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ABSTRACT 
A description is given of Thermo-Calc. a databank for 

thermochemistry and metallurgy developed at the division of Physical 
tletallurgy of the Royal Institute of Technology (KTH) in Stockholm. 
Using the facilities of Thermo-Calc one can tabulate thermodynamic data, 
calculate the heat change of chemical reactions and their driving force, 
evaluate equilibria for chemical systems and phase transformations and 
calculate various types of multicomponent phase diagrams by an automatic 
mapping procedure. The databank is quite general and can be applied to 
all systems where data assessed by a model implemented in the databank 
are available. The assessment procedure necessary to develop and extend 
the the databank is discussed. A brief description of the modules of 
Thermo-Calc is given and two examples are included which demonstrate how 
flexibly the calculations can be made. These examples will also show 
that the system is quite easy to use and that there are extensive 
on-line help facilities. 

Introduction 

The knowledge of the equilibrium state of a system and how it is affected 
by various external factors is of great importance for the chemical and 
metallurgical industry. The experimental work to determine such equilibria is in 
many cases difficult because the number of components can be large and the 
external factors may be difficult to control. In such cases it may be 
interesting to predict the behaviour of a complex system by using extrapolations 
from systems that are easier to study experimentally. A thermochemical databank 
is an important tool in this work because the assessed data from binary, ternary 
and higher systems can be combined by a computer operated procedure and it is 
thus possible with very little effort to predict the equilibrium state for 
multicomponent systems. A number of computer programs for equilibrium 
calculations have been developed but these programs differ greatly in the choice 
of equilibrium conditions and thermochemical models and in the ease of handling. 
The Thermo-Calc databank system is an attempt to provide a single software 
system for all thermochemical calculations which is easy to learn and use. 

Thermo-Calc is interactive and it is operated by sets of comands. It 
system composed of several application programs, modules. which cooperate 
through defined software interfaces and utilize a database of assessed 
thermochemical parameters. Each module has a specific purpose and the inter 
simplify addition of new modules and improvement of existing ones. The most 
important module at present is a very general and flexible program for the 

is a 

faces 

calculation of equilibria and a unique procedure to map stable equilibria and 
phase diagrams in multicomponent systems for one, two or three independent 
variables. As examples of important types of calculation one may mention: 
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constitution and amounts of various phases in equilibrium at selected 

temperatures, compositions and activities, 
phase diagrams in binary. ternary and higher-order systems under auxiliary 
conditions such as constant temperature or pressure. constant amount of some 
components or constant chemical activities, 

predominance area diagrams, 
liquidus surfaces, 

calculation of equilibria when the set of stable phases is prescribed, 

Property diagrams where a dependent quantity is plotted versus an independent. 

Nuch effort has gone into making Thermo-Calc a user-friendly system and to 
provide on-line help as well as extensive documentation (1-S). Nowever, it 

rhould be understood that a databank t0 be used for CalCulations cannot be 
constructed in the same way as a retrieval system for bibliographic data. The 
user must know how to define his problem within the framework of the databank. 
For this purpose regular one-week courses are arranged for users. 

Thermo-Calc is equipped with a post-prOCeSSOr for the final Processing of 

the results of a calculation. With the post-processor the user can PrePare 
tables and draw diagrams and by selecting relevant quantities and suitable 

scales he can present the result in various ways. Examples of diagrams generated 

by Thermo-Calc are shown in Fig. 1 to 3. 
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FIG. 1. The calculated phase diagram FIG. 2. The liquidus surface in the 

for the Fe-Ho system. Diagrams nickel rich corner of the 

with only two components are of Ni-Si-9 system. This diagram 

great interest for the assessment was calculated in order to aid 

of data for the database (6). the selection of candidate 

alloys to be used for rapid 
solidification (7). 

lbermochemical data 

A large quantity of data concerning thermochemical quantities and chemical 
equilibria has been determined experimentally and is available in the 
literature. Nevertheless, it may still be difficult to find sufficient 
information for solving a particular problem. This is a consequence of the fact 
that the Possible range Of variation is so large that the experimental work can 
only cover a Small fraction of all combinations. The missing data must therefore 
be estimated by some kind of extrapolation from the experimentally determined 
values. Such extrapolations require high skill. 
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FIG. 3. The disgr8m shows how the relative amounts of the various phases vary 
with the temperrture. Such information is a valuable guide in selecting 
the temperature for various kinds of heat treatment. 

The Thermo-Calc databank has been designed to be useful both for the 
experts and for persons without the time or skill to make extrapolations from 
experimental data. This is achieved by applying the ‘Calphad method”, i.e., the 
experimental data available in the literature are assessed by experts using 
mathematical models based on physical principles. From the models many relations 
can be derived between experimental data of various quantities and this makes it 
possible to use effectively scattered and incomplete experimental data. Special 
computer software has been developed to be used in such assessments (9-9). 
The results of the assessments are obtained as parameter values and these 
parameters are stored in the database together with a description of the 
mathematical model. These parameters describe not only the experimental data 
used in the assessment but can be used for reliable extrapolations. It thus 

makes no difference if a user asks for a value which has been determined 
experimentally or not. The value calculated from the parameters stored in the 
database is the best value available, according to the judgement of the 
assessor, provided it falls within the recommended range of validity of the 
assessment. From the models one may calculate many different quantities and 
their values are always mutually consistent. 

The kernel of the Thermo-Calc system is a module for thermodynamic models 
which is written in such a general way that it can be used within many different 
fields of thermochemistry. For instance, the sublattice model (101, a model for 
magnetic ordering 1111, a general model for liquids with ions (12) as well as 
the Pitzer model for aqueous solutions (131 are implemented. This thermodynamic 
module is coupled to the database where the various parameters are stored. Of 
course, the reliability of the calculations depends upon the quality of the 
assessments. In order to guarantee the highest possible quality the database 
must be developed through an international collaboration between researchers 
with long experience of assessment work in their respective field. 

Jhe modules in Thermo-QJ& 

The Thermo-Calc system consists of more than 600 subroutines and is divided 
into several modules. Host of the modules have an interactive monitor where the 
user decides the action to be taken by giving commands. Each module has its 
own prompt which is displayed whenever the system is expecting the user to give 
a new command. The modules currently connected to the Thermo-Calc system are: 
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SYSTEM_UTILITIES 
ALLOY-DATABANK 
POLY_1 
GIBBS_ENERGY_SYSTEW 
MESSAGE-SYSTEM 
EDUILONE 
TEST_CALCULATIONS 
FILE-EDITOR 

In Fig. 4 the modules are shown. 

General utilities 
Data retrieval 
Alloy calculations and post-processing 
The thermodynamic model package 
Mail to manager and other users 
Equilibrium calculations with species 
Mainly for error checks 
For text file editing 

The EOUILONE. TEST-CALCULATION and FILE-EDITOR 
modules will not be further described here. 

User 

System utilities 

Alloy databank 

POLY_l 
I 

Post-processor 

GES model package 

Line editor 

EOUILONE 
I 

FIG. 4. The modular structure of Thermo-Calc. The postprocessor and the lined 
modules are local to the POLY_l and MESSAGE module respectivly. 

Jhe SYSTEH UTILITY mod!Lk 

This is the module the program enters first. The commands in this module 
are used to set a number of global variables. Note that the cosanands are quite 
long and self-explanatory but a user can abbreviate the coaaaand and need only 
type so much that the command is unambiguous. If the command consists of several 
words these are connected with an underscore or hyphen. Each word in a command 
can be abbreviated separately as will be shown in the examples. 

SYS> is the prompt in this module. 

Commands that are available in this and most other modules are 
HELP INFORMATION 
GOTO_MODULE BACK 
EXIT 

Useful commands in this module are 
NEWS SET_TIME_LIWIT 
SET_TERWINAL SET-LOG-FILE 

Less frequently used coasaands are 
OPEN-FILE CLOSE-FILE 
SET_COMWAND_UNITS SET_ERROR_tlESSASE_UNIT 
SET_INTERACTIVE_MODE STOP_ON_ERROR 
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The following commands 
PATCH 
TRACE 

HELP gives the list of 

INFORMATION gives more 

are for system debugging purpose only 
LIST_FREE_UORKSPACE 

coexnands or an explanation of any of the commands. 

extensive explanations of some features of the modules. 

EXIT terminates the program. 

GOT0 transfer control to another module which must be specified. 

BACK gives control back to the module used innndiately before the present one. 

The NEWS connand gives a list of news messages. 

SET-LOG-FILE makes it possible to save everything the user types on a file. 

SET-TERMINAL makes it possible to turn on/off echo from the host. 

The other coesaands in the system-utility module are rather special and 
mainly intended for system support. 

The ALLOY DATABANK module 

This module usually presents itself with a message like: 

THERMODYNAMIC ALLOY DATABANK RUNNING ON ND-SDO/KTti_tfET 
First version released 811012, Last update 830920 
Current dataset: THERNO-CALC dataset 1 prerelease I 

TDB_TC: is the prompt. Note that this prompt varies with the dataset. 

General coaaernds are 
HELP EXIT 
BACK SOTO_MODULE 
INFORMATION 

The essential commands are 
DEFINE-SYSTEM GET-DATA 
REJECT 

The diagnostic commands are 
LIST_DATASET LIST-SYSTEM 
LIST_OPTIONS SET-OPTION 

Less frequently used connands are 
SWITCH_DATASET DATASET_INFORMATIDN 
RESTORE 

DEFINE-SYSTEM is the command for selecting the components of the system. 

GET-DATA is the c-and that retrieves data from the database. 

LIST-SYSTEM lists the phases, constituents or species that 8re included in the 
defined system. 

REJECT can be used to reject phases, constituents etc from the system listed 
with list-system. It is advisable to reject all phases that one knows will not 
appear in the region where calculations are planned. 
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SYITCH_DATASET makes it possible to select another set of data. Several datssets 
from various sources are available and they are kept separate because they are 
not consistent with each other. Usera can have private datasets. 

LIST_DATASET lists the same as list-system but for the whole dataoet. 

This module presents itself the first time with the following merssge 

POLY_l VERSION 5.0 RUNNING ON ND-SOO/KTH_NET 
Developed by 00 Jsnrson at the Division of Physical Metallurgy 
Royal Institute of Technology, Stockholm, Sweden 
First version released 79.10.01, Last update 83.09.01 

POLY_l> is the prompt. 

General coeassnds are 
BACK 
GOTOJODULE 
INFORMATION 

EXIT 
HELP 

The essential commands are 
SET_CONDITION RESET_CONDITION 
SET-PHASE-STATUS SET_AXIS_VARIABLE 
START-VALUES SET_STORE_RESULT_FILE 
COHPUTE_PHASE_EQUIL CALPHAD 
POST_PROCESSOR 

Disgnostic conmsnds are 
LIST_FIX_SITE_FRACTIONS LIST_PHASE_EgUIL 
LIST_PHASE_STATUS LIST_START_POINTS 
LIST_STORE_RESULT_FILE LIST_VARIABLE_STATUS 

Less frequent cossasnds are 
SET_WEIGHT_FRACTION SET_l4OLE_FRACTION 
SET_START_COMPOSITION REINITIATE_WORKSPACE 
SAVEJORKSPACES READ_ALL_WORKSPACES 
DELETE_ALL_START_POINTS DELETE_LAST_START_POINT 

Special conmrsnds are 
READ_POLY_WORKSPACE 
SET_PRESENT_PHASE 
SET_BREAK_CONDITIONS 

SET-PRESSURE-LEVEL 
RESET-PRESENT-PHASE 
PATCtl_POLY_WORKSPACE 

The coesasnds in this module are used to define the conditions for which the 
user wants to calculate an equilibrium or a phase diagram. The most important of 
these are: 

SET_CONDITION to set a fixed composition, activity. temperature etc. The degrees 
of freedom is decreased by one for each condition and must be zero before any 
cslculstions can be made. 

