more information see "Working with the Material Manager" on page 176.

Use the Material group and Material lists to create and delete material groups, as well as
delete material compositions that are saved from the Process Metallurgy Calculator.

o Material group: To create or delete a group, choose it from this list, e.g. Steel , Slag
or Gas. The Steel group is simply a generic Metal group. You can create other user-
defined metal groups and then these would also be listed here. Click Create group or
Delete group as required to manage the list.

o Material: To delete a material, choose the group type then select the material
composition to delete. For example, select the Slag material group, then choose the
Example Slag material and click Delete material to remove it from all lists.

Reset to original settings

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 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.

b "Configuration Window Settings" on page 69

Reset to original settings
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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: Tables

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.

b "Configuration Settings" on page 197

Reset to original settings

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: Graphical and Console Mode Plotting

= 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).

& Options £ Options

Generall Graphical Mode ICDnsn:uIE Mode General Graphical M.:..:IEI Consaole Mode |

Activiies  Default Units

i Thefault Appearance

Default Configurations | General X-axis v General X-axis Y-axis Image Quality
uﬂ System definition
- Calculation
..... 2| Precipitation

Show every Nt

Title format;

Q Reset to original settings: 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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LocAL PLOT PROPERTY SETTINGS

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. These are the same settings as in the Options window.

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 the <Ctrl> key while you move the cursor
around the plot to only display it as a crosshair and prevent unintended edits.

GLOBAL CONFIGURATION (OPTIONS)

To globally configure the default settings for plotting, from the main menu select Tools -
Options. You access the same settings either from the Graphical Mode or Console Mode
tabs.

« Click the Graphical Mode -» Activities tabs and then click the Plotting node in the
tree, or

¢ Click the Console Mode - Plotting tabs.

Q 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.

| J

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.

The following global settings are available for both Console and Graphical Modes. Most of
the settings are found on the General tab. Additional settings below for the X-axis, Y-axis or
Image Quality tabs are indicated.

Graphical Mode  Console Mode

Default Units

it Cu:unﬁguratiu:unsl Gereral ¥-axis Y-axiz Image Quality
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Titles, Legends and Labels
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Title format and Label format

Select Plain text (the default) or LaTeX formatted text.

D For LaTeX formatted text you can use the LaTeX math text to enter text. See
O, "ADD_LABEL TEXT"on page 352 and "Plot Labels " on page 234 for more
details.

Show legend

Select the check box to include a legend on the plot. By default no legend is displayed.

Legend phase caption style
Choose All, Constitution description or Ordering description.

b "About Legend Styles" on page 236

Retain labels

Q Graphical Mode only.

By default the check box is selected. Plot labels are kept (retained) when plots are updated.
It can be applied globally or locally to individual plots.

Show header

E Console Mode only.
Click to select the Show header check box to display the basic details about the plot along

the top. This includes the date and time the plot is generated, the database used and the
properties.

Axis label format
This setting is available for both the X-axis and Y-axis tabs.

Choose either Plain text or LaTeX-formatted text.

Axis label font
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This setting is available for both the X-axis and Y-axis tabs.

Click the Modify button to the right of the window to select a Font name, Style, Size and
color.

Choose or enter a Tick mark length (3 is the default). The defaults are to have the Tick
marks outside the chart and to Show tick labels. Click to clear the check boxes as required.

Tick label font

This setting is available for both the X-axis and Y-axis tabs.

Click the Modify button to the right of the window to select a Font name, Style, Size and
color

Fonts and Background Colors

Title font, Legend font, Label font, Header font
Click Modify to edit the Font Name, Style, Size and Color.

Legend background color, Background color, Canvas color, Border
color,

Click Modify to choose a color or enter a specific color.

Lines and Grids

Show grid

Select the check box to include a grid on the plot. By default no grid is displayed.
Show every Nth tieline

l_?:‘;l:? Tielines are only applicable to phase diagrams.

Choose an integer value ranging from 0 to 99.

Color option (plot lines)

For the plot line colors, choose from the options in the list: Legacy, Printer friendly, JFree
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chart, Pastel, Medium dark, Bright dark, Vivid or Earth.

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.
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Border width
Choose a plot border width between 1 (thin, the default) and 10 (thick).

Line width

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.

Line type

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: | >

Data Points and Anchors

Show anchor

By default, an anchor between the label and the plot point is displayed.

Show data points

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.

Data points marker size

Choose the data point marker size between 1 (small) and 10 (large). The default is 3.

Plot Area Size

Plot area size

The Fit the plot area size to the enclosing window option is selected by default.
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Click Define the plot area size to enter a Plot area height and Plot area width (not
applicable to triangular plots. The units are pixels and the size is kept as the size on the
screen (96 dpi).

Image Quality

Image Quality

Choose the Default file format: png (the default),gif, emf, pdf, ps, svg, or jpg.
EJ’ The following settings are only available for PNG and JPG.

To change the resolution of a PNG or JPG image, click to clear the Use screen resolution
check box. Then enter a numerical value in the Dots per inch (DPI) field.

For JPEG files, you can also use the slider to choose a number between 0 and 1 for the JPG
quality. The default is 0.9. The lower the number, the smaller the file.

Global Settings: Console Mode Default Appearance

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.

A Options

General _Graphical ModelCUﬂSD|E Made I

.......... JPlotting

Console name: Console

Buffer size: 40,000 5

System output font: RaBbCcl23 RoBRTY Modify...
Command prompt font: AaBbCel23 RoBPTY Madify...
User input font: RaBhCcl23 AuBpTy Modify...
Background color: Modify...
Default directory: C:\Users\amanda'Documents Madify...

Console name

The default is console or enter another name to display.

Buffer size
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The default buffer size is 40,000.

INCREASING THE BUFFER SIZE

In Console Mode, sometimes the output overflows the window text buffer.

1. Right-click the Console tab header in the Console window (if this is the first Console tab,
itis labeled Console 1).

2. Click Properties, and increase the Buffer size in the Console Properties window.

,

Console name: Console 1

Buffer size: 40,000

System output font: RaBbCcl23 RoBpRTY
Command prompt font: RaBbCel23 RoBRTy

User input font: RaBbCcl23 RoBpTY

Background color:

Default directory: C:\Users\amanda‘Documents

System output font

Click Modify to open the Select Font window and makes changes to the font type, style, size
or color as required.

User input font

Click Modify to open the Select Font window and makes changes to the font type, style, size
or color as required.

Command prompt font

Click Modify to open the Select Font window and makes changes to the font type, style, size
or color as required.

Background color

Click Modify to open the Select Color window to choose a background color for the Console

Changing Global Settings | 55 of 56



Mode window where you enter commands.

Default directory

Set the default directory file path to where the various file types are saved.
Reset to original settings

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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Working in Graphical Mode

In this section:

The Graphical Mode Desktop Layout ... ... 3
Menu, Toolbar and Keyboard Shortcuts ... ... .. 4
Organizing the Windows on the Desktop ... .. ... 6
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The Graphical Mode Desktop Layout

Open Thermo-Calc to view the default graphical user interface (GUI) layout for Graphical
Mode.

The windows are:

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

project. Click the My Project node to access the Quick Start wizard and a variety of
templates.

2. Configuration: Shows the settings that can be configured for the currently selected
activity.

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
performed 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.

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

File Tools Window Help

OB B8 Ad

New Open Save | Switch to Console Mode

®

Project a g x Configuration G B x Results

- %) Plot Renderer 1 Flot Renderer 1 |

Step in tamperature FE-C | & =
Save Diagram Show Triangular Show Grid Switch Axes|Retain Labels
é [ Equilibrium Calculator 1

Systarn Definer 1 @ Tie lines: 0 Legend option: | Axis quantity ¥
\ 1.0
|

s X Axis |
Equilibrium Calculator 1 Axjs variable: | Temperature *  Kelvin |

Axis type: Linear -

12

©

'
56 Limits: 500.0 to|3000.0 step|250.0 V| Automatic
Plot Renderer 1

Scheduler @ g x ||| VAdS

;» Scheduled Jobs #Aods variable: | Amount of phase » | No normaliza

Axis type: Linear -

Amount of all phases [mol]

Lirnits: 0.0 to 1.0 step 0.1 v | Automatic |

at  1.01117E+03 @

C_A141 GRAPHITE#1
2 equilibria
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Menu, Toolbar and Keyboard Shortcuts

File Tools Window Help

0@ B8 V- X0

New Open Save | Switch to Console Mode

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

E In Console Mode you use commands to access the other options, for example
see "Main Menu Commands" on page 15.

GRAPHICAL MODE MENU AND TOOLBAR OPTIONS

Click New on the toolbar

Select File > New Project

New Create a new project.
Windows: Press <Ctrl+N>
Mac: Press < 36N>
Click Open on the toolbar
Open Open an existing project. See "Saving and Opening Select File -> Open Project
Project Files” on page 21. Windows: Press <Ctrl+0>.

Mac: Press < 360>
Click Save on the toolbar

Save a project. See "Saving and Opening Project Files" ~Select File -> Save Project

Save
on page 21. Windows: Press <Ctrl+S>.
Mac: Press < 385>
Select File - Save Project As
Save
Project Save an existing project with a new name. Windows: Press <Ctrl+Shift+S>
As
Mac: Press < ft 385>
Switch to
lick th i hical M
Console Launch Console Mode and the command prompt. (CIiEf8i2 [Vl (D O ER Pl el
and open Console Mode.
Mode
Switch to . .
Graphical Launch Graphical Mode to work with the GUI version. Click the button .to exit Console Mode
Mode and open Graphical Mode.
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Option

Append
Project

Exit

Options

Database
Checker

Window
menu

Help

Video
Tutorials

Examples
Files

Manuals
Folder

Show
License
Info

Check for
update

Description

Combine two projects into one project file. See
"Saving and Opening Project Files" on page 21.

Exit the program.

Change the global defaults for a variety of settings.
See "Changing Global Settings" on page 36.

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.

:—‘? This does not require an Internet
connection. The content is stored
locally.

Open a link to the Thermo-Calc website where a variety
of video tutorials are available.

Open the examples folder based on whether you are
in Console Mode or Graphical Mode.

Open the folder on your computer that has the PDF
documentation and guides.

Open the License Information window.

(&

Also see "Displaying Thermo-Calc
License Information" on page 13 and
the Thermo-Calc Installation Guide

Check the Thermo-Calc Software website for updates
to the software.

Action (s)
Select File - Append Project
Windows: Press <Ctrl+Shift+O>

Mac: < 1 360>

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

Select File - Exit
Windows: Press <Ctrl+Q>.

Mac: < Q>

Select Tools - Options

Select Tools - Database Checker

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

Press <F1>

Select Help - Online Help

Select Help - Video Tutorials

Select File - or Help - Examples Files

Select Help - Manuals Folder

Select Help - Show License Info

Select Help - Check for Updates
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Open a link to the Support page on the Thermo-Calc
Request  website. There are instructions about how to submit
Support your question to the Support email:

support@thermocalc.com

Select Help - Request Support

Includes the version number of the installed software
A . . . . lect Hel Al
oS and information about third party software licenses. FaEe i Elfp e

Organizing the Windows on the Desktop

The windows on the Thermo-Calc desktop can be fixed or free-floating. By default, most
windows are fixed and open.
AUTO-HIDING A WINDOW

When a window is fixed it can also be set to auto-hide. Auto-hiding means that the window is
minimized when you select another window. The minimized window is then shown either
along the bottom or side of Thermo-Calc. A free-floating window is shown on top of the
other windows and can be moved outside the frame of Thermo-Calc.

Q The Event Log window is set by default to auto-hide.

RESETTING THE DESKTOP LAYOUT

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 listed in the table.

Button(s) Description
E Click to toggle on/off free-floating
E E Click to toggle on/off auto-hide.
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Button(s) Description

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.
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About the Activity Nodes

P "Graphical Mode Activities vs Console Mode Modules " on page 7

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.

The example below shows a My Project node with two trees. In each tree, settings and
calculation results are propagated downward until the calculation and the visualization 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 *
My Project i :! )
Systern Defifier 2
Systern Definer 1 =l
Equilitariumm Qalculatnr 2
/
= =’
Equilibrium Talculator 1 =
A § Equilibrium/ Calculator 3
y '
2 2
Flot Renderer 1 Flot Renderar 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.
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My Froject

’
b

System‘D"eﬂner 1 —— predecessor

o
Eguilibrium ICfﬁalculatum — Successor and
i predecessor

=

Flot Renderer 1 ———  successor

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 the example below that shows that Binary Calculator 1 is 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.

Project g /o=

Fe-C phate diagram

Y

_."_I"l 2| -
Systern Dafiner 1 Binary Calpulatord._
] a,
) ¢ @
= @ Table Renderer 1

Equilibrium Calculator 1 Plot Renderer 2

2

Flat Renderer 1

b "Creating Activities and Successors" on page 13 and "Cloning Activities and Trees" on
page 14

ACTIVITY NODE DESCRIPTIONS

The table below is a brief description of the activity types you work with in the Project
window. When working with activities these are referred to as nodes in this documentation.

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

"System Definer" on page 36

"Property Model Calculator"

on page 75

"Equilibrium Calculator" on
page 48

"Precipitation Calculator" on

page 129

"Diffusion Calculator" on
page 109

"Process Metallurgy
Calculator" on page 163

"Plot Renderer" on page 179

"Table Renderer" on
page 194

"Binary Calculator" on
page 60

"Ternary Calculator" on
page 63

"Scheil Calculator" on
page 66

Description
Define a certain thermodynamic system and read it from file into memory.

Choose one or more General models and Steel 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 using the
Precipitation Module (TC-PRISMA). You can also use this in DEMO mode with
up to three components.

Using the Diffusion Module (DICTRA), this activity is where you set the
geometry, add one or more regions, enter grids and phases in the regions,
and then enter compositions of phases. You can also use this in DEMO mode
with up to three components.

This calculator allows for efficient setup of advanced calculations involving
slag, metal and gas. Define the composition of a steel and slag system using
material groups: one each for steel, slag and gas.

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.

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.
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Activity type Description

"Experimental File Reader" Read experimental data files (*.EXP). This type of file contains information
on page 200 specifying a plotted diagram, written in the DATAPLOT graphical language.

Graphical Mode Activity Node Workflow

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.

Q You can also use the templates to add all the necessary activity nodes based on
your simulation needs. See "Creating a Project from a Template" on page 30.

The typical workflow is to:

1. Define a System: Add a "System Definer" on page 36 activity (in the Project window)
where you select a database and the elements to have as system components (in the
Configuration window).

1

« To the My Project node, you can alternatively add and define a "Binary
Calculator" on page 60, "Ternary Calculator" on page 63, or "Experimental
File Reader" on page 200 or "Process Metallurgy Calculator" on page 163
activity node.

2. Set up and run a calculation: Add an "Equilibrium Calculator" on page 48 activity (a
successor to the System Definer), where calculation conditions are set (temperature,
pressure, 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
add a "Property Model Calculator" on page 75, "Precipitation Calculator" on
page 129, "Diffusion Calculator" on page 109 or "Scheil Calculator" on page 66 to the
System Definer.

»  "Property Model Calculator Workflow" on page 75

3. Visualize the results: Add either a "Plot Renderer" on page 179 or a "Table Renderer"
on page 194 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.

‘=2  You need to Perform a Plot Renderer or a Table Renderer activity to visualize
the calculation results from an Equilibrium Calculator.
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b "About the Activity Nodes" on page 9

P "The Quick Start Wizard and Templates" on page 26

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
Project node only) or Create New Successor (all other nodes).

« Select the activity you want to create from the submenu.

« At the bottom of the Configuration window, click Create New Activity or Create
New Successor and select the activity to create.

o Use the Templates or the Quick Start Wizard (click the My Project node and select
templates from the Configuration window) to quickly add a set of activity nodes to

the tree.

Activity

My Project

"System Definer" on
page 36

"Experimental File Reader"

on page 200

"Binary Calculator" on
page 60

"Ternary Calculator" on
page 63

"Process Metallurgy
Calculator" on page 163

"Property Model
Calculator" on page 75

"Equilibrium Calculator" on

page 48

Possible Predecessors

None; this is the first node of the tree
structure. You can add activities using the

Quick Start wizard or templates.

) "The Quick Start Wizard and

Templates" on page 26

My Project, System Definer

My Project

My Project

My Project

My Project

System Definer

System Definer, Equilibrium Calculator

Possible Successors

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

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

Plot Renderer

Plot Renderer, Table Renderer

Plot Renderer

Plot Renderer, Table Renderer

Plot Renderer, Table Renderer

Equilibrium Calculator, Plot
Renderer, Table Renderer
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Activity Possible Predecessors Possible Successors

"Precipitation Calculator"

System Definer Plot Renderer, Table Renderer
on page 129
"Diffusion Calculator" on .
iffusion Calculator” o System Definer Plot Renderer, Table Renderer
page 109
"Scheil Calculator" )
chep ~acuiiator_on System Definer Plot Renderer, Table Renderer
page 66
Equilibrium Calculator, Property Model
Calculator, Binary Calculator, Ternary
"Plot Renderer" on Calculator, Scheil Calculator, Process None
page 179 Metallurgy Calculator, Diffusion Calculator,
Precipitation Calculator, Experimental File
Reader

Equilibrium Calculator, Property Model
Calculator, Binary Calculator, Scheil

Calculator, Process Metallurgy Calculator, None
Diffusion Calculator, Precipitation

Calculator

"Table Renderer" on
page 194

Cloning Activities and Trees

As described in "Creating Activities and Successors" on the previous page, 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.
o 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.
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My Praject
’ My Project

I |
e r
Systerm Definer 1 [

) System Dfiner +—__
P i -" T
Equilibrium Calculator 1 Treste (e sz © (Z |
» Equilibrium Calculator 1 Equilibrium Calculator 2
Lo Perform Now y
Plat Renderer 1 Perform Later.. 2

Perform Tree Now Plot Renderer 1

Perform Tree Later...

Rename..
Remove

Clone
Clone Tree

Cloning an Equilibrium Calculator activity node

ABOUT 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.

@ 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.

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

o 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
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o To select several activity nodes, hold down <Ctrl> while clicking on each node you
want to select.

¢ 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.

Wy Project

R  ————

: il :

System Definer 1 3

| e
Exilibrium C
F :

Property Modél Calculator 1

- . :
= %
Plot Re

nderer 1

APPLY AUTO LAYOUT

In the Project window, right-click anywhere and choose Apply Auto Layout from the menu.
The nodes and the tree default to the center of the Project window.

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.
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PropeWél Calculator 1

-y

Plot Renderar 1

Node or Window 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 nodes in the Project window.
The status markers are displayed on a System Definer node.

) "About the Activity Nodes" on page 9

STATUS MARKER DESCRIPTIONS

Node Status Markers for the Project and Scheduler Windows

No status marker means the activity is ready to be performed (it has not been
performed).

A yellow triangle means the activity cannot be run. The necessary configurations for

Project the activity may not be set or other prerequisites are not met.

window
A green disc means the activity is performed.

A red circle with a dial (a clock face) means the activity is currently being
performed.

B & i i
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@ No status marker means the activity (the job) is scheduled to be performed (the job
— has not started).

ﬂ A yellow triangle means there an error happened during the activity job.
Scheduler -
window

%ﬂ A green disc means the activity (the job) performed successfully.

- A green right-facing arrow means the activity (the job) is being performed.

RESULTS WINDOW 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 —an exclamation mark enclosed in a yellow triangle—
is shown in the Plot tab.

P "Node or Window Status Markers" on the previous page

Results

’@] /& Plot RendererZL
My 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. Most nodes in
the tree have a common menu with differences due to placement in the tree and the activity

type.
) "About the Activity Nodes" on page 9

MENUS

My Project Node
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iy Project

Activity No

Create Mew

Perform Mo
Perfarm Lat

Rename...

Remowve

Clone

Clone Tree

Apply Auto

Create New Activity * System Definer

Perform Now
Perform Later...

Rename...

Apply Auto Layout
Snap to Grid
Show Grid

Zoom In
Zoom Qut
Reset Zoom

de

Successor ¢

w

El..

Layout

Snap to Grid

Show Grid

Zoom In
Zoom Qut
Reset Zoom

Binary Calculator
Ternary Calculator
Experimental File Reader

Use Template

Equilibrium Calculator
Scheil Calculator

Property Model Calculator
Diffusion Calculator

Precipitation Calculator

MENU OPTIONS FOR ACTIVITY NODES
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Option Description Action (s)

Right-click My Project and
from the Create New

Add System Definer, Binary Calculator, Activity menu choose an
Create New Activity Ternary Calculator, Process Metallurgy option.
Calculator, and Experimental File Reader
nodes. b 'Creating Activities
and Successors" on
page 13

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

Create New Activity - Use Choose from the available templatesto  clicking the My Project
Template use the Wizard or add predefined nodes. node, or from the Window
menu.

b "Creating a Project
with the Quick Start
Wizard" on page 28
or "Creating a
Project from a
Template" on
page 30

Right-click the System
Definer, any Calculator
node or the Experimental
File Reader. Then from the
Create New Successor
menu choose an option.

Create New Successor Add a successor to the selected node.

b "Creating Activities
and Successors" on
page 13

Right-click a node to add a
Add a Predecessor Add a predecessor to the selected node. predecessor to it (when
available).

Right-click any node.
Perform a calculation or create a plot or

Perform Now or Perform Later table immediately, or schedule it for a p  ‘Usingthe
time in the future. Scheduler" on
page 202
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Option

Rename

Remove

Clone

Clone tree

Apply Auto Layout

Snap to Grid

Show Grid

Zoom In, Zoom Out, Reset Zoom

Description

Change the name of the node.

Delete the selected node from the tree.

Duplicate the selected node and add it to
the same tree.

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.

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.

Saving and Opening Project Files

Action (s)
Right-click any node.

Right-click any node
except My Project.

Right-click any node
except My Project.

b "Cloning Activities
and Trees" on
page 14

Right-click any node
except My Project.

Right-click any node.

Right-click any node.

b  "Moving Nodes in
the Tree and Using
the Grid" on
page 15

Right-click any node.

Right-click any node.

Thermo-Calc Graphical Mode uses project files with the file name suffix . tcu. The add-on
Diffusion Module (DICTRA) and/or Precipitation Module (TC-PRISMA) also use the same file

format in Graphical Mode.

Saving a Project File

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.

Appending a Project

You can only have one project file open at a time in any one instance of Thermo-Calc.
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.
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»  "Saving and Printing the Output (Graphical Mode)" on page 205 and Saving Tabulated
Data for the "Table Renderer" on page 194

Opening a Project File

There are different ways to open project files.

IN THERMO-CALC

e From the main menu select File & Open Project.

« On the toolbar, click the Open button or press <Ctrl+0> (Windows) or < 380>
(Mac) on the keyboard. Then navigate to the file on your computer and click Open.

ON YOUR COMPUTER

« Navigate to the project file and double-click to open it. This launches a new instance
of Thermo-Calc.

OPENING AN EXAMPLE PROJECT FILE FROM THERMO-CALC

@ Some add-on module examples require additional licenses to run for more than
three elements.

To open an example project file for Thermo-Calc and the add-on Diffusion Module (DICTRA)
and/or Precipitation Module (TC-PRISMA):

1. Open Thermo-Calc.

2. Confirm you are in Graphical Mode. If not, click the Switch to Graphical Mode
button.

3. From the main menu, select File - or Help - Examples Files.

4. The examples are divided into folders. Navigate to the folder and project file you
want and double-click to open.
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& OpenFile

Look in: Graphical-mode

Diffusion Module - DICTRA

V:j Precipitation Module - TC-PRISMA
Recent Thems Process Metallurgy
Property models
- Thermo-Calc
Desktop

5. The Graphical Mode examples are stored without calculated results so you will want
to run the example calculation and generate a plot or table. To do this, click the first
node in the tree at the top of the Project window. Then right-click and select

Perform now.

Project o /X Config

Single poing [t “| WA

Create New Activity »>

—_—

g\j.-g[em-; Perform Now
Perform Later...

The Calculation Types in Graphical Mode

p  "Graphical Mode vs Console Mode: Calculation Types" on page 9
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Binary Calculator

The following calculation types are available for a Binary Calculator activity node:

o Phase diagram: To calculate 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.

o Gibbs energy curves: To calculate at a constant temperature over the whole
composition range.

o Activity curves: To calculate at a constant temperature over the whole composition
range.

« Phase fractions: To calculate as a function of temperature at a constant composition.

Diffusion Calculator
The following calculation types are available for a Diffusion Calculator activity node:

Detailed simulation of diffusion controlled reactions in multi-component systems. Diffusion
calculations are done with the Diffusion Calculator. There are no calculation types you need
to choose when setting up your simulation.

Equilibrium Calculator

The following calculation types are available for an Equilibrium Calculator activity node:
« Single equilibrium (no axes): To calculate a single point. The results from this
calculation are displayed in the Event Log.
o One axis: To vary a quantity on the X-axis.
e Grid: Computes the equilibrium of each grid point in a two-dimensional grid.

o Phase diagram: To calculate 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.

Precipitation Calculator

The following calculation types are available for a Precipitation Calculator activity node:
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« Isothermal: Precipitation simulation at constant temperature.
o Non-isothermal: Precipitation simulation with user-defined temperature profile.
o TTT diagram: Time-Temperature-Transformation diagram calculation.

e CCT diagram: Continuous Cooling Transformation diagram calculation.

Process Metallurgy Calculator

The following calculation types are available for a Process Metallurgy Calculator activity
node:

« Single: To calculate a single point. The results from this calculation can be displayed
in the Results window using a Table Renderer.
o One axis: To vary a quantity on the X-axis.

o Grid: Evaluates two axis variables of the selected quantities in the specified range
and number of steps.

o Uncertainty: Evaluates calculations where the values of the quantities are sampled
from Gaussian distributions.

Property Model Calculator

The following calculation types are available for a Property Model Calculator activity node:
« Single: To calculate a single point. The results from this calculation are displayed in
the Event Log or if a Table Renderer is used, in the Results window.
o One axis: To vary a quantity on the X-axis.

« Grid: Evaluates two axis variables of the selected quantities in the specified range
and number of steps.

o Min/Max: Evaluates the property model(s) for all variations of the selected quantities
at the given limits.

o Uncertainty: Evaluates the property model(s) where the values of the quantities are
sampled from Gaussian distributions.

Scheil Calculator

The following calculation types are available for a Scheil Calculator activity node:
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Simulate a non-equilibrium transformation or partial-equilibrium transformation (a Scheil-
Gulliver solidification). Scheil calculations are done with the Scheil Calculator. There are no
calculation types you need to choose when setting up your simulation.

Ternary Calculator

The following calculation types are available for a Ternary Calculator activity node:

« Isothermal section: To calculate the ternary system for the whole composition range.

o Monovariant lines: To calculate the variation of the liquid compositions with
temperature.

o Liquidus projection: The projection liquid surface and the monovariant lines are
calculated over the given temperature range.

The Quick Start Wizard and Templates

Use the Quick Start wizard or 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 Quick Start and
other templates in the Configuration window.

