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SYS: @@ Calculation of the Fe-C binary phase diagram.

SYS:

SYS: @@ This example calculates the binary Fe-C phase
SYS: @@ diagram using the Binary module.

SYs:
SYS: set-log e
SYS:

x01,,,

SYS: @@ The log file is set to get command echo.
SYS: @@ The menu is shown by typing a question mark "2"

sYs: 2
ABOUT
BACK
CLOSE_FILE
DISPLAY_LICEN
EXIT
GOTO_MODULE
HELP

the command in full is HELP

HP_CALCULATOR
INFORMATION
MACRO_FILE_OPEN
SE_INFO OPEN_FILE
SET_COMMAND_UNITS
SET_ECHO
SET_GES_VERSION

SET_INTERACTIVE_MODE
SET_LOG_FILE
SET_PLOT_ENVIRONMENT
SET_TC_OPTIONS
SET_TERMINAL
STOP_ON_ERROR

SYS: @@ When you give a command the program may ask questions.
SYS: @@ You may obtain help for each question by typing a ?
SYS: @@ If you accept the default answer suggested /within slashes/

SYS: @@ just p
SYs: info

ress "return"

the command in full is INFORMATION

WHICH SUBJECT
WHICH SUBJECT
Specify a sub

TCC, TC4A, TC
TQ, TCMI, etc

/PURPOSE/: ?

ject (or its abbreviation as long
4U, TAB, TDB, TERN, TC-TOOLBOX, T
.) on which information should be

as it is unique, e.g.,
HERMO-CALC ENGINE,
given, from the following

subjects that are important to the use of the SYS Module:

PURPOSE (Introducing the THERMO-CALC Software Package)
L THERMODYNAMICS TCC - THERMO-CALC CLASSIC
O-CALC FOR ACADEMIC TC4U - THERMO-CALC FOR UNIVERSITY

COMPUTATIONA
TC4A - THERM:
MODELS IN TH
DATABASES IN
STATE VARIAB
EXTENSIVE VA
UNITS

SYSTEM UNITS
PHASE UNITS

PHASE-SPECIE

PHASE DIAGRAMS

TDB (DATABAS

ERMO-CALC MODULES OF

THERMO-CALC

THERMO-CALC FUNCTIONALITY OF THERMO-CALC
LES INTENSIVE VARIABLES
RIABLES DERIVED VARIABLES

BASIC UNITS

COMPONENT UNITS
PHASE-COMPONENT UNITS

S UNITS USER-SPECIF

E RETRIEVAL) GES (GIBBS

IED UNITS

PROPERTY DIAGRAMS

ENERGY_SYSTEM)

POLY (EQUILIBRIUM CALCULATIONS) POST (POST_PROCESSOR)
PARROT (ASSESSMENT) ED_EXP (EDIT_EXPERIEMENT)
BIN (BINARY_ DIAGRAM) TERN (TERNARY DIAGRAM)

POT (POTENTIAL_DIAGRAM) POURBAIX (POURBAIX_DIAGRAM)
TAB (TABULATION) CHEMICAL EQUATION

SCHEIL (SCHEIL_SIMULATION) REACTOR (REACTOR_SIMULATOR)
SYS (SYSTEM UTILITY) FOP (FUNCTION_OPT_PLOT)

USER INTERFA
APPLICATIONS
API - PROGRAI
TC-TOOLBOX I

CE OF THERMO-CALC GUI (GRAPHI
OF THERMO-CALC THERMO-CALC
MMING INTERFACE TQ/TCAPI IN
N MATLAB SOFTWARE

CAL USER INTERFACE)
ENGINE
TERFACES

TCMI MATERIALS INTERFACE

GLOBAL (Global Minimization Technique in the Thermo-Calc software)

DICTRA

NEWS

WHICH SUBJECT
PURPOSE

/PURPOSE/ :

INTRODUCTION to the System Utilit

(Diffusion-Controlled Transformation Simulation Software)
HELP (How to get on-line help in the TCC software)
(Revision History and New Features of the TCC Software)

y Module (SYS)

ok kK kK Kk kK Kk kK ok kK ok kK k kK Kk ok Kk ok Kk kK k kK Kk ok Kk k Kk ok Kk kK Kk

Thermo-Calc is one of the most powerful and flexible software package

in the field

of Computational Thermodynamics.

It has been widely used

for all kinds of thermochemical calculations of complicated heterogeneous
phase equilibria and multicomponent phase diagrams. Available for most
platforms, the Thermo-Calc software provides you with basic thermodynamic

necessities,
and thermodyn

such as equilibrium calculations

phase and property diagrams,

amic factors (driving forces) in multicomponent systems.

Thermo-Calc features a wide spectrum of models, making it possible to
perform calculations on most complex problems involving thermodynamics.

Thermo-Calc consists of several basic and advanced modules for equilibrium

calculations,
thermodynamic
parameters, e
graphical pre

Thermo-Calc facilitates a comprehensive data bank of assessed thermochemical

data for the

databases covering a very wide range of industrial materials and applications.

phase and property diagram calcu
quantities, database management,
xperimental data manipulations, a
sentations.

phases in various systems, and th

lations, tabulation of
assessment of model
nd post-processing of

ere are many comprehensive

Thermo-Calc enables you to establish your own databases through critical

set-echo



assessment based on all kinds of experimental information.

Thermo-Calc presents the standard thermodynamic calculation engine that

has the fastest and most stable mathematical and thermodynamic solutions.

Any other software that requires precisely calculated thermochemical
quantities can make use of the Thermo-Calc Engine through the TQ and
TCAPI programming interfaces.

The advantages of Thermo-Calc are its multiple applications. Several
departments or divisions at the same company, institute or university
can use the packages for different purposes. Proven application examples
include industries such as steel plants, aerospace, transportation, and
manufacturing. With the facilities provided by Thermo-Calc, you can
optimize your materials processes to produce a higher yield, better
product at a lower cost.

The classical versions of both Thermo-Calc and DICTRA software have a
so-called System Utility Module (under the SYS prompt), which provides
the primary controls on inter-module communication, MACRO-file creation
and operation, working and plotting environmental setting, and command

information searching. They are essential for properly performing ordinary
calculations, desirably obtaining calculated results, and easily conducting

various tasks.

It also facilitates some odd features, such as user interface setting,

command unit setting, error reporting preference, terminal characteristics

definition, workspace listing, open or close of a file through a unit,
interactive calculator, news retrieval, etc. Some of such odd commands
are used for performance preference of the users, and some are designed
for debugging of the programmers. Few odd commands are included only for
some special purposes, which might have been obsolete in later versions.

The following commands are available in the SYS module:

SYS:?

ABOUT HP_CALCULATOR SET_LOG_FILE

BACK INFORMATION SET_PLOT_ENVIRONMENT
CLOSE_FILE MACRO_FILE_OPEN SET_TC_OPTIONS
DISPLAY_LICENSE_INFO OPEN_FILE SET_TERMINAL

EXIT SET_COMMAND_UNITS STOP_ON_ERROR
GOTO_MODULE SET_ECHO

HELP SET_INTERACTIVE_MODE

SYS:

Revision History of the SYS Module User's Guide:

Mar 1985 First release
(Edited by Bo Sundman)
Oct 1993 Second revised release
(Edited by Bo Sundman)
Sept 1996 Third revised release
(Edited by Mikael Schalin and Bo Sundman)
Jun 2000 Fourth revised and extended release
(Edited by Pingfang Shi)
Nov 2002 Fifth revised release
(Edited by Pingfang Shi
Jun 2004 sSixth revised and extended release
(Edited by Pingfang Shi)
Aug 2006 Seven revised and simplified release
(Edited by Pingfang Shi)
Apr 2014 Eighth simplified release

WHICH SUBJECT:

SYS:Hit RETURN to continue

SYS: @@ For a binary phase diagram calculation we use the binary module
SYS: go

... the command in full is GOTO_MODULE

MODULE NAME: ?

NO SUCH MODULE, USE ANY OF THESE:

SYSTEM UTILITIES

GIBBS_ENERGY_SYSTEM

TABULATION_REACTION

POLY 3

DICTRA_MONITOR

BINARY DIAGRAM EASY

DATABASE_RETRIEVAL

DIC_PARROT

REACTOR_SIMULATOR_3

PARROT

POTENTIAL_DIAGRAM

SCHEIL_SIMULATION

OLD_SCHEIL_SIM

POURBAIX_ DIAGRAM

TERNARY_DIAGRAM

MODULE NAME: BIN

THERMODYNAMIC DATABASE module

Current database: Steels/Fe-Alloys v9.0

VA /- DEFINED
L12_FCC B2_BCC DICTRA_FCC_Al
REJECTED

Simple binary phase diagram calculation module

Database: /TCBIN/: TCBIN
Current database: TC Binary Solutions wvl1.1

VA /- DEFINED
BCC_B2 FCC_L12 FCC_L102
D021 _HCP REJECTED
First element: fe
Second element: c
Phase Diagram, Phase fraction (F), G- or A-curves (G/A): /Phase Diagram/:
the command in full is REJECT
VA /- DEFINED
BCC_B2 FCC_L12 FCC_L102
DOZliHCP REJECTED
REINITIATING GES .....
the command in full is DEFINE_ELEMENTS

c FE DEFINED
LIQUID:L IONIC_LIQUID:Y FCC_Al
BCC_A2 A2_BCC HCP_A3
HCP_2ZN DIAMOND_A4 GRAPHITE_AY
CBCC_Al2 CUB_A13 B2_FEPD

cl4 LAVES C15 LAVES D011 CEMENTITE

Phase-Diagram



D82_FEZN_GAMMA
FE3AS2

L12_FEPD3

FEZN4

ALSFE4
FEZN_DELTA

REJECTED
RESTORED

FEZN_ZETA
LIQUID:L
FCC_Al RESTORED
BCC_A2 RESTORED
DO11_CEMENTITE RESTORED
GRAPHITE_A9 RESTORED
DIAMOND_A4 RESTORED

the command in full is GET_DATA
ELEMENTS
SPECIES
PHASES

the command in full is AMEND_ PHASE_DESCRIPTION
... the command in full is AMEND_ PHASE_DESCRIPTION
PARAMETERS
FUNCTIONS
List of references for assessed data
'A T Dinsdale,

SGTE Data for Pure Elements, Calphad 15(1991)4 p 317-425;

'P Gustafson, Scan J Metall 14(1985) p 259-267; C-Fe'
—_OK-
the command in full is SET_AXIS_VARIABLE
The condition X(FE)=.1234 created
the command in full is SET_AXIS_VARIABLE
The condition T=1319.08 created
the command in full is SET_REFERENCE_STATE
the command in full is SET_REFERENCE_STATE
the command in full is SAVE_WORKSPACES
the command in full is SET_CONDITION
... the command in full is SET_ALL_START_VALUES
Forcing automatic start values
Automatic start values will be set
the command in full is COMPUTE_EQUILIBRIUM
... the command in full is COMPUTE_EQUILIBRIUM
Start points provided by database
the command in full is SAVE_WORKSPACES
Version S mapping is selected
Organizing start points
Generating start point 1
Generating start point 2
Phase region boundary 1 at: 9.944E-01 1.100E+403
BCC_A2
** FCC_Al
Calculated. 5 equilibria
Phase region boundary 2 at: 9.838E-01 1.011E+03
BCC_A2
** FCC_AL
** GRAPHITE_A9
Phase region boundary 3 at: 4.996E-01 1.011E+03
BCC_A2
** GRAPHITE_A9
Calculated.. 30 equilibria
Terminating at axis limit.
Phase region boundary 4 at: 4.845E-01 1.011E+03
FCC Al
** GRAPHITE_A9
Calculated. 18 equilibria
Phase region boundary 5 at: 4.561E-01 1.427E+03
** LIQUID
FCC_Al
** GRAPHITE_A9
Phase region boundary 6 at: 8.690E-01 1.427E+03
** LIQUID
FCC_Al
Calculated. 15 equilibria
Phase region boundary 7 at: 9.840E-01 1.768E+03
** LIQUID
*%* BCC_ A2
FCC Al
Phase region boundary 8 at: 9.939E-01 1.768E+03
** BCC_A2
FCC_Al
Calculated 25 equilibria
Phase region boundary 9 at: 9.858E-01 1.768E+03
LIQUID
** BCC_A2
Calculated 20 equilibria
Phase region boundary 10 at: 4.129E-01 1.427E+03
** LIQUID
GRAPHITE_A9
Calculated.. 44 equilibria
Terminating at axis limit.
Phase region boundary 11 at: 9.841E-01 1.011E+03
BCC_A2
** FCC_AL
Calculated 25 equilibria
Phase region boundary 12 at: 9.944FE-01 1.100E+03
BCC A2
** FCC_AL
Calculated 16 equilibria

*** BUFFER SAVED ON FILE:
c:\jenkins\workspace\Thermo-Calc-Generate-Console-Examples\examples\tcex01\BINA
RY.POLY3

CPU time for mapping 1 seconds

POSTPROCESSOR VERSION 3.2

Setting automatic diagram axes



POSTPROCESSOR VERSION 3.2

Setting automatic

the command
the command
the command

diagram

in full
in full
in full

axes

is SET_TIELINE_STATUS
is SET_LABEL_CURVE_OPTION
is PLOT_DIAGRAM

C FE
2018.02.19.08.05 28
TCBIN. C, FE
P=1E5, N=1

2500

2000 //

p /
1500 i

1:BCC_A2
2GRAPHITE_AY
IFCC_AT
4Liauin

1000

Temperature [°C]

500

0.0 o1 0.2 0.3 04 05 06
A Mole fraction C

POST:
POST:Hit RETURN to continue
POST:
POST:
POST:

set-title example la
plot
the command in full is PLOT DIAGRAM
example 1a
2018.02.18.08.05.29
TCBIN: C, FE
P=1EE, M=1

07

08

0.9

2500

2000 /

p /
1500 /

1:BCC_A2
2GRAPHITE_A9
3FCC_A1
#LIQUD

1000

Temperature [°C]

500

ol 01 02 03 04 05 0R
A Mole fraction C

POST:
POST:Hit RETURN to continue

o7

08

09

the user must specify it.
to label the lines or to label the

In the latter case the user must supply a coordinate for the

POST: @@ By default no label is given,
POST: @@ There are two possibilities,
POST: @@ areas.
POST: @@ label, for example
POST: ADD
the command in full is ADD_LABEL_TEXT
Give X coordinate in axis units: .1
Give Y coordinate in axis units: 2000

Automatic phase labels? /Y/: Y

Automatic labelling not always possible
Using global minimization procedure
Calculated

630 grid points in

Found the set of lowest grid points in

Calculated POLY solution

0 s, total time

Stable phases are: LIQUID

Text size: /.36/:

POST: set-title example 1b
POST:

POST: plot

the command in full is PLOT_DIAGRAM

ocoo
[



2018.02.19.08.05.23

example 1b

TCBIN: C, FE
P=1E5, M=1
2500
— 1:BCC_A2
—  ZGRAPHITE_AS
/ IFCC_A1
2000 Liouip —  4LQuD
/ 2
o b Is
1500 /
2
= 4
®
-
@
o
£ 1000 P
@
L AN
500
1 2
0
0.0 01 02 03 04 05 06 o7 08 09 1.0
A Mole fraction C
POST:
POST:
POST:Hit RETURN to continue
POST: add .4 900
... the command in full is ADD_LABEL_TEXT
Automatic phase labels? /Y/: Y
Automatic labelling not always possible
Using global minimization procedure
Calculated 630 grid points in 0 s
Found the set of lowest grid points in 0 s
Calculated POLY solution 0 s, total time 0 s
Stable phases are: FCC_A1+GRAPHITE_A9
Text size: /.36/:
POST: set-title example 1lc
POST:
POST: plot
the command in full is PLOT_DIAGRAM
example 1c
2018.02.18.08.05.30
TCBIN. C, FE
P=1E5, M=1
2500
— 1:BCC_A2
—  ZGRAPHITE_AS
/ FFCC_A1
2000 Liouip —  &LQuD
/ 3
o h /
& 1500 {
2
= 4
®
L
@
o
£ 1000 OO A~GRAPHITE_AS P
2 ! — =
500
d 3
0
01 02 03 04 05 06 07 08 09 1.0

N

POST:

POST:

POST:Hit RETURN to continue

POST: @@ This is the stable phase diagram with graphite and no cementite.

POST: @@ In Thermo-Calc all relevant data from the calculation of the diagram is saved
POST: @@ and it is possible to plot the same diagram using other thermodynamic

POST: @@ quantities, for example replace the carbon composition with its activity
POST: @@ Find out the commands in the post processor by entering ?

POST: 2

Mole fraction C

the command in full is HELP

ADD_LABEL_TEXT
APPEND_EXPERIMENTAL_DATA
BACK

CHANGE_LEGEND
CREATE_3D_PLOTFILE
DUMP_DIAGRAM
ENTER_SYMBOL

EXIT

FIND_LINE

HELP

LIST_DATA_TABLE
LIST_PLOT_SETTINGS
LIST_SYMBOLS
MAKE_EXPERIMENTAL_DATAFI
MODIFY_ LABEL_TEXT
PATCH_WORKSPACE

POST:

POST: s-d-a x

PLOT_DIAGRAM
PRINT_DIAGRAM
QUICK_EXPERIMENTAL_PLOT
REINITIATE_PLOT_ SETTINGS
RESTORE_PHASE_IN_PLOT
SELECT_PLOT
SET_AXIS_LENGTH
SET_AXIS_PLOT_STATUS
SET_AXIS_TEXT_STATUS
SET_AXIS_TYPE

SET_COLOR
SET_CORNER_TEXT
SET_DIAGRAM_AXIS
SET_DIAGRAM_TYPE
SET_FONT
SET_INTERACTIVE_MODE

the command in full is SET_DIAGRAM AXIS

VARIABLE : ?

UNKNOWN QUESTION VARIABLE

SET_LABEL_CURVE_OPTION
SET_PLOT_FORMAT
SET_PLOT_OPTIONS
SET_PLOT_SIZE
SET_PREFIX_SCALING
SET_RASTER_STATUS
SET_REFERENCE_STATE
SET_SCALING_STATUS
SET_TIC_TYPE
SET_TIELINE_STATUS
SET_TITLE
SET_TRUE_MANUAL_SCALING
SUSPEND_PHASE_IN_PLOT
TABULATE

@@ The command to set axis for the diagram is SET-DIAGRAM-AXIS



VARIABLE

ac

FOR COMPONENT : c

POST: set-title example 1d
POST:
POST: plot
the command in full is PLOT DIAGRAM
example 1d
2018.02.18.08.05.30
TCBIN: C, FE
P=1EE, M=1
2500
— 1
2000
n
o 1
— 1500
2
S 1
B
2
g 10004 1
it
500
n
0
0.0 01 0.2 03 04 05 0.6 0.7 08 09 10
A Activity C
POST:
POST:
POST:Hit RETURN to continue
POST: @@ The diagram stops at unit activity which represent graphite.
POST: @@ The labels disappear when one sets a new diagram axis because they
POST: @@ are relative to the axis values, not the axis quantities.
POST: Q@
POST: @@ An easier way to identify the stable phases is to use
POST: @@ the command set-label
POST: set-lab
... the command in full is SET LABEL CURVE_OPTION
CURVE LABEL OPTION (A, B, C, D, E, F OR N) /D/: 2
THE OPTIONS MEANS:
A LIST STABLE PHASES ALONG LINE
B AS A BUT CURVES WITH SAME FIX PHASE HAVE SAME NUMBER
Cc LIST AXIS QUANTITIES
D AS C BUT CURVES WITH SAME QUANTITIES HAVE SAME NUMBER
E AS B WITH CHANGING COLORS
F AS D WITH CHANGING COLORS
N NO LABELS
CURVE LABEL OPTION (A, B, C, D, E, FOR N) /D/: B
POST: set-title example le
POST:
POST: plot
the command in full is PLOT_DIAGRAM
example 1e
2018.02.18.08.05.30
TCBIN: C, FE
P=1E5, M=1
2500
—  1:GRAPHITE_AS
—  zuaup
3BCC_A2
5000 —  aFcc_Al
2
o
£~ 1500
2
S 2
B
2
g 1000, h
= —
500
i
0
0.0 0.1 02 03 04 05 06 07 08 09 1.0
A Activity C
POST:
POST:
POST:Hit RETURN to continue
POST: @@ The metastable diagram, with cementite, can also be calculated but then
POST: @@ one must do some manipulations in POLY. We can use the data
POST: @@ we already retrieved from the database.
POST: back
Current database: Steels/Fe-Alloys v9.0
VA /- DEFINED
L12_FCC B2 BCC DICTRA_FCC_Al
REJECTED
SYS: go p-3
... the command in full is GOTO_MODULE
POLY_3:
POLY_3: @@ The BIN module has used the poly-3 workspace to calculate the
POLY_3: @@ diagram. We have all data available here. The workspace has been



POLY_3: @@ saved on a file and we can read this back with the command READ.
POLY_3:

POLY_3: read,,,

. the command in full is READ_ WORKSPACES

POLY_3: B
POLY_3: @@ There are many commands in the POLY module. This enables you
POLY_3: @@ to calculate almost any kind of equilibrium and diagram.
POLY 3: @@ With the ? you can list all commands

POLY_3: ?

the command in full is HELP
ADD_INITIAL_EQUILIBRIUM EXIT REINITIATE_MODULE
ADVANCED_OPTIONS GOTO_MODULE SAVE_WORKSPACES
AMEND_STORED_EQUILIBRIA HELP SELECT_EQUILIBRIUM
BACK INFORMATION SET_ALL_START_VALUES
CHANGE_STATUS LIST_AXIS_VARIABLE SET_AXIS_VARIABLE
COMPUTE_EQUILIBRIUM LIST_CONDITIONS SET_CONDITION
COMPUTE_TRANSITION LIST_EQUILIBRIUM SET_INPUT_AMOUNTS
CREATE_NEW_EQUILIBRIUM LIST_INITIAL_ EQUILIBRIA SET_INTERACTIVE
DEFINE_COMPONENTS LIST_STATUS SET_NUMERICAL_LIMITS
DEFINE_DIAGRAM LIST_SYMBOLS SET_REFERENCE_STATE
DEFINE_MATERIAL LOAD_INITIAL_EQUILIBRIUM SET_START_CONSTITUTION
DELETE_INITIAL_EQUILIB MACRO_FILE_OPEN SET_START_VALUE
DELETE_SYMBOL MAP SHOW_VALUE
ENTER_SYMBOL POST STEP_WITH_OPTIONS
EVALUATE_FUNCTIONS READ_WORKSPACES TABULATE
POLY_3:

POLY 3:Hit RETURN to continue

POLY_3: @@ Get more command information with the HELP command
POLY_3: help

COMMAND: list-status

LIST_STATUS

The status of components, species or phases can be listed with this command.
The user may select all or some of these.

Synopsis 1: LIST_STATUS <keyword(s)>
Synopsis 2: LIST_STATUS

Ensuing Prompt: Option /CPS/: <keyword(s)>
Keyword = C means list component status
P means list phase status

S means list species status

Default is CPS. By pressing <RETURN>, a complete list with status for
components, phases and species is obtained. By just giving P, a list
of just the phase statuses is obtained. If you are also interested in
component status, then type C. You may also simply input CS so that

a list of statuses for both components and species can be listed out.

The statuses of components, phases and species can be changed with the
CHANGE_STATUS command.

Results: Depending upon the key word specified in the CHANGE_STATUS options,
a table with the current statuses of phases or species or components, or
their combinations, is shown up.

* For components, their statuses and reference states are listed.

* For ENTERED and FIXED phases, their statuses, driving forces and
equilibrated amount (of stable) are listed. Note that the metastable
phases are listed in descending order of stability. To avoid long
outputs, in the versions later than version N, only 10 metastable
phases (in ENTERED status) will be listed by lines, while all other
less stable phases are merged onto one line. For DORMANT phases,
their phase names and driving forces are listed. For SUSPENDED phases,
only the phase names are listed into one line.

* For species, only the status are listed out.

Example:

POLY_3:1-st

Option /CPS/:

*** STATUS FOR ALL COMPONENTS

COMPONENT STATUS REF. STATE T (K) P (Pa)
VA ENTERED SER

C ENTERED GRAPHITE * *
FE ENTERED SER

NI ENTERED SER

*** STATUS FOR ALL PHASES

PHASE STATUS DRIVING FORCE MOLES

FCC_Al FIXED 0.00000000E+00 1.00000000E+00
BCC_A2 ENTERED 0.00000000E+00 0.00000000E+00
HCP_A3 ENTERED -2.69336869E-01 0.00000000E+00
CEMENTITE ENTERED -2.86321394E-01 0.00000000E+00
M23C6 ENTERED -3.44809821E-01 0.00000000E+00
LIQUID ENTERED -4.95421844E-01 0.00000000E+00
CBCC_Al2 ENTERED -6.16764645E-01 0.00000000E+00
M7C3 ENTERED -6.56332559E-01 0.00000000E+00
M5C2 ENTERED -6.83594326E-01 0.00000000E+00
GRAPHITE ENTERED -1.02142788E+00 0.00000000E+00
DIAMOND A4 ENTERED -1.73225646E+00 0.00000000E+00
ALNI_B2 ENTERED -4.79816887E+00 0.00000000E+00
ENTERED PHASES WITH DRIVING FORCE LESS THAN -4.80

AL3NI2 GAS

HCP_A3 DORMANT -2.69336869E-01

SUSPENDED PHASES:
V3C2 KSI CARBIDE FECN CHI FE4N CUB Al3
*** STATUS FOR ALL SPECIES

C ENTERED C2 ENTERED C4 ENTERED C6 ENTERED FE ENTERED
Cl ENTERED C3 ENTERED C5 ENTERED C7 ENTERED NI ENTERED
VA ENTERED

The statuses of components, phases and species can be changed with the
CHANGE_STATUS command.

POLY_3:Hit RETURN to continue
POLY_3: @C General information can be obtained using the INFORMATION command
POLY_3: INFO
... the command in full is INFORMATION
WHICH SUBJECT /PURPOSE/:
PURPOSE

INTRODUCTION to the Equilibrium Calculation Module (POLY)
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Knowledge of the thermodynamic equilibrium is an important factor for



understanding properties of materials and processes. With a database of
thermodynamic model parameters, it is possible to predict such properties
and also to obtain driving forces for diffusion-controlled phase
transformations and other dynamic processes.

With the comprehensive Equilibrium Calculation module, POLY ? it is possible
to calculate many different kinds of equilibria and diagrams, in particular
multicomponent phase diagrams. This is thus an important tool in developing
new materials and processes. The current POLY module is its third version;
this is why is often referred as POLY 3 in the Thermo-Calc software.

Different kind of databases can be used with the POLY module, and thus it
can be used for alloys or ceramic system, as well as gaseous equilibria,
aqueous solution involved heterogeneous interaction systems. Since TCCN,
up to 40 elements and 1000 species can be defined into a single system
(previously 20 elements and 400 species) for equilibrium calculations.

Great care has been taken to provide the users with the most flexible tool.
All normal thermodynamic state variables can be used to set as conditions in
calculating equilibria, and as axes in plotting diagrams. A unique facility
is to set the composition or any property of an individual phase as a
condition. Any state variable can be varied along an axis in order to
generate a diagram. During calculations of a diagram, complete descriptions
of all calculated equilibria are stored, and in the diagram any state
variable can be used as axis.

One of the major improvements since the TCCR/TCW4 software version is that
the recently-implemented Global Minimization Technique is used to assure
that the present minimum in an equilibrium calculation is the most stable
minima for the specified conditions. This new technique, which is based

on the traditional GEM (Gibbs Energy Minimization) Technique (i.e., the
ordinary POLY Minimization routines used in previous versions, where
pre-knowledge of miscibility gaps in involved phases are necessary,
otherwise, metastable equilibria instead of the stable equilibria may be
obtained), will ultimately prevent a calculation from reaching an undesired
metastable or unstable (local) equilibrium in a defined system, and
automatically detect possible miscibility gap(s) and automatically create
additional composition sets in a solution phase if needed for handling
single or multiple miscibility gaps. Therefore it is no longer necessary
for the user to specify additional composition sets in advance.

A Direct Global Minimization can be performed on conditions: N, n(comp),
B, b(comp), w(comp), x(comp), T, and P, but not when combined conditions
as e.g. w(a)-3*w(b)=1 are used or when an activity or potential condition
is used. For all other types of conditions where regular minimization
converges, Indirect Global Minimization, i.e. global test and corrections,
if necessary, are performed until the lowest minimum is found.

* Direct Global Minimization: From the mesh of Gibbs energy, find the set
of grid points that gives the lowest energy solution under the specified
conditions. This set of grid points provides starting combination of
phases and their constitutions for regular minimization to find the
exact equilibrium solution. This solution will be then subject to a
global test as described below.

* Indirect Global Minimization: Under certain conditions, direct approach
is impossible. In this case, regular minimization is performed first
and then a check is performed in order to see if the found local minimum
is a global one by checking if all grid points are above the equilibrium
Gibbs energy plane. If not, then recalculate by including these grid
points until no grid point is above the equilibrium Gibbs energy plane
from the previous step.

The full-scale and full-scope usage of the Global Minimization Technique has
been extended from for only single-point calculations within TCCR/TCW4 to
for all types of calculations (of single-points, property diagram stepping
and phase diagram mapping) within TCCS/TCW5.

The use of Global Minimization Technique may increase the computation time,
while it is not an issue at all, thanks for the rapid developments of
computer hardware nowadays.

* The main cost in time comes from the calculation of Gibbs energy at each
grid point generated by properly meshing the composition space for each
entered phase. In a typical multicomponent system calculation, about
100MB of RAM memory is needed in storing the mesh of Gibbs energies.

* An additional (but much smaller) cost in time comes from finding the set
of grid points in the above mesh that give the lowest energy solution.
This solution is where POLY starts its ordinary minimization. When POLY
has found an equilibrium, the equilibrium Gibbs energy surface is
compared to the mesh to assure that no grid point is below the surface,
i.e. a global minimization has been reached.

Global Minimization is now performed by default in single-point or
stepping or mapping equilibrium calculations, but can of course be
turned off (and on again by repeating the command-sequence of
ADVANCED_OPTIONS GLOBAL_MINIMIZATION) by the user for specific purposes.
This means that truly stable equilibrium should be guaranteed for
single-points, stepping and mapping calculations.

* A completely new stepping and mapping procedure that ensures Global
Minimization everywhere it is critical has been developed and been
made available in TCCS/TCW5. These newly re-written STEP/MAP routines
are very important for stepping/mapping calculations in multicomponent
systems where there are complex miscibility gaps in some phases, and
it does not require having any ??good?? guess of starting points.
Therefore, TCCS/TCW5 can automatically handle complex solution phases
with single or multiple miscibility gaps [for instance, a solution
phase that is thermodynamically described as a single phase in a
Thermo-Calc database, such as FCC, BCC or HCP phases, may be split
into two or several composition-sets/phases that are presented in
an equilibrium state as metallic phase(s), carbide(s), nitride(s)
carbonitride(s), nitrocarbide(s), and so on], and can thus ensure
the correct and complete phase diagrams and property diagrams in
multicomponent systems, without bothering staring points.

Together with the PARROT module, the POLY module is also used for critical
assessment of experimental data in order to develop thermodynamic databases.
The POLY module uses the Gibbs Energy System (GES) for modeling and data
manipulations of the thermodynamic properties of each phase.

The following commands are available in the POLY module:

POLY_3:?
ADD_INITIAL EQUILIBRIUM EXIT REINITIATE MODULE
ADVANCED_OPTIONS GOTO_MODULE SAVE_WORKSPACES

AMENDisTaREDiEQUILIBRIA HELP SELECT_EQUILIBRIUM



BACK INFORMATION SET_ALL_START_VALUES

CHANGE_STATUS LIST_AXIS_VARIABLE SET_AXIS_VARIABLE
COMPUTE_EQUILIBRIUM LIST_CONDITIONS SET_CONDITION
COMPUTE_TRANSITION LIST_EQUILIBRIUM SET_INPUT_AMOUNTS
CREATE_NEW_EQUILIBRIUM LIST_INITIAL_EQUILIBRIA SET_INTERACTIVE
DEFINE_COMPONENTS LIST_STATUS SET_NUMERICAL_LIMITS
DEFINE_DIAGRAM LIST_SYMBOLS SET_REFERENCE_STATE
DEFINE_MATERIAL LOAD_INITIAL_EQUILIBRIUM SET_START_CONSTITUTION
DELETE_INITIAL_EQUILIB MACRO_FILE_OPEN SET_START_VALUE
DELETE_SYMBOL MAP SHOW_VALUE
ENTER_SYMBOL POST STEP_WITH_OPTIONS
EVALUATE_FUNCTIONS READ_WORKSPACES TABULATE

POLY_3:

Note that, since TCCS, the SPECIAL_OPTIONS and SET MINIMIZAION_OPTIONS
commands (the later one was introduced in the TCCR version) has been merged
into the new ADVANCED OPTIONS command; and the RECOVER_START_VALUES command
has been removed, due to that is not relevant to the POLY module anymore.