LIST_VARIASLE_STATUS informs the user which conditions he has set. 

The connsnd START-VALUES will ask you for a start composition for all phsses 
that sre not suspended. This must be done before the first calculation is made. 

COHPUTE_PNASE_EOUILIBRIUn computes a single. equilibrium for the conditions set. 

LIST_PHASE_EPUILI9RIUM lists the values of the state variables and the 
composition of each phase after s calculation. 
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SET_AXIS_VARIABLE must be given before using the automatic mapping procedure in 
order to calculate a property diagram, a phase diagram or a projection (of a 
three dimensional map). The degrees of freedom decrease by one for each axis. 

CALPHAO is the coavaand to activate the automatic stepping procedure. One must 
have at least one axis and must have given at least one start point before this 
command . 

SET_WEIGHT_FRACTION and SET_WOLE_FRACTION must be used to inform POLY about 
whether the input is in weight Imassl fraction or mole fraction. Note that it is 
mass fraction and not mass percent. hole fraction is the default. 

SET-PHASE-STATUS can be used to SUSPEND a phase (i.e. to exclude it from the 
calculation), to FIX it (i.e. to force it to be included in the stable phase 
set, this decreases the degrees of freedom by one) or to set it to ENTERED 
which means that it will be included in the stable phase set if that will 
decrease the total Gibbs energy for the system. The ENTEREO status is the 
default. 

RESET_CONOITION will remove a condition set by the SET_CONOITION comnrand. 

SET_STORE_RESULT_FILE coavsand has the effect that all results calculated by the 
CALPHAO command will be saved on the file. It must be given before the CALPAHO 
command. It must also be given before the first SAVE-ALL or READ-ALL coaveand. 

SAVE_ALL_WORKSPACES will save the current status on the store_result_file. This 
is useful if one has to finish a session and wishes to restart from the same 
point later on (e.g. after lunch). 

REAO_ALL_WORKSPACES will reset the POLY program to the point where it was when 
the last SAVE-ALL or CALPHAO cotmaand was given for the file defined by the 
cosvaand SET_STORE_RESULT_FILE. 

POST_PROCESSOR shifts control to the post-processor where the result of a 
calculation can be presented graphically or in tables. 

Jhe oost-oroceosor 

The post-processor is local to the POLY program. It can only be reached from the 
POLY module and you must go back to the POLY module in order to reach any other 
module. 

POLY_I POST PROCESSOR VERSION 5.0 

POST> is the prompt. 

beneral coavaands are 
BACK 
EXIT HELP 

The essential cosveands are 
SET_OIAGRAM_AXIS SET_SCALING_STATUS 
SET_PLOT_FORWAT PLOT_OIAGRAli 

Tabular output is generated by the coamnands 
LIST_ALL_AXIS_VALUES LIST_ALL_EQUILIRRIA 

Diagnostic commands are 
LIST_PLOT_SETTINGS LISI_SYSTEt4_OEFINITION 
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Less frequently used commands are 
SET_AXIS_LENGTH SET_AXIS_PLOT_STATUS 
SET_AXIS_TEXT_STATUS SET_OIAGRAH_TYPE 
SET_PLOT_SIZE SET_RASTER_STATUS 
SET_TIELINE_STATUS SET-TITLE 
DEFINE-FUNCTION LIST_FUNCTIONS 
REINITIATE_PLOT_SETTINGS CHANGE_MY_SPEED 

With SET_OIAGRAM_AXIS the quantity to plot on the axis is selected. 

SET_SCALING_STATUS allows manual scaling of each axis. 

SET_PLOT_FORtlAT gives a choice of some graphical output units. 

PLOT-DIAGRAM generates the diagram. 

LIST_ALL_AXIS_VALUES generates a table with 
appear on the plot. 

DEFINE-FUNCTION makes it possible to define 
axis variable, in terms of state variables. 

the same numeric values as would 

an arbitrary quantity, to be used as 

In this module a user c8n specify his system interactivly or list and amend 
data he has read from the database. The module presents itself with the 
following message. 

61885 ENERGY SYSTEM VERSION 5 RUNNINC ON ND-5OO/KTH_HET 
Developed by 50 Sundmrn at the Division of Physical Hetrllurgy 
Royal Institute of Technology, Stockholm, Sweden 
First version released 78.01.01. Last update 83.03.01 

6ES> is the prompt. 

General conrnandr are 
BACK 
6OTO_HODULE 
INFORMATION 

EXIT 
HELP 

CoaRnands to define a system interactively are 
ENTER-ELEMENT ENTER-PARAMETER 
ENTER-PHASE ENTER-SPECIES 

Listing of data 
LIST-DATA 
LIST_SYMBOLS 

LIST-PARAMETER 

Diagnostic commands are 
LIST_CONSTITUTION LIST-STATUS 

Less frequently used commands are 
AHENO_ELENENT_DATA ANEND_PHASE_DESCRIPTION 
AMEND_PARANETER AHEND_SYMgOL 
CHANGE_CONPOSITION_SETS CHANGE-STATUS 
ENTER_SYHgOL REINITIATE 
SAVE_GES_YORKSPACE READ_GES_YORKSPACE 
SET_R_AND_P_NORH 
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LISTJATA lists all thermochemical information road from the database or entered 

interactivly. 

LIST_PARAHETER lists the expression for an individual paraamter. Each parameter 
is an arbitrary function of temperlture rnd pressure. The thermochemical model 
selected for a phase determines how the Gibbs energy of the phrse depends on the 
prrameter. 

AMEND-PARAMETER allows editing of the expression for a prr8meter. 

ENTER-PARAMETER will delete 8ny previous expression 8nd allow entering 8 new 

expression. 

CHANGE-STATUS c8n be used to hide an element, species or phrse from other 
modules. No drtr 8re removed and s second CNANGE_STATUS cm be used to restore 
the previous system. 

The ENTER COIMI8ndS m8kOs it possible for a user t0 define his System and d8t8 
8t the termin81. 

AMEND_PNASE_DESCRIPTION m8ktBS it possible to select the model for 8 phase. 

The messaae module 

This module hrs been developed in order to m8ke it ersy to conrunicrte 

between remote users and th8 manager of the ThermO-C8lC system. The manager 
should recieve 811 mess8ges concerning my problems you have 8nd errors you find 
in the system. It is also possible to send messrges between users. 

MESS: is the prompt. 

General comands rre 
HELP 
BACK 
INFORlfATION 

EXIT 
GOTO_PROGRAH 

Essentisl commands are 
NEWS 
SENDJESSAGE LIST_SENT_flESSAbES 
LIST_ALL_IESSAGES LIST_HESSAGES_UNREAD 

Less frequently used commands are 
RESENDJIESSAGE LIST-USERS 
CHANGE_PASSYORD 

NEWS lists the news file. It is the s8me 8s in the SYSTEH_UTILITIES module. 

LIST_HESSAGES_UNREAD lists new mess8ges sent to the user. After each message the 
user cm select whether he wrnts to delete the messrge, to print it on 8 file, 
continue to rO8d the next one or to stop reading. 

LIST_ALL_AESSAGES lists all mess8ge.s thrt the user has recieved 8nd not deleted. 

LIST_SENT_MESSAGES listr all mess8ges that the user has sent to other users. 

LIST-USERS lists the names of the users known to the mess8ge system. 

By the Coaanlnd CNANGE_PASSYORD the user can change his password for the 
Thermo-Cslc system. 

There is 8 line editor called LINED which is entered when one is entering 8 
messrge. The connrands there are simple and there is 81~0 on-line help availrble. 
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For this example we choose a simple binary system like the Fe-C system. The 
first part is an introductory exploration of the message and the databank module 
and a demonstration of the on-line help facilities. When we finally have 
obtained data for the system the phase diagram is calculated and plotted. A 
second plot with carbon activity instead of carbon fraction is also made. It is 
then shown how the three-phase equlibrium fcclbcclcementite can be cslculated 
directly. Finally a two-phase equlibrium fcclbcc at a fixed carbon activity is 
calculated. 

1 The text which follows shows exactly how the Thermo-Calc 
1 system interacts with the user. Nothing has been removed or 
1 added except some explanations written to the right of a 
1 vertical bar as this text. User input is aerlrneq 

THERM0 CALC service on ND-SDO/KTH_MET 

USER NAME: m 
PASSWORD: 

Last news update 83.11.08 
Try the HELP, INFORMATION, NEWS and GOT0 commands if you are a novice. 

SYS>U 
COMMAND: 
BACK 
EXIT 
HELP 
LIST_FREE_WORKSPACE 
OPEN-FILE 
SET_COFlHAND_UNITS 
SET_INTERACTIVE_t4ODE 
SET-TERMINAL 
STOP_ON_ERROR 

CLOSE-FILE 
GOTO_FiODULE 
INFORMATION 
NEWS 
PATCH 
SET_ERROR_MESSAGE_UNIT 
SET-LOG-FILE 
SET_TIME_LIMIT 
TRACE 

SYS>UELP INFQ 

INFORt4ATION 
This command gives information about the features of the system. 

I The HELP command gives a list of the commands in the module. 
I If a coasaand is specified after HELP an explanation of the 
I cosmnand is given. Note that the commands can be abbreviated. 

SYS>_I&Q 
WHICH SUBJECT /PURPOSE/: 1 

I When the program asks a question the user can type a 7 to 
I obtain an explanation of the question. The default answer, 
I which is taken if the user just presses the RETURN key, 
I is displayed within slashes. 

WHICH SUBJECT <subject> 
Select any of the following subjects: 

DATABANK HODELS ASSESSMENT MESSAGE-SYSTEM GIBBS_ENERGY_SYSTEW 
POLY EQUILIBRIUW_CALCULATIONS PHASE_DIAGRAHS PURPOSE 
TABULATIONS CHEt4ICAL_EgUATIONS 
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WHICH SUBJECT /PURPOSE/: v 

DATABANK 
The data used in the calculations are model parameters assessed from 

measured quantities. These parameters are stored in a dataset although at 
present it is necessary to have several different datasets because assessments 
are not always consistent. From the parameter values it is possible to 
recalculate the experimental data that were used in the assessment and to make 
interpolations and extrapolations. It is of great importance to be able to 
extrapolate outside the range of experimental data through the use of 
thermochemical models. That is the reason why the large effort going’into 
the assessments is worth while. 

WHICH SUBJECT II: 

163 

SYS>W 

SENT DATE 631213 FIRST READ DATE 631215 LAST READ DATE 631215 
FROli USER MANAGER 

A number of minor bugs have been corrected in POLY. For example 
the SET-START-COMPOSITION works properly and SET-COND SITE-FRAC 
will work now. 

CONTINUE (Yes/Print on file/Exit) : /Y/ 

SENT DATE 831026 FIRST READ DATE 631026 LAST READ DATE 631215 
FROt4 USER MANAGER 

A large number of changes have been made in the THERNO-CALC system. The 
most important are: 
- Complete revision of the commands in the ALLOY-DATABANK monitor. 
- A small change in POLY_l monitor. 
- Some changes in the POST-PROCESSOR of POLY_l and addition of a facility 

to plot functions of state variables e.g. heat capacities. 
There is further news about this. Use the on-line help facility also but 
it may take a few days to update it correctly. 

CONTINUE (Yes/Print on file/Exit) : /Y/u 

1 The user now wants to send a message. He must then go to the 
1 MESSAGE module. 

SYS>&Q 

MODULE NAME: 1 

MODULE NAME <name> 
A list of available programs is given by hitting the RETURN key. 

