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1 Calculation of the Fe-Cr Phase Diagram
1. Open the TCW program by double-clicking its shortcut icon.

2. Click the M button.

File Edit Applications  Script  Cpkions  wwindoms  Help

= B3 |..:I"5‘| ER Elements... | Material... |

o o,
LN

Thermo-Cale Software

Thermo-Calc for Windows

3. Select the elements Fe and Cr from the periodic table.
4. Click the Phase Diagram button.

5. The Fe-Cr binary phase diagram will be calculated and plotted automatically.
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+* BINARY PHASE DIAGRAM
Periodic T able | Phases |

Databaze: |LCELE] LI

TCBIM  TC Binary Solutions O atabasze +1

24

Cr
H Chrorniurm He
Haf Mg A S PR S CIf A

F.J Caf Scf Tifj “ B Cr| Mo Fe| Caf Mifj Cuf Znj Gaj Gej Az S=jf Br ] Er
Fbl St ¥ § & f W] Mof Tcf Ful BRY Fdf 4gf Cd} In | Snf Sbf Tef | [ ==
Cz] Ba Hf Y Taf “w'Q Fef O=§ Ir § Ftf Aul Haf TI§ Fof Ei§ Fof &t Bn
Frj Fa Rfj Cbf Saf BEh] Hsj kit

Laj Cef Frj Wdf P Smj Euj Gdj Tbj Ouf Hof Erf Tmf vof Lu

Gl Thy Paj U § Npf Pul Amf Crof EkY Cf | Ez§ Frf kMdf Mof Lr

Phaze Diagram G-curves... A-curves... Phaze Fraction. .. Cancel | Help |

Menu Layers Format Diagram
Redefine aves. 1 | Cil Add Label| Bemove &l Labels Switch ﬁ-‘-.:-:esl
Tiglines |3 ﬁ LabeletiDnleis quantity LI [~ Calar
z 08.06.18:12.30) :CR FE
DATRMRSEA AP )
P=1E5, N=1
zuﬂﬂ 1 1 1 1 1 1 1 1 1 1:BCT_i2k
# 5BaE 5o
13“0\//- é‘?H:@.: 3

5 16!]05 44 = -

ﬂ 140011 =

ﬁl 12004 L

é 1000 54 o =

e —= '

t

= 6004 J =

< 100, L

= 200 o

D T T T
A 90102 0304050607080910
MOLE_FRACTION CR
Insufficient information, Use Add Label, || % = 2,440E+00 ¥ = -8,532E+02 "”"El
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2 Plotting Thermodynamic Functions

1. Choose the Elements button in the MAIN window. Select Fe from the PTERN database.
Press Next.

filphabetic List  Periodic Table I F'hasesl Ennstituentsl

Databaze
Append D atabaze | FTERN ;I

D atabaze Description
FTERM TCS Public Temarny Allops TOE +1

Selected Elements:  |FE

Clear

b aterial... I et Cancel Help

2. For a unary system, all conditions are already predefined when the CONDITIONS
window opens. Accept the present conditions and press Next.
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Set Reference State ] deer Sprmbols ] Start Walues ]

Nurnber of Missing Conditions |0 Components l idvanced Corditions I o ]
Temperature 1000 K Composition Uit |Mass-percent -
Pressure 101325 g Fedefine.. | Component Walug Candition

FE % Composition *

Syztem Size |Moles _Ll J'l moles

-l Defired Conditiohs in 51 Units

1000
1.01325E5

T
=
M=1

Fized Phazes

Back... J ScriptManagement...J Show\r‘alue...‘ Compute Mext J Cancel I Help

3. Define axis 1 as T and axis 2 as NONE. Enter min and max values as 27 resp. 1700 K.

(The default temperature unit can be changed in the Options menu in the MAIN window.)
Click Next to start the stepping.

+* MAPJSTEP DEFINITION
Az 1 iz 2
Wariable Y arable
T | NONE ~|
[ 3
Min (K] Mo of steps =l Man K] Min (K] Mo of steps | b K]
|27 |50 1700 | | |
[v Owenanite Previous Calculation [~ Step Separate
-
Back... Script M anagement... Mext | | Cancel Help |I
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4. In order to plot thermodynamic functions for the individual phases, select the User
Symbols tab in the DIAGRAM window and type in following four functions and one table,
using the Type, Name and Expression boxes. Click Add Symbol after each definition.
Function GF=GM(FCC)

GB=GM(BCC)

GH=GM(HCP)

GL=GM(LIQUID)
Table G1=GF,GB,GH,GL

#* DIAGRAM DEFINITION

Diagram Axes] Scaling  User Symbols | Advanced DiagramAkes]

Al Defined Symbols

GF=GMFCC_A1]
GB=GM(BCC_A2)
GH=GM[HCF_A3)
GL=GM(LIGUID]
G1=GF,GB.GH.GL

Type Name

|Table | [

E=pression

{&dd Symbol |

iz Text v Automatic Yoz Text v Automatic
| TEMPERATURE_KELYIN [NPM()

Back... [ Mew Graph Window Mest | Cancel | Help |

5. Open the Advanced Diagram Axis tab and choose the table G1 for the Y-axis. The X-axis
needn’t be changed. Click Next to plot.

+* DIAGRAM DEFINITION

Diagram Axes] Scaling] User Symbols  Advanced Diagram Axes

Diagram Title

X-Axis Y-Axis

Temperature and Pressure  Potential and Activity Temperature and Prezssure Potential and Activity

|Temperalure Kelvin j | j | j | ﬂ

Compositional Wariables Phaze Yariables Compositional W ariables Phase Variables

| =] | =l | =] | [E

Energy  ariables Additional Quantities Energy Yarizbles Additional Quantities

Partial Derivatives Partial D erivatives

| [= | =

User Symbols User Symbols

[ = >

iz Tent Iv Automatic iz Teut v Automatic
|TEMF’EHATUF|E_KELVIN TABLE G1

Back... [ Mew Graph Window Mext Cancel Help
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6. Click Redefine to enter some other functions to make the small difference in Gibbs energy
between the solution phases more visible.