Revision History of the POLY-Module User's Guide:

Mar 1991 First release
(Edited by Bo Jansson and Bo Sundman)
Oct 1993 Second revised release (with version J)
(Edited by Bo Jansson and Bo Sundman)
Oct 1996 Third revised release (with version L)
(Edited by Bo Sundman)
Nov 1998 Fourth revised release (with version M)
(Edited by Bo Sundman)
Jun 2000 Fifth revised and extended release
(Edited by Pingfang Shi
Nov 2002 Sixth revised and extended release
(Edited by Pingfang Shi)
May 2006 Eighth revised and extended release
(Edited by Pingfang Shi)
Apr 2008 Ninth revised and extended release
(Edited by Pingfang Shi)

WHICH SUBJECT: °?
WHICH SUBJECT
Specify a subject (or its abbreviation as long as it is unique, e.g.,
SIN, SIT, SOL, SPE, STATE, STEP, SYM, SYS, SUB, etc.) on which information

should be given, from the following subjects that are important to the use
of the POLY module:

PURPOSE GETTING STARTED USER INTERFACE

HELP MACRO FACILITY PRIVATE FILES

BASIC THERMODYNAMICS SYSTEM AND PHASES CONSTITUENTS AND SPECIES
SUBLATTICES COMPONENTS SITE AND MOLE FRACTIONS
COMPOSITION AND CONSTITUTION CONCENTRATION

STATE VARIABLES INTENSIVE VARIABLES EXTENSIVE VARIABLES
DERIVED VARIABLES UNITS BASIC UNITS

SYSTEM UNITS COMPONENT UNITS PHASE UNITS
PHASE-COMPONENT UNITS PHASE-SPECIES UNITS USER-SPECIFIED UNITS
SYMBOLS REFERENCE STATES METASTABLE EQUILIBRIUM
CONDITIONS AXIS-VARIABLES SPECIAL OPTIONS
CALCULATIONS TYPES SINGLE EQUILIBRIUM INITIAL EQUILIBRIUM
STEPPING SOLIDIFICATION PATH PARAEQUILIBRIUM AND TO
MAPPING PLOTTING OF DIAGRAMS GLOBAL MINIMIZATION
DIAGRAM TYPES BINARY DIAGRAMS TERNARY DIAGRAMS
QUASI-BINARY DIAGRAMS HIGHER ORDER DIAGRAMS PROPERTY DIAGRAMS
POTENTIAL DIAGRAMS POURBAIX DIAGRAMS AQUEOUS SOLUTIONS
ORDER-DISORDER TROUBLE SHOOTING FAQ

If you are using the ED EXP module (the sub-module of the PARROT module)
you can also get detailed information of the following subject keywords
which are relevant to the EX_EXP module:

EDEXP for Edit-Experiment Module (ED-EXP

EDPOLY for Performance of POLY Commands in the ED_EXP Module
EDSPECIAL for Special Commands only available in the ED_EXP Module

EDPOP for Other Commands in the Experimental Data (POP or DOP) Files

WHICH SUBJECT: state
STATE VARIABLES

Standard State Variables and Partial Derivatives
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Classic Thermodynamics deals only with systems that are in equilibrium,
i.e., in an EQUILIBRIUM STATE (either as full equilibrium, or partial or
local equilibrium) which is stable against internal fluctuations in a
number of variables, such as temperature and composition. These variables
that have defined values or properties at the equilibrium state are called
STATE VARIABLES. Other examples of state variables are pressure (P)

and chemical potential (m). Thermodynamics provides a number of relations
between these state variables that make it possible to calculate the value
of any other variable at equilibrium.

A state variable can be of two types, extensive or intensive. The value

of an extensive variable, e.g., volume, depends on the size of the system,
whereas the value of an intensive variable, e.g., temperature, is independent
of the size of the system. Each type of state variable has a complementary
variable of the other type. The variable complementing the volume is
pressure, while the variable complementing the composition of a component

is its chemical potential.

It is worth mentioning here that the activity of a component can always

be obtained from its chemical potential using a simple mathematical
relationship. It is also possible to choose any convenient reference state
for the activity or the chemical potential. One of the advantages with a
thermodynamic databank on a computer is that, in most cases, such reference
state changes can be handled internally without troubling the user.

If the work that can be exchanged with the surroundings is limited to
pressure-volume work, the state of equilibrium of a system can be obtained
by assigning values to exactly N+2 state variables where N is the number
of components of the system.

Note that the Thermo-Calc software distinguishes between components of a
system and constituent (i.e., species) of a phase in the system. Many state
variables require one or the other. By default, the elements are defined



as the system components, but this definition can be changed with the POLY
command DEFINE_COMPONENT. For instance, if the elements are Ca, Si and O,
the another set of components can be defined as CaO, SiO and 02; in a pure
water system, the components are normally defined as H20 and H+. However,
one can not change the number of components when using this command.

A state variable is a defined thermodynamic quantity either for the whole
system, or for a component in the system, or a species in a specific
substitutional phase, or a constituent (i.e., a species on a specific
sublattice site) in a specific solution phase.

The POLY module operates on a thermodynamic system in a stable or meta-stable
or partial/local equilibrium state that is described by state variables.
Examples of state variables are temperature, mole fraction, chemical
potential and activity of a component (in the system or in a specific

phase), enthalpy (of the system or a specific phase), etc. In the POLY
module, a general notational method has been designed for the important

set of standard state variables and their partial derivatives (or called

as derived variables) .

Common examples of state variables in a defined system are:

T for temperature (K)
P for pressure (Pa)
N for total system size (in moles
B for total system site (in grams)
N (H) for overall mole number of the hydrogen component
B (H20) for overall mass (grams) of the H20 component
X (FE) for overall mole fraction of the FE component
W (AL203) for overall mass fraction of the AL203 component
Y (HCP, CR#1) for site fraction of the Cr species
on the first sublattice site in the HCP phase
X(LIQUID,FE) for mole fraction of the Fe component in the LIQUID phase
W(FCC,C) for mass fraction of the C component in the FCC phase
NP (BCC) for mole number of the BCC phase
P (BCC) for mass (grams) of the BCC phase
VP (BCC) for volume (m3) of the BCC phase
DGM (BCC) for driving force of the BCC phase per mole of components
QF (SIGMA) for phase stability function of the SIGMA phase
MUR (C) for chemical potential of the C component
(with regard to its reference state)
ACR (C) for activity of the C component
(with regard to its reference state)
LNACR (C) fatural logarithm of activity of the C component
[1InACR(C)=MUR(C) /RT]
MUR (FE+3, AQ) for chemical potential of the Fe+3 species
related to the aqueous solution phase
ACR (FE+3,AQ) for activity of the Fe+3 species

related to the aqueous solution phase

LNACR(FE+3,AQ) for natural logarithm of activity of the Fe+3 species
related to the aqueous solution phase
[1nACR (FE+3, AQ) =MUR (FE+3, AQ) /RT]

HM for total enthalpy per mole component in the system
M (FCC) for enthalpy per mole component of the FCC phase
HM.T for heat capacity per mole of components

in the system (in J/mol/K)
HM(FCC) .T for heat capacity per mole of components

of the FCC phase (in J/mol/K)
P.T for the slope delta P/delta T of a phase boundary

on a P-T phase diagram. Note that the equilibrium
with a phase assemblage must have been calculated.
T.W(SI) for the slope delta_T/delta W(Si) of a phase boundary
on a T-W(Si) phase diagram with regard to
mass of the component in the system
T.X(LIQ,CR) for the slope delta_ T/delta X(Liqg,Cr) of a phase boundary
on a T-X(Lig,Cr) phase diagram with regard to
mole fraction of the component in the phase

Many more ? >>> see details below and in the document of

Thermo-Calc Software System
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Note that the state variables involving components can be used for the
defined components, but not for any species. To define new components
in a defined system, the DEFINE_COMPONENT command should be used.

The basic intensive and extensive variables which are suitable in the
POLY module of in the Thermo-Calc software system are listed and briefly
described in Table 1 (of the document Thermo-Calc Software System), and
are also be dealt with in the following subject-keywords when using the
on-line help feature of the POLY module:

INFO INTENSIVE VARIABLES For Various Intensive State Variables
INFO EXTENSIVE VARIABLES For Various Extensive State Variables
Derivatives of state variables can be evaluated using a dot "." between

two state variables. Many derived variables of a defined system, or of
a certain system component, or of a given phase, or of a specific component
in a defined phase, can be easily obtained using appropriate partial
derivatives of state variables, such as heat capacity, thermal expansivity,
isothermal compressibility, among others. For the details of various
derived variables which are suitable in the POLY and POST modules of the
Thermo-Calc software system, please refer to Section 2.6 in the document
Thermo-Calc Software System, and also refer to the on-line help feature
of the POLY module:

INFO DERIVED VARIABLES For Derived Variables (Partial Derivatives)

Note that the lists of various state variables in the subject-keywords
INTENSIVE VARIABLES and EXTENSIVE VARIABLES, as well as of derived variables
(partial derivatives), are not exhaustive, but many other remaining state
variables can be obtained through direct calls or by using combinations of
the predefined state variables (such as those listed in the subject-keyword
DERIVED VARIABLES (for various derived variables or partial derivatives

or user-specified ones. For more details, please refer to Sections 2.5
[Equilibrium State and State Variables] and 2.6 [Derived Variables (Partial
Derivatives)] in the document Thermo-Calc Software System.

WHICH SUBJECT:
POLY_3:Hit RETURN to continue
POLY_3: @@ List the current equilibrium by
POLY_3: l-e

the command in full is LIST EQUILIBRIUM
OUTPUT TO SCREEN OR FILE /SCREEN/:7
Options /VWCS/: ?

OPTIONS



The user may select the output units and formats by optionally specifying
a combination of the following letters:

Fraction order: V means VALUE ORDER
A means ALPHABETICAL ORDER
Fraction type: W means MASS FRACTION
X means MOLE FRACTION
Composition: C means only COMPOSITION
N means CONSTITUTION and COMPOSITION.
Phase: S means including only STABLE PHASES
P

means including ALL NON-SUSPENDED PHASES.

Default is VWCS. If the output should be in mole fraction, then give
VXCS or just X.

Options /VWCS/:
Output from POLY-3, equilibrium = 1, label A0 , database: TCBIN

Conditions:
X(FE)=0.99, P=1E5, N=1, T=1100
DEGREES OF FREEDOM 0

Temperature 1100.00 K ¢ 826.85 C), Pressure 1.000000E+05
Number of moles of components 1.00000E+00, Mass in grams 5.54086E+01
Total Gibbs energy -4.90502E+04, Enthalpy 3.18534E+04, Volume 0.00000E+00

Component Moles W-Fraction Activity Potential Ref.stat
c 1.0000E-02 2.1677E-03 1.8555E-01 -1.5406E+04 GRAPHITE
FE 9.9000E-01 9.9783E-01 9.9957E-01 -3.9762E+00 BCC_A2
FCC_Al Status ENTERED Driving force 0.0000E+00

Moles 9.2463E-01, Mass 5.1201E+01, Volume fraction 0.0000E+00 Mass fractions:
FE 9.97662E-01 C 2.33819E-03

BCC_A2 Status ENTERED Driving force 0.0000E+00
Moles 7.5373E-02, Mass 4.2079E+00, Volume fraction 0.0000E+00 Mass fractions:
FE 9.99907E-01 C 9.33835E-05
POLY_3:Hit RETURN to continue
POLY 3: @@ The actual conditions are listed by the list-equil command but
POLY_3: @@ can be obtained also by
POLY_3: l-c
the command in full is LIST CONDITIONS
X (FE)=0.99, P=1E5, N=1, T=1100
DEGREES OF FREEDOM 0
POLY_3:
POLY_3:Hit RETURN to continue
POLY_3: @@ The meaning of the state variables T, P, X, N and many others
POLY 3: @@ are explained by the INFO command
POLY_3: INFO
... the command in full is INFORMATION
WHICH SUBJECT /PURPOSE/: state
STATE VARIABLES

Standard State Variables and Partial Derivatives
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Classic Thermodynamics deals only with systems that are in equilibrium,
i.e., in an EQUILIBRIUM STATE (either as full equilibrium, or partial or
local equilibrium) which is stable against internal fluctuations in a
number of variables, such as temperature and composition. These variables
that have defined values or properties at the equilibrium state are called
STATE VARIABLES. Other examples of state variables are pressure (P)

and chemical potential (m). Thermodynamics provides a number of relations
between these state variables that make it possible to calculate the value
of any other variable at equilibrium.

A state variable can be of two types, extensive or intensive. The value

of an extensive variable, e.g., volume, depends on the size of the system,
whereas the value of an intensive variable, e.g., temperature, is independent
of the size of the system. Each type of state variable has a complementary
variable of the other type. The variable complementing the volume is
pressure, while the variable complementing the composition of a component

is its chemical potential.

It is worth mentioning here that the activity of a component can always

be obtained from its chemical potential using a simple mathematical
relationship. It is also possible to choose any convenient reference state
for the activity or the chemical potential. One of the advantages with a
thermodynamic databank on a computer is that, in most cases, such reference
state changes can be handled internally without troubling the user.

If the work that can be exchanged with the surroundings is limited to
pressure-volume work, the state of equilibrium of a system can be obtained
by assigning values to exactly N+2 state variables where N is the number
of components of the system.

Note that the Thermo-Calc software distinguishes between components of a
system and constituent (i.e., species) of a phase in the system. Many state
variables require one or the other. By default, the elements are defined

as the system components, but this definition can be changed with the POLY
command DEFINE_COMPONENT. For instance, if the elements are Ca, Si and O,
the another set of components can be defined as CaO, SiO and 02; in a pure
water system, the components are normally defined as H20 and H+. However,
one can not change the number of components when using this command.

A state variable is a defined thermodynamic quantity either for the whole
system, or for a component in the system, or a species in a specific
substitutional phase, or a constituent (i.e., a species on a specific
sublattice site) in a specific solution phase.

The POLY module operates on a thermodynamic system in a stable or meta-stable
or partial/local equilibrium state that is described by state variables.
Examples of state variables are temperature, mole fraction, chemical
potential and activity of a component (in the system or in a specific

phase), enthalpy (of the system or a specific phase), etc. In the POLY
module, a general notational method has been designed for the important

set of standard state variables and their partial derivatives (or called

as derived variables).

Common examples of state variables in a defined system are:

T for temperature (K)

P for pressure (Pa)

N for total system size (in moles)
B for total system site (in grams)

N (H) for overall mole number of the hydrogen component



B (H20) for overall mass (grams) of the H20 component

X (FE) for overall mole fraction of the FE component
W(AL203) for overall mass fraction of the AL203 component
Y (HCP, CR#1) for site fraction of the Cr species
on the first sublattice site in the HCP phase
X (LIQUID,FE) for mole fraction of the Fe component in the LIQUID phase
W(FCC,C) for mass fraction of the C component in the FCC phase
NP (BCC) for mole number of the BCC phase
P (BCC) for mass (grams) of the BCC phase
VP (BCC) for volume (m3) of the BCC phase
DGM (BCC) for driving force of the BCC phase per mole of components
QF (SIGMA) for phase stability function of the SIGMA phase
MUR (C) for chemical potential of the C component
(with regard to its reference state)
ACR(C) for activity of the C component
(with regard to its reference state)
LNACR (C) fatural logarithm of activity of the C component
[1nACR (C)=MUR(C) /RT]
MUR (FE+3, AQ) for chemical potential of the Fe+3 species
related to the aqueous solution phase
ACR (FE+3,AQ) for activity of the Fe+3 species

related to the aqueous solution phase

LNACR (FE+3,AQ) for natural logarithm of activity of the Fe+3 species
related to the aqueous solution phase
[1nACR (FE+3,AQ) =MUR (FE+3,AQ) /RT]

HM for total enthalpy per mole component in the system
M (FCC) for enthalpy per mole component of the FCC phase
HM.T for heat capacity per mole of components

in the system (in J/mol/K)
M(FCC) .T for heat capacity per mole of components

of the FCC phase (in J/mol/K)
P.T for the slope delta_ P/delta T of a phase boundary

on a P-T phase diagram. Note that the equilibrium
with a phase assemblage must have been calculated.
T.W(ST) for the slope delta_T/delta_W(Si) of a phase boundary
on a T-W(Si) phase diagram with regard to
mass of the component in the system
T.X(LIQ,CR) for the slope delta_ T/delta X(Liq,Cr) of a phase boundary
on a T-X(Lig,Cr) phase diagram with regard to
mole fraction of the component in the phase

Many more ? >>> see details below and in the document of

Thermo-Calc Software System
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Note that the state variables involving components can be used for the
defined components, but not for any species. To define new components
in a defined system, the DEFINE_COMPONENT command should be used.

The basic intensive and extensive variables which are suitable in the
POLY module of in the Thermo-Calc software system are listed and briefly
described in Table 1 (of the document Thermo-Calc Software System), and
are also be dealt with in the following subject-keywords when using the
on-line help feature of the POLY module:

INFO INTENSIVE VARIABLES For Various Intensive State Variables
INFO EXTENSIVE VARIABLES For Various Extensive State Variables
Derivatives of state variables can be evaluated using a dot "." between

two state variables. Many derived variables of a defined system, or of
a certain system component, or of a given phase, or of a specific component
in a defined phase, can be easily obtained using appropriate partial
derivatives of state variables, such as heat capacity, thermal expansivity,
isothermal compressibility, among others. For the details of various
derived variables which are suitable in the POLY and POST modules of the
Thermo-Calc software system, please refer to Section 2.6 in the document
Thermo-Calc Software System, and also refer to the on-line help feature
of the POLY module:

INFO DERIVED VARIABLES For Derived Variables (Partial Derivatives

Note that the lists of various state variables in the subject-keywords
INTENSIVE VARIABLES and EXTENSIVE VARIABLES, as well as of derived variables
(partial derivatives), are not exhaustive, but many other remaining state
variables can be obtained through direct calls or by using combinations of
the predefined state variables (such as those listed in the subject-keyword
DERIVED VARIABLES (for various derived variables or partial derivatives)

or user-specified ones. For more details, please refer to Sections 2.5
[Equilibrium State and State Variables] and 2.6 [Derived Variables (Partial
Derivatives)] in the document Thermo-Calc Software System.

WHICH SUBJECT:
POLY_3:Hit RETURN to continue
POLY_3: @C The use of state variables as conditions is the key to the
POLY_3: @@ flexibility of Thermo-Calc. Each condition is set independently and
POLY 3: @@ any condition can be set as an axis variable.
POLY_3: @@
POLY_3: @@ Now we just want to take away the graphite in order to calculate the
POLY 3: @@ metastable Fe-C diagram with cementite. We can list all phases with the
POLY_3: @@ LIST_STATUS command
POLY_3: 1l-st
... the command in full is LIST STATUS

Option /CPS/: -

*** STATUS FOR ALL COMPONENTS

COMPONENT STATUS REF. STATE T (K) P (Pa)
VA ENTERED SER

C ENTERED GRAPHITE_A9 * 100000
FE ENTERED BCC_A2 * 100000
**%* STATUS FOR ALL PHASES

PHASE STATUS DRIVING FORCE MOLES

FCC_Al ENTERED 0.000000E+00 9.246266E-01
BCC_A2 ENTERED 0.000000E+00 7.537335E-02
DO11_CEMENTITE ENTERED -4.153716E-01 0.000000E+00
LIQUID ENTERED -4.668963E-01 0.000000E+00
GRAPHITE_A9 ENTERED -1.684424E+00 0.000000E+00
DIAMOND_ A4 ENTERED -2.386932E+00 0.000000E+00

**%* STATUS FOR ALL SPECIES

C ENTERED Cc3 ENTERED FE ENTERED VA ENTERED

Ccl ENTERED c4 ENTERED FE+2 ENTERED VA-2 ENTERED

c2 ENTERED C5 ENTERED FE+3 ENTERED VA-4 ENTERED

POLY_3:Hit RETURN to continue
POLY_3: @@ The status is changed with the CHANGE_STATUS command
POLY_3: ch-st
the command in full is CHANGE_STATUS
For phases, species or components? /PHASES/:
Phase name(s): ?



Phase name (s)

In case of "phase" as the keyword, the names of the phases that shall
have their status changes must be given (all on one line). A comma or
space must be used as separator. The status to be assigned to the phases
can also be given on the same line if preceded with an equal sign "=".
Note that an asterisk, "*", can be used to denote all phases. The special
notations "*3S", i.e., a * directly followed by an S, means all suspended
phases. In the same way, "*D" means all dormant phases, and "*E" means
all entered phases.

Phase name(s): gra
Status: /ENTERED/: sus
POLY_3: 1l-st
... the command in full is LIST_STATUS
Option /CPS/:
*** STATUS FOR ALL COMPONENTS

COMPONENT STATUS REF. STATE T (K) P (Pa)
VA ENTERED SER

C ENTERED GRAPHITE_A9 * 100000
FE ENTERED BCC_A2 * 100000
*** STATUS FOR ALL PHASES

PHASE STATUS DRIVING FORCE MOLES

FCC_Al ENTERED 0.000000E+00 9.246266E-01
BCC_A2 ENTERED 0.000000E+00 7.537335E-02

D011 CEMENTITE ENTERED -4.153716E-01 0.000000E+00
LIQUID ENTERED -4.668963E-01 0.000000E+00
DIAMOND_ A4 ENTERED -2.386932E+00 0.000000E+00

SUSPENDED PHASES:
GRAPHITE_A9
*** STATUS FOR ALL SPECIES

C ENTERED Cc3 ENTERED FE ENTERED VA ENTERED
Ccl ENTERED c4 ENTERED FE+2 ENTERED VA-2 ENTERED
c2 ENTERED C5 ENTERED FE+3 ENTERED VA-4 ENTERED

POLY_3:Hit RETURN to continue
POLY_3: @@ Note that the graphite is listed as suspended this time.
POLY_3: @@ Now try to calculate the equilibrium without graphite.
POLY_3: c-e

the command in full is COMPUTE EQUILIBRIUM
Using global minimization procedure -

Calculated 629 grid points in 0 s
Found the set of lowest grid points in 0 s
Calculated POLY solution 0 s, total time 0 s

POLY_3: @@ A number of ,,, after a command means to accept default values.
POLY_3: 1l-e,,,,

the command in full is LIST_EQUILIBRIUM
Output from POLY-3, equilibrium = 1, label A0 , database: TCBIN

Conditions:
X (FE)=0.99, P=1E5, N=1, T=1100
DEGREES OF FREEDOM 0

Temperature 1100.00 K ¢( 826.85 C), Pressure 1.000000E+05
Number of moles of components 1.00000E+00, Mass in grams 5.54086E+01
Total Gibbs energy -4.90502E+04, Enthalpy 3.18534E+04, Volume 0.00000E+00

Component Moles W-Fraction Activity Potential Ref.stat
C 1.0000E-02 2.1677E-03 1.8555E-01 -1.5406E+04 GRAPHITE
FE 9.9000E-01 9.9783E-01 9.9957E-01 -3.9762E+00 BCC_A2
FCC_Al Status ENTERED Driving force 0.0000E+00

Moles 9.2463E-01, Mass 5.1201E+01, Volume fraction 0.0000E+00 Mass fractions:
FE 9.97662E-01 C 2.33819E-03

BCC_A2 Status ENTERED Driving force 0.0000E+00
Moles 7.5373E-02, Mass 4.2079E+00, Volume fraction 0.0000E+00 Mass fractions:
FE 9.99907E-01 C 9.33835E-05

POLY_3:Hit RETURN to continue

POLY_3: @@ It may seem surprising that diamond is stable but the total mole fraction

POLY_3: @@ of iron is less than 0.5, so we are on the carbon rich side
POLY_3: @@ of cementite, and it is reasonable.
POLY_3:

POLY_3: @@ Now try to map the metastable diagram
POLY_3: map

Version S mapping is selected

Generating start equilibrium 1

Generating start equilibrium 2

Generating start equilibrium 3

Generating start equilibrium 4

Generating start equilibrium 5

Generating start equilibrium 6

Generating start equilibrium 7

Generating start equilibrium 8

Generating start equilibrium 9

Generating start equilibrium 10

Generating start equilibrium 11

Generating start equilibrium 12

Organizing start points
Using ADDED start equilibria

Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point 1
Working hard

Generating start point 11
Generating start point 12
Generating start point 13
Generating start point 14
Generating start point 15
Generating start point 16
Generating start point 17
Generating start point 18
Generating start point 19
Generating start point 20

CL®UJO U WN



Working hard

Generating start point 21
Generating start point 22
Generating start point 23
Generating start point 24
Generating start point 25
Generating start point 26
Generating start point 27
Generating start point 28
Generating start point 29
Generating start point 30
Working hard

Generating start point 31
Generating start point 32

Phase region boundary 1 at: 5.000E-01 3.100E+02
BCC_A2
** DIAMOND_A4
Calculated.. 2 equilibria

Terminating at axis limit.

Phase region boundary 2 at: 5.000E-01 3.000E+02
BCC A2
** DIAMOND_A4
Calculated. 24 equilibria
Phase region boundary 3 at: 4.999E-01 8.605E+02
BCC_ A2

** DO11_CEMENTITE
** DIAMOND_A4

Phase region boundary 4 at: 8.749E-01 8.605E+02
BCC_A2
** DO11_CEMENTITE
Calculated. 7 equilibria

Phase region boundary 5 at: 8.746E-01 9.998E+02
BCC_A2

** DO11_CEMENTITE

*%* FCC_Al

Phase region boundary 6 at: 9.823E-01 9.998E+02
BCC_A2
** FCC_AL
Calculated 23 equilibria

Phase region boundary 7 at: 8.578E-01 9.998E+02
D011_CEMENTITE
** FCC_AL
Calculated. 18 equilibria

Phase region boundary 8 at: 8.354E-01 1.422E+03
** LIQUID

D011_CEMENTITE
*%* FCC_Al

Phase region boundary 9 at: 7.872E-01 1.422E+03
** LIQUID
DO11_CEMENTITE
Calculated. 5 equilibria

Phase region boundary 10 at: 7.657E-01 1.484E+03
** LIQUID
D011_CEMENTITE
** DIAMOND A4

Phase region boundary 11 at: 3.750E-01 1.484E+03
DOllicEMENTITE
** DIAMOND_A4
Calculated. 26 equilibria
Terminating at known equilibrium

Phase region boundary 12 at: 3.907E-01 1.484E+03
LIQUID
** DIAMOND_A4
Calculated.. 42 equilibria

Terminating at axis limit.

Phase region boundary 13 at: 8.678E-01 1.422E+03
** LIQUID
FCC_Al
Calculated. 15 equilibria
Phase region boundary 14 at: 9.840E-01 1.768E+03
** LIQUID
** BCC_A2
FCC Al
Phase region boundary 15 at: 9.939E-01 1.768E+03
** BCC_A2
FCC_Al
Calculated 25 equilibria
Phase region boundary 16 at: 9.858E-01 1.768E+03
LIQUID
*%* BCC_ A2
Calculated 20 equilibria
Phase region boundary 17 at: 5.000E-01 3.100E+02
BCC_A2
** DIAMOND_A4
Calculated. 24 equilibria

Terminating at known equilibrium

Phase region boundary 18 at: 5.000E-01 3.100E+02
BCC_A2
** DIAMOND_A4
Calculated.. 2 equilibria

Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 19 at: 5.000E-01 3.100E+02
BCC_A2
** DIAMOND_A4
Calculated. 24 equilibria

Terminating at known equilibrium



Phase region boundary 20 at: 5.000E-01 3.100E+02
BCC_A2
** DIAMOND_A4
Calculated.. 2 equilibria
Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 21 at: 5.000E-01 3.100E+02
BCC_A2
** DIAMOND_A4
Calculated. 24 equilibria

Terminating at known equilibrium

Phase region boundary 22 at: 5.000E-01 3.100E+02
BCC A2
** DIAMOND_ A4
Calculated.. 2 equilibria

Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 23 at: 5.000E-01 3.100E+02
BCC_A2
** DIAMOND_A4
Calculated. 24 equilibria

Terminating at known equilibrium

Phase region boundary 24 at: 5.000E-01 3.100E+02
BCC_A2
** DIAMOND_A4
Calculated.. 2 equilibria

Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 25 at: 5.000E-01 3.100E+02
BCC_A2
** DIAMOND_A4
Calculated. 24 equilibria

Terminating at known equilibrium

Phase region boundary 26 at: 5.000E-01 3.100E+02
BCC_A2
** DIAMOND_A4
Calculated.. 2 equilibria

Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 27 at: 5.000E-01 3.100E+02
BCC_A2
** DIAMOND_A4
Calculated. 24 equilibria

Terminating at known equilibrium

Phase region boundary 28 at: 3.750E-01 1.037E+03
** DO11_CEMENTITE
DIAMOND A4
Calculated. 9 equilibria

Terminating at known equilibrium

Phase region boundary 29 at: 3.750E-01 1.037E+03
xR DOllicEMENTITE
DIAMOND A4
Calculated. 19 equilibria
Terminating at known equilibrium

Phase region boundary 30 at: 9.877E-01 1.037E+03
BCC_A2
** FCC_AL
Calculated. 3 equilibria

Terminating at known equilibrium

Phase region boundary 31 at: 9.877E-01 1.037E+03
BCC_A2
** FCC_AL
Calculated 23 equilibria
Phase region boundary 32 at: 3.754E-01 1.763E+03
LIQUID
** DIAMOND_A4
Calculated. 13 equilibria

Terminating at known equilibrium

Phase region boundary 33 at: 3.754E-01 1.763E+03
LIQUID
** DIAMOND_A4
Calculated.. 31 equilibria

Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 34 at: 9.820E-01 1.763E+03
LIQUID
** FCC_AL
Calculated. 15 equilibria

Terminating at known equilibrium

Phase region boundary 35 at: 9.820E-01 1.763E+03
LIQUID
** FCC_AL
Calculated. 2 equilibria

Terminating at known equilibrium

Phase region boundary 36 at: 3.306E-01 2.490E+03
LIQUID
** DIAMOND_A4
Calculated. 42 equilibria

Terminating at known equilibrium

Phase region boundary 37 at: 3.306E-01 2.490E+03
LIQUID
** DIAMOND_A4
Calculated.. 2 equilibria

Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 38 at: 3.306E-01 2.490E+03
LIQUID



** DIAMOND_ A4
Calculated. 42 equilibria
Terminating at known equilibrium

Phase region boundary 39 at: 3.306E-01 2.490E+03
LIQUID

** DIAMOND_A4

Calculated.. 2 equilibria

Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 40 at: 3.306E-01 2.490E+03
LIQUID

** DIAMOND_A4

Calculated. 42 equilibria

Terminating at known equilibrium

Phase region boundary 41 at: 3.306E-01 2.490E+03
LIQUID

** DIAMOND_A4

Calculated.. 2 equilibria

Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 42 at: 3.317E-01 2.475E+03
LIQUID

** DIAMOND_A4

Calculated.. 2 equilibria

Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 43 at: 3.317E-01 2.475E+03
LIQUID
** DIAMOND_A4
Calculated. 41 equilibria

Terminating at known equilibrium

Phase region boundary 44 at: 3.306E-01 2.490E+03
LIQUID
** DIAMOND_A4
Calculated. 42 equilibria

Terminating at known equilibrium

Phase region boundary 45 at: 3.306E-01 2.490E+03
LIQUID

** DIAMOND_A4

Calculated.. 2 equilibria

Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 46 at: 9.941E-01 1.794E+03
LIQUID
*%* BCC_A2
Calculated. 2 equilibria

Terminating at known equilibrium

Phase region boundary 47 at: 9.941E-01 1.794E+03
LIQUID
** BCC_A2
Calculated 12 equilibria

*** BUFFER SAVED ON FILE:
c:\jenkins\workspace\Thermo-Calc-Generate-Console-Examples\examples\tcex01\BINA
RY.POLY3
CPU time for mapping 0 seconds
POLY_3:
POLY_3: post
POST: s-d-a y t
the command in full is SET_DIAGRAM AXIS

POST: s-d-a x m-f C

... the command in full is SET_DIAGRAM AXIS
POST: set-tieline

... the command in full is SET TIELINE STATUS
PLOTTING EVERY TIE-LINE NO /5/: 5 -

POST:
POST: set-title example 1f
POST:
POST: plot
the command in full is PLOT DIAGRAM
example 1f
2018.02.18.08.05.34
TCBIN: C, FE
P=1E5, N=1
2500 Y
/ /’ —  1*GRAPHITE_AS BCC_A2
F 7 — 2'GRAPHITE_AQ FCC_A1
£ 3"LIQUID FCC_A1
2000 13 —  4'BCC_A2FCC_A1 s
/ ~— S'BCC_AZ LIQUID
4 / _ﬂ/ B:*LIQUID GRAPHITE_AS
F_ ‘.’ 7AFCC_A1 BCC_A2

i 8 *DIAMOND_A4 BCC_AZ

1500 H = —  9'DO11_CEMENTITE BCC_A2

— 10:*FCC_A1 DO11_CEMENTITE
11:*LIQUID DO11_CEMENTITE

= 12*DIAMOND _A4 DO11_CEMENTITE ,?2
[~ 13 *DIAMOND _A4 LIQUID il
1000 b H
1
500
i
00 01 02 03 04 05 06 07 08 08 10
A Mole fraction C
POST:
POST:

POST:Hit RETURN to continue
POST: Q@ The previous stable diagram is also plotted. The reason is that



POST: @@ we never removed it from the workspace. (It can be done with a SAVE
POST: @@ command. Search the online help to read more about this command) .
POST:
POST: @@ It may be surprising to find that diamond is more stable than
POST: @@ cementite at low temperatures. However, diamonds are never
POST: @@ found in steel as graphite forms first.
POST:
POST: @@ Now change the axis to composition, use weight-percent of carbon
POST: s-d-a x
... the command in full is SET DIAGRAM AXIS

VARIABLE : ? - -

UNKNOWN QUESTION VARIABLE

VARIABLE : w-p

FOR COMPONENT : c

POST: set-title example lg

POST:
POST: plot
the command in full is PLOT DIAGRAM
example 1g
2018.02.19.08.05.34
TCBIM: C, FE
P=1E5, N=1
2500 —
f T —  1'GRAPHITE_A BCC_A2
| |;' —  2'GRAPHITE_AS FCC_A1
IJ | 3LIQUID FEC_A1
2000 3 E — 4'BcC_A2FCC A i3
~  5'BCC_A2 LIGUID

N; 6°LIQUID GRAPHITE_AS
I TAFCC_A1 BCC_A2

H 8 'DIAMOND_A4 BCC_A2
—  2'DO11_CEMENTITE BCC_A2

=T

1500 |/
— 10FCC_A1 DO11_CEMENTITE
11:*LIGUID DO11_CEMENTITE I
= 1Z"DIAMOND_A4 D011 _ceMenTrE |12
| 13 *DIAMOND _Ad LIGUID H
1000 b
u
500
0
o 10 20 30 40 50 60 70 80 90 100
A Mass percent C
POST:
POST:

POST:Hit RETURN to continue
POST: @@ The tie-lines now obscure the diagram. Remove these and
POST: @@ also change the scale of the x and y axis
POST: s-t-s O
the command in full is SET_TIELINE_STATUS

POST: s-s x n 0 5

... the command in full is SET_SCALING_STATUS
POST: s-s y n 600 1600

... the command in full is SET_SCALING_STATUS
POST: set-title example lh

POST:
POST: plot
the command in full is PLOT DIAGRAM
s example 1h
2018.02.19.08.05.35
TCBIM: C, FE
P=1E5, N=1 4
1600
— 1'GRAPHITE_AS BCC_A2
1500 —  2'GRAPHITE_AS FCC_A1
3:*LIQUID FCC_A1
H
1400 —  6’'LIQUID GRAPHITE_AZ
7:*FCC_A1 BCC_AZ
8:"DIAMOND_A4 BCC_AZ
1300 ~—  9'DO11_CEMENTITE BCC_A2
— 10:FCC_A1 DO11_CEMENTITE
1200 11:*LIQUID D01 1_CEMENTITE
~ 1100
1000
a00
1
800
700
600
0.0 05 1.0 15 20 25 3.0 35 40 45 50
A Mass percent C
POST:
POST:

POST:Hit RETURN to continue
POST: @@ Finally add some labels
POST: set-lab n
the command in full is SET_LABEL_CURVE_OPTION
POST: add 2 1250
the command in full is ADD_LABEL_TEXT
Automatic phase labels? /Y/:
Automatic labelling not always possible
Using global minimization procedure
Calculated 629 grid points in
Found the set of lowest grid points in
Calculated POLY solution 0 s, total time

oo o
0



Stable phases are: D01l _CEMENTITE+FCC_Al
Text size: /.36/:
POST: set-title example 11

POST:
POST: plot
the command in full is PLOT_DIAGRAM
example 1i
2018.02.18.08.05.35
TCBIN: C, FE
P=1E5, M=1
1600
1500
1400
1300
D011 _CEMENTITE+FCC_A1
1200
1100
1000
900
800
700
600
0.0 05 1.0 15 20 25 30 35 40 4.5 50
A Mass percent C
POST:
POST:
POST:Hit RETURN to continue
POST: add 1.5 900
the command in full is ADD_LABEL_TEXT
Automatic phase labels? /Y/:
Automatic labelling not always possible
Using global minimization procedure
Calculated 629 grid points in 0
Found the set of lowest grid points in 0
Calculated POLY solution 0 s, total time 0
Stable phases are: BCC_A2+D011_CEMENTITE
Text size: /.36/:
POST: add 1.5 700
... the command in full is ADD_LABEL_TEXT
Automatic phase labels? /Y/:
Automatic labelling not always possible
Using global minimization procedure
Calculated 629 grid points in 0
Found the set of lowest grid points in 0
Calculated POLY solution 0 s, total time 0
Stable phases are: BCC_A2+DIAMOND_A4
Text size: /.36/:
POST: add .2 1500
the command in full is ADD_LABEL_TEXT
Automatic phase labels? /Y/:
Automatic labelling not always possible
Using global minimization procedure
Calculated 629 grid points in 0
Found the set of lowest grid points in 0
Calculated POLY solution 0 s, total time 0
Stable phases are: FCC_Al
Text size: /.36/:
POST: set-title example 13
POST:
POST: plot
the command in full is PLOT_DIAGRAM
example 1j
2018.02.18.08.05.35
TCBIN: C, FE
P=1E5, M=1
1600
1500 FCC_A1
1400
1300
D011 _CEMENTITE+FCC_A1
1200
1100
1000
a00 BCC_A2+D011_CEMENTITE
800
700 BCC_A2+DIAMOND_A4
600
35 40 4.5 50

0.0 04 1.0 15 2.0 25 30
A Mass percent C

POST:
POST:
POST:Hit RETURN to continue

POST: @@ As graphite is suspended, cementite is the stable carbide
POST: @@ so that is the phase that is listed in the two-phase regions.