NODULE NAME: 
NO SUCH MODULE, USE ANY OF THESE: 
SYSTEM_UTILITIES 
6IBBS_ENERGY_SYSTEM 
TEST_CALCULATIONS 
EOUILONE 
MESSAGE_SYSTEFl 
POLY_l 
ALLOY-DATABANK 
FILE-EDITOR 

MODULE NAME: m 
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MESS: w 
cOnnAN : 
HELP 
BACK 
LISTJLLJESSAGES 
LIST_SENT_NESSAGES 
RESENDJESSAGE 
CHANGE_PASSWORD 

EXIT 
GOTO_PROGRAH 
LISTJESSAGESJJNREAD 
SENDJESSAGE 
NEWS 
LIST-USERS INFORMATION 

NESS: SEND_nESS 
TYPE IN YOUR MESSACE, t4AX 20 LINES 
TERMINATE WITH TWO CARRIAGE RETURNS 

6. SUNOMAN et al. 

In the message module the connrrnds for this module is 
listed by the HELP command. Note that the prompt is 
different. 

LINED: JiElJ! 
COMMAND : 

HELP EXIT_AND_SEND_MESSA6E 
SEND-MESSAGE LIST-USERS 

gUIT_DO_NOT_SEND_klESSA6E APPEND-LINES 
INSERT-LINE DELETE-LINE 

RECOVER_DELETED_LINE LIST-LINE 
EDIT-LINE INFORMATION 

TYPE_UHOLE_TEXT 

LINED: u 
SEND NESSAGE TO USER: w 
MESSAGE SENT TO USER MANAGER 

I 
I 

MESS: &Q 
MODULE NAME: M 

VA DEFINED 
THERMODYNAt4IC ALLOY 

The user now, finrlly. goes to the 
get the data for the Fe-C system. 

DATABANK RUNNINC ON ND-BDO/KTH_NET 

ALLOY-DATABANK module to 

First version released 611012. Lest update 031027 
Current datrset: THERMO-CALC detrset l prerolorse 1 

1 Vacancies (VA) ere by default defined as a component. 

TDB_TC: u 
COMAND : 
HELP 
RACK 
SWITCH_DATASET 
DEFINE-SYSTEM 
RESTORE 
LIST_DATASET 
LIST_DPTIONS 
GET-DATA 

EXIT 
GOTO_MODULE 
DATASET_INFDRt4ATION 
INFORMATION 
REJECT 
LtST_SYSTEM 
SET_OPTION 
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TDR_TC: m 

This module of the THERWO-CALC system allows the user to define a system and get 
thermodynamic data for that system. A straight-forward wry to do this will be 
described. 

SWITCH_DATASET is used to change the default datrset. The second part of the 
prompt TDR_??? indicrtes the present dataset. 

LIST_DATASET ELEMENT gives a list of elements known to the present dstrset. The 
keyword ELEMENT can be substituted with SPECIES, PHASE or 
CONSTITUENT. 

DEFINE_SYSTEW ELEWENT <list of elements> The elements are combined together to 
form all possible species and phases. 

LIST_SYSTEH CONSTITUENT gives a list of the phases that can form from the 
defined system. The elements listed after each phase are the 
constituents of that phase. The keyword cm be changed as in 
LIST_DATASET. 

REJECT PHASE <list of phases> tells the database not to retrieve any data for 
whichever phases you specify here. The keyword can be changed as 
previously mentioned. The new keyword SYSTEH can be used to 
reinitiate the database. 

RESTORE PHASE <list of phases> acts as the reverse of REJECT except that the 
keyword SYSTEM cannot be used for this cosmmd. 

GET-DATA searches the database and enters the defined system to GESI. 
After executing this covnsnd it is possible to GOT0 POLY for 
calculation of different equilibria. 

Using these coiunsnds in this order together with appropriate parameters will 
enable an unexperienced user to enter thermodynamic data to GES5 

TDR_TC: BEFINE-SYSTEW 
with ELEMENT OR SPECIES: /ELEMENT/: 
ELEMENT:= 
FE DEFINED 
C DEFINED 

TDR_TC: WT-SYSTEW 
ELEWENT, SPECIES, PHASE DR CONSTITUENT: /PHASES/: rpLLu 
RCC :FE : VA C : 
FCC :FE : VA C : 
LIOUID :C FE : VA C : 
CEWENTITE :FE : C : 
W23C6 :FE : C : 
HlC3 :FE : C : 
HCP :FE : VA : 
GRAPHITE :C : 

1 For the Fe-C system the databank has data for the phases 
1 listed. After the phase name the possible constituents of 
1 the phase are listed. The colons are used to separate 
1 constituents in diffent sublattices. For carbon an 
1 interstitial model is used where carbon and vacancies (VA1 
1 mix on the interstitial sublattice. 
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1 If the user by experience knows that some of the phases are 
1 metastable in the region where he wants to make calculations 
1 he can reject them. He can also reject a stable phase if he 
1 wants to calculate a metastable equilibrium. Note that phase 
1 names as well as commands can be abbreviated. 

TDB_TC: REJECT 
ELEMENT, SPECIES, PHASE, CONSTITUENT OR SYSTEH: /ELEMENT/: MA% 
PHASE:M23 I47 HCP GRA 
t423C6 REJECTED 
T47C3 REJECTED 
HCP REJECTED 
GRAPHITE REJECTED 

ELEMENT, SPECIES, PHASE OR CONSTITUENT: /CONSTITUENTS/: 
BCC :FE : VA C : 
FCC :FE : VA C : 
LIOUID :C FE : VA C : 
CEHENTITE :FE : C : 

TDB_TC: m 
REINITIATING GES5 . . . . . 
ELEMENTS . . . . . 
SPECIES . . . . . . 
PHASES . . . . . . . 
PARAUETERS . . . 
-OK- 
TDB_TC: GO POLY 

1 The data have now been obtained from the database and the 
I user goes to the module for phase diagram calculations. 

POLY_l VERSION 5.0 RUNNING ON ND-SOO/KTH_HET 

Developed by 90 Jansson at the Division of Physical Hetallurgy 
Royal Institute of Technology, Stockholm, Sweden 
First version released 79.10.01, Last update 93.09.01 

POLY_l >W 
COMAND : 
BACK 
COMPUTE_PHASE_EgUIL 
DELETE_LAST_START_POINT 
GOTO_FlODULE 
INFORMATION 
LIST_PHASE_EOUIL 
LIST_START_POINTS 
LIST_VARIABLE_STATUS 

POST_PROCESSOR 
READ_POLY_bJORKSPACE 
RESET_CONDITION 
SAVE_ALL_UORKSPACES 
SET_BREAK_CONDITIONS 
SET_NOLE_FRACTION 
SET-PRESENT-PHASE 
SET_START_CONPOSITION 
SET_UEIGHT_FRACTION 

CALPHAD 
DELETE_ALL_START_POINTS 
EXIT 
HELP 
LIST_FIX_SITE_FRACTIONS 
LIST_PHASE_STATUS 
LIST_STORE_RESULT_FILE 
PATCH_POLY_WORKSPACE 

READ_ALL_UORKSPACES 
REINITIATE_UORKSPACE 
RESET-PRESENT-PHASE 
SET_AXIS_VARIABLE 
SET_CONDITION 
SET-PHASE-STATUS 
SET-PRESSURE-LEVEL 
SET_STORE_RESULT_FILE 
START-VALUES 
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PoLY_l>m 
WHICH SlJBJECf /PURPOSE/: 1 
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WHICH SUBJECT 
The subjects on which specific information is available are 

1 PURPOSE 2 UNITS 3 LIMITArIONS 
4 PHASE NAME 5 PHASE STATUS 6 CONDITIONS 
7 SINGLE EOUILIBRIA 8 AXIS VARIAELES 9 MAPPING 

10 DATA STORAGE 11 INITIATION 

WHICH SUBJECT /PURPOSE/: 
PURPOSE 

POLY is a computer program for equilibrium calculations in multi-component 
thermochemical systems. The equilibrium equations are generated by the program 
from conditions specified by the user. This gives a high flexibility and 
allows the program to be used for many different types of calculations. The 
POLY program can be used for single equilibrium calculations and for mapping 
of one-, two- or three-dimensional phase diagrams. POLY can handle systems only 
where the constituents in the phases are elements. It is thus suited for 
calculations in alloy systems but cannot handle, for example, a gas phase 
with molecules as constituents. 

WHICH SUBJECT /PURPOSE/: MAPPING 
MAPPING 

A phase diagram is a geometrical representation of the variation of the 
state of equilibrium under consideration of some variable parameter. For a 
multi-component system the total phase diagram can be represented in a many- 
dimensional linear space. With the POLY program it is possible to map one-, two- 
and three-dimensional sections of the many-dimensional phase diagram. The 
topological structure of the sections of phase diagrams that is mapped by POLY 
are line segments joining in node points. The line segments and node points 
can be phase regions or phase region boundaries depending on the axis 
variables used in the mapping. The user must specify at least one start point, 
where the equilibrium state can be calculated, and a step direction in the 
diagram. The start points must be inside the diagram and not on the 
boundaries. At the start of the mapping POLY will step from the start point 
in the step direction to find a topological stucture of the diagram that 
should be mapped. When a structure to be mapped is found all topologically 
connected structures will be mapped automatically. If the phase diagram consists 
of topological structures that are not connected the user must specify one 
start point for each topologically connected structure. 

POLY_l>HELP 
COMMAND: LIST 
LIST_FIX_SITE_FRACIIONS 
LIST_PHASE_EgUIL 
LIST_PHASE_STATUS 
LIST_START_POINTS 
LIST_STORE_RESULT_FILE 
LIST_VARIABLE_STATUS 

POLY_l>LIST-VARIABLE-STATUS 

TEMPERATURE NOT-FIXED PRESSURE l.O13E+05 

ELEMENT FRACTION ACTIVITY POTENTIAL REFERENCE STATE 
C NOT-FIXED NOT-FIXED NOT-FIXED GRAPHITE 
FE NOT-FIXED NOT-FIXED NOT-FIXED FCC_PARAMAGNETIC 

NUMBER OF DEGREES OF FREEDOM :3 
ELEMENT FRACTION TYPE : MOLE FRACTION 
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POLY_l>UST-PHASE-STATUS 

PHASE STATUS NO OF HOLES PRESSURE LEVEL 

ccc 1 ENTERED .OOOOE+OO .OOOOE+OO 

CEMENTITE 1 ENTERED .OOOOE*OO .OOOOE*OO 
FCC 1 ENTERED .OOOOE+OO .OOOOE+OO 

LIOUID 1 ENTERED .OOOOE+OO .OOOIJE+OO 

1 The digit 1 aftor each phase name indicates that the phase 
1 has one set of fraction variables. Two sets of fractions 
1 are needed when a miscibility gap shall be calculated. 
1 (not demonstrated in this example). 
I The user now defines the axis variables he wants to use 
I in his calculation of the Fe-C phase diagram. 

POLY_l>sET-AXIS-VAR 
AXIS LX, Y OR 2): /XI: 
AXIS VARIABLE: 1 

The user must specify an axis variable. In POLY the following axis 
variables are available: 

TEMPERATURE 
PRESSURE 
ACTIVITY 
CHEMICAL POTENTIAL 
NORWALIZED FRACTION 
CLEAR 

1 If the explanation is insufficient more extensive help can 
I be obtained by typing two 77 

AXIS VARIABLE: 12 
AXIS VARIABLES 

The axis variables must be specified in the order X,Y and 2. When an X 
axis variable is specified the Y and 2 axis are cleared. When the Y axis is 
specified the 2 axis is cleared. The following axis variables can be used for 
mapping phase diagrams. 

TENPERATURE 
PRESSURE 
ACTIVITY for an element 
CtlEWICAL_POTENTIAL for an element 
NORHALIZED_FRACTION A linear combination of overall composition. 