# GRAPH =3

Menu  Layers Format Diagram

| Switch Axes

Label Option |None ﬂ i

THERMO-CALC EDDB.DBJB:H.?E} :
DATABASE:PTERN
P=1.01325E5, N=1;

TABLE G1

8-
10

10
A 0 200 400 600 800 10001200140016001800

TEMPERATURE_KELVIN

¥ =4,84E+02 ¥ = -7, 012E+04

7. Type in new functions DGF, DGH, DGL which are the difference between the Gibbs
energy for each phase compared with the Gibbs energy of the BCC phase. DGB will
naturally be zero. Enter the functions in a table G2.

Function DGF=GF-GB
DGB=GB-GB
DGH=GH-GB
DGL=GL-GB

Table G2=DGF,DGB,DGH,DGL

Select Advanced Diagram Axis and change the Y-axis variable to G2 and click next to plot.
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S=1E9

#* DIAGRAM DEFINITION

Diagram Axes ] Scaling  Yeer Symbols | ddvanced Diagram Sxes ]

Al Defined Symbols

GF=GM(FCC_AT)
GE=GM[BCC_AZ)
GH=GM[HCP_AZ)
GL=GM(LIGUTD)
DGF=GF-GB
DGB=GE-GE
DGH=GH-GE
DEL=GL-GEB
G1=GF.GB.GH.GL

Type Mame
|Functi0n ﬂ |I3 2

Expression
|DGF DGEDGH.DGL

Add Syrmbol |

v Automatic otz Text v Automatic

Habiwiz Test
[MPME)

|TEMPEHATUHE_KEL\"’IN

Back... [ Mew Graph Window Mext Cancel Help

8. Select Axis quantity from the Label Option list.
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Menu  Lavers

Redefine a:-:es...{

Farmat Diagram

2y

Label Option | FprEeEETT

[~ Colar

Switch .QHBSJ

THERMO-CALC EODB.GBJB:M.ZQ} :
DATABASE:PTERN
P=1.01325E5, N=1:

21

184
14

12

TABLE G2

1]

3
A 0 200 400 600 800 1000120014001600180

TEMPERATURE_KELVIN

[—]

% =542E+02 Y = §,277E+03
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3 Calculation of Single Equilibrium in Low Alloyed Fe-Mn-
Si-Cr-Ni-C Steel

1. Start TCW and click Elements on the MAIN window.

2. Inthe DATA window, choose the TCFEG6 database and select the following six elements;
Fe, Mn, Si, C, Cr, Ni. Finish by clicking Next.

7 DATA =13
Alphabetic List  Perodic Table | Phasesl Ennstituentsl
Database
Append Database | LI
D atabaze Deszcription
TCFEE TCS Steels/Fe-dlloys Databaze w6
23
H ! Cu He
Li | Be Copper B C o FJue
[z Mag S AlSI| Py S| ClHY Ar

EyCajl Sc Ti|] ¥ |l CriMn| Fe|Co}l Mi|Cull Znjf Gaj Gef A= f Sef Br K
Bl 5rf 7 ErfHbjMoj Tcf Fuj Bh) Fdf Aof Cdf [nf§ Sof Sbf Tel | | =e
Czf Ba Hig Tal W FRef O:z4 Ir § Pty &uf Haof TI§ FEf Eij FPof &t § Bn
Fr{ Ra Fi§ Dbf Sof Ehf Hej kit
Laj Cej Frjj Ndj Frj Smj Eul Gdf Tof Dy Hoff Erj Tmj vbf Lu
Aol Thl Paj U § Hpf Pul &mf Crj BEQ CE Y E=§ Frof Mdf Mof Lr

Selected Elements:  [FE MM 51 C CR NI

Clear

b aterial... M et Cancel Help

3. To do an equilibrium calculation at 800 °C, enter this temperature in the Temperature box.
(The default temperature unit can be changed in the Options menu in the MAIN window).
Then enter the composition values in mass-percent for all the elements except the major
Fe in the boxes on the right side of the CONDITIONS window: 0.4 Mn, 0.5 Si, 0.2 C, 1.5
Cr, and 3 Ni. Clicking Next will move you to the STEP/MAP DEFINITION window,
choose instead Compute and look in the MAIN window.
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+= CONDITIONS

Set Reference State ] Uszer Symbals ] Start Valuzs ]
Mumber of Mizsing Conditions ]U Components Advanced Conditions ] Phases ]
Temperature 900 C Composition Unit | Mass-percent
Prescure 101325 e Eredefine... Compaonient Walue Conc!n.mn
FE % Composition |
Systern Size IMoles Li I1 mioles MN o4 % Composition =
5l 0.5 = Composition |
C 0.2 -4 Composition |
~All Defined Conditions in S| Units CR 1.5 it Composition |
Ml 3 b4 Composition |
T=1073.15
P=1.01325E5
N=1
"M ]=4E-3
w(5I)=5E-3
WCJ=2E-3
'w[CH]=1.5E-2
WNI=3E-2
Fixed Phases
Back... ‘ Script Management. . J Shaowe Walue. .. J Compute Mext ‘ Cancel ‘ Help ‘

4. The result of this calculation is now shown in the MAIN window. The listing is equivalent
to the output from the LIST-EQUILIBRIUM command in Thermo-Calc Classic. Under
the present conditions, only fcc phase (austenite) is present as a stable phase. Note that the
CONDITIONS window is still open for further calculations.

CEX

File Edit

=d

Applications

Script  Opkions  Sindow  Help

Elements... Material...