POST: @@ The label for the FCC region is a bit too high, move it down
POST: modify

the command in full is MODIFY_LABEL_TEXT
These labels are defined

No 1 at 2.00000E+00 1.25000E+03 : D011 CEMENTITE+FCC_Al
No 2 at 1.50000E+00 9.00000E+02 : BCC_A2+D011_ CEMENTITE
No 3 at 1.50000E+00 7.00000E+02 : BCC_A2+DIAMOND_ A4

No 4 at 2.00000E-01 1.50000E+03 : FCC_Al

Which label to modify? /4/:
New X coordinate /.2/: .2
New Y coordinate /1500/: 1300
New text /FCC_Al/:
POST: set-title example 1k
POST:
POST: plot
the command in full is PLOT DIAGRAM
example 1k
2018.02.18.08.05.36
TCBIN. C, FE
P=1E5, N=1

1600

1500

1400

1300 FCC_A1

DO11_CEMENTITE+FCC_A1

1200

= 1100

1000

900 BCC_AZ+DOT1_CEMENTITE

800

700 BCC_A2+DIAMOND_A4

600

0.0 05 1.0 15 2.0 25 30 35 40 45
A Mass percent C

POST:
POST: set-inter
the command in full is SET_INTERACTIVE_MODE

50



tcex02

AboutMACRO "c:\jenkins\workspace\Thermo-Calc-Generate-Console-Examples\examples\tcex02\tcex02.TCM"SYS:

SYs: @@
SYS: @@ Plotting thermodynamic functions
SYS:

SYS: @@ This example shows how to plot thermodynamic

SYS: @@ functions in unary, binary and ternary systems.
SYS: @@ It also involves working with partial derivatives
SYS: @@ and partial quantities.

SYS:

SYS: set-log ex02,,
SYS:

SYS: go da

... the command in full is GOTO_MODULE
THERMODYNAMIC DATABASE module
Current database: Steels/Fe-Alloys v9.0

VA /- DEFINED
L12 FCC B2 BCC DICTRA FCC_Al
REJECTED B -
TDB_TCFE9: sw ssol6
the command in full is SWITCH_DATABASE
Current database: SGTE Alloy Solutions Database v6.0

VA DEFINED

BCC_B2 FCC_L12 FCC_COV
FCC_AUCU HCP_ORD REJECTED

GAS:G REJECTED
TDB_SSOL6: (@@ Pure Fe is selected as a unary system
TDB_SSOL6: d-sys fe

... the command in full is DEFINE_SYSTEM
FE DEFINED
TDB_SSOL6: get
the command in full is GET_DATA

REINITIATING GES .....

ELEMENTS
SPECIES
PHASES .......

... the command in full is AMEND_PHASE_DESCRIPTION
the command in full is AMEND_PHASE_DESCRIPTION
the command in full is AMEND_PHASE_DESCRIPTION
the command in full is AMEND_ PHASE_DESCRIPTION
the command in full is AMEND_ PHASE_DESCRIPTION
the command in full is AMEND_PHASE_DESCRIPTION

... the command in full is AMEND_ PHASE_ DESCRIPTION

PARAMETERS
FUNCTIONS

List of references for assessed data

'Benyan Pei, B Bjorkman, B Sundman, and B Jansson: Calphad, 1995, 19(1), 1
-15. "A thermodynamic assessment of the Iron-Antimony system". >> Fe
_spb '
_OK-
TDB_SSOL6:
TDB_SSOL6: go p-3
the command in full is GOTO_MODULE

POLY version 3.32
POLY_3: @@ In POLY-3 first define a single equilibrium
POLY_3: s-c t=300,p=le5,n=1

... the command in full is SET_CONDITION
POLY_3: c-e

the command in full is COMPUTE_EQUILIBRIUM

Using global minimization procedure
Calculated 21 grid points in 0 s
POLY_3: l-e,,,,

... the command in full is LIST_EQUILIBRIUM
Output from POLY-3, equilibrium = 1, label A0 , database: SSOL6

Conditions:
T=300, P=1E5, N=1
DEGREES OF FREEDOM 0

Temperature 300.00 K ( 26.85 C), Pressure 1.000000E+05
Number of moles of components 1.00000E+00, Mass in grams 5.58470E+01
Total Gibbs energy -8.18407E+03, Enthalpy 4.59751E+01, Volume 0.00000E+00

Component Moles W-Fraction Activity Potential Ref.stat
FE 1.0000E+00 1.0000E+00 3.7589E-02 -8.1841E+03 SER
BCC_A2 Status ENTERED Driving force 0.0000E+00

Moles 1.0000E+00, Mass 5.5847E+01, Volume fraction 0.0000E+00 Mass fractions:
FE 1.00000E+00
POLY 3:
POLY 3:Hit RETURN to continue
POLY 3: @@ Set T as an axis variable
POLY_3: s-a-v
the command in full is SET AXIS VARIABLE
Axis number: /1/: 1 B B
Condition /NONE/: t
Min value /0/: 300
Max value /1/: 2000
Increment /42.5/: 42.5
POLY_3: @@ Save the macro to be able to come back to this point
POLY_3: save tcex02a y
the command in full is SAVE_WORKSPACES
POLY_3: @@ Step along the axis
POLY_3: step
the command in full is STEP_WITH_OPTIONS
Option? /NORMAL/: NORMAL
No initial equilibrium, using default

Step will start from axis value 300.000

...0K

Phase Region from 300.000 for:
BCC_A2

Global test at 3.80000E+02 .... OK

Global test at 4.80000E+02 .... OK

Global test at 5.80000E+02 .... OK

Global test at 6.80000E+02 .... OK

Global test at 7.80000E+02 .... OK

set-echo



Global test at 8.80000E+02 .... OK
Global test at 9.80000E+02 .... OK
Global test at 1.08000E+03 .... OK
Global test at 1.18000E+03 .... OK
Global check of adding phase at 1.18481E+03
Calculated 91 equilibria
Phase Region from 1184.81 for:
BCC_A2
FCC_Al
Calculated 2 equilibria
Phase Region from 1184.81 for:
FCC_Al
Global test at 1.26000E+03 .... OK
Global test at 1.36000E+03 .... OK
Global test at 1.46000E+03 .... OK
Global test at 1.56000E+03 .... OK
Global test at 1.66000E+03 .... OK
Global check of adding phase at 1.66747E+03
Calculated 51 equilibria
Phase Region from 1667.47 for:
BCC A2
FCC_Al
Calculated 2 equilibria
Phase Region from 1667.47 for:
BCC_A2
Global test at 1.74000E+03 .... OK
Global check of adding phase at 1.81095E+03
Calculated 18 equilibria
Phase Region from 1810.95 for:
LIQUID
BCC_A2
Calculated 2 equilibria
Phase Region from 1810.95 for:
LIQUID
Global test at 1.89000E+03 .... OK
Global test at 1.99000E+03 .... OK
Terminating at 2000.00
Calculated 22 equilibria

*** Buffer saved on file:
c:\jenkins\workspace\Thermo-Calc-Generate-Console-Examples\examples\tcex02\tcex
02a.POLY3
POLY_3: @@ Post processing (plotting) is the essential part of this example
POLY_3: @@ We will plot Gm, Hm and Cp for some phases
POLY_3: post

POLY-3 POSTPROCESSOR VERSION 3.2

Setting automatic diagram axes

POST:
POST:
POST: @@ The x-axis is the temperature in Kelvin
POST: s-d-a x
... the command in full is SET_DIAGRAM_AXIS
VARIABLE : ? B B
UNKNOWN QUESTION VARIABLE
VARIABLE : t-k
POST: @@ The phases for which Gm shall be plotted must be defined
POST: @€ in a table
POST: ent tab
... the command in full is ENTER_SYMBOL
Name: gl -

Variable(s): gm(bcc_a2) gm(fcc_al) gm(lig) gm(hcp_a3)
&
POST:

POST: @@ The table is set as the y-axis and all columns are included
POST: s-d-a y gl
... the command in full is SET_DIAGRAM_AXIS
COLUMN NUMBER /*/: *
POST: set-title example 2a

POST: plot
the command in full is PLOT DIAGRAM
example 2a
2018.02.18.08.06.56
SSOLE:FE
P=1E&, MN=1
20000
o
-20000
-40000
-
(0 -60000
-80000
-100000
-120000
-140000
200 400 600 800 1000 1200 1400 1600 1800 2000
A Temperature [K]
POST:

POST:Hit RETURN to continue



POST:
POST:
POST:
POST:
POST:
POST:

POST:
POST:

POST:
POST:

ee

@@ The magnitude makes it difficult to see anything. Enter
@@ functions for the differences with respect to bcc
ent fun dgf=gm(fcc_al)-gm(bcc_a2);

the command in full is ENTER_SYMBOL
ent fun dgl=gm(liq)—gm(bcc_aZT:

the command in full is ENTER_SYMBOL
ent fun dgh:gm(hcp_aS)—gm(bcc:a2);

the command in full is ENTER_SYMBOL

@@ and enter a new table and set it as the y-axis
ent tab g2

the command in full is ENTER_SYMBOL

Variable(s): dgf dgl dgh;

POST:

s-d-a y g2
the command in full is SET_DIAGRAM AXIS

COLUMN NUMBER /*/: *

POST:
POST:
POST:

set-title example 2b

plot
the command in full is PLOT DIAGRAM

example 2b

2018.02.19.08.06 56
SS0LE:FE
P=1ES, N=1

G2

200 400 500 800 1000 1200 1400 1600
A Temperature [K]

POST:

18000

16000

14000

12000

10000

8000

6000

4000

2000

-2000

POST:Hit RETURN to continue

POST: @@ In order to have some identification on the lines
POST: @@ use the command Set_Label
POST: s-lab
... the command in full is SET_LABEL_CURVE_OPTION
CURVE LABEL OPTION (A, B, C, D, E, F OR N) /N/: D
POST: set-title example 2c
POST:
POST: plot
the command in full is PLOT_DIAGRAM
example 2¢
2018.02.18.08.06.56
SEOLE FE
P=1E5, M=1
18000
— 11 %=T Y-DGF
16000
14000
12000
10000
o
(o 8000
6000
4000
2000
i}
-2000

1800 2000

200 400 500 800 1000 1200 1400 1600
A Temperature [K]

it RETURN to continue

@@ Now plot enthalpies

ent tab hl

the command in full is ENTER_SYMBOL

Variable(s): hm(bcc_a2) hm(fcc_al) hm(lig) hm(hcp_a3);

POST:

s-d-a y hl
the command in full is SET_DIAGRAM_AXIS

COLUMN NUMBER /*/: *

POST:
POST:
POST:

set-title example 2d

plot
the command in full is PLOT_DIAGRAM

1800 2000



201

example 2d
8.02.19.08.06.56

SSOLE FE

P=1

H1

E5, N=1

90000

80000 -z
— 3% ¥=T Y=HM(LIQUID)
— & ¥=T Y¥=HWM(HCP_A3)

70000
3

60000

50000

40000

30000

20000

10000

0
200 400 600 300 1000 1200 1400 1600 1800 2000
A Temperature [K]

POST:

POST

POST:
POST:

POST:
POST:
POST:

POST:

:Hit RETURN to continue

@@ And finally plot heat capacities
ent fun cpb=hm(bcc_a2).t;

the command in full is ENTER_SYMBOL
ent fun cpf=hm(fcc_al).t;

the command in full is ENTER_SYMBOL
ent fun cpl=hm(liq).t;

the command in full is ENTER_SYMBOL
ent fun cph=hm(hcp_a3).t;

the command in full is ENTER_SYMBOL
ent tab cpl

the command in full is ENTER_SYMBOL

Variable(s): t cpb cpf cpl cph;

POST

: s-d-a y
the command in full is SET_DIAGRAM_ AXIS

VARIABLE : cpl
COLUMN NUMBER /*/: 2-5

POST:

POST:

s-d-a x cpl 1
the command in full is SET_DIAGRAM_AXIS
set-title example 2e

POST:

POST:

201

plot
the command in full is PLOT_DIAGRAM
example 2e
8.02.19.08.06.57

SSOLE FE
P=1E5, M=1

CP1

60

¥=T ¥=CPB
¥=T ¥=CPF
¥=T ¥=CPL
¥=T ¥=CPH

55

|
oW oN

S0

45

40

35

30

25

20

200 400 600 800 1000 1200 1400 1600 1800 2000
A

POST:

POST

POST:

POST:

POST:

POST:

:Hit RETURN to continue
@@ The next example plots functions for a binary system
ba

the command in full is BACK

POLY_3: go da

the command in full is GOTO_MODULE

TDB_SSOL6: rej sys

VA

.. the command in full is REJECT
DEFINED

BCC_B2 FCC_L12 FCC_COV
FCC_AUCU HCP_ORD REJECTED

GAS:G REJECTED

REINITIATING GES .....

TDB_SSOL6: @@ Select the Cu-Fe system and only
TDB_SSOL6: @@ the fcc, bcc, liquid and hcp phases
TDB_SSOL6: d-sys fe cu

FE

the command in full is DEFINE_SYSTEM
CU DEFINED

TDB_SSOL6: rej ph /all

the command in full is REJECT

LIQUID:L FCC_Al BCC_A2



HCP_A3 HCP_ZN TETRAGONAL_U

CBCC_Al2 CUB_A13 ORTHORHOMBIC_A20
LAVES_C14 LAVES_C15 LAVES_C36

M4N ALCU_ETA ALCU_EPSILON
ALCUZN_GAMMA_H ALSFE4 CUPD_B2

CUTI CuU4TI cu6Y

CUZN_GAMMA D_GAMMA FEPD

FEPD3 FESB FEU6

FE2U FEUZR_DELTA FEZR2

FEZR3 REJECTED
TDB_SSOL6: rest ph fcc_al bcc_a2 lig hcp_a3
the command in full is RESTORE
FCC_Al BCC_A2 LIQUID:L
HCP_A3 RESTORED
TDB_SSOL6: l-sys
the command in full is LIST_SYSTEM
ELEMENTS, SPECIES, PHASES OR CONSTITUENTS: /CONSTITUENT/: CONSTITUENT

LIQUID:L :CU FE:

FCC_Al :CU FE:VA:
BCC_A2 :CU FE:VA:
HCP_A3 :CU FE:VA:

TDB_SSOL6: get
... the command in full is GET_DATA
REINITIATING GES .....
ELEMENTS
SPECIES
PHASES .......
the command in full is AMEND_ PHASE_DESCRIPTION
the command in full is AMEND_ PHASE_DESCRIPTION
... the command in full is AMEND_PHASE_DESCRIPTION
PARAMETERS
FUNCTIONS

List of references for assessed data

'Data for the Cu-Fe system are from an unpublished assessment of I Ansara
and A Jansson published in the COST507 final report: COST507
Thermochemical Database for Light Metal Alloys, Vol 2, eds by I Ansara,

AT Dinsdale and MH Rand, July 1998, EUR18499. The data were also
reported by A Jansson in the KTH report TRITA-MAC-533, 1993. >> Cu-Fe '
—OK-
TDB_SSOL6: go p-3
the command in full is GOTO_MODULE

POLY version 3.32
POLY_3: @@ Set conditions for a single equilibrium
POLY_3: s-c t=1000,p=1e5,n=1,w(cu)=.01
... the command in full is SET_CONDITION
POLY_3: c-e
the command in full is COMPUTE_EQUILIBRIUM
Using global minimization procedure

Calculated 836 grid points in 0 s
Found the set of lowest grid points in 0 s
Calculated POLY solution 0 s, total time 0 s

POLY 3: @@ Select the fraction of Cu as the axis variable
POLY_3: s-a-v 1

... the command in full is SET_AXIS_VARIABLE
Condition /NONE/: w(cu)
Min value /0/: 0
Max value /1/: 1
Increment /.025/: .025
POLY_3: @@ Remember to Save
POLY_3: save tcex02b y

... the command in full is SAVE_WORKSPACES
POLY_3: @@ Now a special STEP option is selected because the NORMAL
POLY_3: @@ option only calculates the stable phases. The option
POLY_3: @@ SEPARATE means that all entered phases are calculated
POLY_3: @@ separately.
POLY_3: step

the command in full is STEP_WITH OPTIONS

Option? /NORMAL/: ? - N
The following options are available:

NORMAL Stepping with given conditions
INITIAL_EQUILIBRIA An initial equilibrium stored at every step
EVALUATE Specified variables evaluated after each step
SEPARATE_PHASES Each phase calculated separately

T-ZERO TO0 line calculation

PARAEQUILIBRIUM Paraequilibrium diagram

MIXED SCHEIL Scheil with fast diffusing elements

ONE_PHASE_AT_TIME One phase at a time
Option? /NORMAL/: sep

Phase Region from 0.529789 for:
LIQUID
BCC_A2
FCC_Al
HCP A3

Phase Region from 0.529789 for:
LIQUID
BCC_A2
FCC_Al
HCP_A3
*** Buffer saved on file ***
c:\jenkins\workspace\Thermo-Calc-Generate-Console-Examples\examples\tcex02\tcex
02b.POLY3
POLY_3: @@ Now plot the results in various ways
POLY_3: post

POLY-3 POSTPROCESSOR VERSION 3.2

POST: (@@ Set the Gm of all phases on the y-axis
POST: s-d-a y gm(*)
the command in full is SET DIAGRAM AXIS

COLUMN NUMBER /*/: * B B
POST: @@ and the mole percent of Cu on the x-axis
POST: s-d-a x x(cu)

... the command in full is SET DIAGRAM AXIS
POST: set-lab d B B
... the command in full is SET LABEL CURVE OPTION
POST: B B B
POST: set-title example 2f
POST:
POST: plot



the command in full is PLOT_DIAGRAM
example 2f
2018.02.18.08.07.00

SSOLE: CUU, FE
T=1000, P=1E5, N=1

-34000
— T ¥=X(CU) Y=GM({LIGUID)
1 — 2 X=X(CU) Y=GM(BOC_AZ)
-36000 — 3 X=X(CU) Y=GM(FCC_A1)
4 X=X(CU) Y=GM(HCP_A3)
-38000
-40000
i
=
=
(U]
-420001-
-44000
-46000
-48000
0.0 0.1 0z 03 04 05 06 07 08 09 1.0
A
POST:

POST:Hit RETURN to continue
POST: @@ Now plot the enthalpy
POST: s-d-a y hm(*)
... the command in full is SET_DIAGRAM AXIS
COLUMN NUMBER /*/: *
POST: set-title example 2g
POST:
POST: plot
the command in full is PLOT_DIAGRAM
example 2g
2018.02.16.08.07.00
SS0L6: CU,FE
T=1000, P=1E5, N=1

50000
— 1@ ¥=X(CU) Y=HM{LIGUD)
1 — 2 ¥=X(CU) Y=HM(BCC_A2)
45000 3 X=X(CU) Y=HM(FCC_A1)
— & ¥=X(CU) Y=HW(HCP_A3)
40000

35000

HM(")

30000

25000

20000

15000

0.0 01 0.2 0.3 04 05 0.6 07 08 09 1.0
A

POST:
POST:Hit RETURN to continue
POST: @@ and finally the entropy
POST: s-d-a y sm(*)
the command in full is SET_DIAGRAM_ AXIS
COLUMN NUMBER /*/: *
POST: set-title example 2h
POST:
POST: plot
the command in full is PLOT_DIAGRAM




example 2h

2018.02.19.08.07.01
SSOLE: CU, FE
T=1000, P=1E5, N=1
84.0
— 1: ¥=X(CU) Y=SM{LIOUID)
82.0 1 —  Z ¥=X(CU) Y=SM(BCC_AZ)
3 ¥=X(OU) Y=SM(FCC_a1)
800 — & X=X(CU) Y=SMHCP_AZ)
780

POST:

POST:Hit RETURN to continue

0.1

02

0.3 04 0.5 0.6 0.7 0.8 0.9
X(CU)

POST: @@ The last example plots the Fe-V-C ternary system.
POST: @@ Calculate and plot Gm from the iron corner to VC

POST: ba

... the
POLY_3: go
the
TDB_SSOL6:
... the

VA DEFINE

BCC_B2

FCC_AUCU

GAS:G REJ

REINITIATI

command
da
command
rej sys
command
D

ECTED
NG GES

in

in

in

full is BACK

full is GOTO_MODULE

full is REJECT

FCC_L12 FCC_COV
HCP_ORD REJECTED

TDB_SSOL6: d-sys fe v c
the command in

FE
DEFINED

full is DEFINE_SYSTEM

TDB_SSOL6: rej ph / all

LIQUID:L
HCP A3
TETRAGONAL
ORTHORHOMB
LAVES_C14
CEMENTITE
M7C3

M5C2
FECN_CHI
ALTA_SIGMA
FEPD3

FE2U

FEZR3
TDB_SSOL6:
the

v C
the command in full is REJECT

FCC_Al BCC_A2
HCP_ZN DIAMOND_ A4

U CBCC Al2 CUB A13

IC_A20 SIGMA GRAPHITE
LAVES_C15 LAVES_C36
KSI_CARBIDE M23C6
M3C2 v3c2
MC_ETA MAN
ALM_DO19 ALS5FE4
ALTI FEPD
FESB FEU6
FEUZR_DELTA FEZR2
V3SI REJECTED

rest ph fcc_al bcc_a2 hcp_a3 lig

command in full is RESTORE
BCC_A2 HCP_A3

FCC_Al
LIQUID:L
TDB_SSOL6:
... the
REINITIATI
ELEMENTS
SPECIES
PHASES ...

PARAMETERS
FUNCTIONS

RESTORED

get
command
NG GES

command
command
command
command
command

in

in
in
in
in
in

full
full
full
full
full

is

is
is
is
is
is

GET_DATA

AMEND PHASE_DESCRIPTION
AMEND_PHASE_DESCRIPTION
AMEND_PHASE_DESCRIPTION
AMEND_PHASE_DESCRIPTION
AMEND_PHASE_DESCRIPTION

List of references for assessed data

'Data for the C-Fe system are taken from the assessment of P Gustafson,
Report TRITA-MAC-0237,

"A Thermodynamic Evaluation of the Fe-C system". Data for other

phases not stable in the binary system are from: WM Huang: Report

-267.

TRITA-MAC 411

October 1984, Scand. J. Metall., 1985, 14, 259

(Rev 1989); Metall. Trans. A, 1990, 21A, 2115-2123. "A

Thermodynamic Assessment of the Fe-Mn-C system", WM Huang: Report
Metall. Trans. A, 1991, 22A(9), 1911-1920. "
Thermodynamic Properties of the Fe-Mn-V-C System", BJ Lee (1991),
unpublished revision of data for the C-Cr-Fe-Ni system. H Du and M

TRITA-MAC 441

Hille
-C-N

rt: Z2.

H

(1990),

Du:

Metallkde,
System".

1991, 82(4), 310-316. "An Assessment of the Fe
Phase Equil., 1993, 14(6), 682-693. "A

Reevaluation of the Fe-N and Fe-C-N systems". Note: Data for the V3C2
phase were modified to be 10 J/mol more positive than those for the

M3C2

phase.

The data for the liquid data were modified by Tatjana

Buhler to prevent bcc phase from becoming stable at high temperatures.

>> C-
'P. Frank

TRITA-MAC 432

Fe '

e, unpublished revisions, Aachen, 2006-2008"
'Data for the C-Fe-V system are taken the assessments of WM Huang: Report

(1990),

Z.

Metallkde, 1991, 82(5), 391-401. "A

thermodynamic evaluation of the Fe-V-C system". BJ Lee and DN Lee:
Report TRITA-MAC 474
thermodynamic study on the Fe-V-C system". >> C-Fe-V '

'Data for the C-V system are taken from the assessment of WM Huang: Z.

Metal

lkde, 1991,

82,

(1

(3

991), Calphad, 1991, 15(3), 293-306. "A

), 174-181. "An Assessment of the V-C System".

Additional data are from further work by WM Huang: Report TRITA-MAC

441 (

1990),

BJ Lee:

Report TRITA-MAC 475 (1991). >> C-V '

'Data for the Fe-V system are from the assessments of WM Huang: TRITA-MAC
432 (Rev 1989,1990),

Z.

Metallkde, 1991, 82(5), 391-401. "A



thermodynamic evaluation of the Fe-V-C system", WM Huang: Met. Trans.
A, 1991, 22(9), 1911-1920. "Thermodynamic properties of the Fe-Mn-V-C
system". >> Fe-V '
—0K-
TDB_SSOL6: go p-3
the command in full is GOTO_MODULE

POLY version 3.32
POLY_3: @@ Set conditions for a single equilibrium
POLY 3: s-c t=1000,p=le5,n=1,w(v)=.0015,x(c)=.001
... the command in full is SET_CONDITION
POLY_3: c-e
the command in full is COMPUTE_EQUILIBRIUM
Using global minimization procedure

Calculated 7821 grid points in 0 s
Found the set of lowest grid points in 0 s
Calculated POLY solution 0 s, total time 0 s

POLY_3: l-e,,,,
the command in full is LIST_EQUILIBRIUM
Output from POLY-3, equilibrium = 1, label A0 , database: SSOL6

Conditions:
T=1000, P=1E5, N=1, W(V)=1.5E-3, X(C)=1E-3
DEGREES OF FREEDOM 0

Temperature 1000.00 K ¢ 726.85 C), Pressure 1.000000E+05
Number of moles of components 1.00000E+00, Mass in grams 5.57951E+01
Total Gibbs energy -4.23963E+04, Enthalpy 2.45646E+04, Volume 0.00000E+00

Component Moles W-Fraction Activity Potential Ref.stat
C 1.0000E-03 2.1527E-04 3.4515E-02 -2.7990E+04 SER

FE 9.9736E-01 9.9828E-01 6.1891E-03 -4.2279E+04 SER

v 1.6429E-03 1.5000E-03 4.0605E-07 -1.2236E+05 SER
BCC_A2 Status ENTERED Driving force 0.0000E+00

Moles 9.9814E-01, Mass 5.5735E+01, Volume fraction 0.0000E+00 Mass fractions:
FE 9.99368E-01 V 6.07213E-04 C 2.49276E-05

FCC_Al#2 Status ENTERED Driving force 0.0000E+00
Moles 1.8638E-03, Mass 6.0520E-02, Volume fraction 0.0000E+00 Mass fractions:
v 8.23694E-01 C 1.75507E-01 FE 7.99487E-04
POLY_3:Hit RETURN to continue
POLY_3: 1l-st p
... the command in full is LIST_STATUS
*** STATUS FOR ALL PHASES

PHASE STATUS DRIVING FORCE MOLES

FCC_Al#2 ENTERED 0.000000E+00 1.863776E-03
BCC_A2 ENTERED 0.000000E+00 9.981362E-01
FCC_Al#1 ENTERED -3.462152E-02 0.000000E+00
HCP_A3#1 ENTERED -2.875358E-01 0.000000E+00
HCP_A3#2 ENTERED -2.875358E-01 0.000000E+00
LIQUID ENTERED -6.510578E-01 0.000000E+00

POLY_3:Hit RETURN to continue
POLY_3: @@ Note we have several composition sets because fcc
POLY_3: @@ (and possibly hcp) can exist both as metallic and
POLY_3: @@ as carbide. However, in this case it is unnecessary
POLY_3: @@ as we are only interested in the value of the
POLY_3: @@ thermodynamic functions, not the equilibrium, and therefore
POLY_3: @@ we suspend them
POLY_3:
POLY_3: c-s p hcp_a3#2
... the command in full is CHANGE_STATUS
Status: /ENTERED/: sus
POLY 3: 1l-c
... the command in full is LIST_CONDITIONS
T=1000, P=1E5, N=1, W(V)=1.5E-3, X(C)=1E-3
DEGREES OF FREEDOM 0
POLY_3: @@ We would like to calculate the Gibbs energy from
POLY_3: @@ pure Fe to the corner VC. Select a line with equal
POLY_3: @@ fraction of V and C
POLY_3: s-c x(v)-x(c)=0
. the command in full is SET_CONDITION
POLY_3: s-c w(v)=none
... the command in full is SET_CONDITION
POLY_3: l-c
... the command in full is LIST_CONDITIONS
T=1000, P=1E5, N=1, X(C)=1E-3, X(V)-X(C)=0
DEGREES OF FREEDOM 0
POLY_3: c-e
the command in full is COMPUTE_EQUILIBRIUM
Normal POLY minimization, not global
Testing POLY result by global minimization procedure
14 ITS, CPU TIME USED 0 SECONDS
POLY_3: 1l-e,,,,
.. the command in full is LIST_EQUILIBRIUM
Output from POLY-3, equilibrium = 1, label A0 , database: SSOL6

Conditions:
T=1000, P=1E5, N=1, X(C)=1E-3, X(V)-X(C)=0
DEGREES OF FREEDOM 0

Temperature 1000.00 K ¢ 726.85 C), Pressure 1.000000E+05
Number of moles of components 1.00000E+00, Mass in grams 5.57983E+01
Total Gibbs energy -4.23424E+04, Enthalpy 2.46245E+04, Volume 0.00000E+00

Component Moles W-Fraction Activity Potential Ref.stat
C 1.0000E-03 2.1526E-04 9.5381E-02 -1.9538E+04 SER

FE 9.9800E-01 9.9887E-01 6.1904E-03 -4.2277E+04 SER

v 1.0000E-03 9.1295E-04 1.6021E-07 -1.3010E+05 SER
BCC_A2 Status ENTERED Driving force 0.0000E+00

Moles 9.9858E-01, Mass 5.5752E+01, Volume fraction 0.0000E+00 Mass fractions:
FE 9.99691E-01 V 2.40126E-04 C 6.83917E-05

FCC_Al#2 Status ENTERED Driving force 0.0000E+00
Moles 1.4208E-03, Mass 4.5810E-02, Volume fraction 0.0000E+00 Mass fractions:
A 8.19759E-01 C 1.78955E-01 FE 1.28625E-03

POLY_3:Hit RETURN to continue

POLY_3: @@ Set the fraction of C as the axis

POLY_3: @@ The fraction of V will be the same

POLY_3: s-a-v

the command in full is SET_AXIS_VARIABLE

Axis number: /1/: 1
Condition /NONE/: x(c



Min value /0/: 0

Max value /1/: .5

Increment /.0125/: .0125

POLY_3: save tcex02c y

the command in full is SAVE_WORKSPACES
@@ step along the axis
step

the command in

Option? /NORMAL/: sep

POLY_3:
POLY_3:
full is STEP_WITH_OPTIONS

Phase Region from 0.330065 for:
LIQUID
BCC_A2
FCC_AL#1
FCC_AL#2

Phase Region from 0.330065 for:
LIQUID
BCC_A2
FCC_Al#1
FCC_Al#2

Phase Region from 0.480604E-02 for:
HCP_A3#1

Phase Region from 0.480604E-02 for:

HCP_A3#1
*** Buffer saved on file ***
c:\jenkins\workspace\Thermo-Calc-Generate-Console-Examples\examples\tcex02\tcex
02c.POLY3

POLY_3: post

POLY-3 POSTPROCESSOR VERSION 3.2

POST:
POST:

@@ plot the Gm versus carbon content
1-p-s
the command in full is LIST_PLOT_SETTINGS