Project a 3 x Configuration

) My Project

™ | Wizards
My Project

Templates

% )

Single Point Equilibrium One Axis Equilibrium

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:

« Single point equilibrium

o One axis equilibrium
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e Phase diagram

¢ Scheil solidification simulation

b "Creating a Project with the Quick Start Wizard" on the next page

TEMPLATES

A variety of templates are available. You can add these from the Configuration window or
by right-clicking the My Project node and selecting one from the Create New Activity =
Use Template list:

« Single Point Equilibrium: Creates a project for calculating a single point
equilibrium. The project consists of a System Definer, Equilibrium Calculator and a
Table Renderer.

« One Axis Equilibrium: Creates a project for calculating a one axis diagram. The
project consists of a System Definer, Equilibrium Calculator and a Plot Renderer.

« Phase Diagram: Creates a project for calculating a phase diagram. The project
consists of a System Definer, Equilibrium Calculator and a Plot Renderer.

« Scheil Solidification Simulation: Creates a project for performing a Scheil
calculation. The project consists of a System Definer, Scheil Calculator and a Plot
Renderer.

« Binary Calculation: Creates a project for performing a binary calculation. The
project consists of a Binary Calculator and a Plot Renderer.

« Ternary Calculation: Creates a project for performing a ternary calculation. The
project consists of a System Definer, Ternary Calculator and a Plot Renderer.

o Property Model Calculation: Creates a project for a Property Model Calculator. The
project consists of a System Definer, Property Model Calculator and a Plot Renderer.

« Diffusion Simulation: Creates a project for general diffusion simulations. The project
consists of a System Definer, Diffusion Calculator and a Plot Renderer.

« Precipitation Simulation: Creates a project for simulating the evolution of particle
size distributions. The project consists of a System Definer, Precipitation Calculator
and a Plot Renderer.

« Steel Library - TTT: Creates a project for a steel package. The project consists of a
System Definer, Property Model Calculator and a Plot Renderer.

o Process Metallurgy: Creates a project to allow for calculation and efficient setup of
advanced calculations involving slag, metal and gas.
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b "Creating a Project from a Template" on page 30

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
button, first click My Project in the Project window.

File Tools Window Help

= AD

New Open Save | Switch to Console Mode

Configuration
Project

Wizards
hly Project @

Quick Start

2. In the Select Project Type window click to select the type of calculation to perform.
Single point equilibrium, One axis equilibrium, Phase diagram or Scheil
solidification simulation. Click Next.

A,
oy
Select Project Type
Select the kind of calculation to perform.
Steps
1. Select project (@) Single point equilibrium
2. Define system . o
3 Select conditions () One axis equilibrium
() Phase diagram

() Scheil solidification simulation

3. In the Define Systems window, choose an available Database.
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I-::a-

Define System

You can either define the system by selecting elements from a database with thermedynamic information andjfor kinetic data or by loading a
pre-existing file that defines a material.
Steps
1, Select project
2. Define system Databases
3. Select conditions

FEDEMO: Iron Demo Database v2.0 ~

(8) Element selection | Elements

e er [JFe [Mn [

() 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 computer.

5. Click Next.

The Select Conditions window has different options depending on the Project type
and the elements selected.

In this example figure, using a Single Point Equilibrium, choose the Composition
unit and under Condition Definitions 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
compositions.
Steps
1. Select project
2. Define system Composition unit | Mass percent ¥
3. Select conditions

Condition Definitions

Temperature | Kelvin | 1000.0
Composition  C 99.99
Compaosition  Fe 0.01

For a One axis equilibrium 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
calculation.

Projects and Activities | 29 of 393



Event Log

12:
12:
12:
12:
12:
14:
14:
14:

12:
12:
12:
41:
42z
11:
11:
11:

02,234 INFO  Global test at 5.
02,249 INFO Terminating at
02,252 INFQ #%% Buffer saved on file: C:\Windows\TEMPF\TH35CE~1%5TATE ~1.FOQL

16,752 INFQ Opened project file: Ex 05_Fe-C_steble_and metastable_phase_diagrem.tcu
17,239 INFQ Opened project file: Ex 03_Fe-C_phase diagram.tcu

35,181 INFQ Define
35,181 INFQ Define

component C
component Fe

20000E+02
200,000

35,211 INFO Performing general eguilibrium caelculation

8. The diagram is plotted in a Plot Renderer tab in the Results window. If you have
calculated a single-point equilibrium, then a Table Renderer tab shows information
about the equilibrium.

Results ol
Table Renderer 1
System
Males 1.00000
Mass 12.01194 [g]
Temperature 1000.00000  [K]
Total Gibbs Energy -12659.53136 [1]
Enthalpy 11784.43824 [1]
Vaolume 5.39784E-6 [m3]
Componant Male Fraction Mass Fraction Adtivity Potential
Fe 0.00002 0.00010 0.00619 -42278.505¢
C 0.99998 0.99930 0.21816 -12658.894.
Stable Phases

Moles Mass Volume Fraction

BCC_A2#1 0.00002 0.00120 0.00003 :Compositior

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.

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.
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Project o R ox Configuration

7] My Project

= | Wizards
My Project

Templates

% O

Single Point Equilibrium One Axis Equilibrium

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 One axis equilibrium, a tree is added to the My Project node with
System Definer, Equilibrium Calculator and Plot Renderer nodes.

My Project

r

b
Systermn Difiner 1
r
Equilibrium Calculator 1

[

2

Flot Renderer 1

You can also add templates by right-clicking the My Project node and choosing an option
from the Create New Activity - Use Template menu.
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Project

My Project
Create New Activity > | Process Metallurgy Calculator
Perform Mow System Definer
Perform Later... Binary Calculator
Rename... Ternary Calculator

Apply Auto Layout Experimental File Reader

Snap to Grid Use Termnplate
Show Grid

[*.
Ly’

Zoom In
Foom Qut
Reset Zoom

P "The Quick Start Wizard and Templates" on page 26

b "Steel Library TTT Diagram Template" on the next page

Process Metallurgy Template

Use a Process Metallurgy template to add the Process Metallurgy Calculator and a Plot
Renderer to the Project window. The Process Metallurgy Calculator has several
preconfigured settings making is easier to setup the different groups and materials needed
to define a system for slag, metal and gas used in steelmaking.

»  "Process Metallurgy Calculator" on page 163

ADDING A PROCESS METALLURGY TEMPLATE TO A PROJECT

1. In the Project window click the My Project node to display the templates in the
Configuration window.

2. Under Templates, click Process Metallurgy.
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Process Metallurgy

A Process Metallurgy Calculator and a Plot Renderer are added to the Project
window.

You can also add templates by right-clicking the My Project node and choosing an option
from the Create New Activity - Use Template menu.

Project

My Project
Create New Activity > | Process Metallurgy Calculator
Perform Mow System Definer
Perform Later... Binary Calculator
Rename... Ternary Calculator

Apply Auto Layout Experimental File Reader

Snap to Grid Use Termnplate
Show Grid

M
b

Zoom In
Foom Qut
Reset Zoom

Steel Library TTT Diagram Template

@ The use of this Steel Model Library template requires a valid maintenance
license plus licenses for both the TCFES and MOBFE4 databases.

Use a Steel Library TTT template to add all the activities for a One axis Time-Temperature-
Transformation (TTT) diagram calculation.

This template has several preconfigured settings to make it easy to set up and calculate the
TTT diagram using the Martensite temperatures and Pearlite property models.

p  "Property Model Calculator" on page 75
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ADDING A STEEL LIBRARY TTT TEMPLATE TO A PROJECT

1. In the Project window click the My Project node to display the templates in the
Configuration window.

2. Under Templates, click Steel Library - TTT.

E
Steel Library -TTT

A System Definer, Property Model Calculator (renamed to Steel models) and a Plot

1

Renderer (renamed to TTT) are added to the Project window. Also see "Plot Settings:
TTT Mode" on page 185.

You can also add templates by right-clicking the My Project node and choosing an option
from the Create New Activity - Use Template menu.

Project

My Project
Create New Activity > | Process Metallurgy Calculator
Perform Mow Systemn Definer
Perform Later... Binary Calculator
Rename... Ternary Calculator

Apply Auto Layout Experimental File Reader

Snap to Grid Use Termnplate
Show Grid

[~
bg”

Zoom In
Foom Qut
Reset Zoom
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Defining and Using the Activity Nodes

In this section:

SYSEEM D INOT 36
Equilibrium CalCulator ... 48
Binary CalCUlator .o 60
Ternary CalcUlator ..o oo 63
Scheil Calculator ... . 66
Property Model Calculator ... . 75
Diffusion Calculator ... . 109
Precipitation Calculator ... . 129
About the Process Metallurgy Module . ... . 150
PlOt RENA O O 179
Table Renderer 194
Experimental File Reader ... o 200
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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 the species to
include as well as change the reference temperature and pressure for your components.

You can add the System Definer directly (right-click My Project and select it from the
Create New Activity menu) or use a variety of the available templates to automatically add
the node.

|_ Almost all of the "Graphical Mode Examples" on page 239 use the System
= Definer. For details about the templates, see"The Quick Start Wizard and
Templates" on page 26 and "Creating a Project from a Template" on page 30.

Once you have added a System Definer, the Configuration window has these settings tabs:

« Elements
« Species

Phases and Phase Constitution

Components

Data Sources

Description

Define the System Definer Node

This topic describes how to define a system, specifically how to select one or more
databases and define the elements in the system with the System Definer activity node.

1. Right-click My Project and from the menu select Create New Activity—» System
Definer . You can also add any template and a System Definer is added to the Project
tree.

2. In the Project window, click the System Definer activity node.

3. In the Configuration window, from the Databases menu choose Database(s) or a
Database Package.

b "About the Database Files" on page 31
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OPTIONS:

» Select <User database> to define your own.

« You can choose to add one or more databases by clicking the Add a database

& button.

o 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
Alphabetic List to choose elements for the system.

5. Asrequired 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.

b "Configuration Window Settings" below

6. Click Perform to start the System Definer activity immediately and retrieve
thermodynamic data about the system. Click the Event Log window to watch the

progress of the job.

Configuration Window Settings

The System Definer Configuration window has many settings available, which are briefly

described below.

%4l System Definer: Ferritic steel

Databases

%] FEDEMO: Iron Demo Database v2.0 ~ Package:

Elements Species Phases and Phase Constitution Components Data Sources Description

Periodic Table Alphabetic List

10

& Help < Add Predeces PErir Tre

Material
Material name:
Ferritic

Amount Mass percent

Ni 14
C 0.08
Mn 1.0

Load material...
Save material as...

v

Create New Successor >
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CHOOSE DATABASE(S) OR A DATABASE PACKAGE

Datsbases
& TOPES: SteelsFe-Aloys vO.0 Package: Steels and Fe-sloys (TCFES, MOBPES)
J S MOBFE4: StewlsFe-Alloys Mobdity v4.0

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.

P "Global Settings: System Definer" on page 41

—= If you have chosen a database package and then remove or change a database,
7 3 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 Definer" on

page 41.

There are several settings tabs available for the System Definer activity.

‘ Elements | Speciesl Phases and Phase Constitutionl Componentsl Data Sourcesl Description|

The following example uses the FEDEMO and MFEDEMO databases and Graphical Mode
example PM_G_03.

Databases
) (&) |FEDEMO: Iron Demo Database v2.0 “
- (&) |MFEDEMO: Fe-Alloys Mobility demo database v2.0 w
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.

PERIODIC TABLE
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In this example, using the demonstration databases FEDEMO and MFEDEMO, there are only

a select number of elements to choose from.

* Lanthanide senes

** Actinide senies

VA

Fe

ALPHABETIC LIST

Element FEDEMO MFEDEMO
J-
C
Cr
Fe
Mn
Ni
VA

MATERIAL COMPOSITION

On the Periodic Table page, you can also define the material composition:
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Material
Material name:
Ferritic

Amount :Mass percent v:

Fe 80.52
Ni 1.4

C 0.08
Mn 1.0
Cr 17.0

At the bottom of the window, click Load material to open a material file. The default folder
opens to the Materials folder included with your installation.

b "About the Material Files" on page 44 and "Examples, Manuals and Materials Folders"

on page 17
Material a4 %
Material name: Look in: Materials e 7‘ » -
i, Aluminum Alloys
e Cast Iron
Amount | Mass percent - My Materials
Mickel Alloys
99,98
Be HE Solder Alloys
c 0.01 Steel
Titanium Alloys
Cr 0.01
r P
|
Load material,.. 3
 Save matendl as... L@ File name: | Open

SR Files of type: | Material file [=.xml] ¥ Cancel

You can also click Save material as to save the material you defined, for example Ferritic.

P "Global Settings: System Definer" on page 41

= If you Load a material file and then change the composition, a message displays
7 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.
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SPECIES

On the Species tab for each database you can select and edit the Species.

Elements| Species Phases and Phase Constitution

P
Species Stoichiometry FEDEMO MFEDEMO

I

-1

C C

Cr Cr

Fe Fe

Mn Mn

Ni Ni

VA VA

C2 C,
c3 C,
C4 Cy
c5 C.
C60 cC

At the bottom of the window, click Add new species and enter the name of species in the

field.

-

MNew species

Enter the species:

OK H Cancel l

PHASES AND PHASE CONSTITUTION
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Phases

Status Name - FEDEMO MFEDEMO
Entered « |BCC_AZ v v
Entered « |CEMENTITE v

Entered » CHI_A12 v

Entered  DIAMOND_FCC_.. v

Entered » FCC_A1 v v
Entered « |FCC_A1#2 v v
Entered w GAS v

Entered  GRAPHITE v

Entered w HCP_A3 v

Entered  [KS|_CARBIDE 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 [ M ])1,0([ C ][ VA ])3.0

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,
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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.

| Elementsl Speciesl Phases and Phase Constitutionl Compaonents | Data Sourcesl Descriptionl

Component Reference phase

Reference temperature

Reference pressure

Kelvin >  Pascal v
Fe HCP_A3 v | [¥] current temperature |25.0 100000.0
:Cr v: EStable Element Reference| Current temperature |25.0 100000.0
i v [/ SER v | [/] current temperature [25.0 100000.0
:C v: SER - Current temperature |25.0 100000.0
Mn v [/ SER v | [/] current temperature [25.0 100000.0
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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' o
'B. Uhrenius (1993-1994), International journal of refractory metals and hard ‘ ‘

mater, Vol. 12, pp. 121-127; Molar volumes'
'A. Markstrom, Swerea KIMAB, Sweden; Molar volumes'

DESCRIPTION

The Description tab displays a description of the selected database(s). In this example,
MFEDEMO.

Elements Species Phases and Phase Constitution Components Data Sources Description
FEDEMO MFEDEMO

MFEDEMO - Database for Demo Version of Thermo-Calc 2

L s

[version 2.0: released March 2017]

Ownship/Copyright: 2017 @ Thermo-Calc Software AB
All rights reserved.

About the Material Files

b "Examples, Manuals and Materials Folders" on page 17

When you are working with the System Definer in Graphical Mode you can open the default
Materials folder included with your installation. The files are in .xml format and the data
contained are from some common alloys. You can also save and create your own materials
files from the System Definer, or copy the xml files to the Materials folder.

ALUMINUM ALLOYS

o UNS_A95005
o« UNS_A96053

CAST IRON ALLOYS
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« UNS_F10007
« UNS_F33101

NICKEL ALLOYS

« UNS_N06600
« UNS_N6600

« UNS_N06625
« UNS_N06690
« UNS_N07001
« UNS_N07718
« UNS_N08800
« UNS_N08825

SOLDER ALLOYS

« ASTM_25A

« ASTM_96TS
« UNS_L50134
« UNS_L54321

STEEL ALLOYS

Austenitic Stainless Steel

« ASTM_304_(UNS_S30400)

« ASTM_304L_(UNS_S30403)
« ASTM_304LN_(UNS_S30453)
« ASTM_316_(UNS_S31600)

« ASTM_316L_(UNS_S31603)
« ASTM_316LN_(UNS_S31653)
« ASTM_317L_(UNS_S31703)
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« UNS_J92710
« UNS_S30908

Duplex Stainless Steel

« UNS_S31803_A
« UNS_S32750_A
« UNS_S32750 B

High Speed Steel
« ASTM_M10_A5
High Temperature Steel
« UNS_S31008
HSLA Steel
« UNS_K12000
Low Carbon Steel
« UNS_H61180
Maraging Steel
« UNS_K92810
Martensitic Stainless Steel

« ASTM_420
UNS_J82090
« UNS_J91639
« UNS_S44004

Tool Steel

« UNS_T30106
« UNS_T30109
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« UNS_T51620
Training Steel

e Ferritic
o M7 _Steel

TITANIUM ALLOYS

« UNS_R54520
« UNS_R56260

My MATERIALS

This is where you can add your own material files to be able to load it to the System Definer.
When you are in the System Definer Configuration window, you define your material then
click Save material as. You can save the profile to this folder or create a folder with a new

name.
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Equilibrium Calculator

An Equilibrium Calculator allows you to set the conditions for, and perform, a calculation.
You can add the calculator to the System Definer directly (right-click and select it from the
Create New Successor menu) or use a variety of the available templates.

Once you have added an Equilibrium Calculator, the Configuration window has these
settings tabs. An Equilibrium Calculator that is the successor of another Equilibrium
Calculator inherits all the Configuration window settings of the predecessor.

« 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.

« Functions: Define your own quantities and functions, which you then can calculate
and plot.

o Options: Modify numerical settings that determine how equilibria are calculated, as
well as how stepping and mapping calculations are performed.

= The Options tab is where you can locally define specific Equilibrium Calculator
settings. These settings can also be applied globally. To open the Options
window: From the main menu select Tools < Options and click the Activities
tab. Then click Calculation.

|_ For an example of how serially coupled Equilibrium Calculators can be used, see
= example T_06. For details about the templates, see'"The Quick Start Wizard and
Templates" on page 26 and "Creating a Project from a Template" on page 30.

Define the Equilibrium Calculator

1. Add an Equilibrium Calculator node to the System Definer. If you used the Single
Point Equilibrium , One-Axis Equilibrium, or Phase Diagram template, click the
Equilibrium Calculator node to display the Configuration settings window.

2. In the Configuration window, enter the settings described in "Conditions Tab
Settings" on the next page, and as required from the "Options Tab Settings" on
page 53. There are also settings you can define on the Functions tab. See
"Calculating and Plotting Functions" on page 51

3. Once you have finished defining the Equilibrium Calculator, you also choose settings
on the "Plot Renderer" on page 179.

b "Calculating with a Fixed Phase " on page 57
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Conditions Tab Settings

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.

Conditions Functionleptions

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 Maix Step division Type
Temperature w 500.0 3000.0 50.0 Linear - min no. of steps  + |
Temperature w 500.0 3000.0 50.0 Linear - min no. of steps >

|_ See examples "T_01: Calculating a Single-Point Equilibrium" on page 240 ,"T _02:
= Stepping in Temperature in the Fe-C System" on page 242 and "T_05: Stable and
the Metastable Fe-C Phase Diagrams" on page 249.

P "Options Tab Settings" on page 53

ABOUT ADVANCED MODE

Click Switch to advanced mode to 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.

The following outlines what you can set on the Conditions tab in simplified mode.

E‘:’ Click Switch to advanced mode for more options.

Composition unit
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Choose from Mass percent, Mole percent, Mass fraction or Mole fraction.

Condition Definitions

Specify the values (and units) of the state variables: Temperature, Pressure, and System
size.

Calculation Type

Single equilibrium (no axes), One axis, Grid or Phase diagram.

= Single equilibrium only calculates the equilibrium. No additional settings are
required. Add a Table Renderer to perform the calculation and view the details
in the Results window.

Q When you use the "Equilibrium Model" on page 80 with the Property Model
Calculator, it is the same calculation result as when you are using an
Equilibrium Calculator with the Single equilibrium calculation type.

Axis Definitions

« One axis: Define the axis variable using these fields and menus: Quantity, Min, Max,
Step division and Type.

« Grid: Define the two axis variables using these fields and menus: 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.

EJ;- 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.

=7  For a One axis, on the Plot Renderer, you can choose to plot a Heat map,
Contour or 3D diagram.
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b "Heat Map, Contour and 3D Plots" on page 217

Number of steps (Grid)

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 and Step division (One axis and Phase diagram)

Type options: Linear - min no. of steps, Linear - max step size and Logarithmic - scale
factor.

e 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.

o 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 and Plotting Functions

The Functions tab allows you to define your own functions that can be plotted in a Plot
Renderer.

|_ For an example of how you can use functions that you define, see "T_07: User-
Defined Functions" on page 256.

1. Add 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.
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Configuration o B ox

Functions | Options

Quantity Definitions

|Z| Equilibrium Caleulator 1

& ql = Amount of phase ¥ No normalization ¥ LIQUD ¥ Mole il

Function Definitions
=] fraction_solid =1-01

e f_solid = 1-NP(LIQUID)

I L*) ” ”T Add Predecessor I Perfarm Tree H Create New Successor IT|

4. 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
fraction_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-~xP (LIQUID). See
"Parameters, Functions and Variables" on page 378 for details related to
Console Mode and that are also applicable here.

5. To plot the defined function, right-click Equilibrium Calculator and choose Create
new successor—>Plot Renderer.

6. 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

function. 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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Options Tab Settings

These settings are for the "Equilibrium Calculator" on page 48 and are located on the

Configuration window — Options tab.

Conditions Functions ODUO

- Single Equilibrium and Grid

Global minimization
Max grid points
v |

Approximate driving force for metastable phases

| coarse 2,000 % |

Force positive definite phase Hessian
[] contral step size

Max no. of iterations:
Required accuracy:
Smallest fraction:

- One axis

Global minimization

Global test interval
|E\u'eq|r 10th eq

I o3

- Phase Diag

Global minimization

Global test interval

|Atnode points ~ ~| | 0

a4k

Generate starting points automatically
[ Use inside meshing points

No. of meshes along an axis:
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Q You can change these settings locally for a specific Equilibrium Calculator or
globally in the Options settings. To open the Options window: From the main
menu select Tools = Options. Click the Graphical Mode tab then click
Calculation.

& J

Single Equilibrium and Grid

Global minimization

The check box is selected by default to ensure that the most stable minimum under the
specified conditions is computed.

Max grid points

Coarse (2000 grid points, the default), Medium (20,000 grid points), Fine (200,000 grid
points), or Custom (set your own number of grid points).

Approximate driving force for metastable phases

The check box is selected by default, which means the metastable phases are included in all
iterations. However, these may not have reached their most favourable composition and
thus their driving forces may be only approximate.

If it is important that these driving forces are correct, click to clear the check box to force
the calculation to converge for the metastable phases.

Force positive definite phase Hessian

The check box is selected by default and this setting determines how to reach the minimum
of an equilibrium state.

» "ADVANCED OPTIONS" on page 135

Control stepsize

The check box is selected by default and this setting determines how to reach the minimum
of an equilibrium state.

» "ADVANCED_OPTIONS" on page 135

Max no of iterations
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By default, the program tries 500 iterations before it gives up. As some models give
computation times of more than 1 CPU second/iteration, this number is also used to check
the CPU time and the calculation stops if 500 CPU seconds/iterations are used.
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Required accuracy

The default is 1.0E-6. This is a relative accuracy, and the program requires that the relative
difference in each variable must be lower than this value before it has converged. A larger
value normally means fewer iterations but less accurate solutions. The value should be at
least one order of magnitude larger than the machine precision.

Smallest fraction

The default is 1.0E-12. This is the value assigned to constituents that are unstable. It is
normally only in the gas phase you can find such low fractions.

The default value for the smallest site-fractions is 1E-12 for all phases except for IDEAL
phase with one sublattice site (such as the GAS mixture phase in many databases) for which
the default value is always as 1E-30.

E In Console Mode, the default of 1E-30 for IDEAL phases is true unless you are
using the command SET_NUMERICAL_LIMITS to reset an even-lower value (e.g.
1E-45, that is naturally enforced to all the phases in the system.

One Axis

Global minimization

The check box is selected by default to ensure that the most stable minimum under the
specified conditions is computed.

» "ADVANCED_OPTIONS" on page 135

Global test interval
Every 10th eq (the default), Always or Custom.

The default is the recommended global test interval i.e. every tenth step and at each phase
change during calculations.

If you choose Custom, the integer number determines how often the Global Minimization
should be used during step and mapping. Any other positive integer number, n, suggests it
performs a Global Minimization test at every p-th step during calculations.

Phase Diagram

Global minimization
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The check box is selected by default to ensure that the most stable minimum under the
specified conditions is computed.

Global test interval

At node points (the default), Every 10th eq, Always or Custom.

The default is the recommended global test interval is used only at node points during the
calculations.

If you choose Every 10th eq, this is every tenth step and at each phase change during
calculations.

If you choose Custom, the integer number determines how often the Global Minimization
should be used during step and mapping. Any other positive integer number, n, suggests it
performs a Global Minimization test at every p-th step during calculations.

Generate starting points automatically

The check box is selected by default.

Use inside meshing points

Click to select the check box as required. The initial mesh consists of initial equilibrium
points added only along the edge/border of the diagram defined by the axis-variables. If you
select the check box, then the initial equilibrium points added are also added to the inside
edge.

No of meshes along an axis

The default is 3, which represents how many intervals of initial equilibrium points are added
along an edge in the diagram. For example, if set to 2 (two), initial equilibrium points are
added at the beginning, center, and end of each axis-variable forming 2 intervals.

Calculating with a Fixed Phase

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).
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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.

w N =

[©2 IO 2 B N

. Right-click a node that can add an Equilibrium Calculator to your project.
. In the Project window, click the Equilibrium Calculator activity node.

. In the Configuration window, click Switch to advanced mode.

l_:%J? If the Default calculation mode is globally set to Advanced then by
default the Configuration window is already in advanced mode.

b "Changing Global Settings" on page 36

. 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
material 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 -
FN=] Temperature w | | Kelvin w || 1000.0
FN=] Fix phase W

Above the condition definitions, the Number of missing conditions is field is
probably -1. This means that you must remove one condition.

To remove 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:
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Conditions | Functions | Options

MNumber of missing conditions is |0 Switch to simplified mode
Condition Definitions -
@ @ [ |Temperature Kelvin 1000.0

1= Fix phase w | |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).
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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. There is also
a Binary Calculation template you can use to quickly set up a simulation.

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.

|_ For an example of how a Binary Calculator can be used in a project, see "T_03:
' Fe-C Phase Diagrams" on page 244. For information about the templates see
"Creating a Project from a Template" on page 30.

Configuration Window Settings

The Binary Calculator Configuration settings window and the associated tabs are similar to
what you see on a System Definer. The database TCBIN is added by default when you use the
Binary Calculation template, but you can choose any installed and licensed database from
the list.

@ The various versions of the TCFE (Thermo-Calc Steels and Fe-Alloys) databases
are not compatible with the Binary Calculator.
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Configuration b4
| Binary Calculator 1

Databases

TCBIN: TC Binary Solutions v1.1 [

Elements Phases and Phase Constitution Data Sources  Description

z |[va A

Rb Sr B Zr Nb Mz Te Ru Rh Pd Ag Cd In Sn Sb Te I e

Calculation Type

(®) Phase diagram

() Gibbs energy curves  Temperature | Kelvin | 11000.0
O Activity curves Temperature | Kelvin ~ | |1000.0
() Phase fractions Mole fraction ~ | 0.0
&) Help ‘ = ¢ | Calculate Phase Diagram Create New Successor - =

On the Elements tab, and based on the database selected, select and review elements using
a Periodic Table format. Unavailable elements are greyed out on the Periodic Table view.