Database: TCFES

Conditions:
T=10732.15, P=1.01325E5, M=1, W{MMN)=4E-3, W(S[)=5E-3, W{C)=2E-3, WI{CR)=1.5E-2, W(NI)=3E-2
DEGREES OF FREEDOM O

Temperature 1073k (800C, 1472F), Pressure 1,013250E+05
Mumber of males of components 1,00000E4+00, Mass 5,51867E+01
Total Gibbhs energy -5,05909E+04, Enthalpy 2,94993E+04, Yolume 7,17086E-06

Component Moles

17 9,1894E-03

CR 1,5920E-02

FE 9,3284E-01

M 4 0181E-03

NI 2,8209E-02

51 9,8246E-032
FCC_Aal#1 STATUS EMTERED

Mass-Fraction

2,0000E-03
1,5000E-02
9,4400E-01
4,0000E-03
3,0000E-02
2,0000E-03

Oriving force 0,0000E+00

Mumber of maoles 1,0000E+00, Mass 5,5187E+01

Mass fractions:
FE 9,44000E-01

CR 1,50000E-02 ™M 4,00000E-03

MI 3,00000E-02 5I 5,00000E-03 C 2,00000E-03

Activity

3,5852E-02
3,6447E-04
4,7357E-03
5,3430E-06
6,9330E-05
1,2736E-09

Potential

-2,9698E+04
-7,0642E+04
-4, 7760E+04
-1,0832E405
-8,5450E+04
-1,8274E+405

Ref.State

SER
SER
SER
SER
SER
SER

<|
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5. A more interesting calculation is to find out at what temperature bec (ferrite) becomes
stable for this steel (the A3 line). Go back to the CONDITIONS window and take away
the condition on temperature (mark 7=800 in the list and click Delete, or clear the
Temperature box). The degrees of freedom will change from zero to one.

7% CONDITIONS A=13

Set Reference State ] Jzer Spmbals l Start Walues ]
Number of Mizsing Conditions |1 Canponetts l Advarnced Conditions ] Phazes ]
Temperature C Composzition Unit | Mass-percent -
Prescre 101325 T Bt e Component Walue Eonc!it.ion
FE 2% Composition ¥ |
Systemn Size |Moles j J1 moles HN 04 % Composition
5l (1] = Composition ¥ |
C 0z & Carmpasition |
All Defined Conditionz in 51 Units CR 15 2 Camposition |
HI 3 - Composition ¥ |
P=1.01325E5
M=1
WM ]=4E-3
W[S1)=5E-3
[ C]=2E-3
WiCR)=1.5E-2
W [MI)=3E -2

Fixed Phazes

Back... J ScriptManagement...J Show\r‘alue...‘ Compute Mest J Cancel I Help J

6. Now select the Phases tab on the right hand side of the window. Click the BCC A42 phase
and select the status FIXED in the Phase Status box. Type the value 0 (zero) in the box
right next to it. This will specify that the bcc phase must take part in the equilibrium,
which changes the degrees of freedom back to zero again. Zero amount of the bce phase
will find the bee/bect+fee phase diagram line, which is where bec start to form. Press
Compute.
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# CONDITIONS

Set Reference State ] Uszer Symbals ] Start Walues ]
Mumber of Mizzing Conditions ]U Components ] Advanced Conditions Phaszes
Temperature (e Status Moles
ENTEERED 0.0o e
Pressure (101325 Pa 2 ENTERED 0.00 il
oy FIXED L
CEMENTITE ENTERED 0.oo
Suystem Size JMDles Li I1 moles CHI A12 ENTERED 0.00
CR3ST ENTERELD 0.0o
DIAMOND FCC A4 ENTERED 0.oo T
FCC A1 ENTERED 1.00
~aill Defined Conditions in 51 Units FCC AL#2 ENTERED 0. 00
FE2SI ENTERELD 0.0o
P=1 01325E5 FE4H LP1 ENTEEREED 0.00
M=1 FEGSIZC ENTERELD 0.0o
Wi MN]=4E-3 FECH_CHI ENTERED 0.00
W[SI)=5E-3 GREAFHITE ENTERELD 0.0o b
WICI=2E-3
W/ [CR)=1.5E-2
W [MI=3E-2
Phase Status:
FIxED ~| oo moles

Fized Phases

BCC_A2 =000 Phase Conditions...
Add Composition Set...

Back... I Scrileanagement...I Show\-’alue...‘ Compute Mext J Catcel I Help J

7. The new equilibrium is shown in the MAIN window. Use the scrollbar to view the entire
listing. The A3 temperature for this steel is 756 °C.

CEX

Flle Edit Applications Script  Options  Window  Help

EH a0 Elements. .. b aterial .

Conditions:
P=1.013Z5E5, N=1, Wi{MMN)=4E-3, WI(S[}=5E-3, W([C)=2E-3, W(CR)=1.5E-2, W(NI)=3E-2
DEGREES OF FEEEDOM O

Temperature 1029k (7562, 1393F), Pressure 1,013250E+05
Number of moles of components 1,00000E+00, Mass 5,51867E+01
Total Gibbs energy -4,73427E+04, Enthalpy 2,80653E+04, Yolume 7,15074E-06

Component Maoles Mass-Fraction Achivity Potential Ref.S5tate
C 9,1894E-03 2,0000E-03 4 6760E-02 -2,62089E+04 SER

CR 1,5920E-02 1,5000E-02 4,3309E-04 -6,6274E+04 SER

FE 9,3284E-01 9,4400E-01 5,4708E-03 -4 4570E+04 SER

MM 4,0181E-03 4,0000E-03 3,8404E-06 -1,0312E+05 SER

NI 2,8208E-02 3,0000E-D2 7,6121E-05 -8,1153E+04 SER

S1 9,8246E-03 3,0000E-03 7,0297E-10 -1,7977E+03 SER
BCC_A2#1 STATUS FIXED Driving force 0,0000E+00

Mumber of moles 0,0000E+00, Mass 0,0000E+00

Mass fractions:

FE 9,67624E-01 CR 1,10444E-02 MM 1,36701E-03
Ml 1,39622E-02 SI 5,94913E-02 < 5,35070E-05

FCC_al#l STATUS EMNTERED Driving force 0,0000E+00

Mumber of moles 1,0000E+00, Mass 5,5187E+01

Mass fractions:

FE 9,44000E-01 CR 1,50000E-02 MM 4,00000E-03

M1 3,00000E-02 SI 5,00000E-02 < 2,00000E-03 3
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4

Isothermal Section of the Fe-Cr-C System at 1000 K

Here we use the ternary module in TCW, which is opened by clicking )

Select the PTERN database in the Database box and click the three elements in the
periodic table; Cr, Fe, and C.