GRAPHIC DEVICE: TC-UNITE Driver (_#22) PLOTFILE: SCREEN

FONT: (# 1) Arial Bold
AXIS PLOT YES
RASTER PLOT NO
TRIANGULAR PLOT NO

AUTOMATIC SCALING

AUTOMATIC AXIS TEXT

AXIS VARIABLES

POST: s-d-a x x(c)
... the command in full is SET_DIAGRAM_AXIS
POST: s-d-a y gm(*)

the command in full is

N SET_DIAGRAM AXIS
COLUMN NUMBER /*/: *

POST:
POST: set-lab d
... the command in full is SET_LABEL_CURVE_OPTION
POST: set-title example 2i
POST:
POST: plot
the command in full is PLOT DIAGRAM
example 2i
2018.02.18.08.07.06
SS0L6:C,FE V
T=1000, P=1EE, N=1, X(V)-X(C)=0
-35000
— 1: ¥=X(C) Y=GM(LIGUD)
— 2 X=X(C) Y=GM(BCC_A2)
-40000 B —_— — 3 X=X(C) Y=GM[FCC_A1#1)
T | — 4 X=X(C) Y=GM(FCC_A1#2)
i 5 X=X(C) Y=GM(HCP_A3#1)
-45000
-50000
—
<
= -55000
O
-60000
-65000
-70000
-75000
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 040 045 0.50
A xO
POST:

POST:Hit RETURN to continue

POST: @@ This example is about more partial derivatives
POST: back
POLY_3: go da
... the command in full is GOTO_MODULE
TDB_SSOL6: rej sys
... the command in full is REJECT
VA DEFINED
BCC_B2 FCC_L12 FCC_COV
FCC_AUCU HCP_ORD REJECTED
GAS:G REJECTED

REINITIATING GES
TDB_SSOL6: def-sys al cu

the command in full is DEFINE_SYSTEM

AL CU DEFINED

TDB_SSOL6: get
. the command in
REINITIATING GES
ELEMENTS
SPECIES

full is GET_DATA




command
command
command
command
command

PHASES

N full
full
full
full
full

is
is
is
is
is

in
in
in
in
in

AMEND_PHASE_DESCRIPTION
AMEND_PHASE_DESCRIPTION
AMEND_PHASE_DESCRIPTION
AMEND_ PHASE_DESCRIPTION
AMEND_PHASE_DESCRIPTION

the

... the
PARAMETERS
FUNCTIONS

List of references for assessed data
'Taken from ACMSZ-1, based on unpublished assessment of N Saunders

published in the COST507 final report COST507 Thermochemical database
for light metal alloys, Volume 2 eds I Ansara, A T Dinsdale and M H

Rand, July 1998, EUR18499 Updates from V.T. Witusiewicz, U. Hecht,
S.G. Fries, S. Rex, JALCOM 385 (2004) 133-143 (Al-Cu) and H.Liang,
Y.A.Chang, JPE 19 (1998) 25-37 (Al-Cu-Zn). >> Al-Cu '

'C Servant and I Ansara: J. Chim. Phys. 1997, 94, 869-888. "Thermodynamic
assessment of the Al-Nb system”. >> Al-Nb '

' F. Yin, X. Su, Z. Li, P. Zhang, Z. Metallkde, 92, 5 (2001) 447-450. Data
from Thermodata - supplied to SGTE December 2007 >> Al-Pr '

'SG Fries, HL Lukas, R Konetzki, and R Schmid-Fetzer: J. Phase Equil.,
1994, 15(6), 606-614. "Experimental investigation and thermodynamic

optimization of the Y-Cu binary system". Note: The data for the CuY
phase have been modified slightly to correct the calculated invariant
temperatures. >> Cu-Y '

'M Kowalski and PJ Spencer: J. Phase Equil., 1993, 14(4), 432-438.
Thermodynamic reevaluation of the Cu-Zn system". Some v. minor
differences in gamma_brass data wrt SOLDERS >> Cu-Zn '

'Liang Y, Guo C, Li C, Du Z, Journal of Alloys and Compounds, 2008,
314-319 "Thermodynamic modeling of the Al-Cr system." >> Al-Cr

'Data for the Al-Li system are from an unpublished assessment of N
Saunders published in the COST507 final report: COST507 Thermochemical
Database for Light Metal Alloys, Vol 2, eds by I Ansara, AT Dinsdale
and MH Rand, July 1998, EUR18499. >> Al-Li '

460,

' Data supplied by Thermodata to SGTE - December 2007 A. Saccone, G.
Cacciamani, D. Maccio, G. Borzone, R. Ferro, Intermetallics, 6 (1998)
201-215. >> Al-Sm '

'W. Huang, S.M. Opalka, D. Wang, T.B. Flanagan, Calphad, 31, 315-29(2007) >
> Cu-Pd '

—OK-
TDB_SSOL6: go p-3

the command in full is GOTO_MODULE

POLY version 3.32
POLY_3: s-c t=1400 p=le5 n=1 x(al)=.1
... the command in full is SET_CONDITION

POLY_3: c-e

the command in full is COMPUTE_EQUILIBRIUM
Using global minimization procedure
Calculated 11669 grid points in
Found the set of lowest grid points in
Calculated POLY solution 0 s, total time
POLY_3: 1l-e,,,,

the command in full is LIST_EQUILIBRIUM

o

Output from POLY-3, equilibrium = 1, label A0 , database: SSOL6
Conditions:
T=1400, P=1E5, N=1, X(AL)=0.1

DEGREES OF FREEDOM 0

Temperature 1400.00 K ¢ 1126.85 C), Pressure 1.000000E+05

Number of moles of components 1.00000E+00, Mass in grams 5.98896E+01

Total Gibbs energy -8.53069E+04, Enthalpy 3.62263E+04, Volume 0.00000E+00
Component Moles W-Fraction Activity Potential Ref.stat
AL 1.0000E-01 4.5053E-02 1.3593E-06 -1.5724E+05 SER

cu 9.0000E-01 9.5495E-01 1.3045E-03 -7.7314E+04 SER
LIQUID Status ENTERED Driving force 0.0000E+00

Moles 1.0000E+00, Mass 5.9890E+01,
CU 9.54947E-01 AL 4.50529E-02
POLY_3:Hit RETURN to continue
POLY_3: @@ Check the activity of aluminum
POLY_3: show acr(al)

the command in full is SHOW_VALUE
ACR(AL)=1.359263E-6

Volume fraction 0.0000E+00 Mass fractions:

POLY_3: @@ This activity value is referred to fcc Al at 298.15 K.
POLY_3: @@ Set the proper reference state for activities
POLY_3: set-ref-state al

the command in
Reference phase: lig
Temperature /*/:
Pressure /1E5/:
POLY_3:
POLY_3: set-ref-state
the command in
Reference phase: lig
Temperature /*/:
Pressure /1E5/:
POLY_3:
POLY_3: show acr(al)

full is SET_REFERENCE_STATE

cu
full is SET_REFERENCE_STATE

the command in

ACR(AL)=8.0990275E-4
POLY_3: @@ This value
POLY_3: show mur (al)

the command in

full is SHOW_VALUE
is better. The corresponding chemical potential is

full is SHOW_VALUE

MUR (AL) =-82862.697
POLY_3: @@ The relation is simply that acr (al)=exp (mur (al) /RT) .
POLY_3: enter fun test
the command in full is ENTER_SYMBOL
Function: exp (mur(al)/8.31451/T);
POLY_3: show test
the command in full is SHOW_VALUE
TEST=8.0990275E-4
POLY_3:Hit RETURN to continue

Check that

POLY 3: @@ POLY allows the calculation of partial derivatives of thermodynamic
POLY_3: @@ quantities of original reference state with respect to fractions
POLY_3: @@ that are conditions. For example

POLY_3: show gm.x(al)

... the command in full is SHOW_VALUE

GM.X (AL)=-79930.097

POLY_3: @@ This is not the same as the chemical potential.
POLY_3: @@ is equal to the so-called diffusion potential:

It actually
mu (al)-mu(cu) .



POLY_3:
POLY_3: ent fun diffmu=mu(al)-mu(cu);

... the command in full is ENTER_ SYMBOL
POLY_3: show diffmu B

... the command in full is SHOW_VALUE

DIFFMU=-79930.097

POLY_3: @@ The relation between the chemical potential and the partial derivative is
POLY_3: @@ mu(al) = gm + gm.x(al) - x(al)*gm.x(al)
POLY_3:
POLY_3: @@ We can also enter this as a function.
POLY_3: enter fun dgdx=gm+gm.x(al)-x(al)*gm.x(al);

... the command in full is ENTER_SYMBOL
POLY_3: sh dgdx

the command in full is SHOW_VALUE

Warning: All functions are evaluated for this command and as there are
one or more functions with a derivative which may be irrelevant

for this equilibrium some functions may have wrong values.

If possible enter derivatives as VARIABLES instead

DGDX=-157243.97

POLY_S: sh mu(al)
the command in full is SHOW_VALUE

MU (AL) =-157243.97 -

POLY_3: @@ Partial entropy is the negative of mu(al).t

POLY_3: ent fun ps=-mu(al).t;

... the command in full is ENTER_SYMBOL

POLY_3: sh ps

the command in full is SHOW_VALUE

Warning: All functions are evaluated for this command and as there are
one or more functions with a derivative which may be irrelevant

for this equilibrium some functions may have wrong values.

If possible enter derivatives as VARIABLES instead

PS=95.218667
POLY_3: @@ Partial enthalpy is h = g + s*t
POLY_3: enter fun ph=mu(al)+ps*t;
... the command in full is ENTER_SYMBOL
POLY_3: sh ph
the command in full is SHOW_VALUE

Warning: All functions are evaluated for this command and as there are
one or more functions with a derivative which may be irrelevant

for this equilibrium some functions may have wrong values.

If possible enter derivatives as VARIABLES instead

PH=-23937.838

POLY_3: @@ Partial enthalpy can also be calculated in a similar way as chemical
POLY_3: @@ potential

POLY_3: @@ partial enthalpy = hm + hm.x(al) - x(al)*hm.x(al)
POLY_3: ent fun phl=hm+hm.x(al)-x(al)*hm.x(al);

... the command in full is ENTER_SYMBOL
POLY_3: sh phl
the command in full is SHOW_VALUE

Warning: All functions are evaluated for this command and as there are
one or more functions with a derivative which may be irrelevant

for this equilibrium some functions may have wrong values.

If possible enter derivatives as VARIABLES instead

PH1=-23937.838
POLY_3: @@ As can be seen, phl = ph.
POLY 3: @@ Another useful quantity is mu(al).x(al). That is related to
POLY_3: @@ the thermodynamic factor and part of the diffusion coefficient.
POLY_3: show mu(al).x(al)
the command in full is SHOW_VALUE

MU (AL) .X (AL)=324789.82 -
POLY_3:
POLY_3: set-inter

... the command in full is SET_INTERACTIVE
POLY_3: -



tcex03

About Software (build 12987) running on WinNT 64-bit wordlength
Compiler: Intel(R) Visual Fortran Compiler Version 16.0.4.246 Build 20160811
License library version: 8.5.1.0017
Linked: Fri Feb 16 15:22:08 2018

SYS:SYS:MACRO "c:\jenkins\workspace\Thermo-Calc-Generate-Console-Examples\examples\tcex03\tcex03.TCM" set-echo
SYS:
SYS: @@ Calculating an isothermal section using the Ternary module
SYS:
SYS: set-log ex03,,
SYS:
SYS: go tern
the command in full is GOTO_MODULE

Quick ternary phase diagram calculation module

THERMODYNAMIC DATABASE module
Current database: Steels/Fe-Alloys v9.0

VA /- DEFINED

L12 FCC B2 BCC DICTRA FCC Al
REJECTED

Current database: Iron Demo Database v2.0

VA /- DEFINED
Database: /FEDEMO/: FEDEMO
First element: ?
The following assessed systems
C-CR-FE C-CR C-FE CR-FE

First element: fe
Second element: c
Third element: cr
Phase Diagram, Monovariants, or Liquidus Surface: /Phase_Diagram/: Phase Diagram
Temperature (C) /1000/: 1200
Global minimization on: /Y/:
VA /- DEFINED
REINITIATING GES .....
C CR FE
DEFINED
ELEMENTS
SPECIES ...
PHASES .......
the command in full is AMEND_ PHASE_DESCRIPTION
the command in full is AMEND_PHASE_DESCRIPTION
the command in full is AMEND_PHASE_DESCRIPTION
... the command in full is AMEND_PHASE_DESCRIPTION
PARAMETERS
FUNCTIONS

List of references for assessed data

'"A. Dinsdale, SGTE Data for Pure Elements, CALPHAD, 15 (1991) 317-425"
'B. Uhrenius, Int. J. Refract. Met. Hard Mater. 12 (1994) 121 -127; Molar
volumes'
'"A. Markstrom, Swerea KIMAB, Sweden; Molar volumes'
'X.-G. Lu, M. Selleby, B. Sundman, CALPHAD, 29 (2005) 49-55; Fe P-T diagram'
'"A.V. Khvan, B. Hallstedt, K. Chang, CALPHAD, 39, 54-61(2012); C -Cr-Nb'
'"A.V. Khvan, B. Hallstedt, C. Broeckmann, CALPHAD, 46, 24 -33(2014); Cr-Fe
—c
'"P. Gustafson, Scan. J. Metall., 14 (1985) 259-267; TRITA 0237 (1984); C-FE'
'X.-G. Lu, Thermo-Calc Software AB, Sweden, 2006; Molar volumes'
'B.-J. Lee, CALPHAD, 17 (1993) 251-268; revision of Fe-Cr and Fe -Ni liquid'
'J-0. Andersson, CALPHAD, 11 (1987) 271-276; TRITA 0314; C-CR'
'P. Franke, Estimated parameter within SGTE, 2007; Fe-C, Ni-C, Mo-C, C-Mn'
'X.-G. Lu, M. Selleby and B. Sundman, CALPHAD, 29, 2005, 68-89; Molar
volumes'
'J-0. Andersson, Metall. Trans. A, 19A (1988) 627-636 TRITA 0207 (1986); C
-CR-FE'
'J-0. Andersson and B. Sundman, CALPHAD, 11 (1987) 83-92; TRITA 0270
(1986); CR-FE'
'B.-J. Lee, CALPHAD, 16 (1992) 121-149; C-Cr-Fe-Ni'
'P. Villars and L.D. Calvert (1985). Pearson's handbook of
crystallographic data for intermetallic phases. Metals park, Ohio.
American Society for Metals; Molar volumes'
'B. Hallstedt, D. Djurovic, J. von Appen, R. Dronskowski, A. Dick, F.
Koermann, T. Hickel, J. Neugebauer, CALPHAD, 34, 129 -33(2010); Fe-C'
'P. Gustafson, TRITA-MAC 342 (1987); CR-FE-W'
'J-0. Andersson, Metall. Trans. A, 19A (1988) 1385-1394; TRITA 0322 (1986);
CR-FE-MO"
'J. Bratberg, Z. Metallkd., 96 (2005) 335-344; Fe-Cr-Mo-C'
'R. Naraghi, Thermo-Calc Software AB, Sweden, 2016; FCC Fe-Cr-C and C-Cr-Ni'
'B. Hallstedt, unpublished work (2016); C-Fe-Mn Epsilon martensite.'
'C. Qiu, ISIJ International, 32 (1992) 1117-1127; C-Cr-Fe-Mo'
'J-0. Andersson, CALPHAD, 12 (1988) 9-23; TRITA 0321 (1986); C -FE-MO'
'P. Gustafson, Metall. Trans. A, 19A (1988) 2547-2554; TRITA-MAC 348
(1987); C-CR-FE-W'
'K. Frisk, Metall. Trans. A, 21A (1990) 2477-2488; TRITA 0409 (1989); CR
-FE-N'
'N. Saunders, COST 507 Report (1998); Cr-Ti'
'B.-J. Lee, Private communication, (1999); Estimated parameter'
'L.F.S. Dumitrescu, M. Hillert and N. Saunders, J. Phase Equilib., 19
(1998) 441-448; Fe-Ti'
'D. Djurovic, B. Hallstedt, J. von Appen, R. Dronskowski, CALPHAD,
submitted, 2011; Fe-Mn-C'
'B. Sundman et al., Report EUR 20315, Contract No 7210-PR/050, 2002; New
Sigma model'
—_OK-
The condition X(CR)=.1234 created
The condition X(FE)=.1234 created
Version S mapping is selected
Generating start equilibrium
Generating start equilibrium
Generating start equilibrium
Generating start equilibrium
Generating start equilibrium
Generating start equilibrium
Generating start equilibrium
Generating start equilibrium
Generating start equilibrium

WU U s WN



Organizing start

Using ADDED start
Generating
Generating
Generating
Generating
Generating
Generating
Generating
Generating
Generating start
Generating start
Working hard

Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start

start
start
start
start
start
start
start
start

point
point
point
point
point
point
point
point
point
point

point
point
point
point
point
point
point
point
point
point
point

Phase region boundary
** GRAPHITE
M7C3
Calculated.

Phase region boundary
** GRAPHITE
** M3C2

M7C3

Phase region boundary
*x M3C2
M7C3
Calculated

Phase region boundary
GRAPHITE
** M3C2

Phase region boundary
** GRAPHITE
M7C3
Calculated.

Phase region boundary
** CEMENTITE
** GRAPHITE

M7C3

Phase region boundary
** CEMENTITE
M7C3
Calculated.

Phase region boundary
** LIQUID
** CEMENTITE

M7C3

Phase region boundary
** LIQUID
M7C3
Calculated.

Phase region
** LIQUID
** FCC_AL#1

M7C3

boundary

Phase region
** FCC_AL#1
M7C3
Calculated.

boundary

Phase region
** FCC_Al#1
** M23C6

M7C3

boundary

Phase region
** M23C6
M7C3
Calculated

boundary

Phase region
FCC_AL#1
*x M23C6
Calculated.

boundary

Phase region
** BCC_A2

FCC_AL#1
** M23C6

boundary

Phase region
*%* BCC_ A2

FCC_Al#1
Calculated

boundary

Phase region
*%* BCC_A2
M23C6
Calculated

boundary

Phase region
LIQUID

** FCC_AL#1
Calculated

boundary

points

CVW®WIUS WN

-

12
13
14
15

17
18
19
20
21

1

10

11

12

13

14

15

16

17

18

equilibria

at:

at:

at:

at:

at:

at:

at:

at:

at:

at:

at:

at:

at:

1.750E-01 1.750E-01

11 equilibria

2.652E-01 8.482E-02
5.652E-01 8.482E-02
20 equilibria
3.000E-01 0.000E+00
2.652E-01 8.482E-02
18 equilibria
9.822E-02 2.518E-01
1.457E-01 5.793E-01

3 equilibria

1.610E-01 5.640E-01

1.414E-01 6.131E-01

7 equilibria

1.820E-01 5.842E-01
1.646E-01 6.458E-01
28 equilibria
3.658E-01 4.629E-01
5.141E-01 2.324E-01
33 equilibria

3.369E-01 5.455E-01

2 equilibria

3.450E-01 5.382E-01
2.028E-01 7.787E-01
21 equilibria
3.620E-01 5.294E-01
65 equilibria
6.933E-02 8.073E-01
27 equilibria



Phase region boundary 19 at: 8.694E-02 6.926E-01
** LIQUID
CEMENTITE
Calculated. 5 equilibria

Phase region boundary 20 at: 6.004E-02 7.169E-01
** LIQUID
CEMENTITE
** GRAPHITE

Phase region boundary 21 at: 3.674E-02 3.383E-01
CEMENTITE
** GRAPHITE
Calculated. 3 equilibria

Terminating at known equilibrium

Phase region boundary 22 at: 2.330E-02 3.787E-01
LIQUID
** GRAPHITE
Calculated 19 equilibria
Phase region boundary 23 at: 1.750E-01 1.750E-01
** GRAPHITE
M7C3
Calculated. 9 equilibria

Terminating at known equilibrium

Phase region boundary 24 at: 1.750E-01 1.750E-01
** GRAPHITE
M7C3
Calculated. 11 equilibria

Terminating at known equilibrium

Phase region boundary 25 at: 1.750E-01 1.750E-01
** GRAPHITE
M7C3
Calculated. 9 equilibria

Terminating at known equilibrium

Phase region boundary 26 at: 3.000E-01 O0.000E+00
GRAPHITE
** M3C2

Phase region boundary 27 at: 2.652E-01 8.482E-02
** GRAPHITE
M7C3
Calculated. 1 equilibria
Terminating at known equilibrium

Phase region boundary 28 at: 5.652E-01 8.482E-02
** M3C2
M7C3
Calculated 31 equilibria
Phase region boundary 29 at: 6.432E-01 6.818E-03
** M3C2
M7C3
Calculated 15 equilibria
Phase region boundary 30 at: 6.432E-01 6.818E-03
*%* M3C2
M7C3
Calculated. 9 equilibria

Terminating at known equilibrium

Phase region boundary 31 at: 8.930E-01 3.418E-03
BCC_A2
** M23C6
Calculated 12 equilibria
Phase region boundary 32 at: 8.930E-01 3.418E-03
BCC A2
** M23C6
Calculated. 54 equilibria

Terminating at known equilibrium

Phase region boundary 33 at: 1.172E-02 3.947E-01
LIQUID
** GRAPHITE
Calculated. 3 equilibria

Terminating at known equilibrium

Phase region boundary 34 at: 1.172E-02 3.947E-01
LIQUID
** GRAPHITE
Calculated 22 equilibria
Phase region boundary 35 at: 6.068E-03 4.025E-01
LIQUID
** GRAPHITE
Calculated. 4 equilibria

Terminating at known equilibrium

Phase region boundary 36 at: 6.068E-03 4.025E-01
LIQUID
** GRAPHITE
Calculated 9 equilibria
Phase region boundary 37 at: 1.262E-02 8.673E-01
** LIQUID
FCC_Al#1
Calculated 10 equilibria
Phase region boundary 38 at: 1.262E-02 8.673E-01
** LIQUID
FCC_AL#1
Calculated. 7 equilibria

Terminating at known equilibrium

Phase region boundary 39 at: 4.578E-01 4.348E-01
BCC A2
** M23C6
Calculated 57 equilibria
Phase region boundary 40 at: 4.578E-01 4.348E-01

BCC_A2



** M23C6
Calculated. 11 equilibria
Terminating at known equilibrium

Phase region boundary 41 at: 6.789E-01 2.163E-01
BCC_A2

*% M23C6

Calculated 30 equilibria

Phase region boundary 42 at: 6.789E-01 2.163E-01
BCC_A2

*% M23C6

Calculated. 33 equilibria

Terminating at known equilibrium

*** BUFFER SAVED ON FILE:
c:\jenkins\workspace\Thermo-Calc-Generate-Console-Examples\examples\tcex03\ISOT
HER.POLY3

CPU time for mapping 2 seconds

POSTPROCESSOR VERSION 3.2

Setting automatic diagram axes

POSTPROCESSOR VERSION 3.2

Setting automatic diagram axes

FE-C-CR at T=1473.15 K
2018.02.10,08.08.28
FEDEMO: C, CR, FE
T=1473.15, P=1E5, N=1

= 1:M3C2
— 2M7C3
~ 3GRAPHITE
—  4CEMENTITE
~=  5lQuD

- BFCC_A1#1
T:M23CE
BBCC_A2

08

0.7

0.0 B § - =
0o 0.1 02 03 04 05 06 07 08 09 1.0

A Mole fraction C
POST:
POST: set-title example 3a
POST: plot

the command in full is PLOT DIAGRAM
example 3a

2018.02.19.08.08.27
FEDEMO: C, CR, FE
T=1473.15 P=1E5, N=1

—  hm3c2
—  2M7C3
—  3GRAPHITE
—  4CEMENTITE
~  sLIQUD

—  BFCC_AI#1
T:M23CE
BBCC_A2

08

00 01 02 03 04 05 06 07 08 08 10
A Mole fraction C

POST:
POST:Hit RETURN to continue
POST: @@ Add some labels
POST: add .35 .3
... the command in full is ADD LABEL_TEXT
Automatic phase labels? /Y/:
Automatic labelling not always possible
Using global minimization procedure
Found the set of lowest grid points in 0 s
Calculated POLY solution 1 s, total time 1 s
Stable phases are: GRAPHITE+M7C3
Text size: /.36/:
POST: add .05 .2
... the command in full is ADD LABEL_TEXT
Automatic phase labels? /Y/:



Automatic labelling not always possible

Using global minimization procedure

Found the set of lowest grid points in 0 s
Calculated POLY solution 0 s, total time 0 s
Stable phases are: FCC_A1+M7C3

Text size: /.36/:

POST: set-title example 3b
POST:
POST: plot
the command in full is PLOT DIAGRAM
example 3b

2018.02.19.08.08.28
FEDEMO: C, CR, FE
T=1473.15 P=1ES, N=1

—  1m3c2
—  zmrc3
3GRAPHITE
—  %CEMENTITE
~—  sLIaUD
—  BFCC_AM#
T:M23CE
BBCC_A2

08

00 01 02 03 04 05 06 07 08 08 10
A Mole fraction C

POST:
POST:Hit RETURN to continue
POST: add .3 .01
... the command in full is ADD_LABEL_TEXT
Automatic phase labels? /Y/:
Automatic labelling not always possible
Using global minimization procedure
Found the set of lowest grid points in 0 s
Calculated POLY solution 0 s, total time 0 s
Stable phases are: LIQUID+GRAPHITE
Text size: /.36/:
POST: add .35 .1
... the command in full is ADD LABEL_TEXT
Automatic phase labels? /Y/:
Automatic labelling not always possible
Using global minimization procedure
Found the set of lowest grid points in
Calculated POLY solution 0 s, total time 0 s
Stable phases are: CEMENTITE+GRAPHITE+M7C3
Text size: /.36/:
POST: add .01 .5
... the command in full is ADD LABEL_TEXT
Automatic phase labels? /Y/:
Automatic labelling not always possible
Using global minimization procedure
Found the set of lowest grid points in
Calculated POLY solution 0 s, total time 0 s
Stable phases are: BCC_A2+M23C6
Text size: /.36/:
POST: set-title example 3c
POST:
POST: plot
the command in full is PLOT DIAGRAM

example 3¢

o
%]

o
[}

2018.02.19.08.08.29
FEDEMO: C, CR, FE
T=1473.15 P=1E5, N=1

—  hm3c2
—  2M7C3
3GRAPHITE
—  4CEMENTITE
~  sLIQUD
—  BFCC_AI#1
T:M23CE
8BCC_A2

00 01 02 03 04 05 06 07 08 08 10
A Mole fraction C

POST:

POST:Hit RETURN to continue

POST: @@ We can try the same exercise as in TCEX_ 0l which uses
POST: Q@ carbon activity on one axis

POST:

s-d-a X ac c



... the command in full is SET_DIAGRAM_AXIS
POST: set-title example 3d
POST:
POST: plot
the command in full is PLOT DIAGRAM
example 3d
2018.02.19.08.08.29
FEDEMO: C, CR, FE
T=1473.15 P=1E5, N=1

1.0
0o —  :M3c2
: — ZM7C3
F:GRAPHITE
08 —  4CEMENTITE
—  SLeUD
07 GFCC_A#1
2 7:M23CE
B:BCC_a2
2 o6 -
O
&
&£ 05
&
&
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POST:
POST:Hit RETURN to continue
POST: @@ With these axes it is better to have a square diagram.
POST: s-dia-type
... the command in full is SET_DIAGRAM_TYPE
TRIANGULAR DIAGRAM (Y OR N) /N/: N
CREATE TETRAHEDRON WRML FILE (Y OR N) /N/:
POST:
POST: set-title example 3e
POST:
POST: plot
the command in full is PLOT DIAGRAM
example 3e
2018.02.18.08.08.29
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POST:Hit RETURN to continue
POST: @@ The activity axis is probably better as logarithmic
POST: s-a-ty x
the command in full is SET AXIS TYPE
AXIS TYPE /LINEAR/: log - -
POST: set-title example 3f

POST: plot
the command in full is PLOT_DIAGRAM



example 3f
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POST:
POST:Hit RETURN to continue
POST: @@ In order for pure graphite to have activity one, the reference
POST: @@ state of C should be set to graphite. In addition,
POST: @@ the solubility lines now cross. Is the diagram wrong?
POST: Q@ No, in this case one should not use the mole fraction of Cr
POST: @@ but the metallic fraction. This can be fixed by setting
POST: @@ the status of C to "special". All species set as special
POST: @@ are excluded from the summation of fractions.
POST: @@ The special status is set in the POLY module
POST: ba
the command in full is BACK
SYS: go p-3
... the command in full is GOTO_MODULE
POLY_3: -

POLY_3: s-r-s

the command in full is SET_REFERENCE_STATE

Component: c
Reference phase: gra
Temperature /*/:
Pressure /1E5/:
POLY_3: ch-st

the command in full is CHANGE_STATUS

For phases, species or components? /PHASES/: c

Name

(s): ¢

Status: /ENTERED/: ?

Status

The new status to be assigned must be given.

*

*

*

For species, the values ENTERED or SUSPENDED can be used.

For components, the status ENTERED, SUSPENDED or SPECIAL can be given.
SPECIAL means that this component will be excluded from sums for
mole fractions and mass fractions.

For phases, the status ENTERED, SUSPENDED, DORMANT or FIXED can be given.
DORMANT means the same as suspended but the driving force will be
calculated. FIXED means that it is a condition that the phase is
stable at a certain amount.

Note that only component(s) may have the status SPECIAL, which implies
that they will not be included in summations for mole or mass fractions.
For instance, for the so-called "u" fractions or other normalized fractions
when one or more of the components are excluded from the summation, one
must specify which component(s) should be excluded from the calculation
of mole or mass fraction. This component status is particularly useful
when calculating paraequilibrium states. Such component(s) are normally
interstitial component, and must have the status SPECIAL. This is assigned
by the CHANGE_STATUS command. For example, to obtain the metallic fraction
in a system with as an intersitial component, one can set the component
status for carbon as SPECIAL:

Change_status comp C=special

Important Note: Special attentions should be paid when specifying a FIXED
phase status in equilibrium calculations (for single points, stepping or
mapping calculations), as described below:

*

The phase amount variables, NP (phase), BP(phase) and VP (phase), as well

as all their M/W/V-suffixed quantities, should not be used as conditions.
Instead, one can use the CHANGE_STATUS command to set a relevant

condition, e.g., CHANGE_ STATUS phase <phase>=fix <amount> where the

fixed <amount> is roughly the same as the F-suffixed quantity "NPF (phase)".

The "NPF (phase)" quantity is the normalized mole number of components
(per mole formula unit) of the specific phase in the defined system,
which unlike other F-suffixed state variables [e.g., GF(phase),
HF (phase) and DGF (phase)] can not be directly applied in any POLY
command, implying that it can not be directly evaluated or listed/shown.
If intended to shown such a normalized phase amount value in an
equilibrium state, one should instead use a properly-entered symbol
(function or variable), for instance,
NPFabc = NP (abc) /NA

or NPFabc = NPM(abc) /NA*N
N is the total system size (in mole). The NA value is a quantity that
is phase-dependent (and sometimes also equilibrium-dependent for ionic
solution phases), and is the total atomic number in a mole-formula-unit
of the specific phase abc (excluding interstitial component and, of
course, vacancy) .



*

*

For instance, the SIGMA, FCC, BCC and LIQUID phases (among others) in

a defined Fe-Cr-Ni-C-N-O system (retrieved from a specific database)
may be modeled by certain models, and their NA values must be evaluated
in different ways, as described below:

LIQUID (c,Cr,Cr03/2,Fe,Fe0,FEO3/2,N,Ni,Ni0)1 --> NA = 1
FCC Al (Cr,Fe,Ni)1(Va,C,N,0)1 --> NA = 1
BCC_A2 (Cr,Fe,Ni)1(vVa,C,N,0)3 --> NA = 1
SIGMA (Fe,Ni)8(Cr)4(Cr,Fe,Ni)18 --> NA = 30

If in the same Fe-Cr-Ni-C-N-O system the liquid solution phase has been
modeled by the Two-Sublattice Ionic Liquid Model, i.e.,

IONIC_LIQ (Cr+3,Fe+2,Ni+2)p(VA,C,N,0-2,FE03/2)q
the evaluation of its NA value becomes even more complicated,

NA = p+g*y(C_2ndSite)+g* (N_2ndSite) +g* (0-2_2ndSite)+g* (Fe03/2_2ndSite)
where the stoichiometric coefficients p and g are also dependent upon the
real equilibrium state (rather than having fixed values in the system).
Similar situations occur for other (solid) phases which are described by
multiple-sublattice model with ionic constituents, such as SPINEL and
HALITE phases in some databases.

Obviously, there will be no strange thing when using a zero value
[i.e., 0] in a FIXED phase-status, since it simply means the specified
phase is stable in equilibrium state but has a zero-amount of mass in
the equilibrium calculations; in other words, on a phase diagram, the
specific phase is on a zero-fraction line (ZFL), i.e., it just starts
becoming stable on one side of a corresponding phase-boundary line or
unstable on the other side of the same boundary. It is often and
efficient to do so when calculating e.g. solidus equilibrium states.

However, when a non-zero value [it must always be positive; e.g., 1 or
0.5 or 0.3 or 1.5] is to be specified in a FIXED phase-status, it is
unnecessarily the exactly same stable amount of the specific FIXED-
status phase in a calculated equilibrium state any longer; instead,
the <equilibrium amount> value is the "NPF (phase)" value that is only
roughly used as the estimated starting-value of the FIXED-status phase
in the equilibrium calculations.

Therefore, a FIXED-status for a liquid phase being unity does not
necessarily imply that it is a liquidus equilibrium state (where the
liquid phase is in equilibrium with some solid phases but the liquid
phase takes all the mass in the defined system). A unity value for
setting the liquid phase status in calculating liquidus equilibrium
state can only be used when the liquid mixture phase has been predefined
as a single-sublattice solution phase (such as metallic liquid phase

in multicomponent alloy systems) and the total system size as one mole
(i.e., N=1).

When a phase is described by a solution model in which two or more
sublattices are considered and these sublattice sites may also have
different stoichiometric coefficients [meaning that the mixture phase
could have more than one atom in formula [NA>1l; see some examples abovel,
the unity value should not be used when setting the FIXED status for
the phase; instead, one should use an appropriate value that ranges
from 0 to a "NPF (phase)" value that equals to or is smaller than 1/NA
(if the total system size N=1) or 1/NA*N (if N differs from unity).

For this reason, if a multicomponent system bears an IONIC_LIQUID phase
that is described by the Two-Sublattice Ionic Liquid Model (or any
other multiple-sublattice ionic solution phases), it is very difficult
to use a proper "NPF(ION_LIQ)" value in setting its FIXED phase-status,
because that should be less than (or equal to) the complex value of

N/ [p+g*y (C_2ndSite) +g* (N_2ndSite) +g* (0-2_2ndSite) +gq* (Fe03/2_2ndSite)].