Phases and Phase Constitution

At the top of the Phases and Phase Constitution tab, and based on the selected database,
you can review the Status 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.

Data Sources
Data sources are not available until the activity has been performed. Click Perform Tree to

display available data sources.

Description

Defining and Using the Activity Nodes | 61 of 393



The Description tab displays a description of the selected database.

Calculation Type

Choose a calculation type.

Phase diagram

Select to perform a mapping calculation. Click Calculate Phase Diagram to plot the results.

Gibbs energy curves

Select the Temperature and click Calculate Gibbs Energy Curves to calculate at a constant
temperature over the whole composition range.

Activity curves

Select the Temperature and click Calculate Activity Curves to calculate at a constant
temperature over the whole composition range.

Phase fractions

Select the Mole fraction and click Calculate Phase Fractions to calculate as a function of
temperature at a constant composition.
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Ternary Calculator

A Ternary 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. There is also
a Ternary Calculation template you can use to quickly set up a simulation.

|_ For an example of how a Ternary Calculator is used in a project, see "T_04: Fe-
= Cr-C Ternary Phase Diagram at 1000 K" on page 246. For information about the
templates see "Creating a Project from a Template" on page 30.

Configuration Window Settings

Below lists the available settings that must be configured before performing the calculation
and the image shows the Configuration window of a Ternary Calculator activity.

Configuration X

[, Ternary Caleulator 1
Databases
| TCFES x|

Elements | Phases and Phase Constitution | Data Sourcesl Description|

0 e -
- [u] nopoan
ool el - |~ - -
Rb Sr u Rh Pd Ag Cd In Sn Sh

e -

Te I Xe
Cs Ba = Hf Re Os Ir Pt Au Hg il Pb Bi Po
Fr |Ra | ** | Rf |([Db || Sg || Bh || Hs || Mt || Ds || Rg || Cn |[Uut || FI || Uup u u
= Lanthanide series | La Ce E G T Dy H: E T
= Actinide series | Ac || Th || Pa || U || Np || Pu || Am ||Cm || Bk || Cf || Es
Calculation Type
(@) Isothermal section  Temperature :Kel\.rin v: 1000.0
(") Monovariant lines
(7) Liguidus projection Temperature | Kelvin ¥ | Min|298.15 Max|3273.15 Interval|100.0

& ‘ Add Predecessor Perform Tree Create New Successor ]‘

Databases
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Select a database that contains specifications dedicated to the Ternary Calculator.

Elements

On the Elements tab, and based on the database selected, select and review elements using
a Periodic Table format. Unavailable elements are greyed out on the Periodic Table view.

Phases and Phase Constitution

At the top of the Phases and Phase Constitution tab, and based on the selected database,
you can review the Status 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.

Data Sources

Data sources are not available until the activity has been performed. Click Perform Tree to
display available data sources.

Description

The Description tab displays a description of the selected database.

Calculation Type

Choose a calculation type.

Isothermal section

Select the Temperature at which the ternary system is calculated for the whole composition
range.

Monovariant lines

To calculate the variation of the liquid compositions with temperature.

Liquidus projection
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Select the Temperature range (Min and Max) and an Interval. The projection liquid surface
and the monovariant lines are calculated over the given temperature range.
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Scheil Calculator

Thermo-Calc is often used to perform equilibrium calculations, but some non-equilibrium
transformations or partial-equilibrium transformations can also be simulated.

A well known example of a non-equilibrium calculation is the Scheil-Gulliver solidification
simulation.

Classic Scheil Simulation

For the Scheil-Gulliver solidification simulation, generally referred to in Thermo-Calc as a
classic Scheil simulation, the following assumptions are made.

« Diffusion in the liquid phase is assumed to be very fast, that is, infinitely fast.

« Diffusion in the solid phases is so slow that it can be ignored, that is, diffusion is
assumed to be zero.

« The liquid/solid interface is in thermodynamic equilibrium.

In this Scheil simulation the temperature is decreased step-by-step. When the temperature
drops below the liquidus temperature the equilibrium amount and composition of solid and
liquid phase is calculated. The solid phase is removed from the system and only the amount
and composition of the liquid phase is used for the next calculation step at a lower
temperature. Again, the equilibrium amount and composition of solid and liquid phase is
calculated and again the solid phase is removed from the system for the next step. This
procedure is repeated until the last liquid disappears.

This calculation procedure is equivalent to assuming that there is no diffusion in the solid
phase and infinitely fast diffusion of all elements in the liquid phase. It has been shown to be
a good approximation of the solidification of most alloys such as Ni-superalloys, Cu alloys, Al
alloys, Mg alloys, and others. However, for steels it fails badly. The reason is that carbon is
one of the most important alloying elements in steels and it dissolves interstitially. Carbon
therefore has very fast diffusion rates. The assumption of no diffusion in the solid phase
during solidification is thus not correct for carbon at most industrial or lab-scale
solidification rates.

For this reason a variant of the Scheil simulation was developed and implemented in
Thermo-Calc, where one or more elements can be defined as fast diffusers.

Scheil Simulation with a Fast Diffuser Element
The Scheil simulation with fast diffuser model in Thermo-Calc takes into account the concept

of the fast diffuser. Typically, C is defined as a fast diffuser, but also other elements such as
N, O, or others can also be defined.
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@ Fast diffuser does not quite define this since diffusion is not actually simulated.
It is simply assumed that the “fast diffusers” distribute throughout the solid and
liquid phase according to thermodynamic equilibrium. This corresponds to
infinitely fast diffusion.

.

For the Scheil simulation with fast diffuser the following assumptions are made.

« Diffusion of all elements in the liquid phase is infinitely fast.

« Diffusion of all elements in the solid phases, except the ones defined as “fast
diffusers”, is zero.

« Diffusion of the elements defined as “fast diffusers” is infinitely fast in the solid
phase.

« The liquid/solid interface is in thermodynamic equilibrium.

The classic Scheil simulation and Scheil simulation with fast diffuser models can be
considered thermodynamic models. There are clear limitations as a certain amount of back
diffusion always takes place in the solid phase at real solidification. For this reason, a more
sophisticated kinetic model, the Scheil simulation with back diffusion is also available.

Scheil Simulation with Back Diffusion

The Scheil simulation with back diffusion kinetic model quantitatively takes into account the
real back diffusion of all elements in the primary solid phase (typically the FCC or BCC
phase). This model requires the use of both a thermodynamic and mobility database. The
calculation also requires the cooling rate to be specified; a fast cooling rate allows for less
time for back diffusion and the simulation result is similar to the classic Scheil-Gulliver
solidification simulation. A very slow cooling rate allows for almost complete back diffusion,
the solidification simulation is then close to an equilibrium calculation. It also requires that
the size of the solidification domain is specified. In most cases this domain size corresponds
to the secondary arm spacing, as this is where typically the liquid is trapped during
solidification.

@ The secondary arm spacing also depends on the cooling rate. For this reason a
simple empirical relation between cooling rate and secondary arm spacing is
predefined in Thermo-Calc.

For the Scheil simulation with back diffusion the following assumptions are made.
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« Diffusion of all elements in the liquid phase is infinitely fast.

« Diffusion of all elements in the primary solid phase are quantitatively calculated
using mobility data, a cooling rate and a domain size (typically this is the secondary
arm spacing).

« The liquid/solid interface is in thermodynamic equilibrium.

Summary

The variants of the Scheil-Gulliver solidification simulation (classic Scheil simulation, Scheil
with a fast diffuser element, and Scheil with back diffusion) are set up in either the SCHEIL
module in Console Mode or the Scheil Calculator in Graphical Mode.

E‘;:- The Scheil with back diffusion feature is only available for systems with diffusion
data, i.e. it requires the use of a mobility database.

The Scheil calculation allows the calculation of:

« The solidification range of an alloy.

« Depression of the solidus temperature due to segregation.

o Composition of the last liquid to disappear in segregation pockets.

« Phases formed on final solidification in segregation pockets.

o The composition gradient in the primary solid phase(s) (segregation profile).
By default, a Plot Renderer successor to a Scheil Calculator 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.

You can use either the Quick Start Wizard (for only Scheil-Gulliver) or the Scheil
Solidification Simulation template to quickly set up a simulation.

b For information about the templates see "Creating a Project with the Quick Start
Wizard" on page 28 and "Creating a Project from a Template" on page 30.

|_ For examples using the Scheil Calculator see "T_08: Scheil and Equilibrium
= Solidification" on page 258 and "T_10: Scheil Solidification with Back Diffusion"

on page 263.
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Define the Scheil Calculator

1. Add a Scheil Calculator node to the System Definer. If you used the Scheil
Solidification Simulation template, click the node to display the Configuration
settings window.

2. Enter the settings described in "Configuration Window Settings" below. This includes
details about the Advanced Options settings.

3. Once you have finished defining the Scheil Calculator, you also choose settings on the
"Plot Renderer" on page 179.

Configuration Window Settings

An example of the main Configuration window of a Scheil Calculator activity is shown
below. These settings must be configured before performing the calculation.

Configuration 8

=l scheil calculator 1

Start temperature: 2500.0 # Show advanced options
Temperature step: 1.0

Temperature unit: Kelvin ~

Composition unit: Male percent w

Back diffusion in primary phase: O

Composition Al 96.9 [] Fast diffuser
Compasition Cu 21 [ Fast diffuser
Compasition  Si L0 [] Fast diffuser
&) Help ‘ = ¢) Perform|  Create Mew Successor - =

Start temperature

Enter a Start temperature that is higher than the liquidus temperature of the alloy, in other
words, the temperature at which the alloy is completely melted.

Temperature step

Enter a Temperature step. Decreasing the temperature step increases the accuracy, but the
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default value is usually adequate.
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Temperature unit

Select the Temperature unit: Kelvin, Celsius or Fahrenheit.

Composition unit

Select the Composition unit: Mass percent, Mole percent, Mass fraction or Mole fraction.
Back diffusion in primary phase

E‘p The Scheil with back diffusion feature is only available for systems with diffusion
data, i.e. it requires the use of a mobility database.

The Back diffusion in primary phase check box is available to select after adding a mobility
database and once components are defined on the System Definer. Click to select this check
box to enable back diffusion in the solid primary phase.

P See "Scheil Calculator" on page 66 for an overview of the different Scheil simulation
models available and more information about this model.

Cooling rate (available with back diffusion)
This field is available when the Back diffusion in primary phase check box is selected.

Specify the Cooling rate in Kelvin per second (K/s). An increased value moves the result
from equilibrium toward a Scheil-Gulliver calculation.

Secondary dendrite arm spacing (available with back diffusion)

This field is available when the Back diffusion in primary phase check box is selected.

The Secondary dendrite arm spacing is the distance in meters between two secondary
dendrite arms. It can be either a Constant or Calculated from the cooling rate as c*(cooling
rate)™ where c and n are entered in these fields.

Select Calculated or Constant.

¢ For Calculated, enter values for ¢ and n.

o For Constant, enter a value (unit = m) in the field.

Primary phase (available with back diffusion)
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This field is available when the Back diffusion in primary phase check box is selected.

Select Automatic (the default) or choose an available phase from the list for the primary
phase. The primary phase is the phase where the back diffusion takes place. If Automatic is
selected, the program tries to find the phase which gives the most back diffusion. To
override this setting, choose a specific primary phase from the list.

Composition

This section displays after you add components to the System Definer.

Fast diffuser

This check box is available after you add components to the System Definer. Click to select
the Fast diffuser check box to allow redistribution of this component in both the solid and
liquid parts of the alloy.

Advanced Settings

Additional advanced settings are available. Click Show advanced options to display these
options in the Configuration window.
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Global minimization

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.

Liquid phase

The default in the list is the Liquid phase already defined in the database.

Terminate on

Enter a value to terminate the calculation on the Fraction of liquid phase or at a specific
Temperature.

Max no. of iterations

By default, the program tries 500 iterations before it gives up. As some models give
computation times of more than 1 CPU second/iteration, this number is also used to check
the CPU time and the calculation stops if 500 CPU seconds/iterations are used.

Required accuracy

The default is 1.0E-6. This is a relative accuracy, and the program requires that the relative
difference in each variable must be lower than this value before it has converged. A larger
value normally means fewer iterations but less accurate solutions. The value should be at
least one order of magnitude larger than the machine precision.

Smallest fraction

The default is 1.0E-12. This is the value assigned to constituents that are unstable. It is
normally only in the gas phase you can find such low fractions.

The default value for the smallest site-fractions is 1E-12 for all phases except for IDEAL
phase with one sublattice site (such as the GAS mixture phase in many databases) for which
the default value is always as 1E-30.

E In Console Mode, the default of 1E-30 for IDEAL phases is true unless you are
using the command SET_NUMERICAL_LIMITS to reset an even-lower value (e.g.
1E-45, that is naturally enforced to all the phases in the system.

Approximate driving force for metastable phases
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The check box is selected by default, which means the metastable phases are included in all
iterations. However, these may not have reached their most favourable composition and
thus their driving forces may be only approximate.

If it is important that these driving forces are correct, click to clear the check box to force
the calculation to converge for the metastable phases.
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Property Model Calculator

A Property Model Calculator enables you to predict and optimize material properties based
on their chemical composition and temperature. The available calculation types are Single,
One Axis, Grid, Min/Max, and Uncertainty. Using these, you can evaluate models
simultaneously over a range of compositions and temperature and cross plot the results,
then conduct an uncertainty analysis and plot the results as either a histogram or a
probability plot.

b The Configuration window for a Property Model Calculator using the Phase transition
model is shown and described in "Configuration Window Settings" on page 106.

b There are General Models and Steel Models available. For more information, see
"About the Property Models in Thermo-Calc" on the next page.

Q You can also create custom property models. See "Introduction to the Property
Model Development Framework" on page 2.

Property Model Calculator Workflow

At the start when you are designing a project, it is recommended you first test it by
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 the "Event Log Window" on page 203,
which indicates the calculation did not work correctly.

Once the Single calculation 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.

For a Grid calculation, you can additionally plot a Heat map, Contour or 3D diagram. This
setting is done on the "Plot Renderer" on page 179.

In general, the workflow for each model differs. A recommended start point is to do a One
axis calculation (using the "Equilibrium Calculator" on page 48) to determine what phases
you get and where the transitions are before setting up the Property Model Calculator.

p  "The Quick Start Wizard and Templates" on page 26 and "Creating a Project from a
Template" on page 30
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About the Property Models in Thermo-Calc

&

The General models are available to all users. To run calculations with the
Steel models (martensite and pearlite) requires a valid maintenance license
plus licenses for both the TCFE9 and MOBFE4 databases.

General Models

These General Models are available with the "Property Model Calculator" on the previous

page:

4

"Coarsening Model" on page 78: Calculates the coarsening rate coefficient K (m3/s)
of a spherical precipitate phase in a matrix phase.

"Driving Force Model" on page 80: Calculates the thermodynamic driving force for a
phase.

"Equilibrium Model" on page 80: Calculates the equilibrium for the given conditions.
Optionally define additional Function definitions.

"Interfacial Energy Model" on page 81: Estimates the interfacial energy between a
matrix phase and a precipitate phase using thermodynamic data from a CALPHAD
database.

"Liquid and Solidus Temperature Model" on page 82: Use this to complete a common
calculation. For example, with this model one can easily use uncertainty calculations,
varying one or more conditions, and see how that affects the liquidus and solidus
temperatures.

"Phase Transition Model" on page 83: Calculates the point when a new phase may
form by varying set conditions. The model is useful to determine melting
temperature, boiling temperature or solubility limits. It returns the phase
transformation temperature, or composition, depending on the varied condition.

"Yield Strength Model" on page 84: Calculates yield stress. It returns the calculated
yield strength at room temperature for the specified material using the equilibrium
values calculated at a particular temperature and by further defining the following
contributions to the total yield stress: precipitation strengthening, solid solution,
grain boundary strengthening, and constant addition of strength. For details see
"About the Yield Strength Model" on page 89.

"About the Steel Property Models in Thermo-Calc" on page 99
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Calculation Types

»  "About the Uncertainty Calculations" on page 226 and "Heat Map, Contour and 3D
Plots" on page 217

The Property Model Calculator includes these calculation types:

« Single: Calculates a single point.
« One axis: Varies a quantity on the X-axis.

« Grid: Evaluates two axis variables of the selected quantities in the specified range
and number of steps. You can then select to create heat map, contour and 3D plots
on the Plot Renderer.

o Min/Max: Evaluates the property model(s) for all variations of the selected
guantities 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.

o Uncertainty calculation: Evaluates the property model(s) where the values of the
qguantities 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.

Property Model Development Framework

With the Property Model Calculator you can now develop your own models and integrate
them into Thermo-Calc. In other words, you can customize the software to meet your
modeling needs.

Models are developed using the programming language Python, and model development is
possible without any additional installation using a simple editor, such as Notepad++. You
can also use a Python Integrated Development Environment (IDE) to access advanced
features such as debugging of the property models and autocompletion.

Models are automatically encrypted for safe and secure file sharing.

P "Introduction to the Property Model Development Framework" on page 2

Examples and Video Tutorials

WEBSITE

(J Foran introduction to the Property Model Calculator, go to the video tutorial
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page on our website and under Release and New Products, click the arrow next
to Property Model Calculator.

YOUTUBE

X You can also go to YouTube channel to review the available training videos.
Subscribe to the channel to be updated when new videos are added. Also see the
video introduction to the Property Model Calculator.

PROPERTY MODEL DEVELOPMENT FRAMEWORK PDF AND EXAMPLES

There is a PDF guide and tutorial examples included with your installation. In Thermo-Calc
from the menu, select Help - Manuals Folder. Then double-click to open the Property
Model Development Framework folder. This guide is also available on our website.

Help
& Online Help F1
H video Tutorials Name
Examples Files All Thermo-Calc Documentation Mame
| 1 Manuals Folder I Database Information Sheets .
o DATAPLOT Ex le EXP Fil | Erample1Model py
A Thermo-Calc Website ample tles .
. | | Example2Model.py
Show Li In Diffusion Module (DICTRA) .
ARLICE NS EIVD Installation Guid "L Thermo-Calc Property Model Framework Guide
nstallation Guides
o Checkfor Updates o
j_ Request Support =
- rope odel Development Framewor
@ About Property Model Develop F k
g ou

Software Development Kits (SDKs)
TC-Python

Coarsening Model

The Coarsening model calculates the coarsening rate coefficient K (m3/s) of a spherical
precipitate phase in a matrix phase.

= 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 "PM_G_02: Coarsening and
' Interfacial Energy" on page 267.

Configuration Settings
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The settings are found on the "Property Model Calculator"” on page 75 when the Coarsening
model is selected under General models.

Q Click the Description tab for more information about the model. When the
property model is not encrypted or it is a user-defined property model, there is
also a Python code tab that displays the code related to the model.

o Matrix phase: Choose a Matrix phase.

« Precipitate phase: Choose a Precipitate phase to calculate its coarsening rate.

Returns the coarsening rate coefficient [m3/s] for the precipitate phase and the
interfacial energy [J/m2] between matrix and the precipitate phase.

Particle Coarsening

In the coarsening regime where the driving force is capillarity, the change of mean particle
radius evolves according to the equation:

r3 —ra3 = Kt

Following Morral and Purdy (1994)%, the rate constant of precipitating B phase in a
multicomponent O phase is

-1

K = 80:’5 [cf — c?]T[M]_l [c’: — cg]

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 (1992)%.

Using the u-fractions that is defined as

Tk

- 2T

jes

Uk

where the summation only is performed over the substitutional elements give the final
equation for the coarsening rate coefficient.

1. Particle coarsening in binary and multicomponent alloys,” Scr. Metall. Mater. 30, 905—908.

2. Models for numerical treatment of multicomponent diffusion in simple phases. J. Appl. Phys. 72, 1350-1355.
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The interfacial energy o is calculated using the extended Becker’s model (that also is
available as a separate Property Model Calculator model).

Driving Force Model

The Driving Force model calculates the thermodynamic driving force for a phase.

|_ For an example of a driving force model, see "PM_G_03: Driving Force and
' Interfacial Energy" on page 271.

Configuration Settings

The settings are found on the "Property Model Calculator"” on page 75 when the Driving
force model is selected under General models.

Q Click the Description tab for more information about the model. When the
property model is not encrypted or it is a user-defined property model, there is
also a Python code tab that displays the code related to the model.

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.

o Precipitate phase: Choose a Precipitate phase to calculate its driving force.
The calculation result is the driving force divided by RT.

Equilibrium Model

The Equilibrium model calculates the equilibrium for the given conditions.

Q When you use this model with the Property Model Calculator, it is the same
calculation result as when you are using an Equilibrium Calculator with the
Single equilibrium calculation type.

Configuration Settings
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The settings are found on the "Property Model Calculator" on page 75 when the Equilibrium
model is selected under General models.

Q Click the Description tab for more information about the model. When the
property model is not encrypted or it is a user-defined property model, there is
also a Python code tab that displays the code related to the model.

Define additional Quantity Definitions and 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.

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.

|_ For an example, see "PM_G_02: Coarsening and Interfacial Energy" on
' page 267.

Configuration Settings

The settings are found on the "Property Model Calculator" on page 75 when the Interfacial
energy model is selected under General models.

Q Click the Description tab for more information about the model. When the
property model is not encrypted or it is a user-defined property model, there is
also a Python code tab that displays the code related to the model.

Select the Matrix phase and Precipitate phase to return the interfacial energy [J/mZ].
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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 0.01 to 2.0 J/m?2).

The extended Becker’s model functions to estimate coherent interfacial energy by using
thermodynamic data from existing CALPHAD thermodynamic databases:

5 — Ts%s
" Nyuz

AE,

where ¢ is the coherent interfacial energy, ™s is the number of atoms per unit area at the
interface, %s is the number of cross bonds per atom at the interface, 2 is the coordination
number of an atom within the bulk crystal lattice, and AEs is the energy of solution in a
multicomponent system involving the two phases being considered [Becker, 1938]* .

Liquid and Solidus Temperature Model

The Liquidus and solidus temperature model calculates the liquid phase. If only the
liquidus temperature is required, the calculation times are reduced.

Configuration Settings

The settings are found on the "Property Model Calculator" on page 75 when the Liquidus
and solidus temperature model is selected under General models.

Q Click the Description tab for more information about the model. When the
property model is not encrypted or it is a user-defined property model, there is
also a Python code tab that displays the code related to the model.

« Only calculate liquidus temperature: Select this check box as required.

« Liquid phase: Choose the liquid phase of the system. This is a fallback choice.
Normally this should be handled automatically, even if multiple liquid phases are
present.

o Upper temperature search limit: Initial temperature for the liquidus calculation.
This needs to be in the fully liquid state.

1. Becker, 1938. 'Die Keimbildung bei der Ausscheidung in metallischen Mischkristallen', Ann. Phys. 424, 128-140.
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o Max. number of iterations: Maximum number of phase transformation iterations
performed. The default is 10.

« Global minimization for liquidus and Global minimization for solidus: Select one or
both of these check boxes to find all phases present in the equilibria. However, note
it significantly increases the calculation time.

Q Global minimization recommendation: First try to calculate without
global minimization, then if inaccuracies occur, switch global
minimization on. Problems mostly occur if many phases are present at a
given temperature.

« Suspend gas phase: The occurence of a gas phase may mislead the liquidus
temperature determination. If the presence of the gas phase is absolutely required,
you can activate it and then choose a user-defined phase.

o Gas phase: Choose a phase from the list.

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 the phase transformation temperature, or
composition, depending on the varied condition.

|_ For an example see "PM_G_01: Phase Transition" on page 265.

Configuration Settings

The settings are found on the "Property Model Calculator" on page 75 when the Phase
transition model is selected under General models.

Q Click the Description tab for more information about the model. When the
property model is not encrypted or it is a user-defined property model, there is
also a Python code tab that displays the code related to the model.

Define the:

Defining and Using the Activity Nodes | 83 of 393



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.

« 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.

= The start value (given in Condition Definitions) and phase transition point need

4 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.
Yield Strength Model

b "About the Yield Strength Model" on page 89

The Yield strength model is available with the Property Model Calculator and calculates
yield stress. It returns the yield strength at room temperature for the specified material
using the equilibrium values calculated at temperature T. The model is defined by further
setting these contributions:

o Intrinsic strength (¢;) contribution

« Solid solution strengthening (o)

« Grain boundary strengthening (og)

« Precipitation strengthening (o)

« Constant strength addition (o)

|_ For examples of the yield strength models, see "PM_G 04 Yield Strength" on
= page 273, "PM G 05 Yield Strength NiAICr" on page 276, and "PM G 06
Yield Strength HEA" on page 279

Configuration Settings

The settings for these contributions are found on the "Property Model Calculator" on
page 75 when the Yield strength model is selected under General models.
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Q Click the Description tab for more information about the model. When the
property model is not encrypted or it is a user-defined property model, there is
also a Python code tab that displays the code related to the model.

General Model Settings

Composition unit

Choose a unit: Mass percent, Mole percent, Mass fraction or Mole fraction.

Condition Definitions

Choose a unit (Kelvin, Celsius or Fahrenheit) and then enter a value for the Temperature
and Composition for each component.

The values entered in Condition Definitions are used as the start values for the different
calculation types.

Yield Strength Model Settings

Matrix Phase

Matrix phase: Choose a Matrix phase.

Intrinsic and solid solution strengthening

Click to select the Intrinsic and solid solution strengthening check box to further define
this model.

Then if required, click to select the Specify temperature at which to evaluate solid
solution strength check box and enter a Strength evaluation temperature in the field. The
unit of temperature is the same as that selected above under Condition Definitions.

l_:%l? If no temperature is entered, room temperature is used.

Grain boundary strengthening

Click to select the Grain boundary strengthening check box to include calculated grain

Defining and Using the Activity Nodes | 85 of 393



boundary strengthening (o4 ). Then enter the following settings.

« Grain size: The grain diameter in um.

« Hall-Pletch constant: kx—p in Mpa uml/z. For example, 004 for Al, 0.16 for Ni.

Precipitation strengthening

Click to select the Precipitation strengthening check box to include calculated precipitation
strengthening (o). Then enter the following settings.

Select a Precipitate from the list.
The precipitation strengthening contribution (op) is calculated by one of these models:

Select a Precipitation strengthening model from the list:

« Simplified model (general)
« Seidman model (Al-base): Preferentially used for Al-based alloys.

o Reppich model (Ni-base): Preferentially used for Ni-based alloys.

For the Simplified model (general), enter values in the fields for the following. The default
values of kp and r, are optimized against experiments for Al-Sc.

o Mean radius Simplified model: The precipitate mean radius. The unit is meter (m).

« kp: The prefactor for the simplified model, which adjusts the overall height of the
yield strength curve.

« Critical radius r,, which determines the mean precipitate radius where transition
between cutting and looping occurs. The unit is meter (m).

For the Seidman model (Al-base), enter values in the fields for the following. The default
parameters are optimized against experiments.

« Mean radius Seidman model: The precipitate mean radius. The unit is meter (m).

o Anti-phase boundary energy: 701”’, which is the average anti-phase boundary
energy for the precipitate phase. The unit is Jm=2.