The user must give a start point and an end point in composition space for the 
axis. The normalized fraction will vary linearily from zero to one from the 
start point to the end point. If normalized fraction is used as axis variable 
on more than one axis, the same start point will be used, but different end 
points. The user can specify which and how many of the elements will take part 
in the linear combination of compositions. 

CLEAR the axis specification will be cleared. 

AXIS VARIABLE: LlpBll 
START POINT, ELEMENT NAME: r 

ELEMENT FRACTION: 1 
END POINT, ELEMENT FRACTION FOR C : J 
MIN VALUE: /O/: 
MAX VALUE: /I/: 
WAX STEP INCREHENT: /.025/: 
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POLY_l >IMFO UNITS 
UNITS 

The POLY program is mainly 
state variables should alwryt 

TEMPERATURE 
PRESSURE 
CHEMICAL POTENTIAL 
AVERAGE COMPOSITION 

WHICH SUBJECT II: 

POLY_l >S-A_V 
AXIS (X. Y OR 21: /Y/: 
AXIS VARIABLE: 1 
NIN VALUE: jj.& 
MAX VALUE: 11L5p 
MAX STEP INCREMENT: 1251: 

using SI units. The units for the following 
be considered by the user. 

kelvin 
Pascal 
joule/mole 
mole fraction or mass fraction 

The LIST-VARIABLE-STATUS coswand shows the conditions or 
axis the user has set. 

POLY_l >L-v_s 
TEMPERATURE Y-AXIS PRESSURE l.O13E+05 

ELENENT FRACTION ACTIVITY POTENTIAL REFERENCE STATE 

C X-AXIS NOT-FIXED NOT-FIXED GRAPHITE 

FE DEPENDENT NOT-FIXED NOT-FIXED FCC_PARANAGNETIC 

NUHBER OF DEGREES OF FREEDOM : 0 
MAX NUH8ER OF PHASES IN EOUIL : 2 
ELEMENT FRACTION TYPE : HOLE FRACTION 

1 The user now gives a start point for the calculation. At the 
1 start point he must make a crude guess of the constitution 
1 of all non-suspended phases. Sublattice 2 is the 
1 interstitial lattice for carbon and the carbon fraction 
1 should be low. The selected step variable and direction 
I will be explainrd later. 

POLY_l>START-VALUR 
X-AXIS VARIABLE IS NORMALIZED-FRACTION HAX= 1.00000E*00 tiIN = .OOODOE+DO 

START VALUE FOR X-AXIS /O/: a 
Y-AXIS VARIABLE IS TEMPERATURE MAX= l.G5DOOE*03 MIN 5 8.50DOOE*02 
START VALUE FOR Y-AXIS /O/: lkpp 
STEP VARIABLE IX.Y,Z OR NONE) : 1 
STEP DIRECTION (*lsPOS, -l=NEGI : 3 
START VALUES FOR COHPOSITIONS f Y OR Ml: /MI: 1 
BCC 1 

SIVE START VALUE FOR NUHRER OF MOLES: /O/: 
GIVE SITE FRACTION FOR C IN SURLATTICE 2: 111: d 
CEHENTITE 1 

CIVE START VALUE FOR NUHBER OF MOLES: /O/: 
FCC 1 

CIVE START VALUE FOR NUMBER OF HOLES: lo/: 
6IVE SITE FRACTION FOR C IN SURLATTICE 2: 111: a 
LIOUID 1 
GIVE START VALUE FOR NUHRER OF HOLES: /O/: 1 
GIVE SITE FRACTION FOR C IN SUBLATTICE 1: 111: & 
GIVE SITE FRACTION FOR C IN SUBLATTICE 2: 111: & 
DO YOU WANT TO STORE START VALUES AS A START POINT I Y OR MI: IN/: 1 
-OK- START POINT STORED 

1 PDLY has calculated and stored the result as a start point. 
I The result can be listed by the next coasaand. 
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POLY_l>M 
FILE NAME: /TERMINAL/: 
SITE FRACTIONS LISTED (Y OR NI /N/: 
TEMP = 1.60000E+03 PRESSURE = l.O1325E+05 6 ITERATIONS 
ELEMENT X-FRACTION POTENTIAL ACTIVITY REFERENCE STATE 

VA .00000E*00 .00000E*00 1.00000E+00 VACUUM 
C 3.000OOE-02 -5.6047?E*04 2.36343E-02 GRAPHITE 
FE 9.70000E-01 -5.04707E*02 9.66636E-01 FCC_PARAMAGNETIC 

ECC 1, STATUS=ENTEREO 
NOL FRACTION .OOOE+OO PRESSURE -4.601E*07 PRESSURE LEVEL .OOOE+OO 
C -X-FRAC FE-X-FRAC . 
.0057666 .9942312 

CEWENTITE 1, STATUS=ENTEREO 
NOL FRACTION .OOOE+OO PRESSURE -3.4OIE+O7 PRESSURE LEVEL .OOOE+OO 
C -X-FRAC FE-X-FRAC 
.2500000 .7500000 

FCC 1, STATUS=ENTEREO 
WOL FRACTION .OOOE+OO PRESSURE -3.516E+07 PRESSURE LEVEL .OOOE+OO 
C -X-FRAC FE-X-FRAC 
.0100611 .9699169 

LIauxo 1, STATUS=ENTEREO 
HOL FRACTION l.OOOE+OO PRESSURE .OOOE*OO PRESSURE LEVEL .OOOE+OO 
C -X-FRAC FE-X-FRAC 
.0300000 .9700000 

1 The user needs help to interpret this output. 

POLY_l>J&& 
LIST_PHASE_EOUIL 

All relevant information concerning the equilibrium stored in the POLY 
workspace will be listed by this coasaand. 

The list starts with the values of the global quantities in the system, i.e. 
the temperature and pressure and for each component its overall composition, 
activity and potential. The reference state for the components is also listed. 

For each phase that is not suspended the list will contain - the amount, 
- the pressure, - the pressure level, - the composition. 

A phase which is not stable has the amount zero, of course. The pressure of 
a phase is the negative of the driving force for precipitation divided by the 
molar volume of the phase. For a stable phase this is zero, for a dormant 
phase which should be stable the pressure is positive and for an unstable 
phase it is negative. The pressure level of a phase is set by a separate 
command. The composition of a dormant or unstable phase is calculated by POLY 
using the condition that the partial Gibbs energies of the components of the 
phase should be equal to the potentials for the calculated equilibrium but 
for a constant value, i.e. the driving force for precipitation. 

POLY_l>tlELp CALPllbp 
CALPHAO 

This coaunand will map the specified phase diagram. The start points stored 
in the workspace will be used in the search. If a STORE RESULT FILE is 
specified the workspaces will be saved before the mapping starts. During the 
mapping the axis variable values for all calculated equilibria will be written 
on the terminal. All data for the equilibria calculated will be stored in a 
buffer space. When the buffer space is full or the mapping is completed it is 
written in binary format on the store result file. If no store result file is 
specified the mapping will be terminated when the buffer is full. 
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POLY_l >m 

PHASE REGION FOR THE FOLLOWING PHASES IS TO BE NAPPED 
LIPUID 1 

PHASE REGION BOUNDARY FOR THE FOLLOYING PHASES IS TO BE NAPPED 
FCC 
LIOUID 

3 ITS X- l.ODDOE ‘-01 Y= 1.7579E*03 

1 This output is only to inform the user that the program 
1 is running smoothly. 3 ITS means that 3 iterltions were 

1 needed to calculate the equlibrium. Superfluous output 
1 during this cotmnrnd has been suppressed from this exrnple. 

. . . 
4 ITS X: 5.767BE-01 Y= 1.42DBE*D3 

PHASE REGION BOUNDARY FOR THE FOLLOWING 
CENENTITE 1 
FCC ’ 1 

PHASES IS TO BE NAPPED 

1 The eutectic equilibrium has already been found lthe 
I metratable one as graphite has been excluded). The program 
I continues with a connected two-phrse region. 

4 ITS X= 3.049lE-01 

. . . 
6 ITS X= l.l553E-01 

PHASE REGION BOUNDARY 
BCC 
CENENTITE 

6 ITS X= 3.2327E-03 
. . . 
5 ITS X= 6.7645E-04 

PHASE REGION BOUNDARY 
BCC 
FCC 

5 ITS XI: l.l553E-01 
. . . 
4 ITS X= 1.572lE-ID 

PHASE REGION BOUNDARY 

CEMENTITE 
LIOUID 

4 ITS X= 5.767BE-01 
. . . 
4 ITS X= l.DDDDE*DD 

PHASE REGION BOUNDARY 
FCC 
LIPUID 

4 ITS X= l.DODOE-01 
. . . 
6 ITS X= 7.9499E-02 

PHASE REGION BOUNDARY 
BCC 
FCC 

6 ITS X= 2.5374E-02 
. . . 
4 ITS X= 2.5137E-11 

Y= 1.4206E*03 

Y= l.DOOOE+D3 

FOR THE FOLLOWING PHASES IS TO BE MAPPED 
1 
1 

Y* l.DDOOE*03 

Y= 6.5DDDE+D2 

FOR THE FOLLOYIN6 PHASES IS TO BE NAPPED 

1 
1 

Y= 1. DODDE*D3 

Y= l.l65lE+03 

FOR THE FOLLOWING PHASES IS TO BE MAPPED 
1 
1 

Yr 1.42DBE*03 

Y= 1.457lE*03 

FOR THE FOLLOWING PHASES IS TO 8E MAPPED 

1 
1 

Y= 1.7579E+03 

Y= 1.7673E+03 

FOR THE FOLLOYING PHASES IS TO BE HAPPED 
1 
1 

Y= 1.7673E*D3 

Y= 1.6669E*03 
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PHASE REGION BOUNDARY FOR THE FOLLOWING PHASES IS TO BE NAPPED 
BCC 1 

LIOUID 1 

4 ITS X= 7.9499E-02 Y= 1.7673E+03 
. . . 
9 ITS X8 l.OOOOE-07 Y= 1.9109Et03 

**NO MORE START-POINTS** 

1 The post-processor is entered to draw a diagram. 

POLY_l >ppu 

POLY_l POST PROCESSOR VERSION 5.0 

POST>u 
COMMAND: 
BACK 
DEFINE_FUNCTION 

HELP 
LIST_ALL_EOUILI9RIA 
LIST_PLOT_SETTINGS 
PLOT_DIAGRAN 
SET_AXIS_LENOTH 
SET_AXIS_TEXT_STATUS 
SET-DIAGRAM-TYPE 
SET_PLOT_SIZE 
SET_SCALING_STATUS 
SET-TITLE 

CHANGE_FlY_SPEED 
EXIT 
LIST_ALL_AXIS_VALUES 
LIST_FUNCTIONS 

LIST_SYSTEFl_DEFINITION 
REINITIATE_PLOT_SETTINGS 
SET_AXIS_PLOT_STATUS 
SET_DIAGRAFl_AXIS 
SET_PLOT_FORFlAT 
SET-RASTER-STATUS 
SET_TIELINE_STATUS 
LIST_FUNCTIONS 

POST>sT-DIA6RAn_AXIS 
AXIS (X. Y OR 21: X 
AXIS VARIABLE: 1 

AXIS VARIABLE 
The user must rpecify which state variable is to be used as diagram 

axis. The default axis variable is the variable which has been used for the 
mapping. When a new axis variable is set the scaling status is set to 
automatic scaling. The following axis variables are defined in the 
Post_Processor. 