Status: /ENTERED/: special

POLY_3:
POLY_3: post
POST:
POST: set-title example 3g
POST:
POST: plot
the command in full is PLOT DIAGRAM
example 3g
2018.02.16.08.08.30
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POST:

POST

POST:
POST:

POST:

:Hit RETURN to continue

@@ Finally scale

s-s x n .001 1

the command in full is SET_SCALING_STATUS
set-title example 3h

POST:

POST:

plot
the command in full is PLOT_DIAGRAM



2018.02.19.08.08.31
FEDEMO: C, CR, FE
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POST:

POST:Hit RETURN to continue

POST: @@ This kind of diagram is useful to understand diffusion paths.
POST:

POST: @@ The phase labels were lost when we changed axis

POST: @@ To add them back

POST: add .05 .3

the command in full is ADD_LABEL_TEXT

Automatic phase labels? /Y/:

Automatic labelling not always possible

Testing POLY result by global minimization procedure
Stable phases are: FCC_AI+M7C3

Text size: /.36/:

POST: set-title example 31
POST:
POST: plot
the command in full is PLOT_DIAGRAM
example 3i
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POST:
POST: set-inter

POST:

the command in full is SET_INTERACTIVE_MODE



tcex04

About
Software (build 12987) running on WinNT 64-bit wordlength
Compiler: Intel(R) Visual Fortran Compiler Version 16.0.4.246 Build 20160811
License library version: 8.5.1.0017
Linked: Fri Feb 16 15:22:08 2018

SYS:SYS:MACRO "c:\jenkins\workspace\Thermo-Calc-Generate-Console-Examples\examples\tcex04\tcex04.TCM"SYS:

SYS:

SYS: @@ Calculating the miscibility gap in the Fe-Cr system.
SYS:

SYS: set-log ex04,,,

SYS:

SYS: go data

the command in full is GOTO_MODULE
THERMODYNAMIC DATABASE module
Current database: Steels/Fe-Alloys v9.0

VA /- DEFINED
L12 FCC B2 BCC DICTRA FCC_Al
REJECTED B -
TDB_TCFE9: sw FEDEMO
the command in full is SWITCH_DATABASE
Current database: Iron Demo Database v2.0

VA /- DEFINED
TDB_FEDEMO: def-sys
the command in full is DEFINE_SYSTEM
ELEMENTS: fe cr
FE CR DEFINED
TDB_FEDEMO: l-sys
... the command in full is LIST_SYSTEM

ELEMENTS, SPECIES, PHASES OR CONSTITUENTS: /CONSTITUENT/:

LIQUID:L :CR FE:

BCC_A2 :CR FE:VA:
CHI_Al2 :CR FE:CR:CR FE:
FCC_Al :CR FE:VA:

HCP_A3 :CR FE:VA:
LAVES_PHASE_Cl14 :CR FE:CR FE:
SIGMA :CR FE:CR:CR FE:

TDB_FEDEMO: rej ph /all
... the command in full is REJECT
LIQUID:L BCC_A2 CHI_Al2
FCC Al HCP A3 LAVES PHASE Cl4
SIGMA REJECTED
TDB_FEDEMO: rest ph liquid fcc_al bcc_a2 sigma
... the command in full is RESTORE
LIQUID:L FCC_Al BCC_A2
SIGMA RESTORED
TDB_FEDEMO: get
... the command in full is GET_DATA
REINITIATING GES .....
ELEMENTS .....
SPECIES ......
PHASES .......
the command in full is AMEND_PHASE_DESCRIPTION
the command in full is AMEND_ PHASE_DESCRIPTION
PARAMETERS
FUNCTIONS

List of references for assessed data

'A. Dinsdale, SGTE Data for Pure Elements, CALPHAD, 15 (1991) 317-425"'

'"A. Markstrom, Swerea KIMAB, Sweden; Molar volumes'

'X.-G. Lu, M. Selleby, B. Sundman, CALPHAD, 29 (2005) 49-55; Fe P-T diagram'

'B.-J. Lee, CALPHAD, 17 (1993) 251-268; revision of Fe-Cr and Fe -Ni liquid'

'X.-G. Lu, Thermo-Calc Software AB, Sweden, 2006; Molar volumes'

'X.-G. Lu, M. Selleby and B. Sundman, CALPHAD, 29, 2005, 68-89; Molar
volumes'

'J-0. Andersson and B. Sundman, CALPHAD, 11 (1987) 83-92; TRITA 0270
(1986); CR-FE'

'B. Sundman et al., Report EUR 20315, Contract No 7210-PR/050, 2002; New
Sigma model'

—_OK-
TDB_FEDEMO: go p-3

the command in full is GOTO_MODULE

POLY version 3.32
POLY_3: l-st
... the command in full is LIST_STATUS
Option /CPS/:
*** STATUS FOR ALL COMPONENTS

COMPONENT STATUS REF. STATE T (K) P (Pa)
VA ENTERED SER

CR ENTERED SER

FE ENTERED SER

**%* STATUS FOR ALL PHASES

PHASE STATUS DRIVING FORCE MOLES

SIGMA ENTERED 0.000000E+00 0.000000E+00
FCC_Al ENTERED 0.000000E+00 0.000000E+00
BCC_A2 ENTERED 0.000000E+00 0.000000E+00
LIQUID ENTERED 0.000000E+00 0.000000E+00
*** STATUS FOR ALL SPECIES

CR ENTERED FE ENTERED VA ENTERED

POLY_3:Hit RETURN to continue
POLY 3: @@ There is a miscibility gap in BCC Fe-Cr.
POLY_3: @@ Let us first calculate the low temperature region.
POLY_3: s-c x(cr)=.6 t=700 p=101325 n=1

... the command in full is SET_CONDITION
POLY_3: c-e B

the command in full is COMPUTE EQUILIBRIUM

Using global minimization procedure -

Calculated 2579 grid points in 0 s
Found the set of lowest grid points in 0 s
Creating a new composition set BCC_A2#2

Calculated POLY solution 0 s, total time 0 s

POLY_3: l-e
the command in full is LIST EQUILIBRIUM
OUTPUT TO SCREEN OR FILE /SCREEN/:7
Options /VWCS/:
Output from POLY-3, equilibrium = 1, label A0 , database: FEDEMO

set-echo



Conditions:
X (CR)=0.6, T=700, P=1.01325E5, N=1
DEGREES OF FREEDOM 0

Temperature 700.00 K ( 426.85 C), Pressure 1.013250E+05
Number of moles of components 1.00000E+00, Mass in grams 5.35364E+01
Total Gibbs energy -2.30658E+04, Enthalpy 1.31794E+04, Volume 7.26641E-06

Component Moles W-Fraction Activity Potential Ref.stat
CR 6.0000E-01 5.8274E-01 2.3703E-02 -2.1780E+04 SER

FE 4.0000E-01 4.1726E-01 1.3643E-02 -2.4995E+04 SER
BCC_A2#2 Status ENTERED Driving force 0.0000E+00

Moles 6.0112E-01, Mass 3.1435E+01, Volume fraction 6.0312E-01 Mass fractions:
CR 9.17570E-01 FE 8.24301E-02

BCC_A2#1 Status ENTERED Driving force 0.0000E+00
Moles 3.9888E-01, Mass 2.2102E+01, Volume fraction 3.9688E-01 Mass fractions:
FE 8.93484E-01 CR 1.06516E-01
POLY_3:Hit RETURN to continue
POLY_3: @@ Now make a calculation at a higher temperature
POLY_3: s-c t=900
. the command in full is SET_CONDITION
POLY_3: c-e
. the command in full is COMPUTE_EQUILIBRIUM
Using global minimization procedure

Calculated 2579 grid points in 0 s
Found the set of lowest grid points in 0 s
Calculated POLY solution 0 s, total time 0 s

POLY_3: l-e
the command in full is LIST EQUILIBRIUM
OUTPUT TO SCREEN OR FILE /SCREEN/:_
Options /VWCS/:
Output from POLY-3, equilibrium = 1, label A0 , database: FEDEMO

Conditions:
X(CR)=0.6, T=900, P=1.01325E5, N=1
DEGREES OF FREEDOM 0

Temperature 900.00 K ( 626.85 C), Pressure 1.013250E+05
Number of moles of components 1.00000E+00, Mass in grams 5.35364E+01
Total Gibbs energy -3.49346E+04, Enthalpy 2.36848E+04, Volume 7.26400E-06

Component Moles W-Fraction Activity Potential Ref.stat
CR 6.0000E-01 5.8274E-01 1.2779E-02 -3.2626E+04 SER

FE 4.0000E-01 4.1726E-01 5.9088E-03 -3.8398E+04 SER
SIGMA Status ENTERED Driving force 0.0000E+00

Moles 6.4245E-01, Mass 3.4609E+01, Volume fraction 6.3947E-01 Mass fractions:
FE 5.04665E-01 CR 4.95335E-01

BCC_A2#1 Status ENTERED Driving force 0.0000E+00
Moles 3.5755E-01, Mass 1.8927E+01, Volume fraction 3.6053E-01 Mass fractions:
CR 7.42558E-01 FE 2.57442E-01

POLY_3:Hit RETURN to continue

POLY_3: @@ The Fe-Cr phase diagram has three non-connected two-phase regions.
POLY_3:

POLY_3: s-a-v 1 x(cr)

... the command in full is SET_AXIS_VARIABLE

Min value /0/: 0
Max value /1/: 1

Increment /.025/:

POLY_3: s-a-v 2

. the command in full is SET AXIS VARIABLE

Condition /NONE/: t B B
Min value /0/: 600
Max value /1/: 2200

Increment /40/:

POLY 3: @@ Always use a SAVE command before MAP (or STEP) otherewise unless
POLY_3: @@ you want to overlay this calculation with an earlier one
POLY_3: save tcex04 y

... the command in full is SAVE_WORKSPACES

POLY_3: map

Version S mapping is selected

Generating start equilibrium 1

Generating start equilibrium 2

Generating start equilibrium 3

Generating start equilibrium 4

Generating start equilibrium 5

Generating start equilibrium 6

Generating start equilibrium 7

Generating start equilibrium 8

Generating start equilibrium 9

Generating start equilibrium 10

Generating start equilibrium 11

Generating start equilibrium 12

Organizing start points
Using ADDED start equilibria

Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Working hard
Generating start point 11
Generating start point 12
Generating start point 13
Generating start point 14
Generating start point 15
Generating start point 16
Generating start point 17
Generating start point 18
Generating start point 19
Generating start point 20
Working hard

Working hard

CVW®WUOU S WN

-



Phase region boundary 1 at: 1.067E-02 1.169E+03

BCC_A2#1
** FCC_AL
Calculated 12 equilibria
Phase region boundary 2 at: 1.067E-02 1.169E+03
BCC_A2#1
** FCC_AL
Calculated 42 equilibria
Phase region boundary 3 at: 5.119E-01 6.100E+02
** BCC_A2#1
BCC_A2#2
Calculated.. 2 equilibria

Terminating at axis limit.

Phase region boundary 4 at: 5.112E-01 6.000E+02
BCC_A2#1
*% BCC_A2#2
Calculated. 10 equilibria
Phase region boundary 5 at: 5.192E-01 7.875E+02
BCC_A2#1
** BCC_A2#2
** SIGMA
Phase region boundary 6 at: 6.763E-01 7.875E+02
BCC_A2#1
**x SIGMA
Calculated.. 54 equilibria
Calculated 54 equilibria
Phase region boundary 7 at: 6.763E-01 7.875E+02
BCC_A2#1
**x SIGMA
Calculated. 108 equilibria

Terminating at known equilibrium

Phase region boundary 8 at: 5.119E-01 6.100E+02
** BCC_A2#1
BCC_A2#2
Calculated. 9 equilibria

Terminating at known equilibrium

Phase region boundary 9 at: 5.119E-01 6.100E+02
** BCC_A2#1
BCC_A24#2
Calculated.. 2 equilibria

Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 10 at: 5.119E-01 6.100E+02
** BCC_A2#1
BCC_A24#2
Calculated. 9 equilibria

Terminating at known equilibrium

Phase region boundary 11 at: 4.325E-02 1.137E+03
BCC_A2#1
** FCC_AL
Calculated 46 equilibria
Phase region boundary 12 at: 4.325E-02 1.137E+03
BCC_A24#1
** FCC_AL
Calculated 16 equilibria
Phase region boundary 13 at: 1.006E-01 1.137E+03
BCC_A2#1
*%* FCC_Al
Calculated 24 equilibria
Phase region boundary 14 at: 1.006E-01 1.137E+03
BCC_A2#1
** FCC_AL
Calculated 34 equilibria
Phase region boundary 15 at: 1.224E-02 1.663E+03
** BCC_A2#1
FCC_Al
Calculated 44 equilibria
Phase region boundary 16 at: 1.224E-02 1.663E+03
*% BCC_A2#1
FCC_Al
Calculated 12 equilibria
Phase region boundary 17 at: 9.640E-03 1.809E+03
LIQUID
** BCC_A241
Calculated 11 equilibria
Phase region boundary 18 at: 9.640E-03 1.809E+03
LIQUID
** BCC_A2#1
Calculated 93 equilibria
Phase region boundary 19 at: 3.471E-01 1.807E+03
LIQUID
*% BCC_A2#1
Calculated 37 equilibria
Phase region boundary 20 at: 3.471E-01 1.807E+03
LIQUID
** BCC_A241
Calculated 62 equilibria
Phase region boundary 21 at: 6.881E-01 2.007E+03
LIQUID
** BCC_A2#1
Calculated 68 equilibria
Phase region boundary 22 at: 6.881E-01 2.007E+03

LIQUID
** BCC_A2#1



Calculated 37 equilibria

Phase region boundary 23 at: 9.910E-01 2.176E+03
LIQUID
*% BCC_A2#1
Calculated 90 equilibria
Phase region boundary 24 at: 9.910E-01 2.176E+03
LIQUID
** BCC_A241
Calculated 12 equilibria

*** BUFFER SAVED ON FILE:
c:\jenkins\workspace\Thermo-Calc-Generate-Console-Examples\examples\tcex04\tcex
04.POLY3
CPU time for mapping 2 seconds
POLY_3:
POLY_3: post

POLY-3 POSTPROCESSOR VERSION 3.2

Setting automatic diagram axes

POST:
POST: s-t-s 6

the command in full is SET_TIELINE_STATUS
set_title example 4a
plot

the command in full is PLOT_DIAGRAM

example 4a

2018.02.19.08.09.43
FEDEMO: CR, FE
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POST:
POST: set-inter
the command in full is SET_INTERACTIVE_MODE

POST:



tcex05

About Stockholm, Sweden

Software (build 12987) running on WinNT 64-bit wordlength

Compiler: Intel(R) Visual Fortran Compiler Version 16.0.4.246 Build 20160811
License library version: 8.5.1.0017

Linked: Fri Feb 16 15:22:08 2018

SYS:SYS:MACRO "c:\jenkins\workspace\Thermo-Calc-Generate-Console-Examples\examples\tcex05\tcex05.TCM" set-echo
SYSs:

SYS: @@ Calculating a vertical section in the Al-Cu-Si system

SYS:

SYS: @@ This example calculates a vertical section in the Al-Cu-Si

SYS: @@ system and of a vertical section from Al to 10% Cu2Si.

SYS:
SYS: set-log ex05,,
SYS: go da

... the command in full is GOTO_MODULE
THERMODYNAMIC DATABASE module
Current database: Steels/Fe-Alloys v9.0

VA /- DEFINED
L12_FCC B2_BCC DICTRA_FCC_Al
REJECTED
TDB_TCFE9: sw ALDEMO
the command in full is SWITCH_DATABASE
Current database: Aluminum Demo Database v2.0

FCC_L12 REJECTED

VA /- DEFINED

TDB_ALDEMO: def-sys al Cu si
... the command in full is DEFINE_SYSTEM

AL Ccu ST
DEFINED

TDB_ALDEMO: get
... the command in full is GET_DATA

REINITIATING GES .....

the command in full is AMEND PHASE_ DESCRIPTION

the command in full is AMEND PHASE_DESCRIPTION

the command in full is AMEND_PHASE_DESCRIPTION

... the command in full is AMEND_PHASE_DESCRIPTION
PARAMETERS
FUNCTIONS

List of references for assessed data

'A. Dinsdale, Calphad, 15 (1991) 317-425; unary data'

'"Volume data from TCFE4, 2006'

'X.-G. Lu, et al., CALPHAD, 29 (2005) 68-89; Molar volumes'

'X.-G. Lu, Thermo-Calc Software AB, 2006; Molar volumes'

'I. Ansara (Editor), COST 507, (1998)"

'X.Y. Yan,J. Alloy and Compd. 308, 221-229 (2000),CU-si'

'"A. Markstrom, Swerea KIMAB, Sweden; Molar volumes'

'Volume data, N. Dupin 2008’

'L. Kjellgvist, Thermo-Calc Software AB, 2010; Unassessed parameter,
linear combination of unary volume data'

'"Hai-Lin Chen, in TCAL2.0, Extrapolations, assumptions
adjustment'

'J.R.zhao, Y.Du, in , 2010, Sn-Sr, Cu-Mg-Si'

'L. Kjellgvist, Thermo-Calc Software AB, 2012; Molar volumes'

'C.-Y. He,Calphad, 33,200-210 (2009),Al-Cu-Si'

'J. Groebner,Calphad,20(2)247-254(1996),A1-C-Si"'

'"W.H. Sun,unpublished (2010),Cu-Si-Zn,Cu-Ni-Zn"

—OK-
TDB_ALDEMO: go p-3

the command in full is GOTO_MODULE

POLY version 3.32
POLY_3: s-c t=1000,p=1le5,n=1
the command in full is SET_CONDITION
POLY 3: @@ We shall calculate along a line where the Cu content is twice
POLY_3: @@ that of the Si content. This can be used as a condition.
POLY_3: @@ Note that the whole equation must be given before the equal sign.
POLY 3: @@ It is wrong to write s-c x(cu)=2*x(si)
POLY_3: s-c x(cu)-2*x(si)=0
... the command in full is SET_CONDITION
POLY_3: l-c
... the command in full is LIST_CONDITIONS
T=1000, P=1E5, N=1, X(CU)-2*X(SI)=0
DEGREES OF FREEDOM 1
POLY_3: s-c w(si)=0.05
... the command in full is SET_CONDITION
POLY_3: c-e
the command in full is COMPUTE EQUILIBRIUM
Normal POLY minimization, not glob317
Testing POLY result by global minimization procedure
Calculated 17511 grid points in 0 s
44 1ITS, CPU TIME USED 0 SECONDS
POLY_3: l-e
... the command in full is LIST_EQUILIBRIUM
OUTPUT TO SCREEN OR FILE /SCREEN/:7
Options /VWCS/: VWCS
Output from POLY-3, equilibrium = 1, label A0 , database: ALDEMO

Conditions:
T=1000, P=1E5, N=1, X(CU)-2*X(SI)=0, W(SI)=5E-2
DEGREES OF FREEDOM 0

Temperature 1000.00 K ¢ 726.85 C), Pressure 1.000000E+05
Number of moles of components 1.00000E+00, Mass in grams 3.10908E+01
Total Gibbs energy -5.01533E+04, Enthalpy 2.90243E+04, Volume 1.04881E-05

Component Moles W-Fraction Activity Potential Ref.stat
AL 8.3395E-01 7.2374E-01 4.7926E-03 -4.4405E+04 SER
Ccu 1.1070E-01 2.2626E-01 9.6970E-06 -9.5980E+04 SER
SI 5.5351E-02 5.0000E-02 4.4065E-03 -4.5103E+04 SER

LIQUID Status ENTERED Driving force 0.0000E+00



Moles 1.0000E+00
AL 7.23737E-01
POLY_3:@?<Hit_retu

POLY_3: ?

... the command
ADD_INITIAL_EQUIL
ADVANCED_OPTIONS
AMEND_STORED_EQUI
BACK
CHANGE_STATUS
COMPUTE_EQUILIBRI
COMPUTE_TRANSITIO!
CREATE_NEW_EQUILI
DEFINE_COMPONENTS
DEFINE_DIAGRAM
DEFINE_MATERIAL
DELETE_INITIAL_EQ
DELETE_SYMBOL
ENTER_SYMBOL
EVALUATE_FUNCTION

POLY_3: s-a-v 1

Mass 3.1091E+01, Volume f
CU 2.26263E-01 SI 5.000
rn_to_continue>

in full is HELP
IBRIUM EXIT
GOTO_MODULE
LIBRIA HELP

INFORMATION
LIST_AXIS_VARIABLE
UM LIST_CONDITIONS
N LIST_EQUILIBRIUM

BRIUM LIST_INITIAL_EQUIL
LIST_STATUS
LIST_SYMBOLS
LOAD_INITIAL_EQUIL

UILIB MACRO_FILE_OPEN
MAP
POST

S READ_WORKSPACES

raction 1.0000E+00 Mass fractions:
00E-02

REINITIATE_MODULE
SAVE_WORKSPACES
SELECT_EQUILIBRIUM
SET_ALL_START_VALUES
SET_AXIS_VARIABLE
SET_CONDITION
SET_INPUT_AMOUNTS

IBRIA SET_INTERACTIVE
SET_NUMERICAL_LIMITS
SET_REFERENCE_STATE

IBRIUM SET_START_CONSTITUTION
SET_START_VALUE
SHOW_VALUE
STEP_WITH_OPTIONS
TABULATE

the command in full is SET_AXIS_VARIABLE

Condition /NONE/:
Min value /0/: 0
Max value /1/: .1
Increment /.0025/:
POLY_3: s-a-v 2

w(si)

.0025

the command in full is SET_AXIS_VARIABLE

Condition /NONE/:
Min value /0/: 500
Max value /1/: 130
Increment /20/: 10
POLY_3: l-a-v

t

0

the command in full is LIST_AXIS_ VARIABLE

Axis No 1: W(SI)

Axis No 2: T
POLY_3:@?<Hit_retu
POLY_3: save tcex0

Min: O
Min: 500
rn_to_continue>
5y

Max: 0.1 Inc: 2.5E-3
Max: 1300 Inc: 10

the command in full is SAVE_WORKSPACES

POLY_3: map
Version S mapping
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start

Organizing start
Using ADDED start

Tie-lines not in
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Working hard

Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Generating start
Working hard

Working hard

Phase region boun
** AL2CU_C16
DIAMOND A4
FCC_Al
Calculated..
Terminating at ax

Phase region boun
** AL2CU_C16
DIAMOND_ A4
FCC_Al
Calculated.

Phase region boun
** AL2CU_C16
DIAMOND_A4
FCC_Al
** LIQUID

Phase region boun
AL2CU C16
DIAMOND A4

** FCC_AL

Phase region boun
AL2CU_C16
DIAMOND A4

** LIQUID

Phase region boun
AL2CU_C16
** DIAMOND_A4

is selected
equilibrium
equilibrium
equilibrium
equilibrium
equilibrium
equilibrium
equilibrium
equilibrium
equilibrium 9
equilibrium 10
equilibrium 11
equilibrium 12

©®J oUW N

points
equilibria

the plane of calculation

point 1
point 2
point 3
point 4
point 5
point 6
point 7
point 8
point 9
point 10
point 11
point 12
point 13
point 14
point 15
point 16
point 17
point 18
point 19
point 20

dary 1 at: 2.500E-03

6.450E+02

16 equilibria

is limit.

dary 2 at: 3.660E-04

31 equilib

dary 3 at: 1.147E-02

dary 4 at: 1.036E-01

dary 5 at: 1.036E-01

dary 6 at: 5.852E-02

5.000E+02

ria

7.950E+02

7.950E+02

7.950E+02

7.950E+02



LIQUID
Calculated. 2 equilibria

Phase region boundary 7 at: 6.069E-02 8.026E+02
** AL2CU_C16
** DIAMOND_A4

LIQUID
Phase region boundary 8 at: 6.069E-02 8.026E+02
** DIAMOND_A4
LIQUID
Calculated.. 18 equilibria

Terminating at axis limit.

Phase region boundary 9 at: 6.069E-02 8.026E+02
*%* AL2CU C16
LIQUID
Calculated. 3 equilibria

Phase region boundary 10 at: 5.713E-02 7.965E+02
** AL2CU_C16
** FCC_AL

LIQUID

Phase region boundary 11 at: 5.713E-02 7.965E+02
** AL2CU_C16
FCC_Al
LIQUID
Calculated. 18 equilibria
Terminating at known equilibrium

Phase region boundary 12 at: 5.713E-02 7.965E+02
** FCC_AL
LIQUID
Calculated 43 equilibria

Phase region boundary 13 at: 5.713E-02 7.965E+02
AL2CU Cl6
** FCC Al
LIQUID
Calculated. 2 equilibria
Terminating at known equilibrium

Phase region boundary 14 at: 6.069E-02 8.026E+02
** AL2CU_C16
DIAMOND A4

LIQUID
Calculated. 22 equilibria
Phase region boundary 15 at: 9.890E-02 8.509E+02

** AL2CU_C16
** ALCU_ETA
DIAMOND A4

LIQUID
Phase region boundary 16 at: 1.058E-01 8.509E+02
AL2CU_C16
** ALCU_ETA
DIAMOND_A4
Phase region boundary 17 at: 1.350E-01 8.509E+02
** AL2CU_C16
ALCU_ETA
DIAMOND A4
Phase region boundary 18 at: 1.058E-01 8.509E+02
AL2CU C16
DIAMOND_ A4
** LIQUID
Phase region boundary 19 at: 1.350E-01 8.509E+02
ALCU_ETA
DIAMOND_A4
** LIQUID
Phase region boundary 20 at: 9.890E-02 8.509E+02
** ALCU_ETA
DIAMOND A4
LIQUID
Calculated.. 2 equilibria
Terminating at axis limit.
Phase region boundary 21 at: 1.147E-02 7.950E+02
DIAMOND_ A4
FCC_Al
** LIQUID
Calculated. 2 equilibria
Phase region boundary 22 at: 1.107E-02 7.962E+02
** DIAMOND_A4
FCC_Al
** LIQUID
Phase region boundary 23 at: 1.107E-02 7.962E+02
FCC Al
** LIQUID
Calculated 24 equilibria
Phase region boundary 24 at: 1.107E-02 7.962E+02
** DIAMOND_A4
FCC_Al
Calculated.. 31 equilibria
Terminating at axis limit.
Phase region boundary 25 at: 1.107E-02 7.962E+02
** DIAMOND_A4
FCC_Al
LIQUID
Calculated. 3 equilibria
Terminating at known equilibrium
Phase region boundary 26 at: 2.500E-03 6.450E+02
** AL2CU_C16
DIAMOND_A4
FCC_Al

Calculated. 16 equilibria



Terminating at known equilibrium

Phase region boundary 27 at: 3.417E-02 7.950E+02
AL2CU_C16
DIAMOND A4
FCC_Al
** LIQUID
Calculated. 11 equilibria
Terminating at known equilibrium

Phase region boundary 28 at: 3.417E-02 7.950E+02
AL2CU_C16
DIAMOND A4
FCC_Al

** LIQUID

Calculated.. 28 equilibria

Terminating at known equilibrium

Terminating at axis limit.

Phase region boundary 29 at: 6.583E-02 7.950E+02
AL2CU_C16
DIAMOND A4
FCC_Al
** LIQUID
Calculated. 23 equilibria
Terminating at known equilibrium

Phase region boundary 30 at: 6.583E-02 7.950E+02
AL2CU_C16
DIAMOND A4
FCC_Al

** LIQUID

Calculated.. 15 equilibria

Terminating at known equilibrium

Terminating at axis limit.

Phase region boundary 31 at: 9.750E-02 7.950E+02
AL2CU Cl6
DIAMOND A4
FCC_Al
** LIQUID
Calculated. 36 equilibria
Terminating at known equilibrium

Phase region boundary 32 at: 9.750E-02 7.950E+02
AL2CU Cl6
DIAMOND A4
FCC_Al

** LIQUID

Calculated.. 3 equilibria

Terminating at known equilibrium

Terminating at axis limit.

Phase region boundary 33 at: 8.514E-03 7.700E+02
** DIAMOND_A4
FCC Al
Calculated.. 29 equilibria

Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 34 at: 8.514E-03 7.700E+02
** DIAMOND_A4
FCC Al
Calculated. 4 equilibria

Terminating at known equilibrium

Phase region boundary 35 at: 8.907E-03 7.700E+02
** AL2CU_C16
DIAMOND A4
FCC_Al
Calculated.. 29 equilibria
Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 36 at: 8.907E-03 7.700E+02
** AL2CU_C16
DIAMOND A4
FCC_Al
Calculated. 4 equilibria
Terminating at known equilibrium

Phase region boundary 37 at: 2.500E-03 9.291E+02
** FCC_Al
LIQUID
Calculated 18 equilibria
Phase region boundary 38 at: 2.500E-03 9.291E+02
*%* FCC_Al
LIQUID
Calculated. 23 equilibria

Terminating at known equilibrium

Phase region boundary 39 at: 3.417E-02 B8.649E+02
** FCC_Al
LIQUID
Calculated 26 equilibria
Phase region boundary 40 at: 3.417E-02 8.649E+02
** FCC_Al
LIQUID
Calculated. 11 equilibria

Terminating at known equilibrium

Phase region boundary 41 at: 6.583E-02 8.227E+02
** DIAMOND A4
LIQUID
Calculated. 4 equilibria

Terminating at known equilibrium

Phase region boundary 42 at: 6.583E-02 8.227E+02
** DIAMOND_A4
LIQUID
Calculated.. 20 equilibria

Terminating at known equilibrium
Terminating at axis limit.



Phase region boundary 43 at: 9.750E-02 9.579E+02
** DIAMOND_A4
LIQUID
Calculated. 20 equilibria
Terminating at known equilibrium

Phase region boundary 44 at: 9.750E-02 9.579E+02
** DIAMOND_A4
LIQUID
Calculated.. 4 equilibria

Terminating at known equilibrium

Terminating at axis limit.

*** BUFFER SAVED ON FILE:
c:\jenkins\workspace\Thermo-Calc-Generate-Console-Examples\examples\tcex05\tcex
05.POLY3

CPU time for mapping 7 seconds

POLY_3:

POLY_3: post

POLY-3 POSTPROCESSOR VERSION 3.2

Setting automatic diagram axes

POST: s-lab
... the command in full is SET_LABEL_CURVE_OPTION
CURVE LABEL OPTION (A, B, C, D, E, F OR N) /N/: b

POST:
POST:
POST: set-title example 5a
POST: plot
the command in full is PLOT DIAGRAM
example 5a

2018.02.19.08.11.08
ALDEMO: AL, CU, SI
P=1ES, N=1, X(CU)-2*X(SI)=0

1300
—  1:AL2CU_C18
—  3DIAWMOND_A4
1200 4FCC_A1
—  G:ALCU_ETA
7:LIGUD
1100

o
=}
=}

N

@

=]

=]
"]

Temperature [K]
g

700

600

500
0.00 0.01 002 0.03 004 0.05 0.06 007 0.08 0.09 010
A Mass fraction S|

POST:
POST:@?<Hit_return_to_continue>
POST: s-s y n 700 1100
the command in full is SET_SCALING_STATUS
POST: @@ Note that the three-phase region LIQ-Si-Al2Cu is an area and not
POST: @@ a single line as in a binary system. This is called a pseudo-binary section
POST: add .05 1000
the command in full is ADD_LABEL_TEXT
Automatic phase labels? /Y/:
Automatic labelling not always possible
Stable phases are: LIQUID
Text size: /.36/:
POST: add .02 840
the command in full is ADD_LABEL_TEXT
Automatic phase labels? /Y/:
Automatic labelling not always possible
Testing POLY result by global minimization procedure
Calculated 17511 grid points in 0 s
Stable phases are: FCC_Al+LIQUID
Text size: /.36/: B
POST: add .04 750
... the command in full is ADD_ LABEL_TEXT
Automatic phase labels? /Y/:
Automatic labelling not always possible
Testing POLY result by global minimization procedure
Calculated 17511 grid points in 1 s
Stable phases are: AL2CU_C16+DIAMOND A4+FCC_Al
Text size: /.36/:
POST: add .07 800
... the command in full is ADD_LABEL_TEXT
Automatic phase labels? /Y/:
Automatic labelling not always possible
Testing POLY result by global minimization procedure
Calculated 17511 grid points in 0 s
Stable phases are: AL2CU_C1l6+DIAMOND A4+LIQUID
Text size: /.36/:

POST:
POST: set-title example 5b
POST: plot

the command in full is PLOT_DIAGRAM



2018.02.19.08.11.03
ALDEMO: AL, CU, SI

P=1ES5, N=1, X(CU)-2*X(S1)=0

example 5b

1100

1050

1000

w
a
o

L]

Temperature [K]

gso|

800

— T:AL2CU_C1E
—  ZDIAWOND_A4
IFOC_AT
—  #ALCU_ETA

LiouiD s:LIQUID

FCC_AT+LIQUID

AL2CU_C16+DIAMOND_A4+LIQUID

750

AL2CU_C16+DIAMOND_A4+FCC_A1

700

0.05 0.08 0.07 0.08 0.09

0.00 0.01 0.02 0.03 0.04
A Mass fraction SI

POST:

POST:@?<Hit_return_to_continue>

POST: set-inter

POST:

the command in full is SET_INTERACTIVE_MODE

0.10



tcex06

About Linked: Fri Feb 16 15:22:08 2018

SYS:SYS:MACRO "c:\jenkins\workspace\Thermo-Calc-Generate-Console-Examples\examples\tcex06\tcex06.TCM" set-echo
SYS:
SYS: @@ Calculation of an isopleth in low alloyed
SYS: @@ Fe-Mn-Si-Cr-Ni-C steel.
SYS:
SYS: @@ This example calculates a multicomponent phase diagram using
SYS: @@ the Define Material command in POLY and the TCFE steel
SYS: @@ database. NA TCFE database license is required to run the
SYS: @@ example.
SYS:
SYS: set-log ex06,,
SYS: go p-3
the command in full is GOTO_MODULE

POLY version 3.32
POLY_3:
POLY_3: @@ The material contains 1.5 %Cr + 0.4 %Mn + 3.5 %Ni + 0.3 %Si and 1 %C
POLY_3: @@ (by weight). These conditions are set by the command and in
POLY 3: @@ addition the temperature. Hidden commands set the pressure to 1 bar
POLY_3: @@ and that iron is "the rest".
POLY_3: @@ After calculating the first equilibrium we calculate a phase diagram
POLY 3: @@ with one axis variable as temperature and the other as the
POLY_3: @@ carbon content
POLY_3:
POLY_3: def-mat
the command in full is DEFINE MATERIAL
THERMODYNAMIC DATABASE module -
Current database: Steels/Fe-Alloys v9.0

VA /- DEFINED
L12_FCC B2_BCC DICTRA_FCC_Al
REJECTED
Database /TCFE9/: tcfe
Major element or alloy: ?