« m: A Seidman exponent, it is a constant in the expression for strengthening by
modulus mismatch.

« alpha: A Seidman prefactor. It is a fitting constant in the expression for coherency
strengthening.
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For the Reppich model (Ni-base), enter values in the fields for the following. The default
parameters are optimized against experiments.
« Mean radius Reppich model: The precipitate mean radius. The unit is meter (m).

« Anti-phase boundary energy: 7apb, which is the average anti-phase boundary
energy for the precipitate phase. The unit is Jm=2.

o W: A parameter that accounts for elastic repulsion between strongly coupled
dislocations.

o A: Numerical factor reflecting particle morphology (0.72 for spherical).

Constant strength addition

Enter a value for the Constant strength addition, ¢.. The unit is MPa.

Equilibrium minimization strategy
Select an Equilibrium minimization strategy.

The Minimization strategy setting is used to ensure that the most stable minimum under
the specified conditions is computed. The default uses the Global test preferred option.

With either the Global or Local preferred setting, the program cycles through options before
it gives up:

« For Global test preferred the minimization starts with a global test and if that fails it
runs full global minimization.

« For Local minimization preferred the minimization starts with a local minimization,
in case of failure it tries a global test and finally a full global minimization.

If you choose Local minimization only or Global minimization only, the program just tries
the one setting and gives up if it fails.

'_:%|¢ For general information about global minimization, see the topic related to the
Console Mode command, "GLOBAL MINIMIZATION" on page 139.

Calculation Type Settings

Calculation Type
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Choose a calculation type: Single (no axes), One axis, Grid, Min/Max or Uncertainty.

o Select Single to calculate a single point. Any model can use this calculation type and
no additional settings are required. The results from this calculation are displayed in
the Event Log or if a Table Renderer is used, in the Results window.

b "Equilibrium Model" on page 80

« 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.

o 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
guantities 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.

Axis Definition

For One axis, select a Quantity to vary along the X-axis, for example, Temperature then
enter a Min, Max and Number of steps.

Grid Definition Settings

Grid Definitions

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 a Grid, on the Plot Renderer, you can choose to plot a Heat map, Contour or
3D diagram.

b "Heat Map, Contour and 3D Plots" on page 217

Min/Max Definitions
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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 AMin/Max fields to evaluate the change to the quantity. The
highest and lowest value of each selected model results are shown in the Event log.

Sampling of Data from Gaussian Distributions

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. The default AMin/Max is a 95%
confidence interval.

b "About the Uncertainty Calculations" on page 226

Sampling Parameters

For the Uncertainty calculation type, choose a number of Standard deviations where you
want to Truncate the distribution. Choose the Total number of samples.

b "About the Uncertainty Calculations" on page 226

About the Yield Strength Model

D The settings for these contributions are found on the "Property Model
O calculator" on page 75 when the "Yield Strength Model" on page 84 is selected
under General models.

The Yield strength model is a general model to estimate the yield stress of a material that
considers these contributions to the overall yield stress of the material:

o Intrinsic strength (g;) for the pure elements,

« Grain boundary strengthening (og),

« Solid solution strengthening (o,),

« Precipitation strengthening (o), and

« A user set, constant strength contribution (o).
The temperature (T) is used to evaluate the equilibrium state of the system, and the

resulting compositions and phase fractions are subsequently used in the evaluation of
mechanical properties. Below follows a short summary for each of the contributions.
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INTRINSIC STRENGTH

Intrinsic strength, g;, is the base strength as evaluated from linear combination of the pure
elements' strength. If data is missing for one or more elements a message displays in the
software to indicate this. The result is normalized with respect to the sum of all mole
fractions for FCC, BCC and HCP phases.
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CONSTANT ADDITION OF STRENGTH

The parameter o, is set by the user as a constant strength addition to the material.
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GRAIN BOUNDARY STRENGTHENING

The grain boundary strengtheningog is the contribution to the total strength stemming
from the grain boundary's ability to hinder dislocation movement described by the Hall-
Petch relation [1].

The parameters you enter are the Hall-Petch constant,ks—p in Mpa uml/z (for example, 004
for Al, 0.16 for Ni), and the average grain diameter in um.
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SOLID SOLUTION STRENGTHENING

|_ "PM_G 06 Yield Strength HEA" on page 279

The solution strengtheningg,, is the contribution to total strength due to the elastic strains
in the crystal lattice caused by alloying elements of a lattice parameter differing from the
main constituent. For the solid solution strengthening the option of evaluating the strength
at any temperature is available. This option uses the phase fractions and compositions
calculated at the overall equilibrium temperature. The model by Walbriihl et al. [2] is
implemented.
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Figure 1: Yield strength vs Ta-content for the binary high entropy Mo-Ta alloy.

PRECIPITATION STRENGTHENING

The precipitation strengtheningo, is the contribution to total strength due to precipitation
of a secondary phase, e.g. gamma prime in Ni-base alloys or Al3Sc precipitates in Al-base
alloys. This model is available for a maximum of one precipitating phase. The following
models are available to estimate the precipitation strengthening contribution.

SIMPLIFIED MODEL (GENERAL)

|_ "PM_G 04 Yield Strength" on page 273

The simplified model is based on the work by Zander et al. [3] and considers the general
mechanisms of cutting and looping without regard to any detailed dislocation mechanisms.
The default parameters are, however, optimized against experimental data for the Al-
0.3wt%Sc alloy described by Seidman et al. [4].
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Figure 2: Simplified model

SEIDMAN MODEL (AL-BASE)

|_ "PM_G 04 Yield Strength" on page 273
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The Seidman model (Al-base) by Seidman et al. [4] considers several contributions to the
overall precipitation strengthening - ordering, coherency stresses, shear modulus mismatch,
and Orowan looping. The Seidman model is suitable for Al-base alloys with a low volume
fraction of spherical precipitates. In example PM_G_04 Yield_Strength, the simplified and
Seidman models are compared to experimental data on the increase in yield strength due to
precipitation hardening. Although the experimental set up was designed to eliminate grain
boundary and solid solution strengthening, these are also included by optimizing of model
parameters.
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Figure 3: Seidman model [4]
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RepPICH MODEL (NI-BASE)

|_ "PM_G 05 Yield Strength NiAICr" on page 276

The Reppich model (Ni-base) by Reppich et al. [5] considers both weak and strong coupling
of dislocation as they propagate through an ordered secondary phase and is thus suitable for
Ni-base alloys with relatively high volume fractions of gamma prime or gamma double
prime.
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Figure 4: Reppich model plotted with results and experimental data for PE16 [6], all data is
normalized with the square root of the volume fraction of precipitate.
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Figure 5: Reppich model yield strength vs mean precipitate radius for Ni-10Cr-10Al.
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About the Steel Property Models in Thermo-Calc

@ The General models are available to all users. To run calculations with the
Steel models (martensite and pearlite) requires a valid maintenance license
plus licenses for both the TCFE9 and MOBFE4 databases.

These Steel Models are available with the "Property Model Calculator" on page 75. The
following are part of the Steel Model Library:

« "Martensite Fractions Model" below: Calculates the fraction of athermal martensite
based on available driving force.

o "Martensite Temperatures Model" on the next page: Calculates the martensite start
and finish temperature based on modeling of the transformation barrier.

o "Pearlite Model" on page 102: Calculates the thermodynamics and kinetics of
pearlite formation from austenite during isothermal heat treatment.

b "Steel Library TTT Diagram Template" on page 33 and "Plot Settings: TTT Mode" on
page 185

Martensite Fractions Model

@ To run calculations with the Steel models (martensite and pearlite) requires a
valid maintenance license plus licenses for both the TCFE9 and MOBFE4
databases.

|_ For an example see "PM_Fe 01: Fe-Cr-C Martensite with Intercritical
' Annealing" on page 281.
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The Martensite Fractions property model calculates fraction of athermal martensite based
on an analytical equation derived in Huyan et al. (2016). It is assumed that the first forming
martensite morphology is the only forming one. The first morphology is determined based

on the Ms-temperatures of all morphologies. This model is part of the Steel Model Library.

REFERENCE

Huyan, Fei, Peter Hedstrém, Lars Hoglund, and Annika Borgenstam. 2016. “A
Thermodynamic-Based Model to Predict the Fraction of Martensite in Steels.” Metallurgical
and Materials Transactions A 47 (9). 4404-10. doi:10.1007/s11661-016-3604-6.

Quantities to set in the Property Model Calculator:

« Intercritical annealing: Select No if the specified composition is used directly; select
Yes to assume intercritical annealing. If you choose Yes, an equilibrium calculation is
performed at the specified temperature and the composition of the austenite phase
is used for the martensite temperature calculation.

o Enter an Annealing temperature.

o Grain size [um]: Enter the grain size of the austenite phase in um. By default 100 um
is set. The Ms temperature and martensite fractions change for significantly smaller
grain sizes.

« Parent phase Gibbs energy addition [J/mol]: Enter a value in J/mol to add a Gibbs
energy offset to the parent austenite phase. This can be used, for example, to correct
database offsets. The default is 0 J/mol.

Axis variables you can choose on the Plot Renderer for the conditions defined on the
Property Model Calculator:

« Total martensite percentage

« Retained austenite percentage

Martensite Temperatures Model

@ To run calculations with the Steel models (martensite and pearlite) requires a
valid maintenance license plus licenses for both the TCFE9 and MOBFE4
databases.

|_ For an example see "PM_Fe 01: Fe-Cr-C Martensite with Intercritical
= Annealing" on page 281 and "PM_Fe 02: Fe-Mn Martensite Morphologies" on

page 283.
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The Martensite Temperatures property model calculates the martensite start temperature
(Ms) based on modeling the transformation barrier with fitted analytical equations. The
model is based on Stormvinter et al. (2012) with subsequent update and extension by
Gulapura Hanumantharaju (2018) and Thermo-Calc internal assessment. The partitionless
equilibrium temperature TO is calculated using the thermodynamic database. The model
also gives temperatures corresponding to 50%, 90%, and 99% transformations. Martensite
fractions are calculated with the same algorithm as in the Martensite Fractions property
model. This model is part of the Steel Model Library.

b "Steel Library TTT Diagram Template" on page 33 and "Plot Settings: TTT Mode" on
page 185

REFERENCES

Stormvinter, Albin, Annika Borgenstam, and John Agren. 2012. “Thermodynamically Based
Prediction of the Martensite Start Temperature for Commercial Steels.” Metallurgical and
Materials Transactions A 43 (10): 3870-79.

Gulapura Hanumantharaju, A. K. 2018. "Thermodynamic Modelling of Martensite Start
Temperature in Commercial Steels". Master's Thesis, KTH Royal Institute of Technology,
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-221719.

Quantities to set in the Property Model Calculator:

« Intercritical annealing: Select No if the specified composition is used directly; select
Yes to assume intercritical annealing. If you choose Yes, an equilibrium calculation is
performed at the specified temperature and the composition of the austenite phase
is used for the martensite temperature calculation.

« Grain size [um]: Enter the grain size of the austenite phase in um. By default 100 um
is set. The Ms temperature and thus the martensite fractions change for significantly
smaller grain sizes.

« Parent phase Gibbs energy addition [J/mol]: Enter a value in J/mol to add a Gibbs
energy offset to the parent austenite phase. This can be used, for example, to correct
database offsets. The default is 0 J/mol.

Axis variables you can choose on the Plot Renderer for the conditions defined on the
Property Model Calculator:

o Ms: Martensite start temperature

o Lath Ms: Martensite start temperature of lath alpha or alpha-prime martensite

o Plate Ms: Martensite start temperature of plate alpha or alpha-prime martensite

o Epsilon Ms: Martensite start temperature of epsilon martensite
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e M50: 50% martensite temperature
o M90: 90% martensite temperature

o M99: 99% martensite temperature

Pearlite Model

@ To run calculations with the Steel models (martensite and pearlite) requires a
valid maintenance license plus licenses for both the TCFE9 and MOBFE4
databases.

? With the TCFE9 database, the included elements in the pearlite model are Fe
(dependent element), C, Mn, Cr, Mo, W, Si, Al, Ni, Co. Other elements are
neglected by weight percent.

|_ For an example see "PM_Fe 03: Fe-C-Mn Pearlite" on page 284.

b "Steel Library TTT Diagram Template" on page 33 and "Plot Settings: TTT Mode" on
page 185

The Pearlite property model describes the thermodynamics and kinetics of pearlite
formation from austenite. It is assumed that the overall composition of pearlite is the same
as the austenite composition (system composition), and growth rate is constant over time.
Growth rate and lamellar spacing of pearlite are determined by a criterion where either
growth rate or Gibbs energy dissipation rate is maximized. The model considers Gibbs
energy dissipation due to formation of ferrite-cementite interface in pearlite, finite
austenite-pearlite interfacial mobility, solute drag (Cahn, 1962), and diffusion of elements
within austenite and along austenite-pearlite interface.

= Pearlite growth with preexisting ferrite or carbide or any other phase is not
7 considered. Divergent pearlite, of which growth rate and lamellar spacing
change with time, is not considered. This model only considers the
transformation from FCC_A1 phase to pearlite consisting of BCC_A2 and
CEMENTITE. Pearlite with other phases is not implemented.

Pearlite is assumed to nucleation on austenite grain boundaries. Grain boundary nucleation
rate is modeled as a function of composition and temperature. The isothermal
transformation kinetics follows Cahn (1956). Start, half, and finish times are taken as 2%,
50%, and 98% transformation, respectively.
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Model parameters have been determined from published data of maximal growth rate,
minimal lamellar spacing, partition coefficients, and isothermal transformation kinetics in
ternary and multicomponent systems. A detailed description of the model will be published.
This model is part of the Steel Model Library.

REFERENCES

Cahn, John W. 1962. “The Impurity-Drag Effect in Grain Boundary Motion.” Acta
Metallurgica, 10 (9): 789—-98. doi:10.1016/0001-6160(62)90092-5.

Cahn, John W. 1956. “The Kinetics of Grain Boundary Nucleated Reactions.” Acta
Metallurgica, 4 (5): 449-59. doi:10.1016/0001-6160(56)90041-4.

Quantities to set on the Property Model Calculator:

o Criterion:

+ Maximize growth rate: Pearlite growth rate is maximized with respect to
lamellar spacing (and for optimal pearlite, partition coefficients of
substitutional alloying elements between ferrite and cementite). The
calculation will give maximal growth rate and minimal lamellar spacing. This
is the default criterion.

o Maximize Gibbs energy dissipation rate Gibbs energy dissipation rate is
maximized with respect to lamellar spacing (and for optimal pearlite,
partition coefficients of substitutional alloying elements between ferrite and
cementite). The calculation will give a smaller growth rate than the maximal,
and a larger lamellar spacing than the minimal, which may better represent
the average growth rate and lamellar spacing of all pearlite colonies in the
material.

« Pearlite mode:

o Optimal pearlite: The partitioning of substitutional alloying elements
between ferrite and cementite is optimized according to the Criterion while
keeping carbon equilibrium between the two phases. This is the default mode.
This mode realizes a smooth transition between ortho-pearlite and para-
pearlite.

o Para-pearlite: Ferrite and cementite are in para-equilibrium where
substitutional alloying elements do not partition and carbon reaches
equilibrium.

e Ortho-pearlite: Ferrite and cementite are in ortho-equilibrium.

o Grain size [um]: Enter the austenite grain size in um. By default 100 um is set.
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Axis variables you can choose on the Plot Renderer for the conditions defined on the
Property Model Calculator:
o Growth rate
o Lamellar spacing
« Cementite molar fraction in pearlite
Driving force of pearlite formation
Start time (2% pearlite)
Half time (50% pearlite)
Finish time (98% pearlite)

Defining and Using the Activity Nodes | 104 of 393



Define the Property Model Calculator

1. Add a Property Model Calculator node to the System Definer. If you used the
Property Model Calculation template, click the node to display the Configuration
settings window.

2. From the left side of the Configuration window, click to select one or more of the
check boxes under the General Models or Steel Models folders.

b Steel models are only available if you have a license. Go to our website for
more information about the Steel Model Library.

A tab 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.

=~ | General Models Composition unit |Mass percent «
: L[] Coarsening c it Definiti
d
" 1] Driving force ondition Definitions
- [] Equilibrium . " = c50.0
] emperature elsius v .
- [] Interfadial energy
~ || liguidus and solidus temperature
- [] Phase transition Composition Fe 80.5200000
¢ e [ Yield strength
S | Steel Models Composition Cr 17.0
< [] Martensite fractions
- [] Martensite temperatures Composition i 1.4
- [ Pearlite
Composition C 0.08
Compaosition Mn 1.0
Driving force  Interfacial energy
Configuration " Description

3. Enter the settings described in "Configuration Window Settings" on the next page and
for each Calculation Type (Single, Grid, Min/Max, and Uncertainty).

4. For each model on the Configuration tab, select or enter settings as required.

Q Click the Description tab for more information about the model. When
the property model is not encrypted or it is a user-defined property
model, there is also a Python code tab that displays the code related to
the model.
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5. Once you have finished defining the Property Model Calculator, you also choose
settings on the "Plot Renderer" on page 179.

Configuration Window Settings

Configuration

|= Property Model Calculator 1

&+ | General Models
¢ - [ coarsening
[ Driving force
[ Equilibrium
+ [] Interfadal energy
[ Liquidus and selidus temperature
Phase transition
¢ [ vield strength
- | Steel Models
+ [[] Martensite fractions
+ ["] Martensite temperatures
v [] Pearlite

Composition unit | Mass percent «

Condition Definitions

Temperature Celsius ~ | |700.0
Compaosition Fe 80.52
Composition Mi L4
Composition I 0.08
Compaosition Mn 10
Composition Cr 17.0

Phase transition

Configuration ' Description

Matrix phaze Any phase
Phase to form SIGMA
Condition to vary | Temperature

L4 K4 4 I

Search direction  |Negative

Calculation Type

() Single () One axis ) Grid

Sampling of Data from Gaussian Distributions
Quantity Mean 2 MinMax

|:| Mass percentNi | 1.4 0.0

Mass percent C  |0.08 0.4

() Min/Max (®) Uncertainty

An example of the Configuration window settings when using a Phase transition model and an

Uncertainty calculation type.

Composition unit

Choose a unit: Mass percent, Mole percent, Mass fraction or Mole fraction.

Condition Definitions

Choose a unit (Kelvin, Celsius or Fahrenheit) and then enter a value for the Temperature
and Composition for each component.
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The values entered in Condition Definitions are used as the start values for the different
calculation types.

Define the property model

For each property model chosen, select or enter Configuration settings as required.

b For links to each model with the settings details, see "About the Property Models in
Thermo-Calc" on page 76.

Q Click the Description tab for more information about the model. When the
property model is not encrypted or it is a user-defined property model, there is
also a Python code tab that displays the code related to the model.

Calculation Type

Choose a calculation type: Single (no axes), One axis, Grid, Min/Max or Uncertainty.

o Select Single to calculate a single point. Any model can use this calculation type and
no additional settings are required. The results from this calculation are displayed in
the Event Log or if a Table Renderer is used, in the Results window.

b "Equilibrium Model" on page 80

« 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.

o 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
guantities 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.
Axis Definition

For One axis, select a Quantity to vary along the X-axis, for example, Temperature then
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enter a Min, Max and Number of steps.

Grid Definitions

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 a Grid, on the Plot Renderer, you can choose to plot a Heat map, Contour or
3D diagram.

p  "Heat Map, Contour and 3D Plots" on page 217

Min/Max Definitions

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 AMin/Max fields to evaluate the change to the quantity. The
highest and lowest value of each selected model results are shown in the Event log.

Sampling of Data from Gaussian Distributions

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. The default AMin/Max is a 95%
confidence interval.

b "About the Uncertainty Calculations" on page 226

Sampling Parameters

For the Uncertainty calculation type, choose a number of Standard deviations where you
want to Truncate the distribution. Choose the Total number of samples.

p  "About the Uncertainty Calculations" on page 226
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Diffusion Calculator

The Diffusion Calculator is available with three elements if you do not have the

I;I additional Diffusion Module (DICTRA) license. With the add-on module you can
use all available elements as per the licensed database selected. See "Available
Graphical Mode Features" below for details.

A Diffusion Calculator allows you to set the conditions for, and perform, a diffusion
calculation. You can add the calculator to the System Definer directly (right-click and select
it from the Create New Successor menu) or use the Diffusion Simulation template.

Once you have added a Diffusion Calculator, the Configuration window has these settings
tabs:

« Conditions: Set the conditions for your calculation that define the geometry, regions,
phases, grids, composition profiles and the thermal profile.

o Options: Modify the simulation conditions such as the choosing the default solver
(automatic or homogenization) and the time integration method. Also define the
time step controls and if you choose homogenization as the solver, define further
settings such as the interpolation scheme and whether to use global minimization or
not.

Available Graphical Mode Features
The Diffusion Module is an add-on module to the core Thermo-Calc software.

A separate license is required to perform calculations for more than three

I;I elements. Without it you are able to use the module in Demo Mode. This is not
available in Console Mode. See "Demonstration (Demo) Mode" on page 111 to
learn more.

DIFFUSION SIMULATION TEMPLATE

A Diffusion Simulation template is available to all Thermo-Calc users when in Graphical
Mode.

%, If you are using the Diffusion Module in Demo Mode, see "Demonstration
(Demo) Mode" on page 111 for what is available to you. Even if you have a
license, you may find yourself in Demo Mode if you have a network license and
all the licenses are checked out.
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Using the Template

When you first open Thermo-Calc in Graphical Mode, on the My Project window, click the
Diffusion Simulation button to add a System Definer, Diffusion Calculator and Plot Renderer
to the Project tree.

Click the Diffusion Simulation icon in the Templates window to add THESE NODES to the
Project.

My Praject

S\,rstem‘DeﬁhBU
L]

Diffusion Calculatar 1
S

b’

Plot Renderar 1

P "Creating a Project from a Template" on page 30.

DIFFUSION CALCULATOR

A Diffusion Calculator allows you to set the conditions for your calculation that define the
geometry, regions, phases, grids, composition profiles and the thermal profile, plus
additional options. Many of the settings are automatically set as you define your system.
Details about this activity are described in "Diffusion Calculator" on the previous page.

DEmMO DATABASE PACKAGES FOR THE EXAMPLES COLLECTION

Both a thermodynamic and mobility database are required to run the Diffusion Module
simulation. If you have a Diffusion Module (DICTRA) license you can run all the examples
because the demonstration database packages are included with your installation.

Select the database packages from the System Definer Configuration window to run a
simulation.

'—?:&li’ If you are in Demo Mode, see "Demonstration (Demo) Mode" on the next page
to learn more.
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Configuration

b System Definer 1

Databases

() & | FEDEMO: Iron Demo Database v2.0 ~ Package: Demo: Steels and Fe-alloys (FEDEMO, MFEDEMOQ) ~

() & MFEDEMO: Fe-Alloys Mability demo database v2.0 ~

Steels and Fe-alloys (TCFE9, MOBFE4)
Nickel-based superalloys (TCMIS, MOBNI4)
Elements Species Phases and Phase Constitution Components Data Sources Description Aluminium-based alloys (TCAL4, MOBALS)

b Alphabetic List Magnesium-based alloys (TCMG4, MOBMG1)
Ultra-high-purity silicon (TCSI1, MOBSIL)
Demo d Fe-alloys {FEDEMO, MFEDEMO

| Demo: Mickel-based superalloys (NIDEMO, MNIDENE) v

DEMONSTRATION (DEMO) MODE

The Diffusion Module and some examples are available to all Thermo-Calc users but only for
simulations with three elements. If you do not have a license for then you are in Demo Mode
when using the Diffusion Calculator or Diffusion Simulation template.

Diffusion Simulation Template

When you are in DEMO mode, in the Templates area this is indicated by the text under the
logo.

[=]

)

Diffusion Simulation DEMO

Diffusion Calculator

If you are experimenting with the Diffusion Calculator in Demo Mode, you may have access
to a variety of databases based on your license. However, you can only define three
elements for a demo simulation.

If you define more than three elements on the System Definer, when you go to the Diffusion
Calculator, the Perform button is unavailable and the tooltip explains why.

&) Help < Add Predecessor Perfprm Tree Create New Successor =
| . |
| Diffusion calculations in Demo mode limited to three elements onl}r|
= Even if you have more than three elements, the Plot Renderer Perform button is

still available. However, if you click the button and try to run the simulation the
Event Log displays an error message.
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Define the Diffusion Calculator

b "Available Graphical Mode Features" on page 109

Working with diffusion simulations is an advanced topic. It is recommended you review the
Diffusion Module (DICTRA) documentation and videos available or search for a specific
topic.

Thermo-Calc
A Software

Introduction »

Search
Diffusitivies and Diffusion Types »

Graphical Mode »

1. Add a Diffusion Calculator node to the System Definer. If you used the Diffusion
Simulation template, click the node to display the Configuration settings window.

2. In the Diffusion Calculator Configuration window, enter the settings described in
"Conditions Tab Settings" below and "Options Tab Settings" on page 121.

3. Once you have finished defining the Diffusion Calculator, you also choose settings on
the "Plot Renderer" on page 179. Some additional settings are specific to the
"Diffusion Calculator Plot Renderer" on page 185.

Conditions Tab Settings

The following Configuration window is from the Graphical Mode Quick Start Guide. It is using
project example file D_07: Diffusion Carburization Multiphase.
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1 Carburization multiphase

Compaosition unit: | Mass percent

Length unit: m

£

Geometry

I_. Planar v

Austenite

Austenite
Left Interface Boundary

# Show left interface boundary

© @ Region

MName: |Austenite

Width: |0.003

& @ Phase: |M7C3
&) (&) Phase: M3C2

Right Interface Boundary

&) (& Phase: |FCC_A1

m 100 | points and type  Geometric
v
~

LV

Composition profiles:

# Show right interface boundary |

Left Boundary Condition

Thermal Frofile

(@) Isothermal

Temperature: 1123.0

Simulation time: | 1000.0

Mixed zero flux and activity - C

Tip: The referance siate is dafined in the System Dafiner Cr

(O Mon-isothermal

Kelvin ~

Hours ~

~ Ratio:

Activity | |10
Zero flux

Lo2/%

Right Boundary Condition

Closed system

&) Help

Add Predecessor

I[=

Perform Tree

Create New Successor

> |

These are the settings available from the Conditions tab. To edit the defaults for some
settings, go to Tools - Options - Graphical Mode -> Diffusion.

7 The Diffusion Module (DICTRA) in Console Mode has commands to perform
\!\__!‘j.‘l

some of the settings also available on the Diffusion Calculator. Where possible
the name of the command is indicated and includes a link to the topic.
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General

COMPOSITION UNIT

Choose from Mass percent, Mole percent, Mass fraction or Mole fraction.

LENGTH UNIT

Choose m, lm or nm.

GEOMETRY

Choose Planar, Spherical or Cylindrical. For Cylindrical, also enter a value for the First
interface position .

With a cylindrical or spherical geometry, the system’s zero coordinate (left boundary) is at
the centre of the cylinder or sphere. The highest coordinate (right boundary) is defined by
the cylinder or sphere radius.

Region Settings

Q There should be one unique phase in each region.
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LEFT AND RIGHT INTERFACE BOUNDARY

Toggle between hiding and showing the Left interface boundary or Right interface
boundary.