Click Isothermal Section to continue.

ey CEX
Periodic Table | Phases |

D atabase: IF'TEHN LI

PTERM  TCS Public Temary Allops TODE +1

G
C
Carbon

12007

Selected Elementz: |CR FE C

|zothermal 5 ection | b ornovarniant Lines | Liquidus Projection Cancel Help
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4. When the temperature box appears the temperature is set to 726.85 °C (1000 K). The
default unit may be changed to K in the Options/Units menu in the MAIN window. Click
Next to proceed.

T AEE

Temperature  |726.85 C

[w ze Global Minimization

M et Cancel

5. To plot the isothermal section click next. By placing the mouse cursor at a certain region
in the diagram the name of the phase(s) stable in that region is displayed in the lower left
corner of the GRAPH window.

5| AddLabel| ooz Al Ltk Swich es|

Tieles [2 | Label Option [None -

THERMO-CALC EDDB.DE.13:15.DI]} :CR-FE-C at T=1000 K
DATABASE:PTERN
T=1000, P=1E3, N=1;

ety

AR

& 00102 0304050607 080910
MOLE_FRACTION FE

CEMEMTITE+HGRAPHITE+M7CS . ¥ =4,069E-01 ¥ =4,167E-01
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6. Press Redefine to plot amount of Cr vs. activity of carbon instead. To get easily
understandable activity values, open the User Symbols tab and enter a function for the
activity of carbon referred to the current temperature: ACT2=ACR(C,GRAPHITE).

# DIAGRAM DEFINITION

Diagram dxes ] Scaling User Symbols | ddvanced Diagram dxes ]

Al Defined Symbals

ACT2=ACRIC.GRAPHITE]

Type Mame

|Functi0n j |

E #pression

Hobiz Text

v Automatic

“odis Text

|MDLE_FHACTIDN FE

Back...

v Automatic

MOLE_FRACTION C

[~ Mew Graph 'Window Mext

Cancel

Help

7. Next select Advanced Diagram Axis and set the X-Axis variable to Mass Percent Cr and

the Y-Axis variable to the function ACT2. Click next to plot.

= DIAGRAM DEFINITION

Diagram Title

Diagram Axes ] Scaling ] Usger 5ymbols Advanced Diagram Axes

|CR-FE-C at T=1000 K
X-Axis

Temperature and Pressure

Patential and Activity

Y-Axis

Temperature and Pressure Patential and Activity

For Component

Compositional Y ariables CR r Compositional ' ariables Phase Yariables

| ole-percent ﬂ | ﬂ | ﬂ | j

Energy arables Additional Quantities Energy ariables Additional Quantities

Partial Derivatives Partial Derivatives

| =l | =l

Usger Symbols Uszer Symbols

- aCT2 -
Hobuiz Test v Automatic ofuiz Test [ Automatic
|MDLE_F‘EF|EENT CR FUMCTION &CT2
Back... I~ Mew Graph Window Mest Cancel Help
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8. Change the type of diagram from triangular to normal using the Format Diagram menu.

Meru  Layers  Format Diagrarm

a

Tielines [1 j Label Option [Nore

Aeld Label| F1erie 4l J

=

Switch .&xesl

THERMO-CAL C EI]I]B.I]EJB:H.S:H :CR-FE-C at T=1000 K
DATABASE:PTERN
T=1000, P=1E5, N=1;

i
& 0 10 20 30 40 50 60 70 80 90 100
MOLE_PERCENT CR

Insufficient information, Use Add Label,

% =1,28E+02 ¥ = §,6E+01

Menu  Layers Format Diagram
2

Label Dption [Haone

Add Label| Fizrove Al Labe ‘

~|r

Tielines |1 =i

Switch .&xesJ

FUNCTION ACT2

10 20 30 40 50 60 70 80 90 106
MOLE_PERCENT CR

Insufficient infarmation, Use Add Label,

“=2,71E+02 ¥ = -3,766E-02
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5 Calculation of Isopleth in Fe-8Cr-1C System

1. Open the TCW program.

2. Click Elements.

3. Select PTERN from the Database list and then click alloy elements C, and Cr, and Fe in
the periodic table. Click Next.

4. Specify the concentrations of C and Cr as / and 8 mass-percent, respectively and accept
the default temperature. Click Next.

7% CONDITIONS A=13

Set Reference State ] Uzer Symbals l Start Walues ]
Number of Mizzing Conditions ]U Canponetts l Advariced Conditions ] Phazes ]

Temperature 1000 K Compozition Unit W
Pressure  |101325 Pa Redefine. . Component Walue Condition
C 1 Composition ¥ |

CR g
FE

i

Composition +

it

Syztem Size |Moles j J1 moles

o

Composition ¥ |

All Defined Conditions in 51 Units

T=1000
P=1.01325E5
M=1
WCJ=1E-2
WCR]=2E-2

Fixed Phazes

Back... Script Management... | Show Yalue.. Compute Mext Cancel Help

5. The default mapping axis, W(C) and T are just what we are interested in and the minimum
and maximum values for them are OK. Click Next.
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#* MAP/STEP DEFINITION

Az 1 Az 2

Y anable Warnable

|wiC) Rd T |

EBX

Min [3) No of steps | Max %) Min (K] Mo of steps | M K)
0 |50 100 7731 |50 2273
[w Dwensnite Previous Calculation [

[v Generate Automatic Start Points

Back... Script M anagement. . I et Cancel

Help ||

6. After the calculation is finished, the DIAGRAM DEFINITION window pops up. The
mapping axes are shown as the default plotting X-axis and Y-axis now. Click Next. The
following diagram is plotted.