TEMPERATURE-KELVIN 
TEMPERATURE-CELSIUS 
PRESSURE-PASCAL 
ACTIVITY 
CHEMICAL-POTENTIAL 
NORFlALIZEO-FRACTION 
MOLE-FRACTION 
WEIGHT-PERCENT 
SITE-FRACTION 
PHASE-HOLE-FRACTION 
PHASE-WEIGHT-PERCENT 
IN-PHASE-MOLE-FRACTION 
IN-PHASE-WEIGHT-PERCENT 
IN-PHASE-SITE-FRACTION 
FUNCTION 
CLEAR 

for an element 
for an element 
an axis defined for the mapping 
for an element 
for an element 
for an element (in a sublattice) 
for a phase 
for a phase 
for an element in a phase 
for an element in 8 phrse 
for an element lsublattfce) in a phase 
an defined function 
to clear the axis 

AXIS VARIABLE: M 
ELEMENT NAME: r 

POST>S_0-A 
AXIS IX. Y OR 21: r. 
AXIS VARIABLE: T_C 
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POST>&QJ. 
PLOT FILE: /lER~I~AL/: 

} Another way 
{ calculation 

POST>_ 
AXIS IX, Y OR 2): 3 
AXIS VARIABLE: u 
ELENEWT NAME: & 
POST>N 
PLOT FILE: /l~R#I~AL#: 

0 1.0 2.0 3.0 Il.0 8.8 6.0 7.0 8.3 9.0 IQ.0 
H~I~H~-P~~~EHT C 

of presenting the results of the ssiee 
is to use the carbon rctivity as axis variable. 

f600 

i!ioo 

fwl0 

1300 

1200 

1100 

1000 

0 1 2 3 t 7 8 9 
ACTIYKTY C 
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1 If the automatic scaling gives a poor diagram it is 
1 posrible to set the scaling manually 

POST>&ET-SCALIN6 
AXIS LX, Y OR 2): X 
AUTOMATIC SCALING (Y OR NI: IN/: 

NIN VALUE: Q 
MAX VALUE: 2 
POSl>_fy&g 
PLOT FILE: ITERHINALI: 1600 + 

l!iOO 

lPO0 . . 

1300 r 

1200 

1100 

1000 

II “. t 

POST>m 
POLY_l VERSION 5.0 RUNING ON ND-5OO/KTH_tiEl 

1 The user now wants to calculate the equilibrium where the 
1 phases fee, bee and cementite can coexist. First he must 
1 reinitiate. 

POLY_l>~INITIATE 
-OK- 
POLY_l>UST-VAEMBLE-STATUS 

TEMPERATURE NOT-FIXED PRESSURE 1 .OlJE+D5 

ELEMENT FRACTION ACTIVITY POTEWT I AL REFERENCE STATE 

C NOT-FIXED NOT-FIXED NOT-FIXED GRAPHITE 
FE NOT-FIXED NOT-FIXED NOT-FIXED FCC_PARAMAGNETIC 

NUHDER OF DEGREES OF FREEDOH : 3 
ELEMENT FRACTION TYPE : NOLE FRACTION 

POLY_l>LJQT-FM&E-STATl& 

PHASE STATUS NO OF WOLES PRESSURE LEVEL 

BCC t ENTERED .OOOOE*OO . OODDE*OO 
CEHEWTITE 1 ENTERED .0000E+00 . OOOOE+OO 
FCC 1 ENTERED . OOOOE+OO . DODOE*OO 

LIPUID 1 ENTERED . ODOOE*OO . DOODE*OO 
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POLY_l>U 
WHICN SUBJECT /PURPOSE/: 2 

YHICH SUBJECT 
The subjects on which 

1 PURPOSE 2 
4 PHASE MANE 5 
7 SINGLE EOUILIBRIA 6 

IO DATA STORAGE 11 

specific information is available are 
UNITS 3 LIFlITATIONS 
PHASE STATUS 6 CONDITIONS 
AXIS VARIABLES 9 MAPPING 
INITIATION 

WHICH SUBJECT /PURPOSE/: PHASE-STATUS 
PHASE STATUS 

The status of a phase tells POLY how to treat a phase in the equilibrium 
calculations. The following status specifications are available. 

ENTERED The phase will be considered at the equilibrium calculations. 
The amount of the phase is allowed to vary. For an entered phase that does not 
take part in an equilibrium a hypothetical driving force, expressed as a 
pressure, that would bring the phase in equilibrium with the system, and the 
most favourable composition is calculated. This is the default status of all 
phases at the initiation of POLY. 

FIX The phase must take part in the equilibria and the number of moles 
of formula unit of the phase is prescribed. This status can only be used for 
calculation of single equilibria. For each fix phase in the system the degrees 
of freedom will decrease with one unit. 

DORMANT The phase will not take part in any equilibria even if that 
would give a more stable equilibrium. The driving force and the composition of 
the phase will be calculated. A positive driving force indicates that the phase 
would take part in the equilibrium if it was entered. 

SUSPENDED The phase will not be considered in an equilibrium calculation. 

WHICH SUBJECT II: 

POLY_l>SET-PHASE-STATI& 
PHASE NAME: m 
STATUS: u 
NUM6ER OF MOLES: 1 
POLY_l>f-P-S 6CC FIX 
NUM6ER OF HOLES: 0 

1 A novice user of Thermo-Calc can always be prompted for the 
1 arguments of a command by pressing RETURN after each value. 
1 As the user becomes more skilled he usually types more and 
1 more on the same line. 

POLY_l>S-P-S CEN FIX D 
POLY_l>L-V-$ 

TEliPERATURE NOT-FIXED PRESSURE l.D13E+DS 

ELEMENT FRACTION ACTIVITY POTENTIAL REFERENCE STATE 
C NOT-FIXED NOT-FIXED NOT-FIXED GRAPHITE 
FE NOT-FIXED NOT-FIXED NOT-FIXED FCC_PARANAGNETIC 

NUMBER OF DEGREES OF FREEDOM :D 
l4AX NUt46ER OF PHASES IN EPUIL : 3 
ELEMENT FRACTION TYPE : MOLE FRACTION 

P0LY_1>L-p-s 

PHASE 

act 
CEMENTITE 
FCC 
LIQUID 

STATUS NO OF MOLES PRESSURE LEVEL 

1 FIX .DDOOE*OO .OOOOE+OO 
1 FIX .0000E*00 .OOOOE*OO 
1 FIX 1.0000E+00 .OOOOE*DO 
1 ENTERED .DOODE+OO .OODOE+DO 
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POLY_l>U 
GIVE START VALUE FOR TEMPERATURE: IO/: Lpp 
START VALUES FOR COMPOSITIONS ( Y OR Nl: /N/: N 

POLY_l>C-P_E 
-OK- 

Start values for compositions 8ro usurlly nrodod only onto. 
The lrrt c8lculrted equilibrium from the mapping will now be 
used 8s strrt vrlues. To c8lcul8to 8 single equilibrium the 
command is COMPUTE-PHASE-EOUIL. 

The usor can now list the results by the LIST-PHASE-EgUIL 
command. Separate cMn8ndr to sot. crlculrte rnd list givrr 
the user 8 lrrge flexibility in his use of the program. 

POLY_l>L-P_E 
FILE NAHE: /TERMINAL/: 
SITE FRACTIONS LISTED (Y OR NI: 

TEHP = 1.00001E*03 PRESSURE s 1.01325E*05 6 ITERATIONS 

ELEMENT X-FRACTION POTENTIAL ACTIVITY REFERENCE STATE 
VA .00000E*00 .OOOOOE+OO l.OOOOOE+O0 VACUUtf 
C 3.46603E-02 1.92227E*O3 1.26011E+00 GRAPHITE 
FE 9.6534OE-01 -3.45075E+02 9.59346E-01 FCC_PARAFlAGNETIC 

6CC I, STATUS=FIX 
NOL FRACTION .000E*00 PRESSURE .OOOE+OO PRESSURE LEVEL .OOOE+OO 
C -X-FRAC FE-X-FRAC 
.0009696 .9990302 

CEMENTITE 1, STATUS=FIX 
FlOL FRACTION .OOOE+OO PRESSURE .OOOE*OO PRESSURE LEVEL .OOOE+OO 

C -X-FRAC FE-X-FRAC 
.2500000 .7500000 

FCC I, STATUS=FIX 
FlOL FRACTION l.OOOEtOO PRESSURE .OOOE*OO PRESSURE LEVEL .OOOE+OO 
C -X-FRAC FE-X-FRAC 
.0346603 .9653397 

LxPuIo 1, STATUS=ENTERED 
HOL FRACTION .OOOE*OO PRESSURE -3.636E+07 PRESSURE LEVEL .OOOEtOO 
C -X-FRAC FE-X-FRAC 
.I160406 .I)619592 

1 Note thrt the crrbon activity is 1.26 relative to graphite 
1 for this three-phase equilibrium. To find the st8ble 
1 three-phase equilibrium with graphite we can insterd set 8 
1 condition th8t the crrbon rctivity should be unity. The 
I cementite must hrve its strtus chrnged first, otherwire the 
I degrees of freedom will not be zero. 

POLY_l>S-P-S CEll EN7 Q 
POLY_l>SET-CONQ 
STATE-VARIABLE: m 
ELEtlENT NAME: & 
VALUE: /1.26010662/: 1 
POLY_l>C-P_E 

-OK- 
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POLY_OL-P-E..., 

1 If the usor knows the default values of the arguments 
1 of 8 connrnd and is satisfied with them he cm avoid the 
1 questions by giving COIMIPS after the command. 

TEtiP = l.O1252E*03 PRESSURE = l.O1325E+05 4 ITERATIONS 
ELEMENT X-FRACTION POTENTIAL ACTIVITY REFERENCE STATE 
VA .OOOOOE+OO .OOOOOE*OO 1.00000E*00 VACUUM 
C 3.07547E-02 .00000E*00 1.00000E+00 GRAPHITE 
FE 9.69245E-01 -3.0344OE*O2 9.64597E-01 FCC_PARAHAGNETIC 

BCC 1, STATUS=FIX 
FIOL FRACTION .OOOE+OO PRESSURE .OOOE*OO 
C -X-FRAC FE-X-FRAC 
.0009044 .9990956 

CENENTITE 1, STATUS=ENTEREO 
NOL FRACTION .OOOE+OO PRESSURE -1.890E+06 
C -X-FRAC FE-X-FRAC 
.2500000 .7500000 

FCC 1, STATUS=FIX 
MOL FRACTION l.OOOE*OO PRESSURE .OOOE+OO 
C -X-FRAC FE-X-FRAC 
.0307547 .9692453 

LIOUIO 1. STATUS=ENTERED 
HOL FRACTION .OOOE+OO PRESSURE -3.921E+07 
C -X-FRAC FE-X-FRAC 
.1093653 .6906147 

PoLY_l>m 

CPU TIME 106 SECONDS 

PRESSURE LEVEL 

PRESSURE LEVEL 

PRESSURE LEVEL 

PRESSURE LEVEL 

.OOOE+OO 

.000E*00 

.OOOE+OO 

.000E*00 

1 This example is now finished. The total computer time 
I using a ND-500 computer was 106 seconds. The ND-500 
I computer is similar to a VAX111760 in performance. 
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In this example the stable phases in a high-speed steel between 1300 and 600 
Celsius is calculated. The steel contains C, Si, Mn, Cr, MO, Y, and V. 

First a single equilibrium is calculated for a fixed temperature and 
composition. This calculation shows how to obtain a start point. For any 
calculation but especially in multicomponent alloys it is important to have an 
idea about the stable phase set and the constitution of the phases at some 
point. In this example the alloy must consist of austenite and some carbides at 
12OO’C. Thus a calculation with only l ustenite is made first. Then the other 
phases are entered and a new equilibrium is calculated. The unstable phases have 
their most favourable constitution calculated in order to make it possible to 
determine when they can become stable, e.g. during an automatic mapping 
calculation. 