Click the Add quantity® or Remove quantity® buttons as required to add a Phase and
then enter a value for the Driving force as required. The default driving force is 1.0E-5.
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NAME

Enter a Name for the region in the field. For example, enter austenite. This name is
automatically updated on the tab and above the grid points graphic. You can also double-
click the tab to enter the name.

WIDTH

Enter a numerical value in the Width field. The unit is the one selected for the Length unit.

POINTS

Enter a numerical value in the points field. The default is 50.

Type (OF GRID)
Select a type of grid, Linear, Geometric or Double geometric.

Choose Geometric for a grid that yields a varying density of grid points in the region. Then
enter a Ratio to determine the distribution. A geometrical factor larger than one yields a
higher density of grid points at the lower end of the region and a factor smaller than one
yields a higher density of grid points at the upper end of the region.

Choose Double geometric to have a high number of grid points in the middle or at both
ends of a region. Then specify two geometrical factors, the Upper ratio for the distribution
in the lower (left) part of a region, and Upper ratio for the distribution in the upper (right)
part of a region.

PHASE

Choose a Phase from the list. The available options are defined in the System Definer. At
least one phase that dissolves all system elements must be selected.

Click the Add quantity or Remove quantity@buttons as required.

COMPOSITION PROFILE
Click Edit to open the Initial Composition window.

Select a Dependent component for which the composition does not need to be given. The
available options depend on the phase description.
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For each Component choose one of these options:

o Linear: Enter numerical values in the from and to fields.

o Step: Enter numerical values in the from, to, and step at fields. The unit is the
same as the Length unit selected at the top of the Configuration window.

o Function: Enter a composition function in the field using Sl units. The syntax to use
for writing functions is a Python syntax (a programming language). Any valid Python
expression that is a function of the distance variable x will work.

( N\

@ You can use the standard Jython math library but you must prefix these
functions with the text "math" For example: 10 + math.sin (x*2). The
Jython math library is available here:
http://www.jython.org/docs/library/math.html.

e The error function erf (X) is also available in the Jython math library and can
be called with math.erf (x).

o Another useful function is the Heaviside step-function ns (x). For example,
3+2hs (x-1e-4) provides a concentration of 3 at the left side and 5 at the
right side with a sharp step in the concentration profile at 1e-4m=100mm.

Click Apply when you are done.

As you add these settings, the plot helps you visualize the region based on whether you use a
Linear, Step or Function to define the components.
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Initial Composition of FCC_A1 .
Dependent component: Fe i
Component Cr: Step « | from |0.257 to |0.423 step at |0.0015 m
Component Mi: Step «w | from |0.0647 to |0.275 step at |0.0015 m
CEESssessS E S & B & & & ] -
0.40
0.35
0.30
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2 = P - #—— 88— 5504 S SOV
= 0.25
1=
£
2020 oo
Q -8 [
=
(il
0.10

0.05

0.00 * -

0.0000 0.0005 0.0010 0.0015 0.0020 0.0025 0.0030
Distance [m]

Show data peints

Apply

Boundary Conditions

Boundary conditions are conditions that define how matter behaves at the boundaries of
your system. By default, matter is not allowed to cross the system boundaries.

You can change the setting for both the lower boundary (left side/centre) and the upper
boundary (right side/surface) of the system.

|_ Examples D_06 and D_07 use boundary conditions, as described in "Diffusion
' Module (DICTRA) Graphical Mode Examples" on page 308.

The boundary condition settings are done on the Diffusion Calculator. The following
describes the options available for the Left boundary and Right boundary conditions.
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CLOSED SYSTEM

By default it is a Closed system. Choose Mixed zero flux and activity or Composition if the
system is not closed. Corresponds to a fix flux value, which is set to zero at all times. This is

the default boundary condition.
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COMPOSITION

Allows the user to set a fix composition at the boundary.

E In Console Mode this is similar to the command STATE_VARIABLE_VALUE, but in
Graphical Mode this condition is limited to setting a fixed composition.

MIXED ZERO FLUX AND ACTIVITY

The flux of selected components is either set to zero or a prescribed activity value.

For Mixed zero flux and activity, and for each independent element selected in the
Composition profile, choose either Zero flux or Activity from the lists and enter a value in
the field when Activity is selected. The reference state for the components are taken from
the System Definer Components tab.

This image is from example D_07: Diffusion Carburization Multiphase.

Austenite Initial Composition of FCC_AT %
Dependent : i F
Component C: inear +  from 1.0E-4 to | 1.0E-4
Austenits
Lett interface Boundary Component Cr: inear | from [25.0 to25.0
= Show left interface boundary 26
ssssses
24
@ @ Region 22
Name: [Austenite 20
Width: [0.003 m 100 | paints and type |Geometric

o
@

@ @ Phase: |[Fce_a1 “
@ © Phase: |M7C3 v
@ © Phase: M3C2 -

Compositonprofes:

Right Interface Boundary

[T
= o>

Mass percent
I~

*C
-*-C

R
=)

= Show right interface boundary

Left Boundary Condition

Mixed zero fux and activity «

0000 0.0005 0.0010 0.0015 0.0020 0.0025 0.0030
Distance [m]

c  |Activity

Define the reference state in System Definer| - 2

Thermal Profile Show data points
(®) Isothermal () Non-isothermal prem

Temperature:  1123.0 Kelvin ~

Simulation tme: | 1000.0 Hours ~

Thermal Profile

ISOTHERMAL

Use an Isothermal calculation type to do a diffusion simulation at constant temperature.
Choose a unit of measurement and enter a numerical value for the Temperature and
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Simulation time.

NON-ISOTHERMAL

Use a Non-isothermal calculation type to do a diffusion simulation with a user-defined
temperature profile. Select a Temperature unit and Time unit from the lists. Enter a
numerical value for the Simulation time.

Click Edit thermal profile to enter thermal profile Temperature and Time coordinates into
a table. A minimum of two points is required. You can also Import to add your own Thermal
profile from a text file in *.xls, *.xlsx, or *.csv formats.

EDIT THERMAL PROFILE WINDOW

This image is from example D_04: Diffusion Fe-C Moving Boundary Austenite to Ferrite.

Edit Thermal Profile e
Import...

T [£] Temperature [K]
0.0 {1173.0
7.0 1050.0
1000.0 1050.0

Temperature [K]

Time [5]

ok Cancel

Options Tab Settings

The following settings are available on the Options tab for a "Diffusion Calculator" on
page 109.

= You can edit the defaults for some of these settings by going to Tools -
Options - Graphical Mode - Diffusion. Also see "Global Settings: Diffusion
Calculator" on page 45.

~  The Diffusion Module (DICTRA) in Console Mode has commands to perform
some of the settings also available on the Diffusion Calculator. Where possible
the name of the command is indicated and includes a link to the topic.

Simulation Conditions

Default solver
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Automatic or Homogenization.

EJ’ Select Homogenization to define additional sections.

ABOUT THE HOMOGENIZATION SOLVER

The homogenization solver (called the homogenization model in Console Mode) is useful
when you want to simulate long-range diffusion through a multiphase mixture, under the
assumption that local equilibrium holds at each node point.

TIME INTEGRATION METHOD

Automatic, Trapezoidal or Euler backwards.

The default is Automatic where the default degree of implicity corresponds to trapezoidal
(0.5) for classic and Euler Backward (1.0) for the homogenization model. If large fluctuations
occur in the profiles it may be necessary to use the more stable but less accurate Euler
backwards.

SAVE RESULTS ON FILE
Yes, No or Every nth. . Select Every nth to enter a value in the field.

This setting is determine if the results are to be saved on file during the course of the
simulation.

« Yes to always save on file
« No to never save on file

« Every nth. to save every nth time to file. Then enter an integer value ranging from 0
to 99.

USE FORCED STARTING VALUES IN EQUILIBRIUM CALCULATIONS

The default Automatic allows the software program to automatically use forced starting
values to perform the equilibrium calculations. When a phase with an ordering contribution
is entered into the simulation, for example the gamma-prime/fcc_I112 phase in Ni-base
superalloys, forced starting values are automatically turned on. Optionally choose Yes or No

DEFAULT DRIVING FORCE FOR PHASES ALLOWED TO FORM AT INTERFACES

Enter a value in the field. The required driving force (evaluated as peM (pn) ) to be used for
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determining whether an inactive phase is stable. DGM is the variable for the driving force
that is already divided by RT, and it is dimensionless. The default is 1E-5.

b "Suffixes" on page 390

Timestep Control

MAX RELATIVE ERROR

Enter a value in the field. The defaultis 0.05.

MAX ABSOLUTE ERROR

Enter a value in the field. The defaultis 1.0E-5.

TIMESTEP

Enter values in the fields.

E@E This value is always in seconds.

« Initial. What is used as the initial time step. The defaultis 1.0E-7.

« Smallest allowed. The smallest time step allowed during the simulation. This is
required when using the automatic procedure to determine the time step. The
defaultis 1.0E-7.

o Max % of simulation time. The default is 10.

FACTOR SPECIFYING THE MAXIMUM INCREASE IN THE TIME STEP TAKEN FROM ONE
TIME STEP TO ANOTHER

For example, if 2 is entered the maximum time step is twice as long as the previous time
step taken.

Enter a value in the field. The default is 2.

THE TIMESTEP IS TO BE CONTROLLED BY THE PHASE INTERFACE DISPLACEMENT
DURING THE SIMULATION
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The default is Automatic. When a liquid phase is entered in a simulation this option is
automatically turned on. Optionally choose Yes or No to set whether the time step is to be
controlled by the phase interface displacement during the simulation.

Classic and Homogenization Model Settings

Classic Model Specific

ACTIVITY OR POTENTIAL

Use the [activity or potential] of a component in order to find the correct tieline at the
phase interface.

Determines whether the program should use the potential or the activity of a component in
order to find the correct tie-line at the phase interface. The potential or the activity is varied
by the program and is set in order to reduce the degrees of freedom at the local
equilibrium.

FLuXx BALANCE EQUATION ACCURACY

Required accuracy during the solution of the flux balance equations. The defaultis 1.0E-15.

Homogenization Model Specific

E‘? This section is available when Homogenization is selected (or automatically
selected) as the Default solver. These settings are available on the Options tab.

HOMOGENIZATION FUNCTION

Several functions are available. The default is Rule of mixtures (upper Wiener bound). See
"About the Homogenization Functions" on the next page.

Homogenization Mode! Specific

Homaogenization function: |Rule of mixtures (upper Wiener bound) e

General lower Hashin-Shtrikman bound
General upper Hashin-Shtrikman bound
Interpolation Scheme  |Hashin-Shtrikman bound with majority phase as matrix phase

Use global minimization:

Use interpolation schelinverse rule of mixtures (lower Wiener bound)

USE GLOBAL MINIMIZATION
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Select the check box for global minimization used in equilibrium calculations. In general,
using global minimization significantly increases the simulation time, but there is also a
significantly reduced risk for non-converged equilibrium calculations.

INTERPOLATION SCHEME

When the homogenization model is used, simulations are run using an implicit finite volume
method to increase numerical stability. Because of this, and other factors, homogenization
model simulations generally run slower than other comparable simulations. You can reduce
simulation time with the Use Interpolation scheme check box. The check box is selected by
default.

DISCRETIZATION

[Logarithmic or Linear] discretization with [number of] steps in each dimension.

o For the linear discretization the scheme is not used at node points where the content
of one or more solutes fall below a certain critical value. For such cases, where
composition span many orders of magnitude, the logarithmic discretization can be
tried.

o Enter the number of steps in composition space. In the limit where an infinite
number of steps are used, exactly the same solution is obtained as without the
interpolation scheme. However, excellent results can be obtained with a reasonable
discretization. The default is 10000 steps.

MEMORY TO USE
This is the fraction of free physical memory to be used by the interpolation scheme.

Select Megabyte or Fraction of free and then enter a value in the field.

About the Homogenization Functions

The geometrical interpretation of the Hashin-Shtrikman bounds are concentric spherical
shells of each phase. For the general lower Hashin-Shtrikman bound the outermost shell
consists of the phase with the most sluggish kinetics and vice versa for the general upper
bound. The geometrical interpretation of the Hashin-Shtrikman bounds suggest further
varieties of the bounds, viz. Hashin-Shtrikman bound with prescribed matrix phase and
Hashin-Shtrikman bound with majority phase as matrix phase, where the outermost shell
consist of a prescribed phase or the phase with highest local volume fraction, respectively.

The geometrical interpretation of the Wiener bounds are continuous layers of each phase
either parallel with (upper bound) or orthogonal to (lower bound) the direction of diffusion.
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E The labyrinth factor functions (described below) are only available in Console
Mode.

The labyrinth factor functions implies that all diffusion takes place in a single continuous
matrix phase. The impeding effect on diffusion by phases dispersed in the matrix phase is
taken into account by multiplying the flux with either the volume fraction (Labyrinth factor f
with prescribed matrix phase), or the volume fraction squared (Labyrinth factor f**2 with
prescribed matrix phase), of the matrix phase.

E The varieties with excluded phases (described below) are only available in
Console Mode.

The varieties with excluded phases are useful in several respects. First, if a phase is
modelled as having zero solubility for a component, the mobility of that component in that
phase is undefined, which causes a (non-terminal) error. Setting a phase as excluded causes
the mobility of all components in that phase to be set to zero. Second, often there are some
major matrix solid solution phases and some minor precipitate phases. If the mobilities in
the minor precipitate phases are zero the lower Hashin-Shtrikman bound is useless as it
produces a kinetic coefficient of zero. However, using General lower Hashin-Shtrikman
bound with excluded phase(s) the excluded phases are not considered when evaluating what
phase has the most sluggish kinetics.

Pause, Resume and Cancel Diffusion Calculations

Diffusion calculations are often complex simulations that take some time to complete.
Sometimes you may want or need to pause or resume a calculation, or make adjustments to
your compositions and start again.

GRAPHICAL MODE

In Graphical mode, you pause and resume from the Diffusion Calculator Configuration
window.

This is also available for the Precipitation Calculator (but not any other
calculators). See "Pause, Resume and Cancel Precipitation Calculations" on

page 148.

To Pause and Resume a Job

1. Run the job (i.e. click Perform Tree). In the Scheduler, you can see the job listed and
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in the Event Log you can follow the progress of the calculation.

[z_ Scheduler
| Bcrecied 1obs
-4 Job o 1
----WMEF. state graphite)
- Carburization multiphase

@ Composition of C vs Distance

|:"L) EXP Compasition of C ws Distance

- [!2¥ Table Compaosition profiles

-2 Phase fraction vs distance

tLog

L

14:
14:
14:
14:
14:

e
55:
55:
55:
55:

13,990
13,990
14,023
14,026
14,040

INFC
INFC
INFC
INFC
INFC

Defining component: Cr
Defining component: Hi
The activity Sygsem with Ni-Cr-Cf
Starting subprocess on behalf of:

.

The actiwvity EXF Composition of C

2. In the Project window, click the Diffusion Calculator node.

3. Inthe Configuration window at the bottom, click Pause. If there are intermediate
results available these will be listed in the Event Log.

&) Help

) Pauie Create New Successor ~| ==
Ly

| Pause to display intermediate result if a\railable|

4. When ready, click Continue to resume your calculations from the last time step or
click Discard to discard the calculation (then click Yes or No on the window that

opens).

&) Help

| =

I+ Continue QDiscard Create Mew Successor -| =

| Resume calculation from last time step

To Cancel a Job

o In the Scheduler window, right-click the job you want to cancel and select Cancel
Job.
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Scheduler
-2 Scheduled Jobs

CoNsOLE MODE

In response to a command or a lengthy calculation, Thermo-Calc may display a lot of text in
the Console window. Use these keyboard shortcuts to pause, resume or stop a process.

« 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 stepping or mapping operation, the results are
continuously printed in the Console window. To stop the calculation of the current
region of the mapping and stop the output, press <Ctrl-A> (Windows) or <Ctrl-C>
(Linux).
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Precipitation Calculator

= The Precipitation Calculator is available with three elements if you do not have
the additional Precipitation Module (TC-PRISMA) license. With the add-on
module you can use all available elements. See "Precipitation Module: Available
Graphical Mode Features" below for more information.

A Precipitation Calculator allows you to set the conditions for, and perform, a precipitation
calculation. You can add the calculator to the System Definer directly (right-click and select
it from the Create New Successor menu) or use the Precipitation Simulation template.

Once you have added a Precipitation Calculator, the Configuration window has these
settings tabs:

« Conditions: Set the conditions for your calculation that define the Matrix and
Precipitate phases. Choose the Calculation Type.

o Options: Modify Numerical Parameters that determine how the conditions are
calculated. The Growth rate model can be set to Simplified or Advanced mode.

Precipitation Module: Available Graphical Mode Features

The Precipitation Module, previously referred to as TC-PRISMA, is an add-on module to the
core Thermo-Calc software. A separate license is required to perform calculations for more
than three elements. Without it you are able to use the module in Demo Mode.

» "Demonstration (Demo) Mode" on page 131

PRECIPITATION SIMULATION TEMPLATE

A Precipitation Simulation template is available to all Thermo-Calc users.

E‘? If you are accessing the Precipitation Module in Demo Mode, see
"Demonstration (Demo) Mode" on page 131 for what is available to you.

Using the Template

When you first open Thermo-Calc in Graphical Mode, on the My Project window, click the
Precipitation Simulation button to add a System Definer, Precipitation Calculator and Plot
Renderer to the Project tree.
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Click the Precipitation Simulation button in the templates section to add these nodes to the
Project.

Project o B o=

Ty Prnjeé{
". |

System‘D'E_ﬂner 1

E
A

Precipitation Calculatar 1

’
(=

Flot Renderer 1

b "Creating a Project from a Template" on page 30

PRECIPITATION CALCULATOR

A Precipitation Calculator allows you to set the conditions for, and perform, a precipitation
calculation.

DEmMO DATABASE PACKAGES FOR THE EXAMPLES COLLECTION

Both a thermodynamic and mobility database are required to run the Precipitation Module
simulation. If you have a Precipitation Module (TC-PRISMA) license you can run all the
examples as the demonstration database packages are included with your installation. Select
the database packages from the System Definer — Configuration window to run a
simulation.

E‘p If you are using the Precipitation Module in Demo Mode, see "Demonstration
(Demo) Mode" on the next page to learn more.

Defining and Using the Activity Nodes | 130 of 393



Configuration g 8 x
b System Definer 1

Databases

() & | FEDEMO: Iron Demo Database v2.0 ~ Package: Demo: Steels and Fe-alloys (FEDEMO, MFEDEMOQ) ~

Steels and Fe-alloys (TCFE9, MOBFE4)

Nickel-based superalloys (TCMIS, MOBNI4)
Elements Species Phases and Phase Constitution Components Data Sources Description Aluminium-based alloys (TCAL4, MOBALS)

Alphabetic List Magnesium-based alloys (TCMG4, MOBMG1)
Ultra-high-purity silicon (TCSI1, MOBSIL)
Demo: Steels and Fe-alloys (FEDEMO, MFEDEMO
| Demo: Mickel-based superalloys (NIDEMO, MNIDENE) v

() & MFEDEMO: Fe-Alloys Mability demo database v2.0 ~

DEMONSTRATION (DEMO) MODE

The Precipitation Module, and some examples, are available to all Thermo-Calc users but
only for simulations of alloys with up to three elements. If you do not have a license for the
Precipitation Module then you are in Demonstration Mode when using the Precipitation
Calculator or Precipitation Simulation template.

Precipitation Simulation Template

When you are in DEMO mode, in the Templates area this is indicated by the text under the
logo.

Precipitation Simulation DEMO

Precipitation Calculator

If you are experimenting with the Precipitation Calculator in Demo Mode, you may have
access to a variety of databases based on your license. However, you can only define up to
three elements for a demo simulation.

If you define more than three elements on the System Definer, when you go to the
Precipitation Calculator, the Perform button is unavailable and the tooltip explains why. In
this case one of the chosen elements needs to be removed and then the Perform button is
made available.

&) Help | < Add Predecessor Perform Isothermal SKK. ation Create New Successor > |
!

Precipitation simulations in Demo mode limited to three elements enly.
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%, Even if you have more than three elements, the Plot Renderer or Table
Renderer Perform button is still available. However, if you click the button and
try to run the simulation the Event Log displays an error message.

Define the Precipitation Calculator

p  "Precipitation Module: Available Graphical Mode Features" on page 129

Working with precipitation simulations is an advanced topic. It is recommended you review
the Precipitation Module (TC-PRISMA) documentation and videos available or search for a
specific topic.

1. Add a Precipitation Calculator node to the System Definer. If you used the
Precipitation Simulation template, click the node to display the Configuration
settings window.

2. In the Precipitation Calculator Configuration window, enter the settings described in
"Conditions Tab Settings" below. Additional advanced options settings are also
available and described "Option Tab Settings" on page 146.

3. Once you have finished defining the Precipitation Calculator, you also choose settings
on the "Plot Renderer" on page 179. Some additional settings are specific to the "Plot
Renderer" on page 189.

Conditions Tab Settings

Below are details about the settings available from the Conditions tab.
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2 Precipitation Calculator 1

Conditions ~ Qptions

Composition unit: Mass percent

Composition Fe 99.984
Composition C 0.016

Matrix Phase

Phase: BCC_AZ ~

(&) @ Precipitate Phase

Phase; CEMENTITE ~

Mucleation sites: Dislocations v Calculate from matrix settings  |5.8795150 1467255820
Interfacial energy: User-defined v | f{r,T) =|0.24 Ijm?
Growth rate model: Advanced ~

Morphology: Sphere v

Transformation strain: Disregard ~

Molar volume: Database ~ | [L.0E-5 m3/mal

Phase boundary mobiity:  |10.0 m¥s

Phase energy addition: 0.0 3fmol

Approximate driving force:  []

Preexisting size distribution: [] Edit partide size distribution

Calculation Type

(®) Isothermal () Non-isothermal () TTT diagram () CCT Diagram

Temperature: |102.0 Celsius ~

Simulation time: |600000.0 Seconds

-3

m

= Show details

& Help m

b Perform Isothermal Simulation|  Create New Successor »| =%

N
Q You can change these settings locally for a specific Precipitation Calculator or
globally for some defaults in the Options settings. To open the Options window:
From the main menu select Tools - Options. Click the Graphical Mode tab
then click Precipitation.
J
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Show or Hide Details

Click Show details (found to the right of the section) to view some of the additional settings
listed below. You can also set the default to display in Phase view mode under Tools —
Options — Graphical Mode, then click the Precipitation node.

| # Show details |

+  Hide details

Composition Unit

Choose from Mass percent, Mole percent, Mass fraction or Mole fraction.

Matrix Phase
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Phase

@ Only phases with kinetic data can be selected as the matrix phase. If the list is
empty, go to the System Definer to confirm that both thermodynamic and
kinetic databases are selected and defined.

Choose a Phase from the list. The list is based on the settings for the System Definer. When
setting up a system, choose a matrix phase with kinetic data available in the database.
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Elastic properties
Choose Disregard to ignore the elastic properties.

Default elastic constants for Isotropic or Cubic are based on the major element of the alloy
system. The elastic properties can affect nucleation rate, nuclei size, and particle shape.

o For Isotropic, enter values for Shear modulus (in GPa) and Poisson's ratio as
required.

« For Cubic, enter values for c11, c12 and c44 as required. €115 €12, €44 are the elastic
constants.

Molar volume

Use the Database value (if the molar volume for the phase is defined in the thermodynamic
database) or select User-defined to enter another value.

Grain size

Grain size is the "diameter" of a grain. The Grain size value changes the available nucleation
sites when Grain boundaries, Grain edges, or Grain corners is selected along with
Calculate from matrix settings in the Precipitate Phase. Enter a numerical value and choose
a unit from the list. The default is 1.0E-4 m.

Grain aspect ratio

For an elongated grain with a minor axis and a major axis, one may use the minor axis as
grain size and the major/minor ratio as the grain aspect ratio to characterize the grain. The
Grain aspect ratio value also changes the available nucleation sites when Grain
boundaries, Grain edges, or Grain corners is selected along with Calculate from matrix
settings in the Precipitate Phase. Enter a numerical value. The default is 1.0.

Dislocation density

The Dislocation density value changes the available nucleation sites when Dislocations is
selected along with Calculate from matrix settings in the Precipitate Phase. Enter a
numerical value. The default is 5.0E12 m-3.

Mobility enhancement prefactor

A parameter that multiplies to the mobility data from a database. This value scales the
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mobility by a constant amount. This can be useful, for example, when the material has a
higher than normal vacancy concentration at the start of the precipitation simulation. (e.g.
from a prior solutionizing and quenching treatment).

Mobility enhancement activation energy

A value that adds to the activation energy of mobility data from a database. This value
scales the mobility by a temperature dependent amount. Similar usage as mobility
enhancement prefactor.

Precipitate Phase

Phase

EL The phases available to choose have both thermodynamic and kinetic data. If
the list is empty, go to the System Definer to confirm that both types of
databases are selected and defined.

Choose a Phase from the list. The list is based on the System Definer settings.

Nucleation sites

The number of different nucleation sites is dependent on the shape and size of grains in the
matrix. Grain size is the "diameter" of a grain. Choose one of the following from the list.

o Bulk, Grain boundaries, Grain edges, Grain corners, or Dislocations.

« For Grain boundaries, Grain edges and Grain corners, enter the Wetting angle (0-
90) in addition to the matrix settings. Wetting angle defines the deviation from
spherical shape (or dihedral angle).

Click to select the Calculate from matrix settings check box if you want to calculate the
number density of sites from the matrix grain size or dislocation density.

To enter a specific value for the number of Nucleation sites, deselect the check box.

Interfacial energy

Choose Calculated to use the estimated value. To adjust the estimate, enter a different
prefactor or choose User-defined to enter a value in J/mZ2. For the User-defined option, you
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can also enter it as a function of radius (r) and temperature (T).
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Growth rate model

Select Simplified, General , Advanced, Paraeq or NPLE. All models treat a particle
(precipitate) of stoichiometric composition or with negligible atomic diffusivity. Local
equilibrium or paraequilibrium at the precipitate-matrix interface is assumed.
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Morphology

Choose the particle shape: Sphere (default), Cuboid, Plate or Needle. Options are based on
the Elastic properties selected for the Matrix phase:

« For Cubic, Sphere, Plate , Needle and Cuboid are available.

« For Isotropic, Sphere, Plate and Needle are available.

For Plate or Needle, select the Calculate aspect ratio from elastic energy check box or
enter a numerical value in the Aspect ratio field to provide a constant aspect ratio.

Figure 1: The cuboid shape is described by a supersphere. Cuboids have six faces, which form a
convex polyhedron.
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Figure 2: The plate is described as oblate spheroid. Oblate spheroids have rotational symmetry
around an axis from pole to pole.

Figure 3: The needle shape is described as prolate spheroid. A prolate spheroid is a surface of
revolution obtained by rotating an ellipse about its major axis.
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Transformation strain

Choose Disregard to ignore the transformation strain. When Isotropic or Cubic is chosen in
Elastic properties in Matrix Phase, you can also choose Calculated from molar volume to
obtain a purely dilatational strain. If Plate or Needle is selected as the Morphology, you
can alternatively choose User-defined and enter the properties for €11, €12, €13, €22, €23,
and €33.