+~ GRAPH E@

Menu Lavers Formak Diagram

| Add Label| Femove 2l Labe I Switch Ares

Label Option |None l] I

THERMO-CALC (2008.06.18:15.12) :
DATABASE:PTERN
P=1.01325E5, N=1, W(CR)=8E-2:

2400 1 1 1 1 1 1 1 1 1

22004 -
20004 -
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= = =
= = =
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B>

CEMENTITE+GRAPHITE+MACS *=75,5E+01 ¥ = 1,Z00E+03
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7. Choose Scaling from the Format Diagram menu to open the Scaling tab on the
DIAGRAM DEFINITION window. Specify the min value for X-axis as 0 and max as 3,
and for Y-axis as 800 and 2000. Click Next.

8. Select Stable phases in the Label Option menu and check the color box.

Menu Layers Format Diagram

Redefine aHes...] e\| Add Label| Femove =ul: J Switch Auxes

Lahel Option | Stable phases | I [Coior

THERMO-CALC E003.06.13:15.45} :
DATABASE:PTERN
P=1.01325E3. N=1, W(CR)=8E-2:

2000 1 1 1 1 1 i
SEFCC M
TEM2ICE
18004’ 3ALIGUID
= 1AGRAPHITE
= 16004
w
=
& 14004
=
[
= 12004
w
o
=
B 10004

800

10 15 20 25 30
MASS PERCENT C

=
=
=

FCC_AL#1+MAC3 n=1,594E+00% = 1,239E+03

9. The phase regions can also be labeled by first clicking Add Label and then clicking in the
phase fields you want to label. In the following diagram, the Liquid, Fcc_Al,
Liquid+Fcc Al, Fcc AI+M7C3, Cementite+Fcc A1+M7C3, Bcc A2+M7C3 phase
regions have been labeled.
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Menu Lavers

Farmat Diagram

B

05 10 15 20
MASS PERCENT C

FCC_AL#1+MAC3

2.5

3.

Redefine aHes...] E e\| £dd Label Bemove All Labelz Switch .t'-‘u:es]
Label Option | Stable phases | I [Coior
THERMO-CALC EODB.UG.13:15.53} :
DATABASE:PTERN
P=1.01325E5, N=1, W(CR)=8E-2;
2000 1 I 1 1 I ; :
SHFCC M
: LIQUID Toieact
18004, FrLIgUID.
= 1+GRAPHITE
= 16004
|
=
W 14004 .
E FCC_A1+M7C3
E 1200—3&-—_ 3 ; CEMENT:I'+FCC_A1+MT(3
w = B
= 10000 % gec mzsmrcs]
1
800

n=1,241E+00% = 1,200E+03
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6 Calculation of a Vertical Section for Mixing of Fe-1Cr-
0.1C and Fe-20Cr-2C Alloys

1. Open the TCW program.
2. Click Elements.

3. Select PTERN from the Database list and then click alloy elements Fe, C, and Cr in the
periodic table. Click Next.

4. A vertical section across the Fe-1Cr-0.1C and Fe-20Cr-2C alloys can be mapped by
varying either Cr or C content and temperature and keeping the constraint condition
between W(CR) and W(C): W(CR)/W(C)=(20-1)/(2-0.1)=19/1.9=10, i.e. W(CR)-
10W(C)=0. Supposing we are varying Cr content, first set an arbitrary concentration of Cr
between these two alloys, say 75, then click the Advanced Conditions tab, enter the
equation W(CR)-10W(C)=0 in the User Defined Conditions box. Click Next.

#= CONDITIONS

Set Reference State ] |Jzer Symbals ] Start W alues ]
Number of Mizsing Conditions |1 Canponetts l Advariced Conditions ] Phazes ]
Tetupeetie 11000 K Composzition Unit | Mazs-percent +
Proscre 1101325 o Fedefing... Component Walue Eonc!it.inn
FE 2% Composition ¥ |
C G Composition +

Syztem Size |Moles j J1 moles
CR 15 = Composition |

All Defined Conditions in 51 Units

T=1000
P=1.01325E5
M=1
WICR]=0.15

Fized Phazes

Back... JScriptManagement... Show Walue... Compute Mest Cancel Help
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#= CONDITIONS

Set Reference State ] deer Spmbols ] Start Walues ]
Nurnber af Missing Conditions |1 Campanents Advanced Conditions ] Phases '|
MHarmalization:
Temperature (1000 K
Gibbz Energy I Jper mole LJ JAmol
Pressure  |101325 Pa
System Size |Males _Ll J1 moles Helmholtz Energy | |per mole LJ J/mal
Enthal | | J/mol
- &Il Diefined Conditions in 51 Units e | Jper male I
T=1000 Entropy I Jper mole LJ JAmal /K
P=1.01325E5
M=1
WICRI=0.15 Yolume | | per male x| m3/mol
Uszer Defined Conditions
WICHH DwC)=0
Fized Phazes
Back... J Script Management... | Show Yalue.. I Compute Mext J Cancel I Help

5. Define the mapping ranges: from 0 to 20%Cr and 600 to 1900 K. Click Next.

+* MAPJSTEP DEFINITION
Az 1 iz 2
W ariable Yarable
'WICR) | T ~|
[ 3
Min (3] Mo of steps =l Man (%] Min (K] Mo of steps | b K]
|0 |50 |20 |E00 |50 1900
[vw Owenwite Previous Calculation I
|v Generate Automatic Start Points
Back... Script M anagement... Mext | | Cancel Help |I

6. Click Next and the vertical section is plotted. One can label phase regions by first clicking
Add Label and clicking in the phase regions one wants to label. The following is a labeled
diagram.
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Menu Layers FEormat Diagram

= | £dd Label Bemove All Labelz

Label Option | Mone

|

Switch Auxes

THERMO CALC (2008.06.18:16.03) :
DATABASE:PTERN
P=1.01325E5, N=1, W(CR)-10*W(C)=0;