Major element or alloy

The material must have a "major" element, usually the element which is
present in the largest amount. The fraction of this element will not be
set but be "the rest".

In some databases there are the "alloys" predefined. An alloy has a
default major element and have limits of the amounts of the alloying
elements. If the user stays within there limits the calculation should
give reasonable results.

Major element or alloy: fe

Composition input in mass (weight) percent? /Y/: y
1st alloying element: c

Mass (weight) percent /1/: 1

2nd alloying element: si .3

Next alloying element: mn .4

Next alloying element: ni 3.5
Next alloying element: cr 1.5
Next alloying element:
Temperature (C) /1000/: 1000

VA /- DEFINED

L12_FCC B2_BCC DICTRA_FCC_Al

REJECTED
REINITIATING GES .....
the command in full is DEFINE_ELEMENTS
FE DEFINED
... the command in full is DEFINE_ELEMENTS
C DEFINED
... the command in full is DEFINE_ELEMENTS
SI DEFINED
. the command in full is DEFINE_ELEMENTS
MN DEFINED
. the command in full is DEFINE_ELEMENTS
NI DEFINED
... the command in full is DEFINE_ELEMENTS
CR DEFINED

This database has following phases for the defined system

GAS:G LIQUID:L BCC_A2
FCC_Al HCP_A3 CBCC_A12
CUB_A13 DIAMOND_FCC_A4 GRAPHITE
CEMENTITE M23C6 M7C3

M5C2 M3C2 KSI_CARBIDE
FE4N_LP1 FECN_CHI SIGMA
HIGH_SIGMA CHI_Al2 LAVES_PHASE_C14
M3SI MN9SI2 MN11ST19
MN6ST G_PHASE CR3SI

FE2ST MSI M5SI3

NBNI3 NI3TI ALAC3
FE8SI2C sIC MN5SIC
CRZN17 CUZN_EPSILON BETAL

GAMMA ALSFE4 MP_B31
M2P_C22 FLUORITE Cl:I ZRO2_TETR:I
M203C: I M203H: I CENI2

CENIS

Reject phase(s) /NONE/: NONE
Restore phase(s): /NONE/: NONE

The following phases are retained in this system:

GAS:G LIQUID:L BCC_A2
FCC_Al HCP_A3 CBCC_Al2
CUB_A13 DIAMOND_ FCC_A4 GRAPHITE
CEMENTITE M23Cé6 M7C3

M5C2 M3C2 KSI_CARBIDE

FE4N_LP1 FECN_CHI SIGMA



HIGH_SIGMA CHI_Al2 LAVES_PHASE_C14

M3SI MN9SI2 MN11SI19
MN6SI G_PHASE CR3SI
FE2SI MSI M5SI3
NBNI3 NI3TI ALA4C3
FE8SI2C SIC MN5SIC
CRZN17 CUZN_EPSILON BETAL
GAMMA ALSFE4 MP_B31
M2P_C22 FLUORITE Cl1:I ZRO2_TETR:I
M203C:I M203H:I CENI2
CENIS
OK? /Y/: Y

ELEMENTS .....

SPECIES

PHASES
the command in full is AMEND_PHASE_DESCRIPTION
the command in full is AMEND PHASE_ DESCRIPTION
the command in full is AMEND PHASE_DESCRIPTION
the command in full is AMEND_PHASE_DESCRIPTION
the command in full is AMEND_PHASE_DESCRIPTION

... the command in full is AMEND_PHASE_DESCRIPTION
Suspending FLUORITE_C1 as it has net charge
Suspending M203C as it has net charge
Suspending M203H as it has net charge
Suspending ZRO2_TETR as it has net charge

PARAMETERS

FUNCTIONS

List of references for assessed data

'A. Dinsdale, SGTE Data for Pure Elements, CALPHAD, 15 (1991) 317-425"

'B. Uhrenius, Int. J. Refract. Met. Hard Mater. 12 (1994) 121-127; Molar
volumes'

'X.-G. Lu, Thermo-Calc Software AB, Sweden, 2006; Molar volumes'

'"A. Markstrom, Swerea KIMAB, Sweden; Molar volumes'

'X.-G. Lu, M. Selleby and B. Sundman, CALPHAD, 29, 2005, 68-89; Molar
volumes'

'B. Sundman et al., Report EUR 20315, Contract No 7210-PR/050, 2002; New
Sigma model'

'P. Gustafson, TRITA-MAC 342 (1987); CR-FE-W'

'N. Saunders, COST 507 Report (1998); Cr-Ti'

'B.-J. Lee, KRISS, Unpublished research, during 1993-1995"'

'Thermo-Calc Software, Sweden, 2014: Volume data updated for TCFE9
database (TCFE v9.0, Jan, 2017).°'

'X.-G. Lu, M. Selleby, B. Sundman, CALPHAD, 29 (2005) 49-55; Fe P-T diagram'

'L.F.S. Dumitrescu, M. Hillert and N. Saunders, J. Phase Equilib., 19
(1998) 441-448; Fe-Ti'

'L. Kjellgvist, Thermo-Calc Software AB, Sweden, 2012; Molar volumes'

'N. Saunders, COST 507 Report (1998); Mn-Ti'

'"W. Zheng, J. Alloys Compd., 632 (2015) 661-675"

'J. Brillo and I. Egry, Int. J. Thermophysics, 24, 1155-1170"'

'Unassessed parameter; Linear combination of unary data'

'"A. Fernandez Guillermet, Z. Metallkd., 79 (1988) 524-536, TRITA-MAC 362
(1988); C-CO-NI AND C-CO-FE-NI'

'J. Bratberg, Thermo-Calc Software AB, Sweden, 2009; LAVES_ PHASE C14'

'I. Ansara, Unpublished work (1991); Cr-Si'

'M. Seiersten, Unpublished work (1989); Al-Fe'

'A.V. Khvan, B. Hallstedt, K. Chang, CALPHAD, 39, 54-61(2012); C-Cr-Nb'

'J-0. Andersson, CALPHAD, 11 (1987) 271-276; TRITA 0314; C-CR'

'J. Bratberg, Z. Metallkd., 96 (2005) 335-344; Fe-Cr-Mo-C'

'B.-J. Lee, CALPHAD, 16 (1992) 121-149; C-Cr-Fe-Ni'

'C. Qiu, ISIJ International, 32 (1992) 1117-1127; C-Cr-Fe-Mo'

'P. Gustafson, Metall. Trans. A, 19A (1988) 2547-2554; TRITA-MAC 348
(1987); C-CR-FE-W'

'P. Villars and L.D. Calvert (1985). Pearson's handbook of
crystallographic data for intermetallic phases. Metals park, Ohio.
American Society for Metals; Molar volumes'

'Estimated parameter for solubility of C in Fe4N, 1999

'B.-J. Lee, Metall. Trans. A, 24A (1993) 1017-1025; Fe-Cr-Mn-C'

'P. Gustafson, Scan. J. Metall., 14 (1985) 259-267; TRITA 0237 (1984); C-FE'

'P. Franke, Estimated parameter within SGTE, 2007; Fe-C, Ni-C, Mo-C, C-Mn'

'B. Hallstedt, unpublished work (2016); C-Fe-Mn Epsilon martensite.'

'J-0. Andersson, CALPHAD, 12 (1988) 9-23; TRITA 0321 (1986); C-FE-MO'

'B. Hallstedt, D. Djurovic, J. von Appen, R. Dronskowski, A. Dick, F.
Koermann, T. Hickel, J. Neugebauer, CALPHAD, 34, 129-33(2010); Fe-C'

'D. Djurovic, B. Hallstedt, J. von Appen, R. Dronskowski, CALPHAD,
submitted, 2011; Fe-Mn-C'

'H. Du and M. Hillert, TRITA-MAC 435 (1990); C-Fe-N'

'W. Huang, Metall. Trans. A, 21A (1990) 2115-2123; TRITA-MAC 411 (Rev
1989); C-FE-MN'

'D. Djurovic, B. Hallstedt, J. von Appen, R. Dronskowski, CALPHAD, 34, 279
-85(2010); Mn-C'

'A. Gabriel, C. Chatillon, and I. Ansara, published in High Temp. Sci.
(Parameters listed in CALPHAD, 11 (1987) 203-218); C-NI'

'"A. Gabriel, P. Gustafson, and I. Ansara, CALPHAD, 11 (1987) 203-218;
TRITA-MAC 285 (1986); C-FE-NI'

'A. Fernandez Guillermet and G. Grimvall,J. Phys. Chem. Solids, 1992, 53,
105-125; Molar volumes'

'J. Grobner, H.L. Lukas and F. Aldinger, CALPHAD, 20 (1996) 247-254; Si-C
and Al-si-C'

'J. Lacaze and B. Sundman, Metall. Mater. Trans. A, 22A (1991) 2211-2223;
Fe-Si and Fe-Si-C'

'J. Bratberg, Thermo-Calc Software AB, Sweden, 2009; Cementite'

'J. Bratberg, Thermo-Calc Software AB, Sweden, 2009; SIGMA and M7C3"

'Thermo-Calc Software, Sweden, 2008: Volume data updated for TCFE6
database (TCFE v6, April, 2008)."

'NPL, Unpublished work (1989); C-Mn-Si'

'W. Xiong, Y. Du, X. Lu, J.C. Schuster, H. Chen, Intermetallics. 15 (2007)
1401-1408."

'"H. Wang, Z. Li, Z. Chen, B. Yang, J. Phase Equilib. Diffus. 37 (2016) 1-7"'

'B.-J. Lee, CALPHAD, 17 (1993) 251-268; revision of Fe-Cr and Fe-Ni liquid"'

'J-0. Andersson and B. Sundman, CALPHAD, 11 (1987) 83-92; TRITA 0270
(1986); CR-FE'

'K. Frisk, Metall. Trans. A, 21A (1990) 2477-2488; TRITA 0409 (1989); CR
-FE-N'

'J-0. Andersson, Metall. Trans. A, 19A (1988) 1385-1394; TRITA 0322 (1986);

CR-FE-MO'

'B.-J. Lee, Private communication, (1999); Estimated parameter'

'R. Naraghi, Thermo-Calc Software AB, Sweden, 2014; Cr-Fe-Zn'

'Thermo-Calc Software, Sweden, 2014: Volume data updated for TCFES8
database (TCFE v8, May, 2015)."

'B.-J. Lee, Metall. Trans. A, 24A (1993) 1919-1933; Cr-Mn, Fe-Cr-Mn'

'K. Frisk, CALPHAD, 17 (1993) 335-349; Cr-Mn-N'




'"SGTE (2008): SSOL4 - SGTE Substance Database V4.1, provided by Thermo
-Calc Software'

'A. Dinsdale and T. Chart, MTDS NPL, Unpublished work (1986); CR-NI'

'L. Kjellgvist, Thermo-Calc Software AB, Sweden, 2013; Reassessed
solubility of Al, Cr, Fe, Ni in Mn203. When Mn203 is modelled as the
same phase as cubic Y203 (M203C)."

'W. Huang, CALPHAD, 13 (1989) 243-252; TRITA-MAC 388 (rev 1989); FE-MN'

'S. Liu, B. Hallstedt, D. Music, Y. Du, CALPHAD, 38 (2012) 43-58; Mn-Nb
and Fe-Mn-Nb'

'"A. Markstrom, Thermo-Calc software AB, Sweden, 2011"'

'A. Dinsdale, T. Chart, MTDS NPL, Unpublished work (1986); FE-NI'

'L. Zhang, Y. Du, H. Xu, S. Liu, Y. Liu, F. Zheng, et al., Int. J. Mater.
Res. 100 (2009) 160-175; Fe-Mn-Ni'

'"J. Miettinen and B. Hallstedt, CALPHAD, 22 (1998) 231-256; Fe-Si and Fe
-si-c'

'S. Cotes, A.F. Guillermet, M. Sade, J. Alloys Compd., 208(1998) 168-177"

'"A. Forsberg and J. Agren, J. Phase Equilib., 14 (1993) 354-363; Fe-Mn-Si'

'S. Liu, Unpublished work (2010); Mn-Ni'

'C.P. Guo,Intermetallics,13(5),525-534, (2005); Mn-Ni'

'M. Chen, B. Hallstedt, L. J. Gauckler, J. Alloys Compd., 393 (2005) 114
-21; Mn-Y-0'

'M. Chen, B. Hallstedt, L.J. Gauckler, Solid State Ionics, 176 (2005) 1457
-64; Mn-Zr-0, Mn-Y-Zr-0O'

'J. Miettinen, CALPHAD, 28 (2004) 313-320; Mn-Zn'

'A. Bolcavage and U.R. Kattner, J. Phase Equilib., 2, (1996); Nb-Ni'

'L. Kjellgvist, Thermo-Calc Software AB, Sweden, 2013; Estimated parameter;

Ni-zr-0'

'P. Bellen, K.C. Hari Kumar and P. Wollants, Z. Metallkd., 87 (1994) 972
-978; Ni-Ti'

'J. Miettinen, CALPHAD, 27 (2003) 263-274; Cu-Ni-Zn'

'H.Liang, Y.A.Chang, J. Phase Equilib. 19 (1998) 25-37'

'"A.V. Khvan, B. Hallstedt, C. Broeckmann, CALPHAD, 46, 24-33(2014); Cr-Fe-C'

'J-0. Andersson, Metall. Trans. A, 19A (1988) 627-636 TRITA 0207 (1986); C
-CR-FE'

'R. Naraghi, Thermo-Calc Software AB, Sweden, 2016; FCC Fe-Cr-C and C-Cr-Ni'

'NPL, Unpublished work (1989); C-Cr-Ni'

'A. Kusoffsky, Work within CCT-Applied Stainless steels, 2003; C-Cr-Si'

'R. Naraghi, Thermo-Calc Software AB, Sweden, 2014; Revision of the liquid
C-Fe-Si description'

'W. Zheng et al., J. Iron Steel Res. Int. 24(2)(2017) 190-197"'

'C. Qiu, Metall. Trans. A, 24A (1993) 2393-2409; Cr-Fe-Mn-N'

'A. Markstrom, Thermo-Calc Software AB, Sweden, 2013; Extrapolations,
assumptions and adjustment'

'J. Bratberg, Thermo-Calc Software AB, Sweden, 2009; Fe-Cr-Ni'

'J. Miettinen, CALPHAD, 23 (2)(1999) 249-262; Cr-Fe-Si'

'B.-J. Lee, Private communication, (2000); Estimated parameter'

'A. Kusoffsky et al., Work within CCT-Applied Stainless steels, 2004; Fe
-Cr-Si, Fe-Ni-Si, Fe-Cr-Cu, Fe-Cu-Mo, Cr-Mo-N-Ni, Fe-Cr-N-Ni, Fe-Al-Cr

ZNi'

'J. Miettinen, G. Vassilev, J. Phase Equilib. Diffus, 37(5) 2016, 283-290;
Fe-P-Si'

'B. Hu, Unpublished (2010); Mn-Ni-Si,Al-Cu-Fe-Ni'

—0K-
Should any phase have a miscibility gap check? /N/: N
Using global minimization procedure

Calculated 34724 grid points in 0 s
Found the set of lowest grid points in 0 s
Calculated POLY solution 0 s, total time 0 s
POLY_3:

POLY_3: l-e

... the command in full is LIST EQUILIBRIUM
OUTPUT TO SCREEN OR FILE /SCREEN/:_
Options /VWCS/: VWCS

Output from POLY-3, equilibrium = 1, label A0 , database: TCFE9

Conditions:

T=1273.15, W(C)=1E-2, W(SI)=3E-3, W(MN)=4E-3, W(NI)=3.5E-2, W(CR)=1.5E-2,
P=1E5, N=1

DEGREES OF FREEDOM 0

Temperature 1273.15 K ( 1000.00 C), Pressure 1.000000E+05
Number of moles of components 1.00000E+00, Mass in grams 5.37536E+01
Total Gibbs energy -6.46436E+04, Enthalpy 3.76393E+04, Volume 7.14149E-06

Component Moles W-Fraction Activity Potential Ref.stat
e} 4.4754E-02 1.0000E-02 8.4968E-02 -2.6099E+04 SER

CR 1.5507E-02 1.5000E-02 1.3060E-04 -9.4671E+04 SER

FE 8.9803E-01 9.3300E-01 2.4748E-03 -6.3530E+04 SER

MN 3.9138E-03 4.0000E-03 3.3096E-06 -1.3358E+05 SER

NI 3.2056E-02 3.5000E-02 6.2291E-05 -1.0251E+05 SER

ST 5.7417E-03 3.0000E-03 6.4062E-09 -1.9971E+05 SER
FCC_Al#1 Status ENTERED Driving force 0.0000E+00

Moles 1.0000E+00, Mass 5.3754E+01, Volume fraction 1.0000E+00 Mass fractions:

FE 9.33000E-01 CR 1.50000E-02 MN 4.00000E-03
NI 3.50000E-02 C 1.00000E-02 SI 3.00000E-03
POLY_3:Hit RETURN to continue
POLY_3: @@ Note that values now must be set in fractions and Kelvin.
POLY_3: s-a-v 1 w(c)
... the command in full is SET_AXIS_VARIABLE
Min value /0/: 0
Max value /1/: .01
Increment /2.5E-04/: 1E-4
POLY_3: s-a-v 2 t
... the command in full is SET_AXIS_VARIABLE
Min value /0/: 700
Max value /1/: 1300
Increment /15/:
POLY_3: save tcex06 y
. the command in full is SAVE_WORKSPACES
POLY_3: map
Version S mapping is selected
Generating start equilibrium
Generating start equilibrium
Generating start equilibrium
Generating start equilibrium
Generating start equilibrium
Generating start equilibrium
Generating start equilibrium
Generating start equilibrium
Generating start equilibrium 9
Generating start equilibrium 10
Generating start equilibrium 11
Generating start equilibrium 12

® T o0 s WN



Organizing start points

Using ADDED start equilibria

Tie-lines not in the plane of calculation

Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Working hard

Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Working hard

Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point
Generating start point

Phase region boundary
BCC_A2
FCC_Al#1
**x M3C2
M7C3
Calculated..

1

CLVW®WIUS WN

21
22
23
24
25
26
27
28

1

Terminating at axis limit.

Phase region boundary
BCC_A2
FCC_Al#1
**x M3C2
M7C3
Calculated.

Phase region boundary
BCC_A2

** FCC_AL#1

*x M3C2
M7C3

Phase region boundary
BCC_A2
** M3C2
M7C3
Calculated.

Phase region boundary
BCC_A2

** GRAPHITE

** M3C2
M7C3

Phase region boundary
BCC_A2
GRAPHITE
** M3C2
M7C3
Calculated..

2

Terminating at axis limit.

Phase region boundary
BCC_A2
** GRAPHITE
M7C3
Calculated.

Phase region boundary
BCC_A2

** FCC_AL#1

** GRAPHITE
M7C3

Phase region boundary
BCC_A2
FCC_Al#1
** GRAPHITE
M7C3
Calculated.

Phase region boundary
BCC_A2

** CEMENTITE
FCC_Al#1

** GRAPHITE
M7C3

Phase region boundary
BCC_A2
CEMENTITE
FCC_AL#1
** GRAPHITE
M7C3
Calculated.

Phase region boundary
BCC_A2
CEMENTITE
FCC_AL#1

** GRAPHITE

7

10

11

12

at:

at:

1.356E-03

7.100E+02

2 equilibria

1.359E-03

7.000E+02

3 equilibria

1.357E-03

1.357E-03

7.212E+02

7.212E+02

21 equilibria

2.406E-03

2.406E-03

7.857E+02

7.857E+02

78 equilibria

2.406E-03

7.857E+02

7 equilibria

2.653E-03

2.653E-03

8.656E+02

8.656E+02

2 equilibria

2.667E-03

2.667E-03

8.697E+02

8.697E+02

22 equilibria

4.718E-03

8.822E+02



** M7C3

Phase region boundary 13 at: 4.718E-03 8.822E+02
BCC_A2
CEMENTITE
FCC_Al#1
** GRAPHITE
Calculated.. 55 equilibria
Terminating at axis limit.

Phase region boundary 14 at: 4.718E-03 8.822E+02
BCC_A2
CEMENTITE
FCC_Al#1
** M7C3
Calculated. 25 equilibria

Phase region boundary 15 at: 5.539E-03 9.866E+02
** BCC_A2

CEMENTITE

FCC_Al#1
** MTC3

Phase region boundary 16 at: 5.539E-03 9.866E+02
CEMENTITE
FCC_AL#1
** M7C3
Calculated. 6 equilibria

Phase region boundary 17 at: 5.641E-03 1.060E+03
** CEMENTITE
FCC_Al#1
** M7C3

Phase region boundary 18 at: 5.641E-03 1.060E+03
FCC_Al#1
*% M7C3
Calculated. 25 equilibria

Phase region boundary 19 at: 3.284E-03 9.970E+02
** BCC_A2
FCC_AL#1
** M7C3

Phase region boundary 20 at: 3.284E-03 9.970E+02
BCC_A2
FCC_Al#1
*% M7C3
Calculated. 41 equilibria

Phase region boundary 21 at: 2.227E-06 8.642E+02
BCC_A2

*% FCC_Al#1

** MTC3

Phase region boundary 22 at: 2.227E-06 8.642E+02
BCC_A2
** M7C3
Calculated. 11 equilibria

Phase region boundary 23 at: 1.481E-08 7.231E+02
BCC_A2

** FCC_AL#2

**x M7C3

Phase region boundary 24 at: 1.481E-08 7.231E+02
BCC_A2
FCC_Al#1
*% M7C3
Calculated.. 3 equilibria
Terminating at axis limit.

Phase region boundary 25 at: 1.481E-08 7.231E+02
BCC_A2
** FCC_Al#1
Calculated 13 equilibria

Phase region boundary 26 at: 1.481E-08 7.231E+02
BCC A2
** FCC_AL#1
M7C3
Calculated. 15 equilibria
Terminating at known equilibrium

Phase region boundary 27 at: 2.227E-06 B8.642E+02
BCC_A2
** FCC_AL#1
Calculated 19 equilibria

Phase region boundary 28 at: 2.227E-06 8.642E+02
BCC_A2
*% FCC_Al#1
M7C3
Calculated. 28 equilibria
Terminating at known equilibrium

Phase region boundary 29 at: 3.284E-03 9.970E+02
** BCC_A2
FCC_AL#1
Calculated 46 equilibria

Phase region boundary 30 at: 3.284E-03 9.970E+02
*%* BCC_ A2
FCC_Al#1
M7C3
Calculated. 18 equilibria

Phase region boundary 31 at: 4.981E-03 9.870E+02
** BCC_A2
** CEMENTITE

FCC_Al#1

M7C3

Phase region boundary 32 at: 4.981E-03 9.870E+02
** BCC_A2
CEMENTITE



FCC_Al#1

M7C3
Calculated. 7 equilibria
Terminating at known equilibrium

Phase region boundary 33 at: 4.981E-03 9.870E+02
** CEMENTITE
FCC_Al#1
M7C3
Calculated. 11 equilibria

Terminating at known equilibrium

Phase region boundary 34 at: 4.981E-03 9.870E+02
BCC_A2
** CEMENTITE
FCC_Al#1
M7C3
Calculated. 38 equilibria
Terminating at known equilibrium

Phase region boundary 35 at: 5.641E-03 1.060E+03
** CEMENTITE
FCC_Al#1
Calculated.. 46 equilibria

Terminating at axis limit.

Phase region boundary 36 at: 5.539E-03 9.866E+02
*%* BCC_A2
CEMENTITE
FCC_Al#1
Calculated.. 47 equilibria

Terminating at axis limit.

Phase region boundary 37 at: 4.718E-03 8.822E+02
BCC_A2
CEMENTITE
FCC_Al#1
GRAPHITE
** M7C3
Calculated.. 55 equilibria
Terminating at axis limit.

Phase region boundary 38 at: 2.667E-03 8.697E+02
BCC_A2
** CEMENTITE
FCC_AL#1
GRAPHITE
M7C3
Calculated.. 76 equilibria
Terminating at axis limit.

Phase region boundary 39 at: 2.653E-03 B8.656E+02
BCC_A2
** FCC_Al#1
GRAPHITE
M7C3
Calculated.. 76 equilibria
Terminating at axis limit.

Phase region boundary 40 at: 2.406E-03 7.857E+02
BCC_A2
** GRAPHITE
M3C2
M7C3
Calculated. 5 equilibria

Phase region boundary 41 at: 2.142E-03 7.470E+02
BCC_A2

*% FCC_Al#1

** GRAPHITE
M3C2
M7C3

Phase region boundary 42 at: 2.142E-03 7.470E+02
BCC_A2
FCC_Al#1
** GRAPHITE
M3C2
M7C3
Calculated. 2 equilibria

Phase region boundary 43 at: 2.105E-03 7.373E+02
BCC_A2
FCC_Al#1

** GRAPHITE
M3C2

** M7C3

Phase region boundary 44 at: 2.105E-03 7.373E+02
BCC_A2
FCC_AL#1
** GRAPHITE
M3C2
Calculated.. 4 equilibria
Terminating at axis limit.

Phase region boundary 45 at: 2.105E-03 7.373E+02
BCC_A2
FCC_AL#1
M3C2
*% M7C3
Calculated. 7 equilibria

Phase region boundary 46 at: 1.956E-03 7.645E+02
BCC_A2

** FCC_AL#1
M3C2

** M7C3

Phase region boundary 47 at: 1.956E-03 7.645E+02
BCC_A2
M3C2
** M7C3
Calculated. 17 equilibria

Phase region boundary 48 at: 1.772E-03 7.579E+02



BCC_A2
**% FCC_Al#1
M3C2
** M7C3

Phase region boundary 49 at: 1.772E-03 7.579E+02
BCC A2
FCC_Al#1
M3C2
** M7C3
Calculated.. 6 equilibria
Terminating at axis limit.

Phase region boundary 50 at: 1.772E-03 7.579E+02
BCC_A2
** FCC_AL#1
M3C2
Calculated. 7 equilibria

Terminating at known equilibrium

Phase region boundary 51 at: 1.772E-03 7.579E+02
BCC_A2
** FCC_AL#1
M3C2
M7C3
Calculated. 7 equilibria
Terminating at known equilibrium

Phase region boundary 52 at: 1.956E-03 7.645E+02
BCC_A2
** FCC_AL#1
M3C2
M7C3
Calculated. 5 equilibria
Terminating at known equilibrium

Phase region boundary 53 at: 2.105E-03 7.373E+02
BCC_A2
FCC_Al#1
GRAPHITE
M3C2
** M7C3
Calculated.. 81 equilibria
Terminating at axis limit.

Phase region boundary 54 at: 2.142E-03 7.470E+02
BCC_A2
** FCC_AL#1
GRAPHITE
M3C2
M7C3
Calculated.. 81 equilibria
Terminating at axis limit.

Phase region boundary 55 at: 1.356E-03 7.100E+02
BCC A2
FCC_AL#1
** M3C2
M7C3
Calculated. 2 equilibria
Terminating at known equilibrium

Phase region boundary 56 at: 1.000E-04 7.249E+02
BCC A2
** FCC_ALl#1
M7C3
Calculated. 14 equilibria

Terminating at known equilibrium

Phase region boundary 57 at: 1.000E-04 7.249E+02
BCC_A2
** FCC_AL#1
M7C3
Calculated. 14 equilibria

Terminating at known equilibrium

Phase region boundary 58 at: 3.367E-03 7.374E+02
BCC_A2
FCC_Al#1
GRAPHITE
M3C2
** M7C3
Calculated. 14 equilibria
Terminating at known equilibrium

Phase region boundary 59 at: 3.367E-03 7.374E+02
BCC_A2
FCC_Al#1
GRAPHITE
M3C2
** M7C3
Calculated.. 69 equilibria
Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 60 at: 6.633E-03 7.378E+02
BCC_A2
FCC_AL#1
GRAPHITE
M3C2
** M7C3
Calculated. 47 equilibria
Terminating at known equilibrium

Phase region boundary 61 at: 6.633E-03 7.378E+02
BCC_A2
FCC_AL#1
GRAPHITE
M3C2
** MTC3
Calculated.. 36 equilibria
Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 62 at: 2.154E-03 7.100E+02
BCC_A2



FCC_AL#1
** GRAPHITE
M3C2
Calculated.. 2 equilibria
Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 63 at: 2.154E-03 7.100E+02
BCC_A2
FCC_AL#1
** GRAPHITE
M3C2
Calculated. 3 equilibria
Terminating at known equilibrium

Phase region boundary 64 at: 9.900E-03 7.382E+02
BCC_A2
FCC_AL#1
GRAPHITE
M3C2
** M7C3
Calculated. 79 equilibria
Terminating at known equilibrium

Phase region boundary 65 at: 9.900E-03 7.382E+02
BCC_A2
FCC_AL#1
GRAPHITE
M3C2
** MTC3
Calculated.. 4 equilibria
Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 66 at: 2.549E-03 9.033E+02
BCC_A2
** CEMENTITE
FCC_Al#1
M7C3
Calculated. 4 equilibria
Terminating at known equilibrium

Phase region boundary 67 at: 2.549E-03 9.033E+02
BCC_A2
** CEMENTITE
FCC_Al#1
M7C3
Calculated. 31 equilibria
Terminating at known equilibrium

Phase region boundary 68 at: 5.403E-03 9.033E+02
BCC_A2
CEMENTITE
FCC_Al#1
** GRAPHITE
Calculated. 8 equilibria
Terminating at known equilibrium

Phase region boundary 69 at: 5.403E-03 9.033E+02
BCC_A2
CEMENTITE
FCC_AL#1

** GRAPHITE

Calculated.. 48 equilibria

Terminating at known equilibrium

Terminating at axis limit.

Phase region boundary 70 at: 6.827E-03 1.097E+03
** CEMENTITE
FCC_Al#1
Calculated. 13 equilibria

Terminating at known equilibrium

Phase region boundary 71 at: 6.827E-03 1.097E+03
** CEMENTITE
FCC_Al#1
Calculated.. 34 equilibria

Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 72 at: 6.827E-03 1.097E+03
** CEMENTITE
FCC_AL#1
Calculated. 13 equilibria

Terminating at known equilibrium

Phase region boundary 73 at: 6.827E-03 1.097E+03
** CEMENTITE
FCC_AL#1
Calculated.. 34 equilibria

Terminating at known equilibrium
Terminating at axis limit.

Phase region boundary 74 at: 1.000E-04 1.050E+03
*%* BCC_ A2
FCC_Al#1
Calculated 4 equilibria
Phase region boundary 75 at: 1.000E-04 1.050E+03
*%* BCC_A2
FCC_Al#1
Calculated. 33 equilibria

Terminating at known equilibrium

Phase region boundary 76 at: 3.367E-03 9.996E+02
FCC_AL#1
** M7C3
Calculated. 2 equilibria

Terminating at known equilibrium

Phase region boundary 77 at: 3.367E-03 9.996E+02
FCC_Al#1
** M7C3
Calculated. 24 equilibria

Terminating at known equilibrium



Phase region boundary 78 at: 6.633E-03 1.091E+03
** CEMENTITE
FCC_AL#1
Calculated.

Terminating at known equilibrium

11 equilibria

Phase region boundary 79 at: 6.633E-03 1.091E+03
** CEMENTITE
FCC_AL#1
Calculated..
Terminating at known equilibrium

Terminating at axis limit.

36 equilibria

Phase region boundary 80 at: 9.900E-03 1.185E+03
** CEMENTITE
FCC_Al#1
Calculated. 44 equilibria

Terminating at known equilibrium

Phase region boundary 81 at: 9.900E-03 1.185E+03
** CEMENTITE
FCC_Al#1
Calculated.. 3 equilibria

Terminating at known equilibrium

Terminating at axis limit.

*** BUFFER SAVED ON FILE:
c:\jenkins\workspace\Thermo-Calc-Generate-Console-Examples\examples\tcex06\tcex
06.POLY3

CPU time for mapping 45 seconds
POLY_3: post
POLY-3 POSTPROCESSOR VERSION 3.2
Setting automatic diagram axes
POST:
POST:
POST: set-title example 6a
POST: plot
the command in full is PLOT_DIAGRAM
example 6a
2018.02.18.08.1314
TCFES:C, CR, FE, MN, NI, SI
W(SI)=3E-3, W(MM)=4E-3, W(NI}=3.5E-2, W(CR)=1.5E-2, P=1E5, MN=1
1300
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900
800
: \
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Mass fraction C

70i
g 0.000 0.001

POST:
POST:Hit RETURN to continue
POST: @@ Use more practical quantities in the plot and
POST: @@ label the curves
POST: s-d-a x w-p C

... the command in full is SET_DIAGRAM_AXIS
POST: s-d-a y t-c

... the command in full is SET_DIAGRAM_AXIS
POST: s-s x n 0 1

... the command in full is SET_SCALING_STATUS
POST:
POST: s-s y n 600 900

the command in full is SET_SCALING_STATUS

POST: s-lab b

... the command in full is SET_LABEL_CURVE_OPTION
POST: set-title example 6b
POST:
POST: plot

the command in

full

PLOT_DIAGRAM



example 6b
2018.02.19.08.13.15
TCFES: €, GR, FE, MN, N, SI
W(SI)=3E-3, WIMN)=4E-3, W(NI)=3 5E-2, WICR)=1.5E-2, P=1E5, N=1

900
—  2GRAPHITE
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—  5BCC_A2
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15
@ T
2
3
® 750
2
@
£
@ — 5
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2
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500 4 - 5
0.0 0.1 0.2 03 04 0.5 0.6 0.7 04 0.9 1.0
2
A Mass percent C

POST:

POST:Hit RETURN to continue

POST: @@ Determine the phase region at the iron rich side
POST: add .2 850

the command in full is ADD_LABEL_TEXT

Automatic phase labels? /Y/:

Automatic labelling not always possible

Using global minimization procedure

Calculated 34724 grid points in 0 s

Found the set of lowest grid points in 0 s

Calculated POLY solution 1 s, total time 1 s

Stable phases are: FCC_Al
Text size: /.36/:

POST: @@ Knowing that only FCC (or austenite) is stable in that region and
POST: @@ which phase is stable along each line, one can determine the phases
POST: @@ in each region. For example at 0.3 % C and 630 degree C one should
POST: @@ have FCC+BCC+M7C3+CEMENTITE.
POST: @@ Check by adding a label
POST:
POST: add .3 630

... the command in full is ADD_ LABEL_TEXT
Automatic phase labels? /Y/:
Automatic labelling not always possible
Using global minimization procedure
Calculated 34724 grid points in
Found the set of lowest grid points in
Calculated POLY solution 0 s,

total time

[

ocoo

Stable phases are: BCC_A2+CEMENTITE+FCC_A1+M7C3

Text size: /.36/:
POST: s-lab n
.. the command in full is SET_LABEL_CURVE_OPTION
POST: set-title example 6c
POST:
POST: plot
the command in full is PLOT_DIAGRAM

example 6¢
2018.02.19.08.13.17
TCFES: €, GR, FE, MN, N, SI
W(SI)=3E-3, WIMN)=4E-3, W(NI)=3 5E-2, WICR)=1.5E-2, P=1E5, N=1
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POST:
POST:

POST:

set-inter

the command in full is SET_INTERACTIVE_MODE



tcex07

About License library version: 8.5.1.0017
Linked: Fri Feb 16 15:22:08 2018

SYS:SYS:MACRO "c:\jenkins\workspace\Thermo-Calc-Generate-Console-Examples\examples\tcex07\tcex07.TCM" set-echo

SYS:

SYS: @@ Calculating single equilibria in low alloyed

SYS: @@ Fe-Mn-Si-Cr-Ni-C steel

SYS:

SYS: @@ There are 2 common ways to perform a single equilibrium
SYS: @@ calculation.