Molar volume

Use the Database value (if the phase molar volume is defined in the thermodynamic
database) or select User-defined to enter another value.

Phase boundary mobility

A parameter that accounts for interface-controlled growth. Only effective if a very small,
positive value is used. Use with caution due to a tentative treatment.

Phase energy addition

An energy value that adds to the Gibbs free energy of the precipitate phase from a
database.

Approximate driving force

Select the check box to include this if simulations with several compositions sets of the same
phase create problems.

Preexisting size distribution

Select the check box to include this. Click Edit particle size distribution to open the
Preexisting Particle Size Distribution window where you can edit the parameters and view
a graph comparing the radius and number density for the selected component.

b Press F1 and search for "Particle Size Distribution (PSD)" for detailed instructions.

|_ See examples P_10and P_11

Calculation Type
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Isothermal

Use an Isothermal calculation type to do a precipitation simulation at constant temperature.
Choose a unit of measurement and enter a numerical value for the Temperature and
Simulation time.

|_ See examples P_01,P 02,P 04,P 05,P 08 andP 09

Non-isothermal

Use a Non-isothermal calculation type to do a precipitation simulation with a user-defined
temperature profile. Select a Temperature unit and Time unit from the lists. Enter a
numerical value for the Simulation time.

Click Edit thermal profile to enter thermal profile Temperature and Time coordinates into
a table. A minimum of two points is required. You can also Import to add your own Thermal
profile from a text file in *.xls, *.xlsx, or *.csv formats.

Edit Thermal Profil | !

Import...

1,200 4r
Time [s] Temperature [°C] ;

0.0 ‘nsu.u Ll

3300.0 ‘3ED.U 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]

|_ See example P_06

TTT diagram

Use a TTT-diagram to calculate the time-temperature-transformation (TTT) curve for the
formation of the precipitate phase.
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o Temperature: Enter Min, Max, and Step numerical values and choose a
temperature Unit.

« Max annealing time: Enter a numerical value and choose a time Unit.

o Stop criteria: Choose Volume fraction of phase or % of equilibrium fraction and
then enter a numerical value. For each temperature, the simulation stops when the
stop criteria is fulfilled or if the maximum annealing time is reached, whichever
happens first.

|_ See example P_03.

CCT diagram

Use a CCT-diagram to calculate the continuous-cooling-transformation (CCT) curve for
precipitation.

o Temperature: Enter Min and Max numerical values and choose a temperature Unit.

« Cooling rate(s): Enter a range of values in the field, e.g. .01 .1 1 10 100. These

values are equal to K/s, °C/s or °F/s per second based on the temperature Unit
selected.

« Stop criteria: Enter a numerical value for the Volume fraction of phase. For each
temperature, the simulation stops when the stop criteria is fulfilled.

|_ See example P_07.

Particle Size Distribution (PSD)

On the Precipitation Calculator you can set the pre-exisiting particle size distribution
(PSD) parameters in the Show details section. The size distribution can be entered as a pre-
defined distribution, by importing a file, or by manually entering information into a table.

Accessing the 'Pre-existing size distribution' settings

1. To the right of the Precipitate Phase settings fields, click Show details.

& € Precipitate Phase
Phase: CEMENTITE -
Mudeation sites: | Bulk - Calculate from matrix settings | 8.603059285714286E28 |3 *
Interfacial energy: |Calculated ~ | with prefactor | 1.0

2. Click to select the Preexisting size distribution check box.
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(&) @ Precipitate Phase

Fhase:

Mudeation sites:

Inpget=tumcrgy: g et Calg]jate‘d -

Pr. se energy addi.

Approximate driving force:

CEMEMTITE

Bulk:

(e

[l

o

S

Caloy

_ g g

J,fl. .

Preexisting size distribution: Edit particle size distribution

3. Click Edit particle size distribution to open the window as in example P_10.

[ A Precisting paricle S Distriation

| - Compositions

cr 720

Size Distribution

Length unit:

Distribution:

Amount of phase:

Dependent component: Fe

m o
Lsw v Mean radius: | 1.0E-8
Volume fraction + 0001

Radius
| |L0E-10

Number Density
1.6515345957691897E-5 ~

| [1.145000000000...

2. 1836437808513536E-5

1.2986-10

[2.79091202824613E-5

1.447E-10

13.4736800818791136-5

1.596E-10

14.2322907103220174E-5

1,745000000000...

5.067088717471744€-5

1.594E-10

5.978420953289425E-5

2.043-10

16.96663632459978 1E-5

2,192

10336-5

2.341E-10

19.175122450535652E-5

2.49E-10

1.0396101401172292E-4

12,633000000000. ..

1169537901345 13554

2.788E-10

1.307331730632893E 4

12,937000000000...

145302750943 16 145E-4

3.085000000000....

160666 1687768631564

3.235-10

1.7682708414278004E-4

3.384000000000...

193759 176187477844

Generate

Number Density

OEQ

Radius [m]

Defining the Preexisting size distribution

%

1E8 1.56-8

oK Cancel

1. Under Compositions, choose a Dependent component from the list and enter the
composition for the other component.
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2. Under Size Distribution define the following:
a. Choose a Length unit: m, um, or nm.
b. Choose a Distribution: LSW (Lifshitz-Slyozov-Wagner), Normal, Log normal

or From file. You can also manually enter numbers into the table instead of
importing a file.

Radius [m] Mumber Density

|

c. For LSW, Normal and Log normal, enter a Mean radius.
d. For Normal and Log normal, enter a value for the standard deviation (Std).

e. For From File, click Import and navigate to the file containing the required
information and click Open. This file can be in .xls, .xIsx, .csv or .txt formats.
The file should consist of two columns with values where the first column
contains radius data and the second contains number density data.

f. For all options, choose an Amount of phase: Volume percent or Volume
fraction and then enter a number in the field.

g. Once the Distribution is defined, click Generate.
Option Tab Settings

These settings are for the Precipitation Calculator and are located on the Configuration
window — Options tab.

( A

Q You can change these settings locally for a specific Precipitation Calculator or
globally in the Options settings. To open the Options window: From the main
menu select Tools - Options. Click the Graphical Mode tab then click
Precipitation.

Numerical Parameters

Click Options to go to these settings.

Max time step fraction
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The maximum time step allowed for time integration as fraction of the simulation time. The
default is 0.1.

No. of grid points over one order of magnitude in radius

Default number of grid points for every order of magnitude in size space. The default is
150.0.

Max no. of grid points over one order of magnitude in radius

The maximum allowed number of grid points in size space. The default is 200.0.

Min no. of grid points over one order of magnitude in radius

The minimum allowed number of grid points in size space. The default is 100.0.

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. The
default is 0.01.

Max relative radius change

The maximum value allowed for relative radius change in one time step. The default is 0.01.

Relative radius change for avoiding class collision

Set a limit on the time step. The default is 0.5.

Max overall volume change

This defines the maximum absolute (not ratio) change of the volume fraction allowed during
one time step. The default is 0.001.

Max relative change of nucleation rate in logarithmic scale

This parameter ensures accuracy for the evolution of effective nucleation rate. The default
is 0.5.

Max relative change of critical radius
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Used to place a constraint on how fast the critical radium can vary, and thus put a limit on
time step. The default is 0.1.

Min radius for a nucleus to be considered as a particle

The cut-off lower limit of precipitate radius. The default is 5.0E-10 m.

Max time step during heating stages

The upper limit of the time step that has been enforced in the heating stages. The default is
1.0s.

Maximum relative solute composition change at each time step

Set a limit on the time step by controlling solute depletion or saturation, especially at the
isothermal stage. The default is 0.01.

Pause, Resume and Cancel Precipitation Calculations
Precipitation calculations are often complex simulations that take some time to complete.
Sometimes you may want or need to pause or resume a calculation, or make adjustments to

your compositions and start again. You pause and resume from the Precipitation Calculator
Configuration window.

To Pause and Resume a Job

1. Run the job (i.e. click Perform Tree). In the Scheduler, you can see the job listed and
in the Event Log you can follow the progress of the calculation.
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[ES::heduIer o B o=

=g Jobnao 1
ystem wi r-C{ref. state graphite)
-1 Carburization multiphase

B Composition of C vs Distance

|:b EXP Compasition of C vs Distance

-2 Table Composition profiles

-2 Phase fraction vs distance

14755:13,5950 INFO Defining component: Cr
14:55:13,550 INFO Defining component: Hi
14:55:14,023 INFO The activity Svygsem with Ni-Cr-Cf
14:55:14,026 INFO Starting subprocess on behalf of:
14:55:14,040 INFO The activity EXP Compositicn of C

2. In the Project window, click the Precipitation Calculator node.

3. Inthe Configuration window at the bottom, click Pause. If there are intermediate
results available these will be listed in the Event Log.

&) Help | = -| 1 Paus@J Create New Successor v| =>|

Pause to display intermediate result if a\railable|

4. When ready, click Continue to resume your calculations from the last time step or
click Discard to discard the calculation (then click Yes or No on the window that
opens).

&) Help | = v| (» Conﬁnuel QDismrd| Create Mew Successor -| -=>‘
|

| Resume calculation from last time stepl

To Cancel a Job
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¢ In the Scheduler window, right-click the job you want to cancel and select Cancel
Job.

Scheduler
£ Scheduled Jobs

=& M Cancel Job

About the Process Metallurgy Module

E‘p The Process Metallurgy Module works with TCOX8 and newer versions of the
database. The current version of the database is TCOX9.

? All other users can test the module with the included OXDEMO database, which
is limited to these elements: Al, C, Ca, Fe, O, S, and Si. For more information
about this and other products visit our website.

The Process Metallurgy Module is an add-on module to Thermo-Calc and it is available in
Graphical Mode as the Process Metallurgy Calculator. The module is designed to model
reactions that occur in metallurgical processes. It is based on the global equilibrium of the
process. Although primarily used in steelmaking and steel refining processes (such as basic
oxygen furnaces, electric arc furnaces, ladle furnace metallurgy and so forth), applications
are not limited to steelmaking. The main difference compared to the a standard Equilibrium
Calculator is that it is easy to handle the different materials present in a metallurgical
process. The is especially true for the slag composition that is based on components.

Both isothermal and adiabatic calculations are possible. Adiabatic calculations assume no
heat and mass exchange with the environment during the equilibrium reaction.

You can use the Process Metallurgy Module to calculate:

o The equilibrium between predefined steels and slags

o Desulfurization, dephosphorization, decarburization

« Any partition coefficient

o Slag characteristics, such as slag basicity or sulphur capacity
« The fraction of liquid and solid in the slag

o The temperature change in an adiabatic process
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The module requires both a valid Maintenance and Support Subscription (M&SS) and a
license for the TCS Metal Oxide Solutions Database (TCOX).

The Process Metallurgy Calculator

The materials are defined using the Process Metallurgy Calculator, which makes it easy to
define the system by automatically including the three common material groups—Steel, Slag
and Gas. The calculator has the default composition input types that are relevant to each
material group. You can also save your material compositions right from the calculator and
quickly access them in the future. For example, you might want to predefine compositions of
steels, ferro-alloys, slags, and slag additions. The overall composition of the steel and slag is
then obtained by adding amounts of these predefined materials.

Each group of materials is automatically added to the similar group where it is defined. You
can manage these groups using the Material Manager (see "Working with the Material
Manager" on page 176).

The calculations you can do with the module are Single equilibrium, One axis, Grid and
Uncertainty. After adding a Plot Renderer or Table Renderer, you can choose a variety of
quantities, including slag properties such as Bells ratio and B2, to output results that provide
useful visual representations of the steelmaking systems you are analyzing.

D "Process Metallurgy Calculator" on page 163 and "Defining the Process
Q Metallurgy Calculator" on page 164

 There are example project files included with the module and these examples
|_ are also explained in video tutorials available on our website and YouTube
channel. For more information see "PMET_01: Basic Oxygen Furnace (BOF)" on
page 288, "PMET 02: Ladle Furnace" on page 294 and "PMET 03 Argon
Oxygen Decarburization" on page 301.

Working with the Process Metallurgy Module

Working with the Process Metallurgy Calculator allows you to easily define complex
metallurgical reactions. The calculator streamlines how you set up these steel and slag
systems but there are details about various inputs and outputs that are different from other
calculators. This topic is a general collection of information related to the Process
Metallurgy Module and is intended to help you better understand how to interpret and make
choices when you are setting up your steelmaking simulation.
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@ Several internal calculations of the Process Metallurgy Module (for example for
the determination of the component compositions of ionic phases) have a tight
dependency on the database being applied. Therefore, it is only possible to use
the module with the databases TCOX8, TCOX9 and OXDEMO. It is not possible
to use custom user databases.

& J

Working with Material Groups (Steel, Slag and Gas)

p  For more details about these fields, see "Defining the Process Metallurgy Calculator'
on page 164.

P For information about saving and deleting materials, see "Working with the Material
Manager" on page 176.

There are three groups to define: Steel (or another user-defined Metal group), Slag and
Gas.

In the image below, the red-highlighted area is where the Steel material group is defined.
The drop-down menu that displays Steel BOF shows a user-defined material. This can be
defined and then saved to the material library.

When you click Show composition next to any material group, additional fields display for
giving composition and input type where you can further define each material group. You
can remove materials and add and remove material groups using the Material Manager
(available via the Tools — Options menu).

After opening the "PMET _01: Basic Oxygen Furnace (BOF)" on page 288 example, click
Show composition next to the Slag and Gas groups to see how the Slag_BOF and Oxygen
materials are defined.

Q You can open the example project file from Thermo-Calc Help — Example Files
- Process Metallurgy - PMET_01_Basic_Oxygen_Furnace.tcu.

From this composition area you can click the Save material button to add the new material
to the group's list. The newly named material composition is then available for use with that
material group. In this example, the Steel BOF material was defined first and then named at
the end. It is now available in the lists wherever you select the Steel material or need to
choose quantities to plot.
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Process Metallurgy Calculator 1

Options
D
Trsma cnsol: hemal

Temperature: | Celsiis | 16500 |

Pressure: |Pascal « | [1000000 |

Material: + | |steel_BOF |

Amount: Tonne | 1000

| 4 Hide composition

Input type: |Massperoent v| |Elernent

v| |Majorcorrponent

v| | Save material

o s © @
90
00
Total:

(+1-]
Material: | Slag « | Slag_BOF w

Amount: onne | 3.0

ee
Material: I v| |0)q|gen v|
Amount: | Mormal cubic meter v| |0.0 | # Show composition

Calculation Type

The three material group areas on the Process Metallurgy Calculator where you can define
components and save materials. You can create your own material groups using the Material

Manager.
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Grid Definitions

Quantity
Amount of AI203 in Slag_LF (SLAG) e

emperature
Amount of Steel_LF (STEEL)

Composition C in Steel_LF (STEEL)
Composition 5i in Steel_LF (STEEL)
Compaosition 5 in Steel_LF (STEEL)
Amount of Cad in Slag_LF (SLAG) || Process Metallurgy Calculator 1
Amount of AI203 in Slag_LF (SLAG)
Amount of 5i02 in Slag_LF (SLAG)

Legend option: |On -~

2@ ¥: |Composition C in Steel_BOF (STE... -
Compasition Cin Steel_BOF (STEEL) 5
Composition of phase
Composition of phase group
Composition
Lnit: Tonamount of phase

Amount of phase group
Axis type: |Ling emperature

T

Mass (Amount of

Limnits: 0.0 to[1.0 step 0.1

After defining and saving a material composition, the named material is available for selection in a
variety of places such as when choosing quantities on the calculator and defining axis variables on
the Plot Renderer.

Q To add one or more material groups click the green add © button. Click the red
minus @ button to remove a material group. The new material inherits the
default settings of that group.

Understanding the Grid Definitions Quantities and How These Relate to the
Composition

When you choose a One axis or Grid Calculation Type, you also choose a Quantity under the
Grid Definitions. The relationship between these quantities and how the material group
composition is defined is as follows.

The following uses Composition of C in Steel_LF (STEEL) as an example quantity for a One
axis calculation.

Under Grid Definitions, the availability of the Quantity in the list is based on the material
(Steel_BOF) that is defined and saved for the Steel group (or any user-defined metal, slag or

gas group).
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Conditions  Options
Database: OXDEMO
Thermal control: | Isothermal
Temperature: Celsius ~ | |1650.0
Pressure: Pascal ~ | |100000.0
e
Material: | Steel v | |Steel_BOF v |
Amount: |Tonne | [100.0 " a Hide
Input type: Mass percent ~ | |Element w Major co
Major component: x;) © [Fe «| |95
Grid Definitions
Quantity Min Max Number of steps
Temperature ~ |1500.0 2000.0 105

\Amount of Steel_BOF (STEEL)

\Amount of Slag_BOF (SLAG)

\Amount of Oxygen (GAS) [Nm3]

Composition C in Steel_BOF (STEEL) [Mass percent]

IComposition Siin Steel_BOF (STEEL) [Mass percent]
(Composition Al203 in Slag_BOF (SLAG) [Mass percent]

Defining the Material Composition

When you choose the Input type for a steel the composition of the elements can be set up
using a combination of settings starting with Mass or Mole percent, Mass or Mole fraction
or Absolute amount. Then you further choose to define the composition using either the
Major component or Normalize to total of 100% options.

—
Q

The Amount of X in Y quantities you can choose from the various drop-down lists
(such as under Grid Definitions) are defined as Min-Max variation of the
component X in Y. If a dependent element is present that is adapted as usual.

Input type:

Major component:

Mass fraction
Mole percent
Mole fraction

Mass percent

Absolute amount

Major component
Mormalize to total of 100%:

Major component

ot

Ly

When you use Major component, as you add other components or adjust the composition,
the major one is adjusted to be the rest of the composition.
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8 C +~ | |45
@8[s «| |L0 |
Total: 100.0

Major component: ,@, @) Fe | |33.5

@ @lc ~| |55
@ aE v .0 |
Total: 100.0

When you use Normalize to total of 100%, the sum is adapted to 100%. This is useful if you
need to work with a given composition that does not sum up to 100%.

@ OFe v (o35 | [o4.4944]
© olc | [HE 4.54545
@ @ |[s | |10 |[Low10]

Total: 99.0 100.0
T T T T
(%] Fe + 93.5 93.5
(%) € «|[55 55 |
@[5 « (Lo ||Lo
Total: 100.0 | [100.0

Sometimes its preferable to use input of amount of each component Amount by weight
(Tonne, Kilogram, Gram or Pound), it can useful to choose Absolute amount as the Input
type. In this case, the total amount of material automatically adjusts the total.
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Material:

Amount:

Input type:

steel o |Stesl BOF
[ Tonne I 100.0 I

Absolute amount | |Element

Amount: Tonne

101.0

Input type: ) |Absolute amount - | |Elernent - v |

Q@
Qe
Qe

Total:

Fe | [34.5 | |03.5643)]

lc v|[55 | |5.44554]

|si «|[Lo | |o.95009]

For the Gas component, if you choose Normal cubic meter as the Amount, then beside
regular mass units, the amount of gas can also be provided in Nm3.

Argon Oxygen Decarburization - calculator

Database: TCOXS -

Thermal control:

Temperature:

Pressure: |Pas&:l v| |1UUCIUU.I.’J |

@e

Material: |Steel v| |Sheel scrap v| with temperature:
Amournt: |Tonr1e v| |40.0 | + Show composition

@e

Materizl: | Steel | Eerrachrome | with temperature: 20,0 IE
Amou Tonne 5.0 Show composition

@0

-Material: |Gas v| |Ar-02gas v| ith temperature:
Amount: |Non'na| cubic meter v| |1DCIU.U | + Show composition
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Phase Groups

The phases that are plotted after you run a simulation are grouped together on the plot to
make the interpretation of the results easier.

Phases of similar type are bundled together in the groups liquid metal, solid metal, solid
oxides, liquid oxides and gas. Except for the gas phase, all the groups can have more than
one phase. This grouping is particularly useful for liquid metal and liquid oxide because they
are both described by the same phase, IONIQ_LIQUID, and because there is typically two or
more compositions sets of IONIQ_LIQUID. This is also useful for solid oxides, because a large
number of phases can be stable, making the interpretation of results difficult without this
grouping.

E‘p The term oxides in the Process Metallurgy Module can also mean carbides,
sulfides and fluorides.

s

w

—  Solid metal

Solid oxides (CAZSI04_ALPHART, HALITE® 1, HATRURITE#S])
—  Liguid oxides (IONIC_LIQ#2)
—  Gas (GAS#1)

Amount of phase group [t]
LS

-1 B

2 ' | Liquid axides (IONIC_LIG#2
| — Gas(Gase)

1.0 15 20 25 3.0 35 25
Amount of Oxygen (GAS) [t]

Example of the plot labels with the phases grouped together. As you zoom in, only the phases that
you can see are listed in the label, making it easier to examine the results.

Slag Property Quantities

The slag properties are describing the capability of a slag to take up sulphur from the metal
melt. The Process Metallurgy Module defines so-called phase groups. They contain all
phases of a certain kind, for example all solid slag or all slag phases. The component
composition of such a phase group is calculated by weighting the component composition of
each phase with their fraction in the group.

This allows to calculate slag properties for the phase groups, for example for the overall
slag.
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On the Plot Renderer (for axis quantities) and Table Renderer there is an option to choose or
define the Slag property. The associated quantity that you select has these options: All, B2,
B3, B4, Bas2, Bells ratio, Ls, or Log10 (Sulphur capacity).

b Details, including references and equations, are described in "Process Metallurgy Slag
Properties" on the next page.

Adiabatic Calculations

When setting up the Process Metallurgy Calculator you choose the thermal control to be
either Isothermal or Adiabatic. Adiabatic calculations assume no heat and mass exchange
with the environment during the equilibrium reaction. The adiabatic process is implemented
by an isenthalpic process with constant pressure (i.e. H=const), which is equivalent.

b "Adiabatic Calculations: Calculation of the Material Enthalpy" on page 162

Gas Volume Units

Beside regular mass units, the amount of gas can also be provided in Normal cubic meter
(Nm3). The applied reference conditions are 1013.25 hPa and 15.0 °C (according to ISO
2533).

E‘; There are slightly deviating definitions present in the industry, which need to be
converted for precise results. For most applications of the Process Metallurgy
Module this difference has a minor influence.

Calculation of Component Compositions

The composition of all ionic phases is provided as elemental as well as component
composition (i.e. Fe203, FeO, Ca0, ...). In order to provide a representation similar to that
usually used in the industry, the content of S is provided as elemental content and the
content of P is given as component content of P205. This is a simplification because P and S
can also be present as sulphates and phosphates in the slag and can bind to different metal
cations. This can cause deviations in the overall component composition if the content of S
and P is high in the phases. In doubt, the elemental composition can be used, it will always
be exactly correct.

For non-ionic phases such as ALABANDITE, always the elemental composition will be shown
only. This is also true if the IONIC_LIQ composition cannot be described by components only
due to constraints of the overall composition (for example if the material has been oxidized
completely and forces a certain composition of the ionic liquid slag).

Definition of Partial Pressure of Oxygen

The oxygen partial pressure in the gas phase is calculated with the following formula:
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po, = p- AC(O, GAS)

In the formula, p describes the total system pressure and AC the activity of oxygen in the gas
phase.

Activities of Slag Components

The chemical activity of each component AC(COMPONENT, REFERENCE _PHASE) is available
either with reference to the liquid or the solid slag phase. It can only be calculated for
components being present in the thermodynamic database.

Process Metallurgy Slag Properties

The slag properties are describing the capability of a slag to take up sulphur from the metal
melt. The Process Metallurgy Module defines so-called phase groups. They contain all
phases of a certain kind, for example all solid slag or all slag phases. The component
composition of such a phase group is calculated by weighting the component composition of
each phase with their fraction in the group.

This allows to calculate slag properties for the phase groups, for example for the overall
slag.

For the Process Metallurgy Calculator when you are selecting axis variables on the Plot
Renderer or choosing the properties to list with the Table Renderer, there is an option to
include the slag properties. The associated quantity that you select from the next drop-down
list has these options to choose: All, B2, B3, B4, Bas2, Bells ratio, Ls, or Log10(Sulphur
capacity). Also choose In liquid slag only, In solid slag only or In all slag. Depending on this
setting, the composition averaged over liquid, solid or all slag is applied as a basis for the
slag property calculation.

Configuration =

[%3 Table Renderer 1

|

Save table

-

Decimal digits: 55| Number format: |Auto « | Temperature unit | Kelvin “w | Massunit | Tonne -

All stable phases Composition -~
Slag properties Al « | Inliquid slag only -~

Activity Reference solid oxide -

@ [0 |com B4 ) All elements AF Mass percent

Log 10(Sulphur capacity)
Ls

Slag properties for a Table Renderer
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Configuration

|2 Plot Renderer 7

o . i e
Save Diagram| Show Triangular| Show Grid | Switch Axes ||Retain Labels

| I Process Metallurgy Calculator 1

Legend option: |On

@ X: |Slag property ~ | Al
Y:
Mass (Amount of

Unit: Tol

Axis type: | Ling

~ | |Inliguid slag only -~

€ X
Limits: ] X: | Slag property

Mass (Amount of phase group)

Unit: Tonne -~

Axis type: | Linear ~

¥: | Amount of phase group

~ | Al ~ | | Inliquid slag only

Log 10(Sulphur capacity)
Ls

Slag properties for a Plot Renderer

Equations and References

The equations and references for these quantities are defined below. Composition can be

given in mass (% or fraction).

The formulas are given in Thermo-Calc console-like syntax (B: mass, W: weight fraction, AC:
activity). A slag property will be available if all of its components are present in the phase

group. Steel and slag are the actual phase groups chosen depending on the user request, i.e.
the slag property can be calculated for the liquid slag only or for the overall slag (liquid and

solid).

Basicity is defined as:

B2 = Zoo)

B3 — B(oa;)();;gstlgO)

B4 = S ooy

Bas2 = B Siof;_cl_’(;%);;Bo(ﬁngiOﬂ

B(Ca0)+0.7-B(MgO)

Bells ratio = 4o 0, 10.18 B(41,05)

Sulfur capacity is defined as:
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W(slag) (S )

Ls =
W(ela_q) (S )

AC(Oz,GAS) )(0.5) )

Logl0(C;) = lg(W(slag) (S5) - 100 - (AC(S2,GAS)

REFERENCES

« Basicity and MgO Saturation: For definitions of the basicity and MgO saturation
properties B2, B3, B4 and Bells ratio see Keskitalo (2015). Also see the Slag Atlas
(Verein Deutscher Eisenhuttenleute, 1995).

o Sulfur Distribution and Capacity: For definitions of the sulfur distribution properties
L, see Andersson et al (1999). For the sulfur capacity, see Slag Atlas (Verein
Deutscher Eisenhuttenleute, 1995).

Andersson, Margareta A. T., Par G. Jonsson, and Mselly M. Nzotta. 1999. “Application Ladle
Slags of the Used Sulphide Capacity Concept on High-Basicity in Bearing-Steel
Production.” ISlJ International 39 (11): 1140-49.

Keskitalo, Bjorn. 2015. “Model Studies on the Effects of Composition Differences of Direct
Reduction Pellets and an Adaptive Addition of Slag Formers for the EAF Process.”
Master's thesis, KTH Royal Institute of Technology,
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-168296.