2']00 1 1 1 1 1 1 1 1 1

LIQUID
1303%

FCC_A172

FCC_A1Z2+M7 C3

— — —
Mo - [=x]
= = =
e & 3

TEMPERATURE_KELVIN
g
=

BCC_AZ2+M7C3

=3
=
'l.l-.l

600 —

A 0 2 4 6 8 10 12 11 16 18 2
MASS_PERCENT CR

BOC_AZ+M7CS

#n=15E+01Y =7 57E+02

7. Of course, one can now also plot C wt.% vs T. Click Redefine to change the X-Axis.

# DIAGRAM DEFINITION

=13

Diagram Axes l Scaling] User Symbols ] Advanced Diagram Axes]
Temperature Unit Composition Unit
" Celsius " Moles Iv Percent
v Kelvin o+ Mass
" Fahrenheit
Diagram Title
=-Axis Y-Axis
Wariable ‘W ariable
| Composition j | Temperature j
For Component For Phase
= v SYSTEM =
Heduis T emt v Automatic s Tewt v Autarnatic
|MASS_F’EF|EENT (5 TEMPERATURE_KELVIN
Back... [~ Mew Graph “indow Mext Cancel Help
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8. Click Next and the vertical section is plotted. The following is a labeled diagram.

Menu Layers FEormat Diagram

Redefine aves. | [addLabel Remove i Labek Swilch Aes

Label Option |Hane i

THERMO CAL C (2008.06.18:16.07) :
DATABASE:PTERN
P=1.01325E5, N=1, W(CR)-10*W(C)=0;

2']0[! 1 1 1 1 1 1 1 1 1
Liauin

18004 F
=

FCC_A152

— _—'I —

Mo - [=x]

= = =

e & 3
T

FCC_A1Z2+MTC3

TEMPERATURE_KELVIN
g
=

=3
=
'l.l-.l

BCC_AZ2+M7C3 -

600 t T T T T T T T T
& 0 0,204 0608 101.214 16 1.8 2.0

MASS_PERCENT C

FCC_AL#1+MAC3 % =6,345E-01 ¥ = 1,145E+03
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7 Calculation of Property Diagram of a High Speed Steel

1. Click the Elements button in the MAIN window, and select TCFEG6 in the Database box in
the DATA window. Select the eight elements Fe, C, Cr, Si, Mn, W, Mo and V. Then click
Next.

2. Define a single equilibrium in the CONDITIONS window. Put the temperature to 7000 °C
(the default settings for the temperature unit can be changed under the Options menu in
the MAIN window), and the compositions to 0.9 % C, 4 % Cr, 0.3 % Mn, 5 % Mo, 0.3 %
Si, 2% V and 8 % W (mass %). Fe is the balance, leave the box empty. Now click Next.

#= CONDITIONS

Set Reference State ] Idzer Spmbals ] Start W alues ]
Nurnber of Missing Conditions |0 Components l Advanced Conditions ] Phases ]
Tetupeetie 11000 r Composzition Unit | Mazs-percent +
Prescure 101335 o Fedefing... Component Walue Eonc!it-inn
FE % Composition |
System Size |Males j J'l males C 03 % Composition =
CR 4 = Composition |
51 03 i Composition ¥ |
All Defined Conditionz in 51 Units MM 03 = Camposition |
W g = Composition |
T=127315 A MO 5 5 P —
P=1.01325E5 - % Composition - |
=1 W 2 3 Composition |
WC)=9E-3
WICR)=4E-2
WSI=3E-3
WM ]=3E-3
Wwilw]=8E -2 -
Wik ]=5E-2 e
WIA-DF D
Fized Phazes
Back... J Script Management... J Show Walue... I Compute Mest J Cancel I Help J

3. Before the axes are defined in the MAP/STEP window, it is useful to take a look at the
calculated equilibrium in the MAIN window to see that it is reasonable. In this case we
have a metallic fcc phase (85 mole percent) and two carbides: FCC_A1#2 and M6C. The
second fcc phase is a MC carbide with mostly vanadium on the metal sublattice. Tungsten
is the majority element in the M6C phase.
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CEX

File Edit Applications Script Ophions  Window  Help

o Elements... Material...

I'-"IO 3,0187E-02 3,0000E-02 2,2544E-04 -2,8892E+04 SER Radll |

SI 6,1870E-03 3,0000E-03 6,3353E-09 -1,9983E+05 SER
|/ 2,2741E-02 2,0000E-02 3,8343E-06 -1,3202E+05 SER
' 2,5205E-02 3,0000E-02 2,7611E-04 -8,6746E+04 SER
FCC_Al#1 STATUS EMTERED Driving force 0,0000E+00

Nurnber of moles 8,5093E-01, Mass 4,7339E+01

Mass fractions:

FE 9,17022E-01 MO 1,30455E-02 51 3,49220E-03
CR 4,17095E-02 W 4,12902E-03 C 3,24275E-03
v 1,36925E-02 MM 3,66663E-03

FCC_Al#2 STATLIS ENTERED Driving force 0,0000E+00
Nurnber of moles 3,0461E-02, Mass 1,2205E+00

Mass fractions:

Yo 5,33934E-01 MO 9,91495E-02 MM 1,58070E-04
W 1,59272E-01 CR 4,70298E-02 SI 1,79663E-09
C 1,34597E-01 FE 2,58603E-02

MEC#1 STATUS ENTERED Driving force 0,0000E+00
Nurnber of moles 1,1861E-01, Mass 2,363 1E+00

Mass fractions:

W 4. 04913E-01 W 32,32498E-02 SI 9,02531E-04

FE 2,78325E-01 CR 3,04407E-02 MM 0,00000E+00

MO 2,30433E-01 ©C 2,17364E-02

|

4. The most common property diagram calculation is obtained by stepping in temperature for
a given composition. Various temperature dependent quantities can then be used on the Y-
axis in the DIAGRAM DEFINITION window. Change axis 1 to 7 and axis 2 to NONE.
The limits for the temperature axis can be 600 — 1500 °C. Click Next.

+* MAPJSTEP DEFINITION
Az 1 iz 2
W ariable Y arable
T | NONE ~|
[ 3
Min [C) Mo of steps =l Man ) Min [T Mo of steps | b )
600 |50 1500 | | |
[v Owernwite Previous Calculation [~ Step Separate
-
Back... Script M anagement... Mext | | Cancel Help |I
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5. When the step calculation is finished, the DIAGRAM DEFINITION window appears with
two axes already defined, let’s use these. Press Next.