An automatic mapping calculation in temperature is then started and all 
equilibria from 1573 K to 673 K are calculated. The stable phase set changes 
during this stepping calculation according to the stabilities of the phases. 
After the calculation the variation of the carbon activity is plotted VI 
temperature. A second plot of the amount of carbides vs temperature is also 
made. 

The normal amount of erroneous input that a skilled user will make is included 
in the example. A minimum of on-line help is used. 

THERM0 CALC service on NO-5OO/KTtl_MET 

USER NAME: B&IQ 
PASSWORO: 

Last news update 63.11.06 

Try the HELP, INFORMATION, NEWS and GOT0 commands if you are a novice. 

SYS>gO ALLOY 

VA DEFINED 
THERtlODYNAFlIC ALLOY DATABANK RUNNING ON ND-5001KTHJ4ET 
First version released 611012, Last update 631027 
Current dataset: THERWO-CALC dataset ( prerelease 1 

TDB_TC: SWITCH 
Use one of these datasets 

II THERHO-CALC dataset ( prerelease 1 
2) FE-base Parameters by Uhrenius, Waldenstroem and Jar1 
3) Kaufman Parameters Published in Calphad 
4) Substance dataset 
51 Userdefined dataset 

Dataset number: /I/: 1 
VA DEFINED 
THERMODYNAMIC ALLOY DATABANK RUNNING ON ND-50D/KTH_FlET 
First version released 611012, Last update 631027 
Current dataset: FE-base Parameters by Uhrenius. Waldenstroem and Jar1 
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TDB_FE: I T-DATA 
ELEMENT, SPECIES, PHASE OR CONSTITUENT: /PHASES/: &&j 
AUSTENITE 2 SUBLATTICES, SITES 1.00: 

SI P V CR MN FE CO NI CU NO W: VA C N: 
FERRITE 2 SUBLATTICES. SITES 1.00: 

SI P V CR MN FE CO NI CU MO W: VA C N: 
LIQUID 2 SUBLATTICES. SITES 1.00: 

51 P CR MN FE NI W: VA C: 
CEMENTITE 2 SUBLATTICES, SITES 1.00: 

V CR MN FE NI MO W: C: 
li23C6 2 SUELATTICES, SITES 1.00: 

CR NN FE NI MO W: C: 
n7c3 2 SUBLATTICES, SITES 1.00: 

CR MN FE NI: C: 
M6C 2 SUBLATTICES, SITES 1.00: 

CR FE CO ti0 W: C: 
P(C_HP_CARBIDE 2 SUBLATTICES, SITES 1.00: 

no w: c: 
NC_FCC_CARBIDE 2 SUBLATTICES, SITES 1.00: 

V CR MN FE CO NI HO W: C: 
GRAPHITE c: 
tl2c 2 SUBLATTICES, SITES 1.00: 

V CR FE MO W: C: 
FE3W2 2 SUBLATTICES. SITES .60: 

FE: W: 
EPSILON 2 SUBLATTICES, SITES 2.00: 

CR FE: VA N: 
CRN 2 SUBLATTICES, SITES 1.00: 

FE CR: N: 

1.00: 

3.00: 

1.00: 

.33: 

.26: 

.43: 

.17: 

1.00: 

1.00: 

.50: 

.kO: 

1.00: 

1.00: 

TDB_FE:w-SYSTEM 
with ELEMENT OR SPECIES: /ELEMENT/: 
ELEMENT:FE C SI MN CR NO W V 

FE DEFINED 
C DEFINED 
SI DEFINED 
HN DEFINED 
CR DEFINED 
MO DEFINED 
W DEFINED 
V DEFINED 

TDB_FE:LX-SYS 
ELEMENT, SPECIES, PHASE OR CONSTITUENT: /PHASES/: CONSTI 
AUSTENITE :SI V CR MN FE NO W : VA C : 
FERRITE :SI V CR MN FE MO W : VA C : 
LIDUID :SI CR NN FE W : VA C : 
CEMENTITE :V CR MN FE MO W : C : 
N23C6 :CR NN FE MO W : C : 
H7C3 :CR MN FE : C : 
H6C :CR FE MO W : C : 

MC_HP_CARBIDE :tiO W : C : 
NC_FCC_CARBIDE :V CR HN FE MO W: C : 
GRAPHITE :C : 
M2C :V CR FE HO W : C : 
FE3W2 :FE : W : 
EPSILON :CR FE : VA : 
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TDB_FE:w 
ELEMENT, SPECIES, PHASE, CONSTITUENT OR SYSTEM: /ELEMENT/: u 
PNASE:_LIP EPS 
LIQUID REJECTED 
EPSILON REJECTED 
TDB_FE:GO POLY 

*** You have not executed the GET-DATA coavaand 

POLY_l VERSION 5.0 RUNNING ON ND-SOO/KTH_MET 

Developed by Bo Jansson at the Division of Physical Metallurgy 
Royal Institute of Technology, Stockholm, Sweden 
First version released 79.10.01, Last update B3.08.01 

1 The user was reminded that he has not made any GET 
1 command and thus has no data. He can directly go BACK 
1 to the databank module and correct this mistake. 

POLY_l >m 
TDB_FE :m 
REINITIATING GESS . . . . . 
ELEMENTS . . . . . 
SPECIES . . . . . . 
PHASES . . . . . . . 
PARAMETERS . . . 
-OK- 
TDB_FE :m 

POLY_1 VERSION 5.0 RUNNIN6 

POLY_l>LIST-VARIABLE-STATUS 

TEMPERATURE NOT-FIXED 

ON ND-500/KTti_MET 

PRESSURE l.O13E+05 

ELEMENT 
C 
CR 
FE 
MN 
MO 
SI 
V 
w 

FRACTION 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 

ACTIVITY 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 

POTENTIAL 
NOT-FIXED 

NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 

REFERENCE STATE 
GRAPHITE 
BCC 
AUSTENITE 
FCC 
BCC 
DIANOND 
BCC 
FCC 

NUMBER OF DEGREES OF FREEDOM : 9 
ELEMENT FRACTION TYPE : MOLE FRACTION 

POLY_l>LIST-PHASE-STATUS 

PHASE STATUS NO OF MOLES PRESSURE LEVEL 

AUSTENITE 
CEMENTITE 
FEW2 
FERRITE 
GRAPHITE 
H23C6 
M2C 
N6C 
M7C3 

1 ENTERED 
1 ENTERED 
1 ENTERED 
1 ENTERED 
1 ENTERED 
1 ENTERED 
1 ENTERED 
1 ENTERED 
1 ENTERED 

. OOOOE*OO 

. OOOOE*OO 

. OOOOE+OO 

.OOOOE*OO 

. OOOOE*OO 

.OOOOE*OO 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

.OOOOE*OO 

. OOOOE+OO 

.0000E*00 

. OOOOE*OO 

. OOOOE*OO 

. OOOOE*OO 

. OOOOE*OO 

. OOOOE*OO 

. OOOOE+OO 
MC_FCC_CARBIDE 
NC_HP_CARBIDE 

1 ENTERED . OOOOE*OO . OOOOE+OO 
1 ENTERED . OOOOE*OO .OOOOE+OO 
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1 The overall composition of the alloy is set as conditions. 
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POLY_l >SET-CONQ 
STATE_VARIABLE: 1 

STATE VARIABLE 
The user must specify the type of the state variable which is to be 

assigned a value. The following state variables are defined in POLY: 
TEMPERATURE 
PRESSURE 
ACTIVITY 
CHEMICAL-POTENTIAL 
ELEMENT-FRACTION 
SITE-FRACTION 

STATE-VARIABLE: ELEnENT 
ELEMENT NAME: & 
VALUE: 101: .009 

1 The user must specify that input is to be taken as weight 
1 fractions rather than mole fractions. 

POLY_l >SET_WEI6HT 
-OK- 
POLY_l>IET_COND EL SI a 
POLY_l>S-C EL MN .00x 
POLY_l>S-C EL CR .Qi 
POLY_l>x EL W .OG 
POLY_l>S-C EL I40 .09 
POLY_l >w 

TEHPERATURE NOT-FIXED PRESSURE 1 .DlJE*05 

ELEMENT 
C 
CR 
FE 
MN 

HO 
SI 
V 
W 

FRACTION 
9.000E-03 
4.000E-02 

NOT-FIXED 
3.000E-03 
5.DODE-02 
3.000E-03 

NOT-FIXED 
S.ODOE-02 

ACTIVITY 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 

POTENTIAL 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 
NOT-FIXED 

REFERENCE STATE 
GRAPNITE 
BCC 
AUSTENITE 
FCC 
BCC 
DIAMOND 

BCC 
FCC 

NUMBER OF DEGREES OF FREEDOM : 2 
ELEMENT FRACTION TYPE : WEIGHT FRACTION 

PDLY_l>S-C EL V .D2 
POLY_l>sT-PHASE-STATUS 
PHASE NAHE: 2 

PHASE NAME 
The name of the phase for which the status is to be changed. To specify 

that the status of all phases is to be changed type an asterisk ‘*‘. 

PHASE NAHE: z 
STATUS: fyf 
POLY_l>S-P-S AUSTENIT ENTERED 1 

1 All phases but austenite have been suspended. 
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POLY_l>L-p-2 
PHASE STATUS 

AUSTENITE 
CEMENTITE 
FE3W2 
FERRITE 
GRAPHITE 
M23C6 
t42c 
tl6C 
MlC3 
MC_FCC_CARBIDE 
MC_HP_CARBIDE 
POLY_l>START-'&JJ,E 

1 ENTERED 
1 SUSPENDED 
1 SUSPENDED 
1 SUSPENDED 
1 SUSPENDED 
1 SUSPENDED 
1 SUSPENDED 
1 SUSPENDED 
1 SUSPENDED 
1 SUSPENDED 
t SUSPENDED 

NO OF MOLES PRESSURE LEVEL 

1.0000E*00 .OODOE+OO 

*** ERROR 127 IN POLY_l 
*** DEGREES OF FREEDOM NOT EgUAL TO ZERO 

POLY_l>SET_COND T 1473 

1 The user was too eager, no temperature had been set. 
1 The start value cormand must be used to set a composition 
1 of the austenite even if it is the only phase. 