SYS:

SYS: @@ 1) Get data from database, then in POLY use SET_CONDITION
SYs: @@ and COMPUTE_EQUILIBRIUM.

SYS: @@ 2) Go directly to POLY and use DEFINE_MATERIAL.

SYS:

SYS: @@ The COMPUTE_TRANSITION command is also used to determine the
SYS: @@ temperature or composition where one phase forms or
SYS: @@ disappears. It is the same as the CHANGE_STATUS -->
SYS: @@ SET_CONDITION --> COMPUTE_EQUILIBRIUM sequence of commands.
SYS: @@ Note that a TCFE database license is required to run the
SYS: @@ example.
SYS:
SYS: set-log ex07,,
SYS: @@ The alloy composition is 1 wt% Cr,
SYS: @@ 2.8 wt% Ni and 0.55 wt% C
SYS: go p-3

the command in full is GOTO_MODULE

0.3 wt% Si, 0.3wt% Mn,

POLY version 3.32
POLY_3: def-mat

... the command in full is DEFINE MATERIAL
THERMODYNAMIC DATABASE module B
Current database: Steels/Fe-Alloys v9.0

VA /- DEFINED
L12_FCC B2_BCC
REJECTED
Database /TCFE9/: tcfe9
Major element or alloy: fe
Composition input in mass (weight) percent? /Y/:
1st alloying element: c .55
2nd alloying element: cr 1
Next alloying element: mn .3 ni 2.8 si .3
Next alloying element:
Temperature (C) /1000/: 600
VA /- DEFINED
L12_FCC B2_BCC
REJECTED
REINITIATING GES .....

DICTRA_FCC_Al

DICTRA_FCC_Al

... the command

FE DEFINED
... the command

C DEFINED
the command

CR DEFINED
. the command

MN DEFINED
... the command

NI DEFINED
... the command

SI DEFINED

This database has

in full is DEFINE_ELEMENTS
in full is DEFINE_ELEMENTS
in full is DEFINE_ ELEMENTS
in full is DEFINE_ELEMENTS
in full is DEFINE_ELEMENTS

in full is DEFINE_ELEMENTS

following phases for the defined system

GAS:G LIQUID:L BCC_A2
FCC_Al HCP_A3 CBCC_A12
CUB_A13 DIAMOND_FCC_A4 GRAPHITE
CEMENTITE M23C6 M7C3

M5C2 M3C2 KSI_CARBIDE
FE4N_LP1 FECN_CHI SIGMA

HIGH SIGMA CHI_Al2 LAVES_PHASE_C14
M3SI MN9SI2 MN11ST19
MN6SI G_PHASE CR3SI

FE2ST MSI M5S13

NBNI3 NI3TI ALAC3
FE8SI2C sIc MN5SIC
CRZN17 CUZN_EPSILON BETAL

GAMMA ALSFE4 MP_B31
M2P_C22 FLUORITE Cl:I ZRO2_TETR:I
M203C: I M203H: T CENI2

CENIS5

Reject phase(s) /NONE/:
Restore phase(s): /NONE/:

The following phases are retained in this system:

GAS:G LIQUID:L BCC_A2
FCC_Al HCP_A3 CBCC_A12
CUB_A13 DIAMOND_FCC_A4 GRAPHITE
CEMENTITE M23C6 M7C3

M5C2 M3C2 KSI_CARBIDE
FE4N_LP1 FECN_CHI SIGMA
HIGH_SIGMA CHI_A12 LAVES_PHASE_C14
M3SI MN9SI2 MN11SI19
MN6ST G_PHASE CR3SI

FE2SI MSI M5S13

NBNI3 NI3TI ALAC3
FE8SI2C sIC MN5SIC
CRZN17 CUZN_EPSILON BETAL

GAMMA ALSFE4 MP_B31
M2P_C22 FLUORITE_C1:I ZRO2_TETR:I
M203C: I M203H: I CENI2

CENIS



OK? /Y/: Y
ELEMENTS .....
SPECIES ......
PHASES .......
the command in full is AMEND PHASE_DESCRIPTION
the command in full is AMEND_PHASE_DESCRIPTION
the command in full is AMEND_PHASE_DESCRIPTION
the command in full is AMEND_PHASE_DESCRIPTION
the command in full is AMEND_PHASE_DESCRIPTION
... the command in full is AMEND_ PHASE_ DESCRIPTION
Suspending FLUORITE_Cl as it has net charge
Suspending M203C as it has net charge
Suspending M203H as it has net charge
Suspending ZRO2_TETR as it has net charge
PARAMETERS
FUNCTIONS

List of references for assessed data

'"A. Dinsdale, SGTE Data for Pure Elements, CALPHAD, 15 (1991) 317-425"

'B. Uhrenius, Int. J. Refract. Met. Hard Mater. 12 (1994) 121-127; Molar
volumes'

'X.-G. Lu, Thermo-Calc Software AB, Sweden, 2006; Molar volumes'

'"A. Markstrom, Swerea KIMAB, Sweden; Molar volumes'

'X.-G. Lu, M. Selleby and B. Sundman, CALPHAD, 29, 2005, 68-89; Molar
volumes'

'B. Sundman et al., Report EUR 20315, Contract No 7210-PR/050, 2002; New
Sigma model'

'"P. Gustafson, TRITA-MAC 342 (1987); CR-FE-W'

'N. Saunders, COST 507 Report (1998); Cr-Ti'

'B.-J. Lee, KRISS, Unpublished research, during 1993-1995"'

'Thermo-Calc Software, Sweden, 2014: Volume data updated for TCFE9
database (TCFE v9.0, Jan, 2017)."

'X.-G. Lu, M. Selleby, B. Sundman, CALPHAD, 29 (2005) 49-55; Fe P-T diagram'

'L.F.S. Dumitrescu, M. Hillert and N. Saunders, J. Phase Equilib., 19
(1998) 441-448; Fe-Ti'

'L. Kjellgvist, Thermo-Calc Software AB, Sweden, 2012; Molar volumes'

'N. Saunders, COST 507 Report (1998); Mn-Ti'

'W. Zheng, J. Alloys Compd., 632 (2015) 661-675"

'J. Brillo and I. Egry, Int. J. Thermophysics, 24, 1155-1170"'

'Unassessed parameter; Linear combination of unary data'

'A. Fernandez Guillermet, Z. Metallkd., 79 (1988) 524-536, TRITA-MAC 362
(1988); C-CO-NI AND C-CO-FE-NI'

'J. Bratberg, Thermo-Calc Software AB, Sweden, 2009; LAVES_PHASE Cl14'

'I. Ansara, Unpublished work (1991); Cr-Si'

'M. Seiersten, Unpublished work (1989); Al-Fe'

'A.V. Khvan, B. Hallstedt, K. Chang, CALPHAD, 39, 54-61(2012); C-Cr-Nb'

'J-0. Andersson, CALPHAD, 11 (1987) 271-276; TRITA 0314; C-CR'

'J. Bratberg, Z. Metallkd., 96 (2005) 335-344; Fe-Cr-Mo-C'

'B.-J. Lee, CALPHAD, 16 (1992) 121-149; C-Cr-Fe-Ni'

'C. Qiu, ISIJ International, 32 (1992) 1117-1127; C-Cr-Fe-Mo'

'P. Gustafson, Metall. Trans. A, 19A (1988) 2547-2554; TRITA-MAC 348,
(1987); C-CR-FE-W'

'"P. Villars and L.D. Calvert (1985). Pearson's handbook of
crystallographic data for intermetallic phases. Metals park, Ohio.
American Society for Metals; Molar volumes'

'Estimated parameter for solubility of C in Fe4N, 1999

'B.-J. Lee, Metall. Trans. A, 24A (1993) 1017-1025; Fe-Cr-Mn-C'

'P. Gustafson, Scan. J. Metall., 14 (1985) 259-267; TRITA 0237 (1984); C-FE'

'P. Franke, Estimated parameter within SGTE, 2007; Fe-C, Ni-C, Mo-C, C-Mn'

'B. Hallstedt, unpublished work (2016); C-Fe-Mn Epsilon martensite.'

'J-0. Andersson, CALPHAD, 12 (1988) 9-23; TRITA 0321 (1986); C-FE-MO'

'B. Hallstedt, D. Djurovic, J. von Appen, R. Dronskowski, A. Dick, F.
Koermann, T. Hickel, J. Neugebauer, CALPHAD, 34, 129-33(2010); Fe-C'

'D. Djurovic, B. Hallstedt, J. von Appen, R. Dronskowski, CALPHAD,
submitted, 2011; Fe-Mn-C'

'"H. Du and M. Hillert, TRITA-MAC 435 (1990); C-Fe-N'

'W. Huang, Metall. Trans. A, 21A (1990) 2115-2123; TRITA-MAC 411 (Rev
1989); C-FE-MN'

'D. Djurovic, B. Hallstedt, J. von Appen, R. Dronskowski, CALPHAD, 34, 279
-85(2010); Mn-C'

'A. Gabriel, C. Chatillon, and I. Ansara, published in High Temp. Sci.
(Parameters listed in CALPHAD, 11 (1987) 203-218); C-NI'

'"A. Gabriel, P. Gustafson, and I. Ansara, CALPHAD, 11 (1987) 203-218;
TRITA-MAC 285 (1986); C-FE-NI'

'"A. Fernandez Guillermet and G. Grimvall,J. Phys. Chem. Solids, 1992, 53,
105-125; Molar volumes'

'J. Grobner, H.L. Lukas and F. Aldinger, CALPHAD, 20 (1996) 247-254; Si-C
and Al-Si-C'

'"J. Lacaze and B. Sundman, Metall. Mater. Trans. A, 22A (1991) 2211-2223;
Fe-Si and Fe-Si-C'

'J. Bratberg, Thermo-Calc Software AB, Sweden, 2009; Cementite'

'J. Bratberg, Thermo-Calc Software AB, Sweden, 2009; SIGMA and M7C3'

'Thermo-Calc Software, Sweden, 2008: Volume data updated for TCFE6
database (TCFE v6, April, 2008)."'

'NPL, Unpublished work (1989); C-Mn-Si'

'W. Xiong, Y. Du, X. Lu, J.C. Schuster, H. Chen, Intermetallics. 15 (2007)
1401-1408."

'"H. Wang, Z. Li, Z. Chen, B. Yang, J. Phase Equilib. Diffus. 37 (2016) 1-7"'

'B.-J. Lee, CALPHAD, 17 (1993) 251-268; revision of Fe-Cr and Fe-Ni liquid'

'J-0. Andersson and B. Sundman, CALPHAD, 11 (1987) 83-92; TRITA 0270
(1986); CR-FE'

'K. Frisk, Metall. Trans. A, 21A (1990) 2477-2488; TRITA 0409 (1989); CR
-FE-N'

'J-0. Andersson, Metall. Trans. A, 19A (1988) 1385-1394; TRITA 0322 (1986);

CR-FE-MO"

'B.-J. Lee, Private communication, (1999); Estimated parameter'

'R. Naraghi, Thermo-Calc Software AB, Sweden, 2014; Cr-Fe-Zn'

'Thermo-Calc Software, Sweden, 2014: Volume data updated for TCFES8
database (TCFE v8, May, 2015)."

'B.-J. Lee, Metall. Trans. A, 24A (1993) 1919-1933; Cr-Mn, Fe-Cr-Mn'

'K. Frisk, CALPHAD, 17 (1993) 335-349; Cr-Mn-N'

"SGTE (2008): SSOL4 - SGTE Substance Database V4.1, provided by Thermo
-Calc Software'

'A. Dinsdale and T. Chart, MIDS NPL, Unpublished work (1986); CR-NI'

'L. Kjellgvist, Thermo-Calc Software AB, Sweden, 2013; Reassessed
solubility of Al, Cr, Fe, Ni in Mn203. When Mn203 is modelled as the
same phase as cubic Y203 (M203C)."'

'W. Huang, CALPHAD, 13 (1989) 243-252; TRITA-MAC 388 (rev 1989); FE-MN'

'S. Liu, B. Hallstedt, D. Music, Y. Du, CALPHAD, 38 (2012) 43-58; Mn-Nb
and Fe-Mn-Nb'

'A. Markstrom, Thermo-Calc software AB, Sweden, 2011’

'A. Dinsdale, T. Chart, MTDS NPL, Unpublished work (1986); FE-NI'

'L. Zhang, Y. Du, H. Xu, S. Liu, Y. Liu, F. Zheng, et al., Int. J. Mater.
Res. 100 (2009) 160-175; Fe-Mn-Ni'

'"J. Miettinen and B. Hallstedt, CALPHAD, 22 (1998) 231-256; Fe-Si and Fe



-si-C'

'S. Cotes, A.F. Guillermet, M. Sade, J. Alloys Compd., 208(1998) 168-177"

'A. Forsberg and J. Agren, J. Phase Equilib., 14 (1993) 354-363; Fe-Mn-Si'

'S. Liu, Unpublished work (2010); Mn-Ni'

'"C.P. Guo,Intermetallics,13(5),525-534, (2005); Mn-Ni'

'M. Chen, B. Hallstedt, L. J. Gauckler, J. Alloys Compd., 393 (2005) 114
-21; Mn-Y-0O'

'M. Chen, B. Hallstedt, L.J. Gauckler, Solid State Ionics, 176 (2005) 1457
-64; Mn-Zr-0, Mn-Y-Zr-0O'

'J. Miettinen, CALPHAD, 28 (2004) 313-320; Mn-Zn'

'A. Bolcavage and U.R. Kattner, J. Phase Equilib., 2, (1996); Nb-Ni'

'L. Kjellgvist, Thermo-Calc Software AB, Sweden, 2013; Estimated parameter;

Ni-zr-0'
'"P. Bellen, K.C. Hari Kumar and P. Wollants, Z. Metallkd., 87 (1994) 972
-978; Ni-Ti'

'J. Miettinen, CALPHAD, 27 (2003) 263-274; Cu-Ni-Zn'

'H.Liang, Y.A.Chang, J. Phase Equilib. 19 (1998) 25-37"'

'"A.V. Khvan, B. Hallstedt, C. Broeckmann, CALPHAD, 46, 24-33(2014); Cr-Fe-C'

'J-0. Andersson, Metall. Trans. A, 19A (1988) 627-636 TRITA 0207 (1986); C
-CR-FE'

'R. Naraghi, Thermo-Calc Software AB, Sweden, 2016; FCC Fe-Cr-C and C-Cr-Ni'

'NPL, Unpublished work (1989); C-Cr-Ni'

'A. Kusoffsky, Work within CCT-Applied Stainless steels, 2003; C-Cr-Si'

'R. Naraghi, Thermo-Calc Software AB, Sweden, 2014; Revision of the liquid
C-Fe-Si description’'

'"W. Zheng et al., J. Iron Steel Res. Int. 24(2)(2017) 190-197"

'C. Qiu, Metall. Trans. A, 24A (1993) 2393-2409; Cr-Fe-Mn-N'

'A. Markstrom, Thermo-Calc Software AB, Sweden, 2013; Extrapolations
assumptions and adjustment'

'J. Bratberg, Thermo-Calc Software AB, Sweden, 2009; Fe-Cr-Ni'

'J. Miettinen, CALPHAD, 23 (2) (1999) 249-262; Cr-Fe-Si'

'B.-J. Lee, Private communication, (2000); Estimated parameter'

'"A. Kusoffsky et al., Work within CCT-Applied Stainless steels, 2004; Fe
-Cr-Si, Fe-Ni-Si, Fe-Cr-Cu, Fe-Cu-Mo, Cr-Mo-N-Ni, Fe-Cr-N-Ni, Fe-Al-Cr

_Nit

'J. Miettinen, G. Vassilev, J. Phase Equilib. Diffus, 37(5) 2016, 283-290;
Fe-P-Si'

'B. Hu, Unpublished (2010); Mn-Ni-Si,Al-Cu-Fe-Ni'

—OK-
Should any phase have a miscibility gap check? /N/: N
Using global minimization procedure

Calculated 34724 grid points in 0 s
Found the set of lowest grid points in 0 s
Calculated POLY solution 0 s, total time 0 s
POLY_3:

POLY_3: @@ The first equilibrium is calculated automatically
POLY_3: l-e
the command in full is LIST EQUILIBRIUM
OUTPUT TO SCREEN OR FILE /SCREEN/:_
Options /VWCS/: VWCS

Output from POLY-3, equilibrium = 1, label A0 , database: TCFE9

Conditions:

T=873.15, W(C)=5.5E-3, W(CR)=1E-2, W(MN)=3E-3, W(NI)=2.8E-2, W(SI)=3E-3,
P=1E5, N=1

DEGREES OF FREEDOM 0

Temperature 873.15 K ( 600.00 C), Pressure 1.000000E+05
Number of moles of components 1.00000E+00, Mass in grams 5.46196E+01
Total Gibbs energy -3.56605E+04, Enthalpy 1.80235E+04, Volume 7.20434E-06

Component Moles W-Fraction Activity Potential Ref.stat
C 2.5011E-02 5.5000E-03 2.6153E-01 -9.7369E+03 SER

CR 1.0505E-02 1.0000E-02 3.0096E-04 -5.8867E+04 SER

FE 9.2961E-01 9.5050E-01 8.6721E-03 -3.4467E+04 SER

MN 2.9826E-03 3.0000E-03 2.8991E-05 -7.5854E+04 SER

NI 2.6058E-02 2.8000E-02 3.5045E-04 -5.7761E+04 SER

SI 5.8342E-03 3.0000E-03 2.9896E-11 -1.7593E+05 SER
BCC_A2 Status ENTERED Driving force 0.0000E+00

Moles 9.5158E-01, Mass 5.3037E+01, Volume fraction 9.6144E-01 Mass fractions:
FE 9.62930E-01 CR 3.11529E-03 MN 2.11293E-03
NI 2.87323E-02 SI 3.08953E-03 C 2.02448E-05

CEMENTITE Status ENTERED Driving force 0.0000E+00
Moles 1.7166E-02, Mass 7.6060E-01, Volume fraction 1.4306E-02 Mass fractions:
FE 7.18531E-01 C 6.77699E-02 NI 4.77024E-03

CR 1.71485E-01 MN 3.74435E-02 SI 4.75410E-13

M7C3 Status ENTERED Driving force 0.0000E+00
Moles 1.5175E-02, Mass 6.2905E-01, Volume fraction 1.2250E-02 Mass fractions:
FE 4.74791E-01 C 8.69231E-02 NI 2.93731E-03

CR 3.98283E-01 MN 3.70657E-02 SI 4.00494E-12

GRAPHITE Status ENTERED Driving force 0.0000E+00
Moles 1.6078E-02, Mass 1.9311E-01, Volume fraction 1.2003E-02 Mass fractions:
c 1.00000E+00 NI 0.00000E+00 FE 0.00000E+00

SI 0.00000E+00 MN 0.00000E+00 CR 0.00000E+00

POLY_3: ?

... the command in full is HELP
ADD_INITIAL_EQUILIBRIUM EXIT REINITIATE_MODULE
ADVANCED_OPTIONS GOTO_MODULE SAVE_WORKSPACES
AMEND_ STORED EQUILIBRIA HELP SELECT_EQUILIBRIUM
BACK INFORMATION SET_ALL_START_VALUES
CHANGE_STATUS LIST_AXIS_VARIABLE SET_AXIS_VARIABLE
COMPUTE_EQUILIBRIUM LIST_CONDITIONS SET_CONDITION
COMPUTE_TRANSITION LIST_EQUILIBRIUM SET_INPUT_AMOUNTS
CREATE_NEW_EQUILIBRIUM LIST_INITIAL_EQUILIBRIA SET_INTERACTIVE
DEFINE_COMPONENTS LIST_STATUS SET_NUMERICAL_LIMITS
DEFINE_DIAGRAM LIST_SYMBOLS SET_REFERENCE_STATE
DEFINE_MATERIAL LOAD_INITIAL_EQUILIBRIUM SET_START_CONSTITUTION
DELETE_INITIAL_ EQUILIB MACRO_FILE_OPEN SET_START_VALUE
DELETE_SYMBOL MAP SHOW_VALUE
ENTER_SYMBOL POST STEP_WITH_OPTIONS
EVALUATE FUNCTIONS READ_WORKSPACES TABULATE

POLY_3:Hit RETURN to continue
POLY 3: @@ Increase Cr until all Graphite disappears. Calculate this
POLY_3: @@ directly using the COMPUTE-TRANSITION command. You
POLY_3: @@ must release the Cr content
POLY 3: c-t
... the command in full is COMPUTE_TRANSITION
This command is a combination of CHANGE STATUS and SET CONDITION
to calculate directly when a phase may form by releasi;g one condition.
Phase to form: grap
You must release one of these conditions



T=873.15, W(C)=5.5E-3, W(CR)=1E-2, W(MN)=3E-3, W(NI)=2.8E-2, W(SI)=3E-3,
P=1E5, N=1 DEGREES OF FREEDOM 0
Give the state variable to be removed /T/: w(cr)

Testing POLY result by global minimization procedure

To form GRAP the condition is set to W(CR)=.0289376484262

POLY_3: l-e

... the command in full is LIST_EQUILIBRIUM

OUTPUT TO SCREEN OR FILE /SCREEN/:
Options /VWCS/: VWCS

Output from POLY-3, equilibrium = 1, label A0 , database: TCFE9

Conditions:

T=873.15, W(C)=5.5E-3, W(CR)=2.89376E-2, W(MN)=3E-3, W(NI)=2.8E-2,
W(SI)=3E-3, P=1E5, N=1

DEGREES OF FREEDOM 0

Temperature 873.15 K ( 600.00 C), Pressure 1.000000E+05
Number of moles of components 1.00000E+00, Mass in grams 5.45447E+01
Total Gibbs energy -3.61418E+04, Enthalpy 1.78836E+04, Volume 7.15732E-06

Component Moles W-Fraction Activity Potential Ref.stat
C 2.4977E-02 5.5000E-03 2.6153E-01 -9.7369E+03 SER

CR 3.0356E-02 2.8938E-02 3.0908E-04 -5.8673E+04 SER

FE 9.0984E-01 9.3156E-01 8.6672E-03 -3.4471E+04 SER

MN 2.9785E-03 3.0000E-03 2.0189E-05 -7.8481E+04 SER

NI 2.6022E-02 2.8000E-02 3.6185E-04 -5.7529E+04 SER

SI 5.8262E-03 3.0000E-03 3.0998E-11 -1.7567E+05 SER
BCC_A2 Status ENTERED Driving force 0.0000E+00

Moles 9.1703E-01, Mass 5.1108E+01, Volume fraction 9.3257E-01 Mass fractions:
FE 9.62409E-01 CR 3.20855E-03 MN 1.47689E-03
NI 2.96841E-02 SI 3.20174E-03 C 1.99935E-05

M7C3 Status ENTERED Driving force 0.0000E+00
Moles 8.2972E-02, Mass 3.4369E+00, Volume fraction 6.7434E-02 Mass fractions:
FE 4.72863E-01 C 8.69900E-02 NI 2.95743E-03

CR 4.11540E-01 MN 2.56492E-02 SI 4.15471E-12

GRAPHITE Status ENTERED Driving force 0.0000E+00
Moles 0.0000E+00, Mass 0.0000E+00, Volume fraction 0.0000E+00 Mass fractions:
c 1.00000E+00 NI 0.00000E+00 FE 0.00000E+00
SI 0.00000E+00 MN 0.00000E+00 CR 0.00000E+00
POLY_3:Hit RETURN to continue
POLY_3: @@ Graphite disappears when we have this chromium content 2.94 w/o
POLY 3: @@ The amount of Cr can be obtained directly with a Show command
POLY_3: show w(cr)
the command in full is SHOW_VALUE

W(CR)=2.8937648E-2
POLY_3: @@ This is automatically set as a new condition by the C-T command
POLY_3: @@ and the amount of graphite is zero.
POLY_3: 1l-st ph

... the command in full is LIST_STATUS
*** STATUS FOR ALL PHASES

PHASE STATUS DRIVING FORCE MOLES

M7C3 ENTERED 0.000000E+00 8.297236E-02
GRAPHITE ENTERED 0.000000E+00 0.000000E+00
BCC_A2 ENTERED 0.000000E+00 9.170276E-01
CEMENTITE ENTERED -5.447797E-03 0.000000E+00
FCC_Al#1 ENTERED -2.395219E-02 0.000000E+00
FCC_Al#2 ENTERED -2.395219E-02 0.000000E+00
M23C6 ENTERED -8.104225E-02 0.000000E+00
M3C2 ENTERED -1.333457E-01 0.000000E+00
HCP_A3#2 ENTERED -2.603591E-01 0.000000E+00
HCP_A3#1 ENTERED -2.603591E-01 0.000000E+00
M5C2 ENTERED -2.797331E-01 0.000000E+00
FECN_CHI ENTERED -3.871871E-01 0.000000E+00
CUB_A13 ENTERED -5.374101E-01 0.000000E+00
ENTERED PHASES WITH DRIVING FORCE LESS THAN -6.884393E-01

LIQUID SIGMA CHI_Al2 DIAMOND FCC_A4 CBCC_Al2 FE4N_LP1 LAVES_PHASE_Cl4 ALSFE4
KSI_CARBIDE CRZN17 FE8SI2C G_PHASE M3SI GAMMA NI3TI FE2SI CENIS5 NBNI3 CENI2
BETAl CR3SI M2P C22 MS5SI3 MN5SIC HIGH SIGMA MN6SI MN9SI2 CUZN EPSILON MSI
MP_B31 SIC ALAC3 MN11SI19 GAS B B
POLY_3: @@ Now determine the maximum temperature with no Austenite (FCC_Al),
POLY_3: @@ i.e. Al temperature.
POLY_3: @@ Use the command COMPUTE-TRANSITION again
POLY_3: c-t
the command in full is COMPUTE TRANSITION
This command is a combination of CHAﬁGEisTATUS and SET_CONDITION
to calculate directly when a phase may form by releasing one condition.
Phase to form: fcc_al
You must release one of these conditions
T=873.15, W(C)=5.5E-3, W(CR)=2.89376E-2, W(MN)=3E-3, W(NI)=2.8E-2,
W(SI)=3E-3, P=1E5, N=1 DEGREES OF FREEDOM 0
Give the state variable to be removed /T/: t
Testing POLY result by global minimization procedure
Calculated 34724 grid points in 0 s
To form FCC_Al the condition is set to T=923.305059537
POLY_3: l-c
the command in full is LIST_CONDITIONS
T=923.305, W(C)=5.5E-3, W(CR)=2.89376E-2, W(MN)=3E-3, W(NI)=2.8E-2,
W(SI)=3E-3, P=1E5, N=1
DEGREES OF FREEDOM 0
POLY_3: @@ This command does the same as Change-Status/Set-Cond/Compute-Equil sequence.
POLY_3: @@ Notice that the temperature is set back as condition with the new value.
POLY_3: @@ If we want temperatures in Celsius enter a function.
POLY_3: ent fun tc=t-273;
... the command in full is ENTER_SYMBOL
POLY_3: sh tc
.. the command in full is SHOW_VALUE
TC=650.30506
POLY_3:Hit RETURN to continue
POLY_3:
POLY_3: l-e
... the command in full is LIST EQUILIBRIUM
OUTPUT TO SCREEN OR FILE /SCREEN/:7
Options /VWCS/: VWCS
Output from POLY-3, equilibrium = 1, label A0 , database: TCFE9

Conditions:

T=923.305, W(C)=5.5E-3, W(CR)=2.89376E-2, W(MN)=3E-3, W(NI)=2.8E-2,
W(SI)=3E-3, P=1E5, N=1

DEGREES OF FREEDOM 0

Temperature 923.31 K ( 650.16 C), Pressure 1.000000E+05



Number of moles of components 1.00000E+00, Mass in grams 5.45447E+01

Total Gibbs energy -3.93091E+04, Enthalpy 2.01926E+04, Volume 7.17460E-06
Component Moles W-Fraction Activity Potential Ref.stat
c 2.4977E-02 5.5000E-03 2.0363E-01 -1.2217E+04 SER

CR 3.0356E-02 2.8938E-02 3.2335E-04 -6.1697E+04 SER

FE 9.0984E-01 9.3156E-01 7.4671E-03 -3.7595E+04 SER

MN 2.9785E-03 3.0000E-03 1.6904E-05 -8.4353E+04 SER

NI 2.6022E-02 2.8000E-02 2.8547E-04 -6.2653E+04 SER

SI 5.8262E-03 3.0000E-03 7.3351E-11 -1.7914E+05 SER
BCC_A2 Status ENTERED Driving force 0.0000E+00
Moles 9.1644E-01, Mass 5.1066E+01, Volume fraction 9.3203E-01 Mass fractions:
FE 9.60789E-01 CR 4.50578E-03 MN 1.76523E-03

NI 2.96964E-02 SI 3.20435E-03 C 3.90651E-05

M7C3 Status ENTERED Driving force 0.0000E+00
Moles 7.8408E-02, Mass 3.2502E+00, Volume fraction 6.3642E-02 Mass fractions:
FE 4.86783E-01 C 8.69252E-02 NI 2.97527E-03

CR 4.02197E-01 MN 2.11195E-02 SI 1.22958E-11

CEMENTITE Status ENTERED Driving force 0.0000E+00
Moles 5.1532E-03, Mass 2.2825E-01, Volume fraction 4.3253E-03 Mass fractions:
FE 7.26232E-01 C 6.77936E-02 NI 4.80781E-03

CR 1.79929E-01 MN 2.12374E-02 SI 4.75577E-13

FCC_Al#1 Status ENTERED Driving force 0.0000E+00
Moles 0.0000E+00, Mass 0.0000E+00, Volume fraction 0.0000E+00 Mass fractions:
FE 8.81899E-01 MN 1.00709E-02 SI 3.88059E-03

NI 9.43559E-02 CR 7.11210E-03 C 2.68170E-03
POLY_3: l-st

the command in full is LIST_STATUS

Option /CPS/: cps

*** STATUS FOR ALL COMPONENTS

COMPONENT STATUS REF. STATE T (K) P (Pa)

VA ENTERED SER

C ENTERED SER

CR ENTERED SER

FE ENTERED SER

MN ENTERED SER

NI ENTERED SER

SI ENTERED SER

*** STATUS FOR ALL PHASES

PHASE STATUS DRIVING FORCE MOLES

M7C3 ENTERED 0.000000E+00 7.840801E-02

FCC_Al#1 ENTERED 0.000000E+00 0.000000E+00

CEMENTITE ENTERED 0.000000E+00 5.153158E-03

BCC_A2 ENTERED 0.000000E+00 9.164388E-01

M23C6 ENTERED -6.440111E-02 0.000000E+00

GRAPHITE ENTERED -1.782678E-01 0.000000E+00

M3C2 ENTERED -2.004382E-01 0.000000E+00

HCP_A3#2 ENTERED -2.483487E-01 0.000000E+00

HCP_A3#1 ENTERED -2.483487E-01 0.000000E+00

M5C2 ENTERED -2.793270E-01 0.000000E+00

FCC_Al#2 ENTERED -3.085458E-01 0.000000E+00

FECN_CHI ENTERED -3.895429E-01 0.000000E+00

CUB_A13 ENTERED -4.940212E-01 0.000000E+00

LIQUID ENTERED -5.797545E-01 0.000000E+00

THAN -6.216510E-01
FE4N_LP1 ALSFE4 DIAMOND FCC_A4

ENTERED PHASES WITH DRIVING FORCE LESS
SIGMA CHI_Al2 CBCC_Al2 LAVES_PHASE C14

KSI_CARBIDE CRZN17 FE8SI2C GiPHASE7M3SI GAMMA FE2ST NI3TI CR3ST M2§7C22 NBNI3

CENIS5 CENI2 M5SI3 BETALl MN5SIC HIGH_SIGMA MN6SI MSI MN9SI2 CUZN_EPSILON

MP_B31 SIC AL4C3 MN11SI19 GAS
*** STATUS FOR ALL SPECIES

C ENTERED C60 ENTERED FE+2 ENTERED MN+3 ENTERED
c2 ENTERED CR ENTERED FE+3 ENTERED MN+4 ENTERED
Cc3 ENTERED CR+2 ENTERED FE+4 ENTERED NI ENTERED
c4 ENTERED CR+3 ENTERED MN ENTERED NI+2 ENTERED
C5 ENTERED FE ENTERED MN+2 ENTERED NI+3 ENTERED
POLY_3: @@ Now determine maximum temperature where no Ferrite
POLY_3: (@@ Use

POLY_3: c-t

the command in full is COMPUTE_TRANSITION
This command is a combination of CHANGE_STATUS and SET_CONDITION
to calculate directly when a phase may form by releasing one condition.