6. Select Axis quantity in the Label Option menu and check the color box. The y-axis
quantity means the fraction of each phase expressed in moles. We can see that in addition
to the phases stable at T=1000 °C, also bcc and M23C6 are stable at low temperature and
liquid at high T. The cursor can be used to get an estimate of the values in the diagram. In
the plot window below the cursor is placed on the liquidus temperature, 1417 °C.

7% GRAPH M=1E3

Menu  Layers Format Diagram

Fiedefine aHes...I = | Switch Axes

Label Option |.-’-‘-.:<is quiatitity ﬂ v LColor

1:T-27% 45 HFM[FCC_AM# )
g:}gisjﬁ.NgM;rcc_mmz]
3.T-273.15 NFM[MEC]

4T-273 15, HFMILIQUID]
o E:T-273.15 HPM{M23CE)

NPM{)

5 ;
A 600 700 800 900 100011001200130014001500
TEMPERATURE_CELSIUS

HPM(LIQUID) % =1,417E+03 ¥ = 1,000E+00

7. Another example of a property diagram is the activity of carbon vs. temperature. Click
Redefine and open the Advanced Diagram Axis tab. Change the Y-axis variable to Activity
for component C. Click Next to plot.
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#* DIAGRAM DEFINITION

S=1E9

Diagram Axes ] Scaling ] User Spmbalz  Advanced Diagram Axes
Diagram Title
K-Axis Y-Axis
Temperature and Pressure Potential and Activity Temperature and Pressure Potential and Activity
|Temperature Celziug j | j | j |Activity ﬂ [ SER Reference State
For Camponent
Compositional Yariables Phaze Y ariables Compositional Y aniables Phaze Yariables C :I'
Energy ariables Additional Quantities Energy ariables Additional Quantities
| =l =l | = =l
Partial Derivatives Partial Derivatives
| = | =
User Symbols Uszer Spmbaols
- -
Stz Text v Automatic otz Text [~ Automatic
|TEMPERATURE_CELSIUS [4ERIC)
Back... [ Mew Graph Window Mext Cancel Help

Menu  Lavers

Farmat Diagram

Switch .t'-‘w:esl

Labeel Dption |Asis quantity

Lj [~ Color

008.08.18:14.59) :
WIC=9E 3, W(CR)=4E 2, W(SI)=3E.3, W(MNI=3E.3, WW)-3E 2,

ACR(C)

10

1:T-273 15 ACR(C)

0
A 600 700 300 900 100011001200130014001500
TEMPERATURE_CELSIUS

%= 1,045E+03 ¥ = 3,976E-03
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8. The magnitude of the carbon activity may seem strange in the last plot. This is because the
default reference state for carbon is at room temperature in this database. Enter a function
to refer the C activity to graphite at the temperature of the calculation. Click Redefine and
open the User Symbols tab. Define the function ( ACT2=ACR(C,GRAPHITE) )and move
to Advanced Diagram Axes where you select the new function for the Y-axis. Click Next
to plot.

-+ DIAGRAM DEFINITION

Diagram Ases ] Sealing  User Swmbols | ddvanced Diagram sues ]

All Defined Symbols

ALCT2=ACR[C.GRAFHITE)

Type MHame

|Functi0n ﬂ |

E=pression

Stz Tent v Automatic otz Tent [~ Automatic
|TEMPERATURE_CELSIUS [acRiC)

Back... [ Mew Graph "indow Mext Cancel | Help |

#* DIAGRAM DEFINITION

Diagram Axes ] Scaling ] User Symbole  Advanced Diagram Axes

Diagram Title
r-Axis Y-Axis
Temperature and Pressure  Potential and Activity Temperature and Pressure  Potential and Activity
| Temperature Celsiuz j | j | j | ﬂ
Compositional Y ariables Phaze Y ariablez Compositional Y aniables Phaze Yariables
| =l =l | = =l
Energy Yariables Additional Quantities Energy Variables Additional Quantities
| =] | [~ | ] | [~
Partial Derivatives Partial Derivatives
| =l | =
User Symbols Uszer Spmbaols

- ACT2 A
Stz Text v Automatic otz Text [~ Automatic
|TEMPEHATUHE_CELSIUS FUNCTION ACT2

Back... [ Mew Graph Window Mext Cancel Help
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/4

Switch Auxes

Lahel Optian |A:<is quantity

ﬂ [~ Colar

THERMO-CAL C (2005.08.18:15.01) :
DATABASE:TCFEG

P=1.01325E5,
W(MO)=5E-2,

V'\‘I-'T\Hglg::%s’ W(CR)=4E-2, W(SI)=3E-3, W(MN)=3E-3, W(W)=8E 2,

0.04

0.08-

0.07

0.06-

0.05+

FUNCTION ACT2

0.04+

0.03-

0.02
A 600 700 800 900 100011001200130014001500

TEMPERATURE_CELSIUS

1 T-273 43 8CT2

»=8,93E+02 ¥ = 4,390E-02

9. Click Redefine to plot yet another property diagram, this time the composition of the M6C
phase. Open the Advaced Diagram Axes tab and select Phase Composition (moles) for all
components in the M6C phase as the Y-axis variable. Click Next to plot. In the diagram
below, note that the M6C phase is stable for temperatures below 1304 °C and at larger
temperatures the metastable composition is shown.
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# DIAGRAM DEFINITION

Diagram Axes ] Scaling ] Uzer Symbols Advanced Diagram Anes

Diagram Title

¥-Axis

Temperature and Pressure Potential and Activity

Y-Axis

Temperature and Pressure Potential and Activity

|Temperature Celsiuz j | j | j | ﬂ
Far Companent
Compositional ' ariables Phasze Yanables Compositional ' ariables FPhase ‘ariables ALL hd
| [ | [~ | =] [Phase Composiion (me_~|  For Phase
MEC A
Energy Yariables Additional Quantities Energy ariables Additional Quantities
| = = | =l =
Partial Derivatives Partial Derivatives
| [~ | [~
User Symbals User Symbals
- -
Sefimie Tt v Automatic ofiis Temt [~ Automatic
|TEMPERATURE_CELSILS [<IMEC.7)
Back... ™ MNew Graph Window et | Cancel Help