POLY_l>ST_V 
START VALUES FOR COMPOSITIONS I Y OR NI: IN/: 1 
AUSTENITE 1 
GIVE START VALUE FOR NUMBER OF MOLES: /I/: 
GIVE SITE FRACTION FOR CR IN SUBLATTICE 1: /I/: a 
GIVE SITE FRACTION FOR FE IN SUBLATTICE 1: /I/: g 
GIVE SITE FRACTION FOR MN IN SUBLATTICE 1: 111: a 
GIVE SITE FRACTION FOR MO IN SUBLATTICE 1: /I/: LQI 
GIVE SITE FRACTION FOR SI IN SUBLATTICE 1: /I/: .001 
GIVE SITE FRACTION FOR V IN SUBLATTICE 1: 111: _& 
GIVE SITE FRACTION FOR C IN SUBLATTICE 2: /I/: .01 
POLY_l>C-P_E 
-OK- 
POLY_l>W 
FILE NAME: /TERMINAL/: 
SITE FRACTIONS LISTED (Y OR Nl: 

TEMP = 1. 47300E+03 PRESSURE = 1. 
ELEMENT W-FRACTION POTENTIAL 
VA .OOOOOE*DO .DOOOOE*OO 
C 9.DOOOOE-03 -2.83157E*Ol 
CR 4.000DOE-02 -3.24lBOE+Dl 
FE 7.9500DE-01 -2.10164E*03 
MN 3.DOODOE-03 -6.59482E+04 
MO S.OOOOOE-02 -2.54893E*OI 
SI 3.00DOOE-03 -1.40B2lE*05 
V 2.00000E-02 -7.66367E*04 
W B.OODOOE-02 -2.72526E*D4 

.01325E+05 7 ITERATIONS 
ACTIVITY REFERENCE STATE 
l.ODODDE*OO VACUUM 
9.905BlE-02 GRAPHITE 
7.08626E-02 BCC 
6.42313E-01 AUSTENITE 
B.95712E-04 FCC 
1.24772E-01 BCC 
l.O1460E-05 DIAMOND 
1.91566E-03 BCC 
l.O8041E-01 FCC 

AUSTENITE I, STATUS=ENTEREO 
WEIGNT FRACTION l.ODOE*OO PRESSURE .OOOE*OO PRESSURE LEVEL .OODE*DO 
C -W-FRAC CR-W-FRAC FE-W-FRAC P(N-W-FRAC MO-U-FRAC SI-W-FRAC V -W-FRAC W -W-FRAC 
.0090000 .04ODOOO .795OODO .003DOOO .0500000 .003ODOO .0200000 .0800000 

POLY_l>S-P_S 

1 All phases entered again and need start values. A 
1 very crude guess is sufficient. 
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POLY_l >START-Vu 
START VALUES FOR COl4POSITIONS ( Y OR N): IN/: 1 
AUSTENITE 1 

61VE START VALUE FOR NUMBER OF MOLES: /O/: 1 
GIVE SITE FRACTION FOR CR IN SUBLATTICE 1: /.04656145922/: 
GIVE SITE FRACTION FOR FE IN SUBLATTICE 1: /.8619663517/: 
GIVE SITE FRACTION FOR NN IN SUBLATTICE 1: /.003306522198/: 
GIVE SITE FRACTION FOR MO IN SUBLATTICE 1: /.03155682658/: 
GIVE SITE FRACTION FOR SI IN SUBLATTICE 1: 1.0064678825911: 
GIVE SITE FRACTION FOR V IN SUBLATTICE 1: /.02377285272/: 
GIVE SITE FRACTION FOR C IN SUBLATTICE 2: 1.045311836281: 

CEHENTITE 1 
GIVE START VALUE FOR NUHBER OF MOLES: 101: 
GIVE SITE FRACTION FOR CR IN SUBLATTICE 1: /I/: 2 
GIVE SITE FRACTION FOR FE IN SUBLATTICE 1: /I/: L 
GIVE SITE FRACTION FOR MN IN SUBLATTICE 1: /I/: d 
GIVE SITE FRACTION FOR HO IN SUBLATTICE 1: /I/: 2 
GIVE SITE FRACTION FOR V IN SUBLATTICE 1: 111: A 
FE3Y2 1 

GIVE START VALUE FOR NUMBER OF MOLES: lo/: 
FERRITE 1 

GIVE START VALUE FOR NUMBER OF MOLES: /O/: 
GIVE SITE FRACTION FOR CR IN SUBLATTICE 1: 111: 91 
GIVE SITE FRACTION FOR FE IN SUBLATTICE 1: 111: a 
GIVE SITE FRACTION FOR MN IN SUBLATTICE 1: /I/: 91 
GIVE SITE FRACTION FOR NO IN SUBLATTICE 1: /I/: .01 
GIVE SITE FRACTION FOR SI IN SUBLATTICE 1: /I/: a 
GIVE SITE FRACTION FOR V IN SUBLATTICE 1: /I/: .01 
GIVE SITE FRACTION FOR C IN SUBLATTICE 2: 111: .01 
GRAPHITE 1 

GIVE START VALUE FOR NUMBER OF MILES: /O/: 
l423C6 1 

GIVE START VALUE FOR NUMBER OF MOLES: lo/: 
6IVE SITE FRACTION FOR CR IN SUBLATTICE 1: /I/: _3 
GIVE SITE FRACTION FOR FE IN SUBLATTICE 1: /I/: _3 
GIVE SITE FRACTION FOR t4N IN SUBLATTICE 1: 111: _1 
GIVE SITE FRACTION FOR MO IN SUBLATTICE 1: 111: _2 
l42c 1 

GIVE START VALUE FOR NUMBER OF MOLES: /O/: 
GIVE SITE FRACTION FOR CR IN SUBLATTICE 1: 111: _2 
GIVE SITE FRACTION FOR FE IN SUBLATTICE 1: 111: J 
GIVE SITE FRACTION FOR HO IN SUBLATTICE 1: 111: _3 
GIVE SITE FRACTION FOR V IN SUBLATTICE 1: 111: _2 
N6C 1 

GIVE START VALUE FOR NUMBER OF MOLES: lo/: 
GIVE SITE FRACTION FOR CR IN SUBLATTICE 1: /I/: d 
GIVE SITE FRACTION FOR FE IN SUBLATTICE 1: /I/: _2 
GIVE SITE FRACTION FOR MO IN SUBLATTICE 1: /I/: 2 
l47c3 1 

GIVE START VALUE FOR NUMBER OF MOLES: lo/: 
GIVE SITE FRACTION FOR CR IN SUBLATTICE 1: /I/: 2 
GIVE SITE FRACTION FOR FE IN SUBLATTICE 1: 111: J 
MC_FCC_CARBIOE 1 

GIVE START VALUE FOR NUNBER OF MOLES: /O/: 
GIVE SITE FRACTION FOR CR IN SUBLATTICE 1: /I/: _2 
GIVE SITE FRACTION FOR FE IN SUBLATTICE 1: /I/: _2 
GIVE SITE FRACTION FOR MN IN SUBLATTICE 1: /I/: _1 
GIVE SITE FRACTION FOR HO IN SUBLATTICE 1: /I/: _2 
GIVE SITE FRACTION FOR V IN SUBLATTICE 1: /I/: _2 
MC_HP_CARBIOE 1 

GIVE START VALUE FOR NUMBER OF MOLES: 101: 
GIVE SITE FRACTION FOR NO IN SUBLATTICE 1: /I/: _2 
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POLY_l>W 

-OK- 

POLY I> -P- 
TEHP-= %&iii%*63 PRESSURE = l.O1325E*O5 
ELEMENT W-FRACTION POTENTIAL ACTIVITY 
VA .00000E+00 .00000E*00 1.00000E+00 

fR 
9.00000E-03 -3.09421Et04 ?.99360E-02 
4.00000E-02 -3.11112E+O4 7.66419E-02 

:i 
7.95000E-01 -l.S9696E*03 6.77604E-01 
J.OOOOOE-03 -6.46266E+04 9.61614E-04 

NO 5.00000E-02 -3.56296E*04 5.45157E-02 
SI 3.00000E-03 -1.45557E+OJ 6.89227E-06 

i 
2.00000E-02 -7.70257E+04 1.65597E-03 
B.OOOOOE-02 -3.76633E*Ol 4.53535E-02 

AUSTENITE 1, STATUS-ENTERED 
WEIGHT FRACTION 6.715E-01 PRESSURE .OOOE+OO 
C -U-FRAC CR-W-FRAC FE-W-FRAC MN-W-FRAC MO-W-FRAC 
.0062720 .0421197 .6766157 .0034421 .0194131 

CENENTITE 1, STATUS=ENTEREO 
WEIGHT FRACTION .OOOE+OO PRESSURE -3.377E*07 
C -W-FRAC CR-W-FRAC FE-W-FRAC NN-W-FRAC MO-W-FRAC 
.0659056 .2074262 .5661497 .0034720 .0450552 

FE3W2 1, STATUS-ENTERED 
WEIGHT FRACTION .OOOE*OO PRESSURE -6.372E+07 
C -W-FRAC CR-W-FRAC FE-W-FRAC MN-W-FRAC MO-W-FRAC 
.ooooooo .ooooooo .3130197 .ooooooo .ooooooo 

FERRITE 1, STATUS=ENTEREO 
WEIGHT FRACTION .OOOE*OO PRESSURE -1.696E*06 
C -W-FRAC CR-W-FRAC FE-W-FRAC MN-W-FRAC MO-U-FRAC 
.0015396 .0366725 .6691024 .0027290 .0242904 

GRAPHITE I, STATUS-ENTERED 
WEIGHT FRACTION .OOOE+OO PRESSURE -2.527E+07 
C -W-FRAC CR-W-FRAC FE-U-FRAC MN-W-FRAC MO-W-FRAC 
1.0000000 .ooooooo .ooooooo .ooooooo .ooooooo 

M23C6 1, STATUS=ENTEREO 
WEIGHT FRACTION .OOOE+OO PRESSURE -3.215E+07 
C -W-FRAC CR-W-FRAC FE-W-FRAC MN-U-FRAC MO-U-FRAC 
.0504966 .I944645 -6403037 .0034533 .0467694 

M2C 1, STATUS=ENTEREO 
WEIGHT FRACTION .OOOE*OO PRESSURE -4.247EtO7 
C -W-FRAC CR-W-FRAC FE-U-FRAC MN-W-FRAC MO-W-FRAC 
.0760119 .1146467 .0439726 .ooooooo .4474503 

M6C 1, STATUS=ENTEREO 
WEIGHT FRACTION 1.223E-01 PRESSURE .OOOE*OO 
C -W-FRAC CR-W-FRAC FE-U-FRAC MN-U-FRAC MO-W-FRAC 
.0203760 .0260509 .2537476 .ooooooo .2665651 

M7C3 1, STATUS=ENTEREO 
WEIGHT FRACTION .OOOE+OO PRESSURE -5.355E+07 
C -W-FRAC CR-U-FRAC FE-U-FRAC MN-W-FRAC MO-U-FRAC 
.0666966 .3671536 .5390169 .0071307 .ooooooo 

MC FCC CARBIOE 
WETGHT-FRACTION 6.217E-03 

1, STATUS=ENTEREO 
PRESSURE .OOOE+OO 

C -W-FRAC CR-W-FRAC FE-W-FRAC MN-W-FRAC MO-W-FRAC 
.1676090 .0172415 .0005673 .0000326 .0776272 

MC_HP_CARBIOE 1, STATUS=ENTEREO 
WEIGHT FRACTION .OOOE*OO PRESSURE -1.566E+06 
C -W-FRAC CR-W-FRAC FE-W-FRAC MN-W-FRAC MO-W-FRAC 
.0703034 .ooooooo .ooooooo .ooooooo .1597965 

16 ITERATIONS 
REFERENCE STATE 
VACUUM 
GRAPHITE 
9cc 
AUSTENITE 
FCC 
6CC 

isMoNo 
FCC 

PRESSURE LEVEL .000E*00 
SI-W-FRAC V -U-FRAC U -W-FRAC 
.0034424 .0165266 .0301665 

PRESSURE LEVEL .OOOE*OO 
SI-W-FRAC V -W-FRAC W -W-FRAC 
.ooooooo .0647066 .0252625 

PRESSURE LEVEL .OOOE+OO 
SI-W-FRAC V -W-FRAC U -W-FRAC 
.ooooooo .ooooooo .6669603 

PRESSURE 
SI-U-FRAC 
.0049651 

LEVEL .OOOE*OO 
V -U-FRAC W -W-FRAC 
.0201367 .036364l 

PRESSURE 
SI-W-FRAC 
.ooooooo 

LEVEL .OOOE+OO 
V -W-FRAC W -W-FRAC 
.ooooooo .ooooooo 

PRESSURE 
SI-W-FRAC 
.ooooooo 

LEVEL .OOOE*OO 
V -U-FRAC W -W-FRAC 
.ooooooo .0624904 

PRESSURE 
SI-W-FRAC 
.ooooooo 

LEVEL .OOOE*OO 
V -W-FRAC W -U-FRAC 
.2303466 .0673697 

PRESSURE 
SI-W-FRAC 
.ooooooo 

LEVEL .OOOE*OO 
V -W-FRAC W -W-FRAC 
.OOOOOOO .4332564 

PRESSURE 
SI-W-FRAC 
.ooooooo 

LEVEL .OOOE+OO 
V -W-FRAC W -W-FRAC 
.ooooooo .ooooooo 

PRESSURE 
SI-W-FRAC 
.ooooooo 

LEVEL .OOOE+OO 
V -W-FRAC W -W-FRAC 
.6196737 .1170464 

PRESSURE 
SI-W-FRAC 
.ooooooo 

LEVEL .OOOE+OO 
V -W-FRAC W -W-FRAC 
.ooooooo .7696961 
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POLY_l >SET-AXIS_VARIABLE 
AXIS (X. Y OR 2): /XI: 
AXIS VARIABLE: 1 

1 The user now wants to calculate the stable equilibria for 
1 this alloy from 1300 to 600 degree Celsius. He then 
1 tries to set the temperature as axis variable but must first 
1 reset the condition that the temperature should be constant. 