Phase to form: bc

c_a2

SI ENTERED
SI+4 ENTERED
VA ENTERED

(BCC_A2) exists

You want to find when the current major phase is formed, please give
fcc_al
You must release one of these conditions

New major phase:

T=923.305,

W(SI)=3E-3, P=1E

W(C)=5.5E-3,
N=1
Give the state variable to be removed /T/:

5,

W(CR)=2.
DEGREES OF FREEDOM 0

89376E-2, W (MN)

t

=3E-3,

Testing POLY result by global minimization procedure
34724 grid points in
To form BCC_A2 the condition is set to T=1007.99583441

Calculated
POLY_3:
POLY_3: show tc

the command in full is SHOW_VALUE

TC=734.99583

POLY_3:Hit RETURN to continue

POLY_3:

POLY_3: ch-st phase fcc_al
the command in full is CHANGE_STATUS

Status: /ENTERED/
Start value,

1 ent
number of mole formula units /0/:

POLY_3: ch-st phase bcc_a2
the command in full is CHANGE_STATUS

Status: /ENTERED/
POLY_3:

POLY_3: s-c t=non
POLY_3:

POLY_3: c-e

o fix
Number of mole formula units /0/:

e

1

0

the command in full is SET_CONDITION

1 s

@@ Check how this varies with the carbon content

the command in full is COMPUTE_EQUILIBRIUM

Normal POLY minimization,

not global

Testing POLY result by global minimization procedure
34724 grid points in

Calculated
7 ITS,
POLY_3: l-e,,,

CPU TIME USED

0 SECONDS

the command in full is LIST_EQUILIBRIUM

Output from POLY

Conditions:
W(C)=5.5E-3,

-3,

equilibrium

W(CR)=2.89376E-2,

W (MN) =3E-3,

1,

W (NI

label A0 ,

0 s

)=2.8E-2,

database:

W(SI)=3E-3,

W(NI)=2.8E-2,

TCFE9

P=1E5,



N=1
FIXED PHASES
BCC_22=0

DEGREES OF FREEDOM 0

Temperature 1008.00 K ( 734.85 C), Pressure 1.000000E+05
Number of moles of components 1.00000E+00, Mass in grams 5.45447E+01
Total Gibbs energy -4.50506E+04, Enthalpy 2.77286E+04, Volume 7.08425E-06

Component Moles W-Fraction Activity Potential Ref.stat
C 2.4977E-02 5.5000E-03 8.8252E-02 -2.0345E+04 SER

CR 3.0356E-02 2.8938E-02 5.0800E-04 -6.3570E+04 SER

FE 9.0984E-01 9.3156E-01 5.8584E-03 -4.3077E+04 SER

MN 2.9785E-03 3.0000E-03 4.9655E-06 -1.0236E+05 SER

NI 2.6022E-02 2.8000E-02 8.2581E-05 -7.8796E+04 SER

SI 5.8262E-03 3.0000E-03 3.4411E-10 -1.8262E+05 SER
FCC_Al#1 Status ENTERED Driving force 0.0000E+00

Moles 9.6534E-01, Mass 5.3116E+01, Volume fraction 9.7136E-01 Mass fractions:
FE 9.45237E-01 CR 1.67099E-02 SI 3.08069E-03
NI 2.87274E-02 C 3.29654E-03 MN 2.94880E-03

M7C3 Status ENTERED Driving force 0.0000E+00
Moles 3.4662E-02, Mass 1.4287E+00, Volume fraction 2.8645E-02 Mass fractions:
CR 4.83535E-01 C 8.74192E-02 NI 9.58198E-04

FE 4.23184E-01 MN 4.90349E-03 SI 6.67300E-11

BCC_A2 Status FIXED Driving force 0.0000E+00
Moles 0.0000E+00, Mass 0.0000E+00, Volume fraction 0.0000E+00 Mass fractions:
FE 9.70897E-01 CR 1.12377E-02 MN 9.29098E-04
NI 1.30455E-02 SI 3.80828E-03 C 8.20033E-05
POLY_3: show tc

... the command in full is SHOW_VALUE
TC=734.99583
POLY_3:
POLY_3:Hit RETURN to continue
POLY_3:
POLY 3: s-a-v 1 w(c) O .08 0.001,,,,

... the command in full is SET_AXIS_VARIABLE
POLY_3: save tcex07 y

... the command in full is SAVE_WORKSPACES
POLY_3: step normal

the command in full is STEP_WITH_OPTIONS

No initial equilibrium, using default
Step will start from axis value 0.550000E-02
...0K

Phase Region from 0.550000E-02 for:

BCC_A2

FCC_Al#1

M7C3
Global check of adding phase at 7.95772E-03
Calculated 5 equilibria

Phase Region from 0.795772E-02 for:

BCC_A2

CEMENTITE

FCC_Al#1

M7C3
Global check of removing phase at 1.04363E-02
Calculated 5 equilibria

Phase Region from 0.104363E-01 for:

BCC_A2

CEMENTITE

FCC_ALl#1
Global test at 1.85000E-02 .... OK
Global check of adding phase at 2.20196E-02
Calculated 14 equilibria

Phase Region from 0.220196E-01 for:

BCC_A2

CEMENTITE

FCC_Al#1

GRAPHITE
Global test at 2.95000E-02 .... OK
Global test at 3.95000E-02 .... OK
Global test at 4.95000E-02 .... OK
Global test at 5.95000E-02 .... OK
Global test at 6.95000E-02 .... OK
Global test at 7.95000E-02 .. OK

Terminating at 0.800000E-01
Calculated 62 equilibria

Phase Region from 0.550000E-02 for:

BCC_A2

FCC_AL#1

M7C3
Global check of removing phase at 1.87793E-03
Calculated 6 equilibria

Phase Region from 0.187793E-02 for:

BCC A2

FCC_AL#1
Global test at 9.99743E-16 .... OK
Terminating at 0.215887E-12
Calculated 6 equilibria

*** Buffer saved on file:
c:\jenkins\workspace\Thermo-Calc-Generate-Console-Examples\examples\tcex07\tcex
07.POLY3
POLY_3: post

POLY-3 POSTPROCESSOR VERSION 3.2

POST: s-d-a x w-p C

... the command in full is SET_DIAGRAM_AXIS
POST: s-d-a y tc
... the command in full is SET DIAGRAM AXIS
POST: B B

POST: set-title example 7a
POST: plot

the command in full is PLOT_DIAGRAM



2018.02.19.08.14.42
TCFE%: C, CR, FE, M, NI, SI
W(CR)=2.89376E-2, W(MMN)=3E-3, W(NI)=2.8E-2, W(SI)=3E-3, P=1E85, N=1

TC

g ] 1 2

POST:

POST:Hit RETURN to continue

POST:
POST:
POST:

POST:
POST:

790

example 7a

780

770

760

750

740

730

720

70

700

s-s y n 700 800

the command in full
s-lab b

the command in full
set-title example 7b

plot
the command in full

2018.02.16.08.14.42
TCFED: C, CR, FE, MN, NI, SI
W(CR)=2.89376E-2, W(MN)=3E-3, W(MNI)=2.8E-2, W(SI)=3E-3, P=1E5, N=1

TC

g ] 1 2

POST:
POST:

POST:

is

is

is

3 4 5 3 7
Mass percent C

SET_SCALING_STATUS

SET_LABEL_CURVE_OPTION

PLOT_DIAGRAM
example 7b

800
— 1’BCC_A2FCC_A1#1 M7C3
790 —  2*BCC_A2 CEMENTITE FCC_AT#1 M7C3
—  3'BCC_A2 CEMENTITE FCC_AT#1
780 — 4*BCC_A2 CEMENTITE FCC_A1#1 GRAPHITE
S*BCC_A2FCC_A1#
770
760
750
1
740
730 !
2
720 TN
~.3
710 ~
4
700
3 4 5 5 7

set-inter

Mass percent C

the command in full is SET_INTERACTIVE_MODE




tcex08

About Stockholm, Sweden

Software (build 12987) running on WinNT 64-bit wordlength

Compiler: Intel(R) Visual Fortran Compiler Version 16.0.4.246 Build 20160811
License library version: 8.5.1.0017

Linked: Fri Feb 16 15:22:08 2018

SYS:SYS:MACRO "c:\jenkins\workspace\Thermo-Calc-Generate-Console-Examples\examples\tcex08\tcex08.TCM" set-echo
SYSs:

SYS: @@ Calculation of a property diagram for a high speed steel
SYS:

SYS: @@ This example shows how to calculate property diagrams
SYS: @@ for a high speed steel i.e. phase fraction plots,

SYS: @@ activity vs temperature, and so forth.

SYS: @@ Note that a TCFE database license is required to run
SYS: @@ the example.

SYS:

SYS: set-log ex08,,

SYS: go p-3

the command in full is GOTO_MODULE

POLY version 3.32
POLY_3: def-dia
the command in full is DEFINE_DIAGRAM
For binary or ternary diagrams you may prefer the special modules

You must specify a value for all compositions and the temperature even
if you want to use it as axis.
THERMODYNAMIC DATABASE module

Current database: Steels/Fe-Alloys v9.0

VA /- DEFINED

L12_FCC B2_BCC DICTRA_FCC_Al
REJECTED

Database /TCFE9/: tcfe9
Major element or alloy: fe
Composition input in mass (weight) percent? /Y/:

1st alloying element: ¢ .9 cr 4 mn .3 si .3 w 8 mo 5 v 2
Next alloying element:
Temperature (C) /1000/: 1000
VA /- DEFINED
L12_FCC B2_BCC DICTRA_FCC_Al
REJECTED
REINITIATING GES .....
the command in full is DEFINE_ELEMENTS
FE DEFINED
... the command in full is DEFINE_ELEMENTS
C DEFINED
... the command in full is DEFINE_ELEMENTS
CR DEFINED
the command in full is DEFINE_ELEMENTS
MN DEFINED
the command in full is DEFINE_ELEMENTS

SI DEFINED

... the command in full is DEFINE_ELEMENTS
W DEFINED

.. the command in full is DEFINE_ELEMENTS
MO DEFINED

the command full is

V  DEFINED

DEFINE_ELEMENTS

This database has following phases for the defined system

GAS:G LIQUID:L BCC_A2
FCC_Al HCP_A3 CBCC_A12
CUB_A13 DIAMOND_FCC_A4 GRAPHITE
CEMENTITE M23C6 M7C3

M6C M5C2 M3C2
MC_ETA MC_SHP KSI_CARBIDE
7_PHASE FE4N_LP1 FECN_CHI
SIGMA HIGH_SIGMA MU_PHASE
P_PHASE R_PHASE CHI_Al2
LAVES_PHASE_C14 M3SI MN9SI2
MN11SI19 MN6ST G_PHASE
CR3SI FE2SI MSI

M5SI3 co3vv MOSI2_C11B
MOS5SI3_D8M AL4C3 FE8SI2C

sIC MN5SIC CRZN17
CUZN_EPSILON ALSFE4 MP_B31
M2P_C22 FLUORITE C1:I ZRO2_TETR:I
M203C: 1 M203H:1I

Reject phase(s) /NONE/: NONE
Restore phase(s): /NONE/: NONE

The following phases are retained in this system:

GAS:G

FCC_Al
CUB_A13
CEMENTITE
M6C

MC_ETA
7_PHASE
SIGMA
P_PHASE
LAVES_PHASE_C14
MN11SI19
CR3SI

M5S13
MO5SI3_D8M
sIC
CUZN_EPSILON
M2P_C22
M203C: I

LIQU

ID:L

HCP_A3

DIAM
M23C
M5C2
MC_S
FE4N
HIGH

OND_FCC_A4
6

HP
LP1

“SIGMA

R_PHASE

M3SI
MN6S
FE2S

I
I

Co3vv
AL4C
MN5S
ALSF
FLUO
M203

3

Ic

E4
RITE_C1:I
H:T

BCC_A2
CBCC_A12
GRAPHITE
M7C3

M3C2
KSI_CARBIDE
FECN_CHI
MU_PHASE
CHI_Al2
MN9SI2
G_PHASE

MST
MOSI2_C11B
FE8SI2C
CRZN17
MP_B31
ZRO2_TETR:I




OK? /Y/: Y
ELEMENTS .....

the command in full is AMEND_PHASE_DESCRIPTION
the command in full is AMEND_PHASE_DESCRIPTION
the command in full is AMEND_PHASE_DESCRIPTION
the command in full is AMEND_PHASE_DESCRIPTION
the command in full is AMEND_ PHASE_DESCRIPTION
... the command in full is AMEND_PHASE_DESCRIPTION

Suspending FLUORITE_Cl as it has net charge

Suspending M203C as it has net charge

Suspending M203H as it has net charge

Suspending ZRO2_TETR as it has net charge

PARAMETERS

FUNCTIONS

List of references for assessed data

'"A. Dinsdale, SGTE Data for Pure Elements, CALPHAD, 15 (1991) 317-425"

'"B. Uhrenius, Int. J. Refract. Met. Hard Mater. 12 (1994) 121-127; Molar
volumes'

'X.-G. Lu, Thermo-Calc Software AB, Sweden, 2006; Molar volumes'

'"A. Markstrom, Swerea KIMAB, Sweden; Molar volumes'

'X.-G. Lu, M. Selleby and B. Sundman, CALPHAD, 29, 2005, 68-89; Molar
volumes'

'B. Sundman et al., Report EUR 20315, Contract No 7210-PR/050, 2002; New
Sigma model'

'"P. Gustafson, TRITA-MAC 342 (1987); CR-FE-W'

'N. Saunders, COST 507 Report (1998); Cr-Ti'

'B.-J. Lee, KRISS, Unpublished research, during 1993-1995"'

'Thermo-Calc Software, Sweden, 2014: Volume data updated for TCFE9
database (TCFE v9.0, Jan, 2017).°"

'X.-G. Lu, M. Selleby, B. Sundman, CALPHAD, 29 (2005) 49-55; Fe P-T diagram'

'L.F.S. Dumitrescu, M. Hillert and N. Saunders, J. Phase Equilib., 19
(1998) 441-448; Fe-Ti'

'L. Kjellgvist, Thermo-Calc Software AB, Sweden, 2012; Molar volumes'

'N. Saunders, COST 507 Report (1998); Mn-Ti'

'W. Zheng, J. Alloys Compd., 632 (2015) 661-675"

'J-0. Andersson, CALPHAD, 12 (1988) 1-8; TRITA 0317 (1986); C-MO"'

'Unassessed parameter; Linear combination of unary data'

'J. Bratberg, Thermo-Calc Software AB, Sweden, 2009; LAVES PHASE C14'

'I. Ansara, Unpublished work (1991); Cr-Si'

'J. Bratberg and B. Sundman, J. Phase Equilib., 24, No. 6, 2003, 495-503;
Co-V'

'J. Bratberg and Karin Frisk, CALPHAD, 26, No. 3, 459-476, 2002; Mo-V-C'

'R. Naraghi, Thermo-Calc Software AB, Sweden, 2015; LAVES_PHASE_C14'

'B.-J. Lee, Private communication, (1999); Estimated parameter'

'P. Gustafson, Z. Metallkd., 79 (1988) 397-402; TRITA-MAC 330 (1987); C-MO
W

'M. Seiersten, Unpublished work (1989); Al-Fe'

'A.V. Khvan, B. Hallstedt, K. Chang, CALPHAD, 39, 54-61(2012); C-Cr-Nb'

'J-0. Andersson, CALPHAD, 11 (1987) 271-276; TRITA 0314; C-CR'

'J. Bratberg, Z. Metallkd., 96 (2005) 335-344; Fe-Cr-Mo-C'

'B.-J. Lee, CALPHAD, 16 (1992) 121-149; C-Cr-Fe-Ni'

'C. Qiu, ISIJ International, 32 (1992) 1117-1127; C-Cr-Fe-Mo'

'P. Gustafson, Metall. Trans. A, 19A (1988) 2547-2554; TRITA-MAC 348
(1987); C-CR-FE-W'

'"P. Villars and L.D. Calvert (1985). Pearson's handbook of
crystallographic data for intermetallic phases. Metals park, Ohio.
American Society for Metals; Molar volumes'

'Estimated parameter for solubility of C in Fe4N, 1999

'B.-J. Lee, Metall. Trans. A, 24A (1993) 1017-1025; Fe-Cr-Mn-C'

'P. Gustafson, Scan. J. Metall., 14 (1985) 259-267; TRITA 0237 (1984); C-FE'

'P. Franke, Estimated parameter within SGTE, 2007; Fe-C, Ni-C, Mo-C, C-Mn'

'B. Hallstedt, unpublished work (2016); C-Fe-Mn Epsilon martensite.'

'J-0. Andersson, CALPHAD, 12 (1988) 9-23; TRITA 0321 (1986); C-FE-MO'

'B. Hallstedt, D. Djurovic, J. von Appen, R. Dronskowski, A. Dick, F.
Koermann, T. Hickel, J. Neugebauer, CALPHAD, 34, 129-33(2010); Fe-C'

'D. Djurovic, B. Hallstedt, J. von Appen, R. Dronskowski, CALPHAD,
submitted, 2011; Fe-Mn-C'

'H. Du and M. Hillert, TRITA-MAC 435 (1990); C-Fe-N'

'W. Huang, Metall. Trans. A, 21A (1990) 2115-2123; TRITA-MAC 411 (Rev
1989); C-FE-MN'

'D. Djurovic, B. Hallstedt, J. von Appen, R. Dronskowski, CALPHAD, 34, 279
-85(2010); Mn-C'

'J.-H. Shim, C.-S. Oh, D.N. Lee, Metall. Mater. Trans. B. 27 (1996) 955
-966; Ti-Mo-C'

'J. Grobner, H.L. Lukas and F. Aldinger, CALPHAD, 20 (1996) 247-254; Si-C
and Al-Si-C'

'J. Lacaze and B. Sundman, Metall. Mater. Trans. A, 22A (1991) 2211-2223;
Fe-si and Fe-Si-C'

'J. Bratberg, Thermo-Calc Software AB, Sweden, 2009; Cementite'

'J. Bratberg, Thermo-Calc Software AB, Sweden, 2009; SIGMA and M7C3'

'Thermo-Calc Software, Sweden, 2008: Volume data updated for TCFE6
database (TCFE v6, April, 2008)."'

'NPL, Unpublished work (1989); C-Mn-Si'

'W. Huang, TRITA-MAC 431 (1990); C-V'

'A. Fernandez Guillermet and W. Huang, TRITA-MAC 440 (1990); Mn-V-C'

'A. Fernandez Guillermet and G. Grimvall,J. Phys. Chem. Solids, 1992, 53,
105-125; Molar volumes'

'B.-J. Lee, TRITA-MAC 475 (1991); C-Cr-Fe-V'

'"A. Fernandez Guillermet, Z. Metallkd. 82 (1991) 478-487; Nb-Zr'

'S. Jonsson, PhD Thesis; TRITA-MAC 519 (1993); W-C and Ti-W-C'

'P. Gustafson, Mat. Sci. Tech., 2 (1986) 653-658; TRITA 0212 (1985); C-Ww"

'P. Gustafson, Metall. Trans. A, 18A (1987) 175-188; TRITA 0257 (1985); C
-FE-W'

'P. Gustafson, Z. Metallkd., 79 (1988) 421-425; TRITA-MAC 331 (1987); C
-FE-MO-W'

'N. Dupin, Private communication; Introduction of V'

'B.-J. Lee, CALPHAD, 17 (1993) 251-268; revision of Fe-Cr and Fe-Ni liquid'

'J-0. Andersson and B. Sundman, CALPHAD, 11 (1987) 83-92; TRITA 0270
(1986); CR-FE'

'K. Frisk, Metall. Trans. A, 21A (1990) 2477-2488; TRITA 0409 (1989); CR
-FE-N'

'J-0. Andersson, Metall. Trans. A, 19A (1988) 1385-1394; TRITA 0322 (1986);

CR-FE-MO'

'R. Naraghi, Thermo-Calc Software AB, Sweden, 2014; Cr-Fe-zZn'

'Thermo-Calc Software, Sweden, 2014: Volume data updated for TCFES8
database (TCFE v8, May, 2015)."'

'B.-J. Lee, Metall. Trans. A, 24A (1993) 1919-1933; Cr-Mn, Fe-Cr-Mn'

'K. Frisk, CALPHAD, 17 (1993) 335-349; Cr-Mn-N'

'"SGTE (2008): SSOL4 - SGTE Substance Database V4.1, provided by Thermo
-Calc Software'

'K. Frisk, KTH Report D 60 (1984); CR-MO'



'B. Sundman, Private communication; FCC parameter same as BCC; Cr-Mo'

'J-0. Andersson, TRITA-MAC 323 (1986); C-CR-FE-MO'

'K. Frisk, TRITA-MAC 429 (1990); CR-MO-NI'

'J. Bratberg, Thermo-Calc Software AB, Sweden, 2009; Z_PHASE'

'L. Kjellgvist, Thermo-Calc Software AB, Sweden, 2013; Reassessed
solubility of Al, Cr, Fe, Ni in Mn203. When Mn203 is modelled as the
same phase as cubic Y203 (M203C)."'

'B.-J. Lee, TRITA-MAC 474 (1991); Cr-Fe-V'

'"H.K. Danielsen and J. Hald, CALPHAD, 31 (2007) 505-514; Z-PHASE'

'P. Gustafson, CALPHAD, 11 (1987) 277-292; TRITA-MAC 320 (1986); CR-NI-W '

'"P. Gustafson, TRITA-MAC 354 (1987); C-Cr-Fe-Mo-W'

'W. Huang, CALPHAD, 13 (1989) 243-252; TRITA-MAC 388 (rev 1989); FE-MN'

'S. Liu, B. Hallstedt, D. Music, Y. Du, CALPHAD, 38 (2012) 43-58; Mn-Nb
and Fe-Mn-Nb'

'"A. Markstrom, Thermo-Calc software AB, Sweden, 2011'

'"A. Fernandez Guillermet, CALPHAD, 6 (1982) 127-140; (sigma phase revised
1986); TRITA-MAC 200 (1982); FE-MO'

'K. Frisk, TRITA-MAC 428 (1990); FE-MO-NI'

'"J. Miettinen and B. Hallstedt, CALPHAD, 22 (1998) 231-256; Fe-Si and Fe
-si-C'

'S. Cotes, A.F. Guillermet, M. Sade, J. Alloys Compd., 208(1998) 168-177"

'A. Forsberg and J. Agren, J. Phase Equilib., 14 (1993) 354-363; Fe-Mn-Si'

'W. Huang, TRITA-MAC 432 (Rev 1989,1990); FE-V'

'J-0. Andersson, CALPHAD, 7 (1983) 305-315 (Parameters revised 1986 due to
new decription of V) TRITA 0201 (1982); FE-V'

'W. Huang, TRITA-MAC 432 (1990); C-Fe-V'

'A.V. Khvan, K. Chang, B. Hallstedt, CALPHAD, 43, 143-48(2013); Fe-Nb-V'

'W. Huang, TRITA-MAC 439 (1990) also in W. Huang, CALPHAD, 15, 195
-208(1991); Mn-V, Fe-Mn-V'

'P. Gustafson, Z. Metallkd., 79 (1988) 388-396; TRITA-MAC 329 (1987); MO-W,

FE-MO-W '
'M. Chen, B. Hallstedt, L. J. Gauckler, J. Alloys Compd., 393 (2005) 114
-21; Mn-Y-0O'

'M. Chen, B. Hallstedt, L.J. Gauckler, Solid State Ionics, 176 (2005) 1457
-64; Mn-Zr-0, Mn-Y-Zr-0'
'W. Huang, TRITA-MAC 441 (1990) also in W. Huang, Metall. Trans. A, 22A,
1911-20(1991); Fe-Mn-V-C'
'COST2 database 1997
'J. Miettinen, CALPHAD, 28 (2004) 313-320; Mn-zZn'
'Y. Liu, G. Shao, P. Tsakiropoulos, Intermatallics 8 (2000) 953-962; Mo-Si,
Al-Mo-Si"
'M.H. Rand and N. Saunders, COST 507 Report (1998); Si-V'
'C. Vahlas, P-Y. Chevalier and E. Blanquet, CALPHAD, 13 (1989) 273-292; Mo
-5i and Si-w'
'S. Huang, J. Vleugels, L. Li, O. Van Der Biest, J. Alloys Compd., 395
(2005) 68-74; V-w-C'
'"A.V. Khvan, B. Hallstedt, C. Broeckmann, CALPHAD, 46, 24-33(2014); Cr-Fe-C'
'J-0. Andersson, Metall. Trans. A, 19A (1988) 627-636 TRITA 0207 (1986); C
-CR-FE'
'R. Naraghi, Thermo-Calc Software AB, Sweden, 2016; FCC Fe-Cr-C and C-Cr-Ni'
'J. Bratberg, Thermo-Calc Software AB, Sweden, 2008; Fe-Cr-Mo-V-W-C'
'A. Kusoffsky, Work within CCT-Applied Stainless steels, 2003; C-Cr-Si'
'J. Bratberg, Thermo-Calc Software AB, Sweden, 2009; Carbonitrides and
M23C6'
'J. Bratberg, Thermo-Calc Software AB, Sweden, 2008; Fe-Cr-v-C'
'S. Nagakura, Transactions of the Iron and Steel Institute of Japan, 8
(1968) 265-294; Molar volumes'
'I.K. Kupalova, V.I. Pavlova, High Speed Steels: Physical Properties,
Prop. Data Updat. 2 (1988) 67-78; Molar volumes'
'R. Naraghi, Thermo-Calc Software AB, Sweden, 2014; Revision of the liquid
C-Fe-Si description'
'W. Zheng et al., J. Iron Steel Res. Int. 24(2)(2017) 190-197"
'C. Qiu, Metall. Trans. A, 24A (1993) 2393-2409; Cr-Fe-Mn-N'
'A. Markstrom, Thermo-Calc Software AB, Sweden, 2013; Extrapolations,
assumptions and adjustment'
'B. Sundman, Private communication, (2000); Estimated Cr-Ni-Mo'
'B.-J. Lee, Private communication, (2000); Estimated parameter'
'J. Miettinen, CALPHAD, 23 (2) (1999) 249-262; Cr-Fe-Si'
'A. Markstrom, Thermo-calc Software AB, Sweden, 2011; SIGMA phase in Cr-Fe
—Wr
'J. Miettinen, CALPHAD, 22 (1998) 275-300; Fe-Mo-Si'
'J. Miettinen, G. Vassilev, J. Phase Equilib. Diffus, 37(5) 2016, 283-290;
Fe-P-Si'
'R. Naraghi, Thermo-Calc Software AB, Sweden, 2016; C-Cr-Fe-V'
'R. Naraghi, Thermo-Calc Software AB, Sweden, 2016; C-Cr-Fe-W'
'J. Bratberg, Thermo-Calc Software AB, Sweden, 2008; Solubilities in M6C'
'"P. Gustafson, Inst. Met. Res. (Sweden) (1990); Estimations of C-CR-FE-V,
C-CR-FE-MO-V-W, FE-N-W, FE-MN-N, FE-N-SI, CR-N-V, C-CR-N, FE-MO-N, CR
-N-W, CR-TI-N'
—_OK-
Should any phase have a miscibility gap check? /N/: N
Using global minimization procedure

Calculated 45323 grid points in 0 s
Found the set of lowest grid points in 0 s
Calculated POLY solution 0 s, total time 0 s

You must now set an independent axis for your diagram
as one of the following conditions:
Condition 1 is temperature (Celsius

Condition 2 is mass percent of C

Condition 3 is mass percent of CR
Condition 4 is mass percent of MN
Condition 5 is mass percent of SI
Condition 6 is mass percent of W

Condition 7 is mass percent of MO
Condition 8 is mass percent of

A%
Give the number of the condition to vary /1/: 1
Minimum value (C) /800/: 600
Maximum value (C) /1800/: 1600

The second axis can be another of the conditions above and you will then
calculate a phase diagram.

Or you may want to plot how some other quantities depend on the selected
condition and you will then calculate a "property" diagram.

In addition to the conditions above you may use these selected
dependent quantities on the vertical axis:

Dependent 9 is mass fraction of all phases

Dependent 10 is composition of a phase

Dependent 11 is the fraction of a component in all phases

(In the post processor you may select many other quantities)
Give the number of the quantity on second axis /9/: 9 tcex08 y
No initial equilibrium, using default

Step will start from axis value 1273.15

...0K

Phase Region from 1273.15 for:



FCC_ALl#1

FCC_AL#2
M6C
Global test at 1.35315E+03 .... OK
Global test at 1.45315E+03 .... OK
Global check of adding phase at 1.52101E+03
Calculated 27 equilibria
Phase Region from 1521.01 for:
LIQUID
FCC_AL#1
FCC_Al#2
M6C
Global check of removing phase at 1.52118E+03
Calculated 3 equilibria
Phase Region from 1521.18 for:
LIQUID
FCC_AL#1
M6C
Global check of adding phase at 1.57077E+03
Calculated 8 equilibria
Phase Region from 1570.77 for:
LIQUID
BCC_A2
FCC_AL#1
M6C
Global check of removing phase at 1.57833E+03
Calculated 4 equilibria
Phase Region from 1578.33 for:
LIQUID
BCC_A2
FCC_AL#1
Global check of removing phase at 1.59788E+03
Calculated 5 equilibria
Phase Region from 1597.88 for:
LIQUID
BCC_A2
Global test at 1.67315E+03 .... OK
Global check of removing phase at 1.69303E+03
Calculated 12 equilibria
Phase Region from 1693.03 for:
LIQUID
Global test at 1.76315E+03 .... OK
Global test at 1.86315E+03 .... OK
Terminating at 1873.15
Calculated 22 equilibria
Phase Region from 1273.15 for:
FCC_Al#1
FCC_Al#2
M6C
Global test at 1.19315E+03 .... OK
Global check of adding phase at 1.11546E+03
Calculated 18 equilibria
Phase Region from 1115.46 for:
FCC_Al#1
FCC_Al#2
M23C6
M6C
Global check of adding phase at 1.11050E+03
Calculated 4 equilibria
Phase Region from 1110.50 for:
BCC_A2
FCC_Al#1
FCC_Al#2
M23C6
M6C
Global check of removing phase at 1.09373E+03
Calculated 4 equilibria
Phase Region from 1093.73 for:
BCC_A2
FCC_Al#2
M23C6
M6C
Global test at 1.02315E+03 .... OK
Global test at 9.23150E+02 .... OK
Terminating at 873.150
Calculated 26 equilibria

*** Buffer saved on file:
c:\jenkins\workspace\Thermo-Calc-Generate-Console-Examples\examples\tcex08\tcex
08.POLY3

POSTPROCESSOR VERSION 3.2

Setting automatic diagram axes
the command in full is REINITIATE_PLOT_SETTINGS

POSTPROCESSOR VERSION 3.2

Setting automatic diagram axes
the command in full is SET_AUTOMATIC_DIAGRAM A
Setting automatic diagram axes

the command in full is PLOT_DIAGRAM



2018.02.18.08.16.11
TCFED: C, CR, FE, MI, MO, 81, ¥, W
W(C)=9E-3, W(CR)=4E-2, W(MN)=3E-3, W(5[)=3E-3, W(N)=8E-2, W(MO)=5E-2, W(\)=2E-2, P=1E5, N=1

10 : 4
— 1 ¥=T-273.15 Y=BPW(FCC_AT#1)
1 2 X=T-27315 Y=BPW(FCC_A1#2)
3 X=T-27315 Y=BPW(MEC)
08 4 %=T-27315 Y=BPW(LIQUID)
5 X=T-27315 Y=BPW(BCC_A2)
B X=T-27315 Y=BPW(M23CE)
06
—
=
o
m
04
0.2
3 —
I ——— 2
0.0 —
600 700 800 900 1000 1100 1200 1300 1400 1500 1600
A Temperature [*C]
POST
POST:Hit RETURN to continue
POST: set-title example 8a
POST
POST: plot
the command in full is PLOT DIAGRAM
example 8a
2018.02.18.08.16.12
TCFES: C, GR, FE, MN, MO, 81,V 'W
WI(C)=9E-3, W(CR)=4E-2, W(MN)=3E-3, W(SI)=3E-3, W{W)=8E-2, W(MO)=5E-2, W(V)=2E-2, P=1E5, N=1
10 . 4
— 1 ¥=T-273.15 Y=BPW(FCC_A1#1)
1 | — 2 ¥=T-27315 Y=BPW[FCC_A1#2)
3 X=T-27315 Y=BRPW(MEC)
08 4 %=T-27315 Y=BPW(LIQUID)
5 X=T-27315 Y=BPW(BCC_A2)
B X=T-27315 Y=BPW(M23CE)
08
—
=
o
m
04
02
3 -
I ———
0.0 —
600 700 800 900 1000 1100 1200 1300 1400 1500 1600
A Temperature [C]
POST

POST:Hit RETURN to continue

POST: s-d-a y acr(c)

. the command in full is SET_DIAGRAM_AXIS
POST: set_lab

... the command in full is SET LABEL CURVE OPTION
CURVE LABEL OPTION (A, B, C, D, E, F OR N) /D/: n
POST: set-title example 8b
POST
POST: plot

the command in full is PLOT_DIAGRAM



example 8b
2018.02.19.08.16.12
TCFES: €, GR, FE, MN, MO, 81, V, W
W(C)=SE-3, WICR)=4E-2, WIMN)=3E-3, W(S)=3E-3, WIN)=8E-2, WIMO)=5E-2, W{V)=2E-2, P=1E5, N=1

0.0180

0.0180

0.0140

0.0120

0.0040

0.0020

0.0000

600 700 800 900 1000 1100 1200 1300 1400 1500
A Temperature [*C]

POST:
POST:Hit RETURN to continue
POST: @@ Plot how the composition of the austenite (called fcc) varies
POST: @@ Note this is plotted also where the austenite is not stable.
POST: s-d-a y w(fcc,*)
... the command in full is SET_DIAGRAM_AXIS
COLUMN NUMBER /*/:
POST: set_lab d
the command in full is SET_LABEL_CURVE_OPTION
POST: set-title example 8c
POST:
POST: plot
the command in full is PLOT DIAGRAM
example 8c
2018.02.18.08.1613
TCFES: C, CR, FE, MN, MO, S, W, 'W
W(C)=9E-3, W(CR)=4E-2, W(MN)=3E-3, W(S[}=3E-3, W(W)=BE-2, W(M0)=5E-2, W(V)=2E-2, P=1E5 N=1