Verein Deutscher Eisenhuttenleute (VDEh), ed. 1995. Slag Atlas 2nd Edition. Dusseldorf,
Germany: Verlag Stahleisen GmbH.

Adiabatic Calculations: Calculation of the Material Enthalpy

An adiabatic calculation requires the enthalpy of the input materials as an initial condition.
The Process Metallurgy Module uses different approaches for the different material types
metal, gas and slag.

METAL

Frozen-in global equilibrium calculation at T=700 °C, taking the resulting enthalpy at the
actual initial material temperature. This corresponds to a frozen-in microstructure. At initial
material temperatures above 700 °C the equilibrium is instead calculated directly.

GAS

Mechanical mixture between the enthalpy of the gas components. This is no limitation,
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because all gas components in the database are assumed to be ideal gas.

SLAG

o Mechanical mixture: If the temperature is below T=1000 °C and every single
material component (such as MgO, Ca0, ...) is fully solid at the requested material
temperature, mechanical mixture is assumed. This means that the enthalpy of every
component is calculated separately and summed up (weighted by mass fraction).
This corresponds to the assumption that different separate components have been
added to the slag (such as burnt lime and magnesite). If any component forms gas or
liquid at the initial material temperature, this mode is not used. Note that
mechanical mixture is also applied if pure elements are added to the slag material,
i.e. it is not the same in respect to the material enthalpy to define CaO and Ca + O.

o Equilibrium: If no mechanical mixture of the material components is possible or if
the temperature is above T=1000 °C. This corresponds to the assumption of a fully
homogenized slag material.

Process Metallurgy Calculator

p  For information about licenses and availability, see "About the Process Metallurgy
Module" on page 150.

Use a Process Metallurgy Calculator to set up calculations for steel and slag used in steel
making. Define the composition of a steel (or other metal) and slag system using material
groups: one each for steel, slag and gas. You can save your material compositions right from
the calculator and quickly access and manage the materials and groups—it collects groups
of saved materials according to type, thus making it easy to retrieve them.

You can add the calculator to My Project directly (right-click and select it from the Create
New Activity menu) or use the available "Process Metallurgy Template" on page 32.

.. Your installation includes examples that you can run to see how the calculator
|— works. For more information see "PMET 01: Basic Oxygen Furnace (BOF)" on
page 288, "PMET 02: Ladle Furnace" on page 294 and "PMET 03 Argon
Oxygen Decarburization" on page 301.

Conditions and Options Tabs

Once you have added a Process Metallurgy Calculator, the Configuration window has
Conditions and Options settings tabs where you define the materials and choose the
calculation type for the simulation.

CONDITIONS
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Set the conditions for your calculation that define the slag, metal and gas. The topic,
"Defining the Process Metallurgy Calculator" below, has instructions that walk you through
the steps that represent a simplified steelmaking process. For information about the
individual settings on this tab, see "Conditions Tab " on page 168.

OPTIONS

Modify some defaults related to process material equilibrium and grid settings such as step
size, driving force and the minimization strategy.

b For information about the individual settings, see "Options Tab " on page 174.

The Options tab is where you can locally define specific Process Metallurgy Calculator
settings. These settings can also be applied globally from the Options window. From the
Global options you can also manage the materials. See "Working with the Material
Manager" on page 176.

Q To open the Options window: From the main menu select Tools - Options -
Graphical Mode and click the Activities tab. Then click Process Metallurgy.
See "Global Settings: Process Metallurgy " on page 45 for details.

Plots and Tables

Right-click the node to add a "Plot Renderer" on page 179 or "Table Renderer" on page 194
to visualize your results. Although both nodes work the same as with the other calculators in
Thermo-Calc, there are a few extra features and settings unique to the Process Metallurgy
Module. Useful information is included throughout the documentation. You can also read
more about the unique features in "Working with the Process Metallurgy Module" on

page 151.

Defining the Process Metallurgy Calculator

After adding a Process Metallurgy Calculator to your project, you can define the steel, slag
and gas groups of materials. The following is a general overview of the setup based on the
"PMET _01: Basic Oxygen Furnace (BOF)" on page 288 example, which walks you through the
steps that represent a simplified steelmaking process.

See the Process Metallurgy Module examples that are available as video
tutorials on our website and our YouTube channel.

Add the calculator, select a database and enter a temperature
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1. Add a Process Metallurgy Calculator node to My Projects node. If you used the
Process Metallurgy template, click the node to display the Configuration settings
window.

2. In the Configuration window, for the Database selection, the program automatically
defaults to the highest version of the TCOX database (the current version is TCOX9),
starting with TCOX8. For users without a license, the OXDEMO database is available
and this allows for calculations using only these elements: Fe, C, S, Ca, Si, Al and O.

3. Set the Thermal Control as being Isothermal or Adiabatic.

4. Select a Temperature unit (Kelvin, Celsius or Fahrenheit) and enter a numerical
value in the field.

Define the conditions for the steel, slag and gas material groups

Next you will define each material group—Steel (or any user-defined Metal group), Slag
and Gas.

P See "Conditions Tab " on page 168 for an overview of the layout of this section. There
is also an overview of these material groups in "Working with the Process Metallurgy
Module" on page 151.

1. Choose a Material to set up first, Steel (or any user-defined metal), Slag or Gas.

2. Select an Amount from the list—Tonne, Kilogram, Gram or Pound. Enter a
numerical value in the field.

3. To the right of the Material list (e.g. for the Steel group), choose the material
composition you want to use for this simulation. Predefined Example Steel and
Example Slag compositions are included with your installation.

o If you chose Adiabatic as the Thermal Control, also enter a temperature in
the field for each material. This is the initial temperature before the material
is added to the process.

4. If this is the first time you are defining a material, or at any time when User-defined
is selected, click Show composition to set the composition for the material (steel,
slag or gas or another user-defined metal).
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Q The composition for each material is hidden by default because the
module allows you to easily save materials and access these from the
material menu. Once you save a collection of materials, you will rarely
have to click Show composition. See "Working with the Material
Manager" on page 176 for details about saving and deleting materials.

. From the first Input type list select Mass percent, Mass fraction, Mole percent,
Mole fraction, or Absolute amount. For Absolute amount, you can directly enter
values in the fields in the unit selected above for Amount (Tonne, Kilogram, Gram or
Pound).

. For the next list, the default is based on which group you are defining. For the Steel
(Metal) group it is Element, for Slag it is Component and for Gas it is Gas
component.

. Choose Major component so that as you add other components, the major one is
adjusted to be the rest of the composition. Choose Normalize to total of 100% so
that the sum is adapted to 100%. This is useful if you need to work with a given
composition that does not sum up to 100% If you select Absolute amount,
Normalize to total of 100% is not available.

. Based on which material group you are working with, add the Element, Component
or Gas component.

To add one or more material groups click the green add & button. Click the red
minus @ button to remove a material group. The new material inherits the
default settings of that group.

. After you have added and defined the element, component or gas component it is
recommended you save and name the material. This makes it easier to work with
because the name of the material is automatically updated in the lists (and available
as part of your library) instead of being named User-defined everywhere.

The material is automatically saved in the relevant material group, so only steel
materials are shown in the steel menu, only slag materials are shown in the slag
menu and only gas in the gas menu. You can also create additional material groups if
there are groups you use regularly, such as scrap compositions, ferro-alloys or slag
additions. See "Working with the Material Manager" on page 176 for more details
about creating and deleting material groups and deleting materials.
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10. Continue adding and defining the material groups (e.g. Steel, Slag and Gas). You
could, for example, add another Steel group if you wanted to define a composition of
a steel scrap to add to a basic oxygen furnace (BOF).

Select the Calculation Type and associated definitions

b These settings are described more in "Conditions Tab " on the next page.

1. Under Calculation Type, click to choose Single (no axes), One axis, Grid or
Uncertainty.

4 1\

Q For more complex calculations, it is good practice to start with a Single
equilibrium calculation to make sure the calculation converges. Also see
the settings described in "Options Tab " on page 174. These can be
useful if your calculation fails.

2. Based on the calculation type, define either the Grid Definitions (for One axis or Grid
calculations) or the Sampling of Data from Gaussian Distributions (for Uncertainty
calculations). The Quantity displays all the stepping options set up with the material
groups for Steel, Slag and Gas. The example shows the steel group quantities.

Grid Definitions

Quantity Min Max
Amount of Fe in Example Steel (STEEL) k‘ 0.0 1.0
Amount of Fe in Example Steel (STEEL) A : : :
Amount of C in Example Steel (STEEL) | select quantity for this axis

Amount of Mn in Example Steel (STEEL)
Amount of P in Example Steel (STEEL)
Amount of 5 in Example Steel (STEEL)
Amount of 5iin Example Steel (STEEL)
Amount of Al in Example Steel (STEEL)
Amount of O in Example Steel (STEEL) W
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Q The Amount of X in Y quantities you can choose from the various drop-
down lists (such as under Grid Definitions) are defined as Min-Max
variation of the component X in Y. If a dependent element is present that
is adapted as usual.

(. J

»  How these quantities relate to the material definition is described in "Working
with the Process Metallurgy Module" on page 151.

Add and define a plot or table and run the simulation

Once you have finished defining the Process Metallurgy Calculator, you also define the plot
or table settings. To add a Plot Renderer or Table Renderer, right-click the calculator node
and select an option from the Create New Successor menu.

D The settings are generally described for the individual nodes. See "Plot
Renderer" on page 179 and "Table Renderer" on page 194.

P Some useful information about the plots is also described in "Working with the Process
Metallurgy Module" on page 151.

Conditions Tab

The following outlines what you can set on the Configuration window Conditions tab when
working with the Process Metallurgy Calculator.
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L Configuration

|:| Process Metallurgy Calculator 1

Conditions ~ Options
Database: OXDEMO

Thermal control: | Isothermal

Temperature: Celsius w
Pressure: Pascal ~
Material: | Steel ~
Amount: |Tonne ~ | [100.0
ee

Material: | Slag i

Slag_BOF

1650.0

100000.0

Steel BOF

L

v Show composition

Amount: |Tonne -~ | (3.0 # Show composition
ee
Material: | Gas w | | Oxygen w
Amount: | Normal cubic meter « | |0.0 v Show composition
Calculation Type
() Single (@) One axis () Grid () Uncertainty
Grid Definitions
Quantity Min Mae MNumber of steps
Amount of Cxygen {GAS) [Nm3] w | |00 7000.0 405
]
&) Help ‘ = - v Perform Tree| Create MNew Successor v| = ‘

An example of the default Configuration window for a Process Metallurgy Calculator. There are
many settings available depending on the parameters.

Also see "Defining the Process Metallurgy Calculator" on page 164 for

(3

steelmaking process.

Database

instructions that walk you through the steps that represent a simplified

The most recent available version of TCS Metal Oxide Solutions Database (TCOX) is selected

by default.
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%’ The Process Metallurgy Module works with TCOX8 and newer versions of the
database. The current version of the database is TCOX9.

= All other users can test the module with the included OXDEMO database, which
is limited to these elements: Al, C, Ca, Fe, O, S, and Si. For more information
about this and other products visit our website.

Thermal Control

Choose Isothermal or Adiabatic. When Adiabatic is selected, no global temperature is
defined (as this changes during the process). Instead the initial temperature has to be
defined separately for each material. Adiabatic calculations assume no heat and mass
exchange with the environment during the equilibrium reaction. This is a better assumption
if the process is strongly exo- or endothermic, such as typical converter processes.

Temperature

Choose a Temperature unit (Kelvin, Celsius or Fahrenheit) and then enter a numerical
value in the field.
Material Groups (Steel, Slag and Gas)

P For more details about these fields, see "Defining the Process Metallurgy Calculator"
on page 164. See also "Working with the Material Manager" on page 176.

There are three groups to define: Steel (or another user-defined Metal group), Slag and
Gas.

In the image below, the red-highlighted area is where the Steel material group is defined.
The drop-down menu that displays Steel BOF is a user-defined material. This can be defined
and then saved to the material library.

When you click Show composition next to any material group, additional fields display (e.g.
Input type, Major components and so forth) where you can further define each material
group. You can add and remove materials using the Material Manager (available via the
Tools — Options menu).
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Q You can open the example project "PMET _01: Basic Oxygen Furnace (BOF)" on
page 288 from Thermo-Calc (Help — Example Files — Process Metallurgy —
PMET_01_Basic_Oxygen_Furnace.tcu). Then click Show composition next to
the Slag and Gas groups to see how the Slag_BOF and Oxygen materials are
defined.

- J

From this composition area you can click the Save material button to add the new material
to the group's list. The newly named material composition is then available for use with that
material group. In this example, the Stee/l BOF material was defined first and then named at
the end. It is now automatically available wherever you select the Steel material or need to
choose quantities to plot.

( )

Q The Amount of X in Y quantities you can choose from the various drop-down lists
(such as under Grid Definitions) are defined as Min-Max variation of the
component Xin Y. If a dependent element is present that is adapted as usual.

Q To add one or more material groups click the green add & button. Click the red
minus @ button to remove a material group. The new material inherits the
default settings of that group.
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Process Metallurgy Calculator 1

Options
D
Trsma cnsol: hemal

Temperature: | Celsiis | 16500 |

Pressure: |Pascal « | [1000000 |

Material: + | |steel_BOF |

Amount: Tonne | 1000

| 4 Hide composition

Input type: |Massperoent v| |Elernent

v| |Majorcorrponent

v| | Save material

o s © @
90
00
Total:

(+1-]
Material: | Slag « | Slag_BOF w

Amount: onne | 3.0

ee
Material: I v| |0)q|gen v|
Amount: | Mormal cubic meter v| |0.0 | # Show composition

Calculation Type

The three material group areas on the Process Metallurgy Calculator where you can define

components and save materials.
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Grid Definitions

Quantity
Amount of AI203 in Slag_LF (SLAG)

St

[Temperature
Amount of Steel_LF (STEEL)

Composition C in Steel_LF (STEEL)
Composition 5i in Steel_LF (STEEL)
Compaosition 5 in Steel_LF (STEEL)
Amount of Cal in Slag_LF (SLAG)
Amount of AI203 in Slag_LF (SLAG)
Amount of 5i02 in Slag_LF (SLAG)

|| Process Metallurgy Calculator 1

Legend option: |On -~

Q09 M x

T

Limits: 0.0

Mass (Amount of (Composition of phase group
Unit: Tonamount of phase

Anis type: | LiNBTemperature

Composition C in Steel_BOF (STE... -
Compasition Cin Steel_BOF (STEEL) 5
Composition of phase

Composition
Amount of phase group

Pressure W
to[1.0 step 0.1

After defining and saving a material composition, the named material is available for selection in a
variety of places such as when choosing quantities on the calculator and defining axis variables on

the Plot Renderer.

Calculation Type

Single (no axes), One axis, Grid or Uncertainty.

P '"The Calculation Types in Graphical Mode" on page 23

« Select Single to calculate a single point. No additional settings are required. The
results from this calculation can be displayed in the Results window using a Table

Renderer.

o 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 Uncertainty calculation evaluates the equilibrium 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.

Grid Definitions (One axis or Grid)
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The Quantity menu displays all the stepping options set up with the material groups for
Steel (or any user-defined metal group), Slag and Gas.

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 equilibrium
is evaluated.

E‘p For a Grid, on the Plot Renderer, you can choose to plot a Heat map, Contour or
3D diagram.

b "Heat Map, Contour and 3D Plots" on page 217

Sampling of Data from Gaussian Distributions (Uncertainty)

For the Uncertainty calculation type, click to select the applicable check boxes under
Quantity. The Mean field is for the distribution function as defined under Condition
Definitions for the respective quantity. The default AMin/Max is a 95% confidence interval.

p  "About the Uncertainty Calculations" on page 226

Sampling Parameters (Uncertainty)

For the Uncertainty calculation type, choose a number of Standard deviations where you
want to Truncate the distribution. Choose the Total number of samples.

p  "About the Uncertainty Calculations" on page 226

Options Tab

These settings are for the Process Metallurgy Calculator and are located on the
Configuration window — Options tab.

( D

Q You can change some of these settings locally for a specific Process Metallurgy
Calculator or globally in the Options settings. To open the Options window:
From the main menu select Tools - Options. Click the Graphical Mode tab
then click Process Metallurgy.

Defining and Using the Activity Nodes | 174 of 393



»  You can manage your saved materials from the Tools -» Options menu. For more
information see "Working with the Material Manager" on the next page.

b "Conditions Tab " on page 168

Process Material Equilibrium and Grid

MINIMIZATION STRATEGY

The Minimization strategy setting is used to ensure that the most stable minimum under
the specified conditions is computed. The default uses the Global test preferred option.

With either the Global or Local preferred setting, the program cycles through options before
it gives up:

o For Global test preferred the minimization starts with a global test and if that fails it
runs full global minimization.

« For Local minimization preferred the minimization starts with a local minimization,
in case of failure it tries a global test and finally a full global minimization.

If you choose Local minimization only or Global minimization only, the program just tries
the one setting and gives up if it fails.

E‘? For general information about global minimization, see the topic related to the
Console Mode command, "GLOBAL MINIMIZATION" on page 139.

Max no of iterations

By default, the program tries 2000 iterations before it gives up.

Max grid points (in global minimization

Coarse (2000 grid points, the default), Medium (20,000 grid points), Fine (200,000 grid
points), or Custom (set your own number of grid points).

Required accuracy

The default is 1.0E-6. This is a relative accuracy, and the program requires that the relative
difference in each variable must be lower than this value before it has converged. A larger
value normally means fewer iterations but less accurate solutions. The value should be at
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least one order of magnitude larger than the machine precision.

Smallest fraction

The default is 1.0E-16. If this value fails, the program will try other values.

This is the value assigned to constituents that are unstable.

The default value for the smallest fraction is 1E-16 for all phases except for IDEAL phase
with one sublattice site (such as the GAS mixture phase in many databases) for which the
default value is always as 1E-30.

Approximate driving force for metastable phases

The check box is selected by default, which means the metastable phases are included in all
iterations. However, these may not have reached their most favourable composition and
thus their driving forces may be only approximate.

Force positive definite phase Hessian

The check box is selected by default and this setting determines how to reach the minimum
of an equilibrium state.

Control step size

The check box is selected by default and this setting determines how to reach the minimum
of an equilibrium state.

Working with the Material Manager

EL The Material Manager is only available for the Process Metallurgy Calculator.

Use the Material Manager to create and delete groups of materials and delete materials
you have saved directly from the Process Metallurgy Calculator.

Go to the Material Manager from the main menu. Select Tools < Options - Graphical
Mode and click the Activities tab. Then click Process Metallurgy . See "Global Settings:
Process Metallurgy " on page 45.
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r-% Options

General Graphical Mode  Consale Mode

Activities  Default Units

[ Default Configurations
0l

%| Predpitation
Diffusion
(| Scheil

ElFrocess Metallurgy
A

Material Manager

Material group Material
Steel Example Steel -
Delete group Create group Delete material

Process Material Equilibrium and Grid

Minimization strategy: | Global test preferred - Max no. of iterations: 1000 -5

For frequently used materials, save the material composition for each group—Steel (or any user-
defined metal), Slag or Gas—from the Process Metallurgy Calculator. Use the Material Manager to
create and delete groups or delete a previously saved material.

Use the Material group and Material lists to create and delete material groups, as well as
delete material compositions that are saved from the Process Metallurgy Calculator.

o Material group: To create or delete a group, choose it from this list, e.g. Steel , Slag
or Gas. The Steel group is simply a generic Metal group. You can create other user-
defined metal groups and then these would also be listed here. Click Create group or
Delete group as required to manage the list.

o Material: To delete a material, choose the group type then select the material
composition to delete. For example, select the Slag material group, then choose the
Example Slag material and click Delete material to remove it from all lists.

Saving a Material

This is done directly from the Process Metallurgy Calculator — Configuration window.

1. Add the Process Metallurgy Calculator to My Project directly (right-click and select it
from the Create New Activity menu) or use the available Process Metallurgy

template.

2. On the Configuration window, next to the Material group you want to define, for
example Steel (or another user-defined metal group), Slag or Gas. Click Show
composition.

3. Enter the composition and the Major component of the material you want to save
for future use. You can alternatively select Normalize to total of 100% and enter the
percentages for each element.

4. Click Save material.
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5. In the window that opens, enter a Material name. Click OK.

When you go to the Material Manager, you can select this saved material from the
applicable list if you need to delete it.

l_:%l::' It is not possible to rename a saved material. You would need to
recreate/redefine the material and save it again with the new name.

Deleting a Material
This is done with the Material Manager, located on the Tools — Options window.

1. After Saving a Material, go to the Material Manager.

2. Select the Material group associated to the material saved previously, for example,
Steel (or another user-defined metal group), Slag or Gas.

3. From the Material list, select the material you want to delete and click Delete
material.

4. In the window that opens, click Yes to delete the material and No to cancel.

Creating a Material Group
This is done with the Material Manager, located on the Tools — Options window.

1. Go to the Material Manager.
2. Click Create group.

3. In the window that opens, select the Material group type (Metal, Slag or Gas) you
want to create.

4. Enter a Material group name. The new group is now available to select from the
Material group list.

Deleting a Material Group
This is done with the Material Manager, located on the Tools — Options window.

1. Go to the Material Manager.

2. From the Material group list, select the group you want to delete and click Delete
group.

3. In the window that opens, click Yes or No.
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Plot Renderer

The Plot Renderer is where you define the settings and output results in a diagram that
displays in the Results window. The available Plot Renderer settings are based on the System
Definer and/or calculator activity node predecessors such as the Equilibrium, Scheil, Binary,
Ternary, and Property Model Calculators. Setting availability is also determined by the
calculation type as well as if you have the add-on Diffusion, Precipitation, or Process
Metallurgy Modules. If you used any of the templates, the Plot Renderer is automatically
added to the Project tree.

b "Configuration Settings" on the next page

There are additional details for more advanced settings and the add-on modules:

D "Plotting Options" on page 209, "Diffusion Calculator Plot Renderer" on
page 185, and "Plot Renderer" on page 189

PLOT TOOLBAR

Setting/Button  Description

. Save the plot diagram. From the Save window, choose the file type—png (the
Save Diagram default), jpg, ps, pdf, gif, svg, or emf. For PNG and JPG files you can also change the

| image quality.

[ "Saving and Printing the Output (Graphical Mode)" on page 205

Show Triangular 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.

Show Grid
Overlay a grid on the diagram.
Switch Axes
Show the plotting X axis variable on the diagram’s Y-axis, and the Y axis variable on
L . the diagram’s X-axis.

Toggle the default to keep labels displaying on the plot. By default labels are

Retain Labels >
retained.
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Setting/Button  Description

o=

Configuration Settings

p  "Working with Plots and Tables" on page 204

The following is an example of the Configuration window for a Plot Renderer that is the
successor to a Property Model Calculator. For some specialized calculators there is
additional functionality available and described with the individual topics.

Configuration b3
@ Plot Renderer 1
Gl b i &
Save Diagram Show Triangular Show Grid Switch Axes |Retain Labels
|| Property Model Calculator: Coarsening |
Tie lines: 0= Plot type: :Heat map v: Interpolate: :Ne\rer v:
X Axis
Axis variable: | Mass percent Cr -
Axis type: Linear -
Limits: 500.0 to|3000.0 step|250.0
Y Axis
Axis variable: | Mass percent C -
Axis type: Linear -
Limits: 500.0 to|3000.0 step|250.0 Automatic scaling
Z Axis
Axis variable: :Coarsening rate coefficient v:
Axis type: :Linear v:
Limits: 500.0 to|3000.0 step|250.0 Automatic scaling
e
’ (%] ” ” ’ Add Predecessor ” Perform ] Create New Successor = ‘

b "Plot Settings: TTT Mode" on page 185, "Diffusion Calculator Plot Renderer" on

page 185, and "Plot Renderer" on page 189

b Also see "Working with the Process Metallurgy Module" on page 151 for additional

detail for the Process Metallurgy Calculator.
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Examples of Calculation Type Differences

GRID

If you choose a Grid calculator type, select a Plot type and whether to Interpolate the data
or not. With these calculation types you can choose to plot a Heat map, Contour or 3D
diagram. See "Heat Map, Contour and 3D Plots" on page 217.

For a Grid the X- and Y-axes always represent the quantities that define the calculation 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).

UNCERTAINTY

For an Uncertainty calculation type, you choose an Axis type: Frequency, Histogram or
Normal probability.

There are different axis types available such as Linear, Logarithmic, Logarithmic 10, and
Inverse.

Settings

The options along the top of the window are available for many of the calculation types (e.g.
Phase diagram, One-axis, Min/Max, Uncertainty and so forth).

Tie-lines

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.

= This setting is not available if the Plot Renderer is a successor to an Equilibrium
Calculator where only one axis is defined and varied (that is, an Equilibrium
Calculator that has performed a stepping calculation).

Legend option
Select whether the diagram’s legend displays the Stable phases, the Axis quantity, or

choose Off for no legend.

Legend style
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You can select a Legend style for the Stable phases or Axis quantity selected for Legend
option. Choose None, All, Constitution description, or Ordering description.

b "About Legend Styles" on page 236

Grouped mode or Flexible mode

For a One axis calculation type, the Grouped mode or Flexible mode available on the Plot
Renderer help you more easily define the plot quantities.

« Use Grouped mode to add and configure groups of axis quantities at the same time
and of the same type. For example, change units or settings in groups with similar
settings like temperature units or axis types.

« Use Flexible mode to individually add and configure axes quantities and change the
units or other associated settings one at a time.

b "Plot Settings: TTT Mode" on page 185

Plot type (Grid)
These settings are for a Grid calculation type.

b "Heat Map, Contour and 3D Plots" on page 217

e On a Heat map diagram, each Z-axis variable value in the grid is represented by a
colour-coded area, where dark red represents the highest Z-axis variable value and
dark blue represents the lowest Z-axis variable value.

e On a Contour diagram, Z-axis variable values are traced with curves in the same
way that height values are traced with curves on a topographical map. The colors
used originate from the different data series.

e On a 3D diagram, the 3D surface is created by Delaunay tesselation of the calculated
data. The surface uses a cold to warm color map where red represents the highest Z-
axis variable value and blue represents the lowest Z-axis variable value. The color
map color legend can be turned on or off with the legend option.

Plot type: |3D w | Interpolate: | Mewver «w | Legend option: |On
On h‘

Interpolate (Grid)
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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 to improve curve smoothness — Never,
20x20, 50x50, or 100x100. Try different settings for your own set of data.

Label decimal digits

Choose the number of decimal digits to display in the plot label. The default is 2.

Label number format

Choose from Auto (the default), Decimal or Scientific.

AXis variable

Set the state variable you want plotted along the X-axis and the Y-axis.

@ 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 quantities.

Axis type

Select the type of axis scale: Linear, Logarithmic, Logarithmic 10 or Inverse.

Automatic scaling

The Automatic scaling check box is selected by default to allow the program to set the
limits.

Limits
This setting is available when the Automatic scaling check box is cleared (the scaling is
turned off).

Enter the lower and upper Limits of the variables to display on the axis. You can also
determine the step size between the tick marks along each axis.
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@ If the Automatic scaling is turned off (i.e. the check box is not selected) then it
is important to enter a large enough number in the step field for the numerical
values to display correctly on the axis. That is, if the step size is too small, the
program ignores this setting and the axis labels will not be as expected.