‘** ERROR 120 IN POLYml 
*** ALREAOY SET CONSTANT 
POLY_l >u 
COHHANO: 

RACK 
COHPUTE_PNASE_EOUIL 
OELETE_LAST_START_POINT 
GOTO_HOOULE 
INFORHATION 
LIST_PNASE_EOUIL 
LIST_START_POINTS 
LIST_VARIARLE_STATUS 
POST_PROCESSOR 
REAO_POLY_YORKSPACE 
RESET_CONOITION 
SAVE_ALL_UORKSPACES 
SET_RREAK_CONOITIONS 
SET_HOLE_FRACTION 
SET-PRESENT-PHASE 
SET_START_CONPOSITION 
SET_UEI6HT_FRACTION 

POLY_l>RESET-CON0 
STATE-VARIABLE: 1 
-OK- 

CALPNAD 
DELETE-ALL-START-POINTS 
EXIT 
HELP 
LIST_FIX_SITE_FRACTIONS 
LIST_PliASE_STATUS 
LIST_STORE_RESULT_FILE 
PATCH_POLY_WORKSPACE 
READ_ALL_WORKSPACES 
REINITIATE_WORKSPACE 
RESET-PRESENT-PHASE 
SET_AXIS_VARIABLE 
SET_CONOITION 
SET_PliASE_STATUS 
SET-PRESSURE-LEVEL 
SET_STORE_RESULT_FILE 
START-VALUES 

I RESET means that the condition is removed. 

POLY_l >S-A_V 
AXIS LX, Y OR 2): /XI: 
AXIS VARIABLE: 1 
HIN VALUE: 813 
NAX VALUE: JJJJ 
NAX STEP INCREMENT: /11.5/: J_Q 

POLY_l >ST_V 

X-AXIS VARIABLE IS TEMPERATURE tlAX= 1.573DOE*OJ HIN = 8.73DOOE+02 
START VALUE FOR X-AXIS lo/: 111l_ 
STEP VARIABLE iX,Y,Z OR NONE) : x 
STEP DIRECTION i*l=POS, -l=NEG) : d 
START VALUES FOR COMPOSITIONS I Y OR N): IN/: 
DO YOU UANT TO STORE START VALUES AS A START POINT T Y OR N): IN/: y 

-OK- START POINT STORED 
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POLY_l>L=e;f 

PHASE 

AUSTENITE 
CENENTITE 
FE3W2 
FERRITE 
GRAPHITE 
M23C6 
t42c 
N6C 
t4lC3 
NC_FCC_CARBIDE 
C(C_NP_CARBIDE 

STATUS NO OF HOLES PRESSURE LEVEL 

1 ENTEREO 9.4426E-01 .OOOOE+OO 
1 ENTERED .0000E+00 .OOOOE*OO 
1 ENTEREO .OOOOE+OO .0000E*00 
1 ENTERED .OOOOE+OO .OOOOE*OO 
1 ENTERED .0000E*00 .0000E*00 
1 ENTERED .OOOOE*OO .OOOOE*OO 
1 ENTERED .0000E*00 .OOOOE+OO 
1 ENTERED 5.5736E-02 .OOOOE*OO 
1 ENTERED .OOOOE+OO .OOOOE+OO 
1 ENTERED .OOOOE+OO .OOOOE*OO 
1 ENTERED .OOOOE*OO .OOOOE+OO 

The LIST-PHASE-STATUS cosaasnd gives a condensed summary of 
the stable phase set. Note that at the start point at 1573 K 
only the austenite and the H6 carbide are stable. The user 
now defines a file where the program shall store the result 
of the calculation. It is necessary to set a result file if 
the user wants to save the results to another occasion or if 
he expects that the results of the calculation will exceed 
the available buffer. 

POLY_l>&ET-STORE-RFSULT 
FILE NAME: oSPEED_STEEL : Y 

POLY_l>CALPHAQ 

PHASE REGION FOR THE FOLLOYING PHASES IS TO BE NAPPED 
AUSTENITE 1 
l46C 1 
1 ITS X= 1.5730E+03 

The output during the mapping has been compressed. 
. . . 
3 ITS X= 1.5136E+03 

PHASE REGION FOR THE FOLLOWING PHASES IS TO BE HAPPEO 
AUSTENITE 1 
Pl6C 1 
HC_FCC_CARBIDE 1 
3 ITS X= 1.5136E*03 
. . . 
4 ITS X= l.l366E+03 

PHASE REGION FOR THE FOLLOWING PHASES IS TO BE MAPPED 
AUSTENITE 1 
FERRITE 1 
M6C 1 
tiC_FCC_CAR6IDE 1 
4 ITS XI l.l366E+O3 
..* 
4 ITS X= l.O799E*03 

PHASE REGION FOR THE FOLLOWING PHASES IS TO BE MAPPED 
FERRITE 1 
M6C 1 
HC_FCC_CARBIOE 1 
4 ITS XI l.O799E+03 
. . . 
7 ITS X= 9.8655E+02 
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PHASE REGION FOR THE FOLLOWING PHASES IS TO BE MAPPED 
FERRITE 1 

N23C6 1 
l46C 1 

HC_FCC_CAR6IDE 1 
7 ITS Xs 9.6655E+02 

. . . 
5 ITS X= 6.7300E+02 

68 MUST STORE BUFFER ON FILE. Irl 
It BUFFER STORED ON FILE. 66 
**NO MORE START-POINTS** 

1 At the and of the mapping the program rrves the results on 
1 the store file. In the post-processor the usor ten now 
1 obtain diagrams that show how a number of quantities have 
1 varied during the chrnge in temperrture. 

POLY_l>1Ips1 

POLY_l POST PROCESSOR VERSION 5.0 

POST>W 
COHHAND : 

BACK 
DEFINE-FUNCTION 
HELP 
LIST_ALL_EgUILI6RIA 
LIST_PLOT_SETTINGS 
PLOT_OIAGRAH 
SET-AXIS-LENGTH 
SET_AXIS_TEXT_STATUS 
SET_DIASRAH_TYPE 
SET-PLOT-SIZE 
SET_SCALIN6_STATUS 
SET-TITLE 

CNANCiE_tlY_SPEED 
EXIT 
LIST_ALL_AXIS_VALUES 
LIST-FUNCTIONS 
LIST_SYSTEH_DEFINITION 
REINITIATE_PLOT_SETTIW65 
SET_AXIS_PLOT_STATUS 
SET_DIAGRAH_AXIS 
SET_PLOT_FORHAT 
SET-RASTER-STATUS 
SET_TIELINE_STATUS 

POST>&EJ-DIA-u 
AXIS 1X, Y OR 2): 1 
AXIS VARIABLE: 1 

AXIS VARIABLE 
The user must specify which state variable is to be used as diagram 

axis. The default axis variable is the variable which has been used for the 
mapping. When a new axis variable is set the scaling status is set to 
automatic scaling. The following axis variables are defined in the 
Post_Processor. 

TEMPERATURE-KELVIN 
TEMPERATURE-CELSIUS 
PRESSURE-PASCAL 
ACTIVITY 
CHEMICAL-POTENTIAL 
NORMALIZED-FRACTION 
MOLE-FRACTION 
WEIGHT-PERCENT 
SITE-FRACTION 
PHASE-MOLE-FRACTION 
PHASE-WEIGHT-PERCENT 
IN-PHASE-HOLE-FRACTION 
IN-PHASE-WEIGHT-PERCENT 
IN-PHASE-SITE-FRACTION 
FUNCTION 
CLEAR 

for an element 
for an element 
an axis defined for the mapping 
for an element 
for an element 
for an element (in a sublattice) 
for a phase 
for a phase 
for an element in 8 phase 
for an element in a phase 
for an element (sublattice) in a 
an defined function 
to clear the axis 

phase 

AXIS VARIABLE: u 
ELEMENT NAME: c 
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POST>m 
PLOT FILE: ITEWINALI: 

100 .O 

90.00 . 

80 .oo . . 

a Q 70.00 . 

iii 
60 .OO . . 

” 

z 50.00 . 

E: 
c PO.00 . . 

ii 
60.00 . 

20 -00 . . 

10 

0 

TENF’ERRTURE-KELVIN 

1 The irregular shape of the activity curve is due to the 
1 changes of the set of stable phases with the temperature. 

POST>- 
AXIS (X, Y OR z1: x 
AXIS VARIABLE: u 
POST>SET-SCAL 
AXIS 1X, Y OR ZI: 1 
AUTOI(ATIC SCALING IY OR N): /N/: 
IIN VALUE: 1 
MAX VALUE: 2 
POST>m 
PLOT FILE: ITERNINALI: 

600 780 900 1050 1206 la50 

TEAPERATUAE-CELSIUS 
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1 The user now uses the facility to define a function as an 
1 expression of state variables. Such state variables are the 
1 constitution and amounts of the phases, the activities or 
1 potentials of the components or thermodynamic quantities as 
1 the entropy, enthalpy etc. The program has symbols for there 
1 variablra and the symbol NP used below is the amount of a 
1 phase. The function gives how much of the system that is 
I neither austenite or ferrite, i.e. the amount of carbides. 

POST>I)EFIWE-FUWCTION FCbga, 

POST>S-D-A Y FIJI4 
FUNCTION: u 

POST>SET_*XIS-TEXT 
AXIS IX. Y OR 2): l 
AUTOWTIC AXIS TEXT (Y OR MI: /MI: M 
AXIS TEXT: FRACTION CARBIDE 

POST>SET-SCAL 
AXIS IX, Y OR 2): 1 
AUTOpATIC SCALING (Y OR HI: IN/: 
tlIN VALUE: Q 
MAX VALUE: d 
POST>u 
PLOT FILE: /TERMINAL/: 

0.20+ f : f : : : ! : : , 

0.18 . 

0.16 . . 

0.11 . 

2 r O.l?! . . 

% 0.10 . 

f 0.00 . . 

g 0.06 . 
lb 

0.08 . . 

0.02 . 

ll+.:.:.-...v 
600 780 900 1050 1200 1350 

TEHPERITUAE-CELSIUS 

POSl>~ 
CPU TINE 875 SECONDS 
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Final remarks 

Thermo-Calc is a thermochemical databank with powerful software for 
various kinds of complex thermochemical calculations. At present it operates 
on a number of specific databases. In the future, the new thermochemical 
database being developed in collaboration with SGTE (Scientific Group 
Thermodata Europe1 will be available. Thermo-Calc is already used on-line in 
research and by the industry and also for a consultancy service for 
calculations on behalf of customers. It is possible for universites and other 
research organisations to lease a copy of the databank and the assessment 
software for implementation on a VAX or ND-500 computer. Thermo-Calc is a 
large program consisting of more than 600 subroutines and 30000 lines of code 
written in standard Fortran 77. 
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