= For logarithmic axes, the step size is related to the exponent. For example, if the
step entered is 1.0, then the exponent increases by one each time (109, 1078,
107 and so forth).

Contour values and Use custom contour values (Z-axis, contour plots).

The Use custom contour values check box is available when Contour is selected as the Plot
type. Select this check box to enter one or a series of numbers in the Contour values field.
Numbers can only be separated by a space.

Add an axis and Remove this axis buttons

Use the Add an axis & and Remove this axis @ buttons to add additional X- and/or Y-axes to
a plot or to merge plots (to overlay one plot with another in the same diagram). When
merging plots, you define this variable as the Z-axis.

b "Plotting Options" on page 209

Slag Property Options (Process Metallurgy)

For the Process Metallurgy Calculator when you are selecting axis variables on the Plot
Renderer, there is the option to choose Slag property. The associated quantity that you
select from the next drop-down list has these options to choose: All, B2, B3, B4, Bas2, Bells
ratio, Ls, or Log10 (Sulphur capacity).

Also choose In liquid slag only, In solid slag only or In all slag.

b References and equations for these properties are described in "Process Metallurgy
Slag Properties" on page 160.

Unit (Process Metallurgy)

For the Process Metallurgy Calculator select a Unit for the quantity to plot: Tonne,
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Kilogram, Gram or Pound

Plot Settings: TTT Mode

p  "Configuration Window Settings" on page 106 and "Configuration Settings" on
page 180

p  "About the Steel Property Models in Thermo-Calc" on page 99

Use TTT mode to define the Temperature on the y-axis and Time on the x-axis for all
selected quantities. The TTT mode is available for a Plot Renderer when it is a successor to
a Property Model Calculator that meets the following requirements:

« If you are using both the Martensite temperatures and Pearlite property models
together this mode is available. These models also require specific maintenance and
database licenses.

« A One axis Calculation Type is selected.

An example of when to use TTT mode is to configure the Temperature Unit and Axis type at
the same time for both the Ms and Growth rate quantities. This mode is available when both
time and temperature quantities are selected and set up to plot a Time-Temperature-
Transformation (TTT) diagram.

When you add the Steel Library - TTT Template this mode is set by default on the Plot
Renderer (renamed TTT in the template). It is also available if a user-defined property
model has both Time and Temperature quantities defined, for example if you create your
own property model with the Property Model Development Framework. That is, if you select
or create any model where the resulting combination of stepping-quantity and result-
guantities has both time and temperature definitions.

b "Steel Library TTT Diagram Template" on page 33

Diffusion Calculator Plot Renderer

P "Conditions Tab Settings" on page 112 and "Configuration Settings" on page 180

The following is information about the settings available in both Simplified and Advanced
mode for a Plot Renderer when it is a successor to a Diffusion Calculator.

Simplified Mode

When you open the Diffusion Calculator Plot Renderer, it defaults to Simplified mode. Use
this mode to define the most common axis variables. The software automatically sets the
correct Plot condition and Independent variable. Use the Advanced mode to have more
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flexibility.

@ When you click the Switch to advanced mode button, this expands the variable
options available from both the X-axis and Y-axis lists. Otherwise the axis
variables default to the most logical combination.

X-AXIS VARIABLE

Select the variable for the x-axis: Distance or Time.

« For Distance also choose a unit (m, pm, or nm) and what region to include. The list
contains the regions defined on the Diffusion Calculator or you can choose All
regions.

« For Time choose a unit (Seconds, Minutes, Hours, or Days).

Y-AXIS VARIABLE

Select the variable to plot on the y-axis. The available options are based on choices such as
whether Distance or Time is chosen for the x-axis, whether isothermal or non-isothermal is
selected, whether there is a homogenization solver, or if there is one or more regions.

Distance along the x-axis

If Distance is plotted along the x-axis, then by default the Composition is plotted along the
y-axis.

o From the center list, choose the component to plot, or select All.

o From the next list, choose the unit to be Mass percent, Mole percent, Mass
fraction, Mole fraction, or u-fraction.

Time along the x-axis (one region)

If Time is plotted along the x-axis, then choose the y-axis variable to plot plus the additional
settings:

» Total phase fraction: By volume or By mass. Then select a phase from the list.

o Total fraction of element: By mole or By mass. Then select a component from the
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list.

« Total fraction of element in phase: By mole or By mass. Then select a component
and a phase from the lists.

o For a non-isothermal thermal profile Temperature is available: Kelvin, Celsius, or
Farenheit.

Distance along the x-axis (Homogenization)

If Distance is plotted along the x-axis and a Homogenization solver is being used, then
choose Composition or Phase fraction to plot on the y-axis. Then select the applicable
settings.

« Choose the component to plot, or select All and the unit Mass percent, Mole
percent, Mass fraction, Mole fraction, or u-fraction.

o Choose By mole or By mass then select a component from the list.

Time along the x-axis (two or more regions)
If Time is plotted along the x-axis, then choose the y-axis variable to plot plus the additional
settings:

« Total phase fraction: By volume or By mass. Then select a phase from the list.

« Total fraction of element: By mole or By mass. Then select a component from the
list.

« Total fraction of element in phase: By mole or By mass. Then select a component
and a phase from the lists.

« Composition at interface: Mass percent, Mole percent, Mass fraction, Mole
fraction. Then choose a Region and whether it is Upper or Lower and a component.

« Position of interface: Choose a unit (m, um, or nm) and the interface.
« Velocity of interface: Choose a unit (m, pum, or nm) and the interface.
o Width of region: Choose a unit (m, pum, or nm) and the interface.

o For a Non-isothermal profile, Temperature is available. Choose a unit Kelvin,
Celsius or Fahrenheit.

AXIS TYPE

Select the type of axis scale: Linear, Logarithmic, Logarithmic 10 or Inverse.

LiMmITS
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Specify the range along the axis to show in the plot. In the fields, enter the minimum and
maximum values of the axis variable. You can also determine the step size between the tick
marks along each axis.

Select the Automatic scaling check box to allow the program to set the limits.
TIME

EJ’ An alternative Time setting is available in Advanced mode.

When the x-axis variable is Distance, choose a Time unit (Seconds, Minutes, Hours, or
Days). Enter a numerical value.

ADD AND REMOVE AXES

Use the Add an axis® and Remove this axis® buttons to add additional X- and/or Y-axes to
a plot or to merge plots (to overlay one plot with another in the same diagram).

Advanced Mode

Choose Advanced mode to access settings that enable you to manually select any
combination of axis variables, Plot condition and Independent variable. Examples of
advanced plot options are activity of a component at an interface, diffusivities, and diffusion
paths. Also user-defined functions can be used as plot variable where Console Mode syntax
is used to define functions. In some cases, sensible default values are selected, but they can
be changed according to your needs.

PLOT AXIS SETTINGS IN ADVANCED MODE

« If any plot axis variable of the type Integral is selected, then the plot condition is set
to Integral and the Independent variable is set to Time.

« If a plot axis variable is set to Time then the plot condition is set to Time and the
Independent variable is also set to Time.

o If a plot axis variable is set to Distance then the plot condition is set to Distance or
Interface and the Independent variable is set to Distance.
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Plot condition

Independent Variable settings based on the Plot
condition

Time: Choose a unit
(Seconds, Minutes, Hours, or

The default is Distance: Choose a Global or Local distance. A Global
distance is counted from the rightmost interface of the system. A Local

Days). Enter a numerical distance is counted from the lower interface of the Region selected.

value. You can also choose Time, which requires no further settings.

The default is Time and there are no further settings.
Distance: Choose a specific

Region from the list or use
the default All regions.

You can also choose a Global or LocalDistance. A Global distance is
counted from the rightmost interface of the system. A Local distance is
counted from the lower interface of the Region selected.

The default is Distance: Choose a Global or Local distance. A Global
distance is counted from the rightmost interface of the system. A Local
distance is counted from the lower interface of the Region selected.

Interface: From the lists
choose a Region and
whether it is the Upper or

Lower region. You can also choose Time, which requires no further settings.

The default is Time and there are no further settings.

You can also choose a Global or LocalDistance. A Global distance is
counted from the rightmost interface of the system. A Local distance is
counted from the lower interface of the Region selected.

Integral

Plot Renderer

P "Conditions Tab Settings" on page 132 and "Configuration Settings" on page 180

The following is information about the settings available for a Plot Renderer when it is a
successor to a Precipitation Calculator.

There are also specific settings related to non-isothermal simulations that are detailed in
this topic.

Plot Settings

Legend option

Select whether the diagram’s legend displays On or Off.

AXxis variable

Set the state variable you want plotted along the X-axis and the Y-axis.
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Select the Separate multimodal PSD check box to enter settings for Points, Excess kurtosis,
Valley depth ratio and Minimum peak.

b See "Non-Isothermal Simulations" on the next page for definitions.

Axis type

Select the type of axis scale: Linear, Logarithmic, Logarithmic 10 or Inverse.

Limits
Specify the range along the axis to show in the plot. In the fields, enter the minimum and

maximum values of the axis variable. You can also determine the step size between the tick
marks along each axis.

Select the Automatic scaling check box to allow the program to set the limits.

Unit (Time X Axis)

Choose a Unit : Seconds, Hours, or Days.

Add an axis and Remove this axis buttons

Use the Add an axis © and Remove this axis @ buttons to add additional X- and/or Y-axes to
a plot or to merge plots (to overlay one plot with another in the same diagram). When
merging plots, you define this variable as the Z-axis.

Axis Variables

o Mean radius: Spherical radius of average volume of all particles for a specific phase
and nucleation type, regardless of their actual shapes.

o Critical radius: Spherical radius of critical nuclei for a specific phase and nucleation
type.

« Matrix composition: Instantaneous compositions of the matrix phase.

« Precipitate composition: To track the instantaneous composition of precipitate
particles. In particular, it is useful to distinguish different composition sets of the
same phase (for example, FCC_A1#2 and FCC_A1#3). Further choose Solutes or All.

« Number density: Instantaneous number of particles per unit volume for a specific
phase and nucleation type.

Defining and Using the Activity Nodes | 190 of 393



« Size distribution: Number of particles varying with their sizes per unit volume per
unit length, for a specific phase and nucleation type, at a specific time.

o Number density distribution: Retrieve the number density (number of particles per
unit volume) of precipitates distributed in different particle sizes.

Volume fraction: Instantaneous volume fraction for a specific phase and nucleation
type.

Nucleation rate: Instantaneous number of nuclei per unit volume per unit time for a
specific phase and nucleation type.

Normalized driving force: Instantaneous nucleation driving force per unit mole of
elements for a specific phase and nucleation type. It is normalized with RT and
therefore, dimensionless.

« Mean cubic factor: Average cubic factor of cuboid particles. Available only when
cuboid is selected as the Morphology.

The following settings area available as indicated when Needle, Plate or Cuboid are
selected as the Morphology in the Precipitate Phase section on the Precipitation Calculator.

o Cubic factor distribution: Variation of cubic factor with particle size at a specific
time. Available with a cuboid morphology.

« Mean aspect ratio: Average aspect ratio of non-spherical particles. Available with a
needle or plate morphology. Note that this is always larger than 1, where 1 = a
sphere.

« Mean particle length: Diameter of non-spherical particles along the longer axis.
Available with a needle or plate morphology.

« Aspect ratio distribution: Variation of aspect ratio with particle size at a specific
time. Available with a needle or plate morphology.

Non-Isothermal Simulations

When doing non-isothermal simulations it is common that particles grow in different
generations. This results in multi-modal size distributions. To correctly estimate the
properties of these different generations of particles you need to separate the peaks of
multi-modal distributions.

Separate multimodal PSD

When the Separate multimodal PSD check box is selected on a Plot Renderer activity for
the Precipitation Calculator, the size distribution is evaluated at the given time steps and
checked for multi-modal peaks. These are separated and used to calculate the specified
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property.

‘Configuration [
@ Plot Renderer (PSD Ni-8AL-8Cr)
- e ]

Save Diagram Show Triangular Show Grid Switch Axes |Retain Labels
" [ Precipitation N-8AI8Cr |

Legend option: | On ¥

Y Axes

+ ] v

FCC_L12#2 (Bulk)

Axis variable: | Size distribution -
Excess kurtosis: |25.0

* | Time: 400.0 600.0 1470.0

Valley depth ratio: |0.05

| Separate multimodal PSD

Minimum peak: | 100000.0

It can be applied on the following plot properties:

e Mean radius
¢ Size distribution
o Number density

« Volume fraction

Points

This field is available when Mean radius, Number density or Volume fraction is selected as
the Axis variable. Since the evaluation of multi-modality at each time step is costly, you can
specify how many evaluation Points to use. The points are geometrically distributed over
the time scale where nucleated particles are found. The default is 40 points.

Time

This field is available when Size distributionor Number density distribution is selected as
the Axis variable. Enter one or a series of numbers in the field, separated by a space.

For example, if you enter 100.0, 1000.0 and 1
Y Axes
© 7

Axis variable:  Size distribution * AL3ISC (Bulk)

When you click Perform the times are plotted:

.0E7 in the field:

Time:|100.0 1000.0 1.0E7
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Excess Kurtosis

The Excess kurtosis number specifies the sensitivity when the program evaluates whether a
curve is bimodal or not. The evaluation process calculates the excess kurtosis of the given
size distribution and compares it with the input value. If the value is lower than the given
value, the distribution is split. The excess kurtosis is a statistical measure that measures how
peaked and how heavy tail a distribution has. For the definition used see
http://en.wikipedia.org/wiki/Kurtosis. The default is 25.0.

Minimum Separation Limit (Valley Depth Ratio)

The Minimum Separation Limit is a rough method to prevent that noise or wiggles are
interpreted as different distributions. If a local minima is encountered above this value the
following peak is not interpreted as a new distribution. The valley depth ratio is the ratio of
the minimum separation limit to the peak value. The default is 0.01.

Minimum Peak

Any separated peak below the entered Minimum peak value is removed. The default is
100000.0.
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Table Renderer

A Table 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 add the Table Renderer directly (right-click a calculator node and select it from the
Create New Succesor menu) or use a variety of the available templates to automatically
add the node. For example, the Single Point Equilibrium and Quick Start templates.

b For details about the templates, see'"The Quick Start Wizard and Templates" on
page 26 and "Creating a Project from a Template" on page 30.

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. Examples are given below.

b The settings are described in the section "Configuration Settings" on page 197.

RESULTS FROM AN EQUILIBRIUM CALCULATION

The following tab shows the result of an equilibrium calculation (from example "T_01:
Calculating a Single-Point Equilibrium" on page 240).
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Table Renderer 1

System
Males 1.00000
Mass 55.64392 [g]
Temperature 1000.00000  [K]
Total Gibbs Energy -42140.55264 [J]
Enthalpy 24707.16903 [J]
Vaolume 7.29746E-6 [m3]
Component Male Fraction Mass Fraction Activity Potential
Fe 0.99537 0.99900 0.00619 -42277.77189
C 0.00463 0.00100 0.21818 -12658.35450
Stable Phases
Males Mass Volume Fraction
BCC_A2#1 0.99609 55.39691 0.99711  Composition and constitution |
Composition
Component Male Fraction Mass Fraction
Fe 0.99928 0.99984
C 0.00072 0.00016

Constitution (Fel; (GVA),
Constituent Site Frachion

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.

=2 The default for the Phase description detail can be changed globally. To open
the Options window:From the main menu select Tools - Options and click the
Activities tab. Then click Tabulation.

RESULTS FROM A STEPPING OPERATION

The Table Render 1 tab in the example shows the results of a stepping calculation (from
example "T_02: Stepping in Temperature in the Fe-C System" on page 242).
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Plot Renderer 1

able Renderer

Temp: [K]l A t of BCC_A2 [mol] Amount of LIQUID [mol] Amount of FCC_A1 [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 0.00000E0
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

107000000 072180 0 25870
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PROCESS METALLURGY MODULE SINGLE EQUILIBRIUM

When you use a Process Metallurgy Calculator, there is a variety of additional information
you can display in the table such as the Slag properties (see "Process Metallurgy Slag
Properties" on page 160 for equations and references) and the Actitivies.

Configuration x Results
% Table Renderer 1 | Composition of liquid metal Camposition of liquid slag  Amount of phase groups ; Table Renderer 1

007920 [Mass percent]

— z

Decimal digits: | 5-2 Mumber format: |Auts | Temperg -C

Save table -Fe0 000424  [Mass percent]
-Fe,0; 000001 [Mass percent]

Allstable phases Compositian ~ Sold oxides (HALITE#1) L0600 [4
Slag properties Al | [Liquid v FE EESa733 I Marcpercat]
-0 28.52994 [Mass percent]
Activity Al ~ Reference solid oxide - Al 0.00166 [Mass percent]
Fe 000047  [Mass percent]
-si 000000  [Mass percent]
@ @ [ |composition of phase Al elements AF | I-C 0.00000  [Mass percent]

Slag properties(All)
-B

. 4.28215

Activities (Reference solid oxide)

Component Activity Reference phase
-AlL0, 0,00244 CORUNDUM

-cao 0.99994 HALITE

-C 0.65889 GRAPHITE

-Fe0 0.00005 HALITE

-FeOy 1.11858E-15 CORUNDUM

-5i0, 0.00005 QUARTZ

For the activities in the table, you can hover over the Component and the syntax of the
activity displays.

Activities (Reference solid oxide)
Component

- Cal E -
o [Acrarzo3 corunoum)]

- FeQ

-Fe0y

L 5‘02

Configuration Settings

The Table Renderer settings are done on the Configuration window. Depending on what
calculator node the table is a successor to, you can have different settings available. For
most tables, this is where you set the level of detail for the columns as shown in the figure.

|| Table Renderer 1

LOJ Decimal digits: 5k Number format: | Auto W
Save table
Columns
0 Temperature v | |Kelvin v
2 Amount of phase v | |No normalization w | Allphases w | Mole v

Defining and Using the Activity Nodes | 197 of 393



Save the Table

To save all the data in a table as a plain text file (.txt), Hyper Text Marketup (.html), or Excel
(.xIs) format, 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.

|_:§‘;|¢ The data saved is what is shown in the Table Renderer tab on the Results
window. If data is calculated but not displayed it is not saved.

Number of Decimal Digits and Number Format

The table results can be presented in ordinary decimal number format or with normalized
scientific notion. Choose Scientific or Decimal to increase or decrease the number of
Decimal digits used in the table. The default is 5 digits. The Number format defaults to
Auto to use the most appropriate format based on the tabulated data.

E‘p The defaults for these settings can be changed globally. From the main menu
select Tools - Options and click the Activities tab. Then click Tabulation.

Process Metallurgy Settings

For the Process Metallurgy Calculator there are additional settings available.

Configuration
[ Table Renderer 1
_‘J Decimal digits: 55| MNumber format: |Auto « | Temperature unit |Kelvin + | Massunit Tonne
Save table

All stable phases Composition ~

Slag properties Al

Activity All i Reference solid oxide -

& [ |compesition of phase All elements AF Mass percent

Choose a Temperature unit: Kelvin, Celsius or Fahrenheit.
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Choose a Mass unit : Tonne, Kilogram, Gram or Pound.
Select the All stable phases check box and choose Composition or Condensed from the list.

Select the Slag properties check box and choose the associated quantity from the next drop-
down list: All, B2, B3, B4, Bas2, Bells ratio, Ls , or Log10 (Sulphur capacity).

Also choose In liquid slag only, In solid slag only or In all slag.

b Details, including references and equations, are described in "Process Metallurgy Slag
Properties" on page 160.

Select the Activity check box then from the first list choose a component (or keep the
default All). Then from the second drop-down list select Reference solid oxide or Reference
liquid slag.

The activity is always given relative to a phase. The liquid slag is always the IONIQ_LIQ
phase. The composition set of ION_LIQ depends on the calculation and the slag always
contains a high amount of oxygen. The reference phase for the solid oxides depends on the
components and it is always listed in the table.
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Thermo-Calc Documentation Set

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.
From this activity node you can plot the EXP file or save a copy of the file to another
location.

b "Creating Activities and Successors" on page 13 and "Plotting Experimental Data Files'
on page 4 in the DATPLOT User Guide included with this documentation set.

PLOTTING AN EXPERIMENTAL DATA FILE

1. Right-click My Project and from the Create New Activity submenu choose
Experimental File Reader.

2. In the Configuration window in the EXP file field, enter the name of the EXP file to
plot. Or click the Select Exp file button to navigate to a location on the computer.

3. Right-click the Experimental File Reader node and from the Create New Successor
submenu choose Plot Renderer.
If the source EXP file is changed, you can also click the Reload the selected EXP file

from disk = button to refresh the data. If you want to save or export the loaded file,

click the Save EXP file = button, then navigate to where you want to save it and
give it a file name.

4. In the Configuration window click Perform or right-click the Plot Renderer node
and select Perform.
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Scheduler and Event Log Windows

In this section:

Using the SchedUler . 202

Event Log WindoW ..o 203
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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.

ABOUT THE SCHEDULER JOBS

« 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
disappear 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.

P "Node or Window Status Markers" on page 17

Scheduler *

.2 Scheduled Jobs
— &l Jobno 1
---[F| Equilibrium Calculator 3 (127.0.0.1)
24" Jobno 2
-7 Stable and metastable FE-C phase diagram
-l system Definer 1
bl system Definer 2

e[| Equilibrium Calculator 2
-4 Plot Renderer 1

-8}, Equilibrium Calculator 1(127.0.0.1)

MANAGING THE SCHEDULE

In the Scheduler window, you can cancel scheduled jobs, remove errors and show
information about errors.

o To cancel all jobs: Right-click the Scheduled Jobs label or the cogwheel icon, and
select Cancel All Jobs

o Toremove (clear) all failed activities and jobs: Right-click the Scheduled Jobs label
or the cogwheel icon, and select Clear All Errors

« To cancel a specific job: Right-click the job label (for example, Job no 1) and select
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Cancel Job

« 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

Event Log Window

The Event Log window is closed by default. Information about what Thermo-Calc is
processing or doing is in blue text and error or warning messages are in red text.

P "Changing Global Settings" on page 36

Event Log |

I3To0:348, /ol INFU LENCELLINg SCCIVITY: EQUITIGEIUM LalCUlator L =
14:50:34,751 INFC Cancelling activity: Ploct Renderer 1

14:50:36,266 WARN The subprocess completed with status code 2: the execution was
cancelled by the user

14:50:36,376 ERROR Gobbled: 14:50:36,376 ERROR Error when executing the activity:
Error when sending a remote event: Software caused connection abort: socket w

rite error

14:50:36,594 WABN The subprocess completed with status code 2: the exec

ution was cancelled by the user

15:36:25,495 INFQ Activity was renamed to Appended System 1 W

o To open the Event Log window: Click the Event Log window once to expand it or
select it from the Window -» Event Log menu. Double-clicking the window
maximizes it

o To specify the level of detail in the Event Log: From the main menu select Tools
->O0ptions. In the General tab set the Log level slide bar to anything between Debug
(most detailed) and Error (least detailed)
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Working with Plots and Tables

In this section:

Performing Projects, Trees and ActiVities ... .. 205
Saving and Printing the Output (Graphical Mode) ... ..., 205
Zooming In and OUt L 207
Plotting O PtiONS ..o 209
Plot and Table Formatting .. ... o 232
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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.

=) 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:

o Perform an activity: Right-click the activity and select Perform Now, or Perform
Later and schedule a time to perform the activity

o 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

o 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

=7 Ifthereis an error during the performance of an activity, icons display status
markers, which are described in "Node or Window Status Markers" on page 17.

Saving and Printing the Output (Graphical Mode)

P "Global Settings: Graphical and Console Mode Plotting" on page 47

Q Output can refer to results in the form of tabulated data in a table or a
diagram.
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Q The terms diagram and plot are interchangeable. The commands in Console
Mode generally use the term diagram and in Graphical Mode it is also called a
plot (e.g. the Plot Renderer).

In Graphical Mode the output is displayed in the Results window. The output can be in the
form of a table when you use the "Table Renderer" on page 194 or a diagram (plot) when
you use a "Plot Renderer" on page 179. In both cases you can save from the Configuration
or Results windows. You can print the table or diagram from the Results window.

Saving Diagrams

You can save the output in a variety of file formats. For JPG and PNG images you can also
adjust the image quality.

E In Console Mode, the diagram is output to the Console Results window after
using the PLOT_DIAGRAM command.

Q In Graphical Mode, the diagram is output to the Results window after
performing a tree that includes a Plot Renderer.

1. In the Results window, right-click the diagram and select Save as.

I;I In the Graphical Mode Configuration window you can also click the Save
Diagram (or Save table) buttons to open the Save window.

2. In the Save window:
a. Navigate to where you want to save the diagram.

b. Enter a File name.

c. From the Files of type list choose png(the default), jpg, ps, pdf, gif, svg, or
emf.

d. For PNG and JPG files only, under the Image Quality section, choose to
improve the resolution of the image. For JPG files you can also adjust the file
size.

o To change the resolution of a PNG or JPG image, click to clear the Use
screen resolution check box. Then enter a numerical value in the Dots
per inch (DPI) field.

« For JPEG files, you can also use the slider to choose a number between
0 and 1 for the JPG quality. The default is 0.9. The lower the number,
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the smaller the file.

Iﬂ‘ File name: Fe-C Male Frach’on|
Metwork ’
Files of type: | Jaint Photographic Experts Group [*.jpa] ~ Cancel

Image Guality
Dots per inch (DPI): 300 [] Use default resolution

JPG quality: ' 0.9

N

e. When you are ready, click Save.

Saving Tables
You can save the table output in different file formats.

I;l In Graphical Mode, the diagram is output to the Results window after
performing a tree that includes a Table Renderer.

1. In the Results window, right-click the table and select Save as. Or in the Graphical
Mode Configuration window click the Save table button.

2. In the Save window:
a. Navigate to where you want to save the table.

b. Enter a File name.

c. From the Files of type list choose txt(the default), html, or xls.

d. When you are ready, click Save

Printing Output

In the Results window, right-click the table or diagram and choose Print. Select additional
settings as required on the Print window.

Zooming In and Out

In the Results window (where the plots are):

¢ Use the mouse scroll wheel to zoom in and out.

e Click and drag the mouse from left to right to highlight an area of the plot to zoom
into a specific point. Use the scroll wheel to continue zooming in or out.
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Resetting a Plot to the Default View

e For 2D plots, click and drag the mouse from right to left.

o For 2D and 3D plots, click Perform Tree to regenerate the plot in the Results
window.

P "Rotating 3D Plots" on page 231

In the Project window (where the activity nodes are):

o Right-click and select Zoom In or Zoom Out.

« To go back to the default zoom, select Reset Zoom.
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Plotting Options

The "Plot Renderer" on page 179 is a dynamic activity node with options such as being able
to:

« add more than one Plot Renderer to its predecessor node (i.e. one of the calculator
activities),

« add axes to the plots, and

e merge results in one plot.

PLOTS CAN HAVE MORE THAN ONE PREDECESSOR

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 T_04.

b "Plotting Several Calculations in One Diagram" on page 212
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ADD AXES TO PLOTS

You can add additional X- and/or Y-axes to a plot to compare two or more variabl