10. Select Axis quantity in the Label Option menu and check the color box.

Mernu  Lavers  Format Diagram

Label Optian |Axis quantity

;] [v Color

Switch .QHESJ

THERMO - CALC

gl][lﬁ 08.18:15.11) -
DATABASE

5“_{;“1%}3%%%5 W{Vj WE(%—QE(i W{CR}=4E-2, W{Sl}=3E-3, W{MN)=3E-3, W{W)=8E-2,

0.50 L S . — : 1:T-273.15.%(MEC,C]

, ] Erzmmidmec.cR)

0.457 . 35.,...»-”'""' [ 72315 A MEC MN)

0.404 LR - 6:T27315.HMEC 5]

0_35_3_,._'3*—"""' | 8727315 5IMEC W)
_ 0304 3
E 0.2 ; I
= 0.20+ 3 P P 3
0.1 1 1 1 1 J 1;] g4
0.1 3
0.05- . Sl s AR D
»—Fer"_ eﬁﬁa 4 ﬁsﬁs &

0
& 600 700 800 900 100011001200130014001500
TEMPERATURE_CELSIUS

H{MBE,MO)

¥ =1,052E+03 ¥ = 1,6G85E-01
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8 Calculate Heat and Heat Capacity Variation during
Solidification of an Al-15%Mg-9%Si Alloy

1. Click the Elements button in the MAIN window. Select database PTERN and elements A4/,
Mg and Si from the periodic table.

2. Click Next to come to the CONDITIONS window. Enter compositions in mass-fraction;
0.15 Mg and 0.09 Si, and the temperature 1000 K.

l

Set Reference State ] Uzer Symbals ] Start Values
Mumber of Mizzing Conditions ]U Cormparents ] Advanced Conditions ] Phazes ]
Tsmeaiatie 1000 K Compogition Unit | Mole-fraction =
Preses 101325 o B e Companent Walue Cnnu:!itlion
AL Composition = |
System Size |Moles ﬂ I1 raoles MG 015 Composition =
Sl 9E-2 Composition |

&ll Defined Conditions in 51 Units

T=1000
P=1.01325E5
N=1
#MGI=0.15
#[51]=9E-2

Fixed Phazes

Back... I ScriptManagement...‘ Shnw\-"alue...] Compute MHest I Cancel J Help I

3. Click next to open the MAP/STEP DEFINITION window. Set T as axis variable and step
between 500 K and 1000 K with step length 12.5. Click Next.
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= MAP/STEP DEFINITION

Az 1 Az 2
Y ariable Y ariable
T | NONE ~|
Min (K] |Step lenath ) Man K] Min (K] Mo of steps =l Man K]
|500 [125 1000 | | |
[v Owenante Previous Calculation [~ Step Separate
v
Back... Scrpt Management... ‘ M et | | Cancel

Help |I

4. Set diagram axis as Temperature Kelvin on X-axis and Phase fraction of all phases on Y-
axis, default values. Click Next to plot. Choose Stable phases in the Label Option menu.

# DIAGRAM DEFINITION

Temperature Unit

Diagrarn Awes ] Scaling ] Uszer Spmbals ] Advanced Diagram Axes ]

Compasition Unit

EEX

" Celsiug * Moles -
+ Kelvin " Mass
" Fahrenheit
Diagram Title
X-Aziz ¥-Axis
‘fariable ‘Yariable
|Temperature j |Phase Fraction j
For Phase
ALL -
Stz Tent v Automatic “otis Tent v Automatic
|TEMPERATURE_KELVIN [MPME)
Back... [ Mew Graph Windaw MNext Cancel Help
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Menu Layers Format Diagram

Redefine aHes...I = | Switch Auxes

=R S Eable phases I Calor

THERMO-CALC E003.08.13:15.21} :
DATABASE:PTERN
P=1.01325E3, N=1, W{MG)=0.13, W(SI}=9E-2;

1.0 e — 2 LIGUID MG251
2 3 LIQUID FCL A1 MG251
0.9 3 | 4 FCC_&1 MGZSI

. 5. DIGMOND_fd FOC_ 81 MG25I

0.8 5 4 -
ol I
0.6 i
0.5 i
0.4 i
0.3 i
0.2 i

0.1 g L

'] 5

A 500 550 600 650 700 750 800 850 900 9501000
TEMPERATURE_KELVIN

NP (%)

#=8,07E+02 ¥ = 4,699E-01

5. Now plot the total enthalpy (heat) as a function of temperature. Click Redefine axes in the
GRAPH window to return to the DIAGRAM DEFINITION window. Open the Advanced
Diagram Axes tab and select Enthalpy normalized per mole as variable on the Y-axis and
select SYSTEM. Click Next to plot.
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#* DIAGRAM DEFINITION

Diagram Axes ] Scaling ] User Spmbalz  Advanced Diagram Axes
Diagram Title
K-Axis Y-Axis
Temperature and Pressure Potential and Activity Temperature and Pressure Potential and Activity
|Temperature Kalvin j | j | j | ﬂ [~ SER Reference State
Compositional Yariables Phaze Y ariables Compositional Y aniables Phaze Yariables
| j | j | j | ﬂ Far Phase
STSTEM hd
Energy ariables Additional Quantities Energy ariables Additional Quantities -
Mormalization
| =l =l |Enthalpy =l S|
Partial Derivatives Partial Derivatives
| = | =
User Symbols Uszer Spmbaols
- -
Stz Text v Automatic otz Text [~ Automatic
|TEMPEHATUHE_KEL\"’IN HMR
Back... [ Mew Graph Window Mext Cancel Help

Menu Lavers Format Diagram

1 e\l Switch AHBSJ

Label Optian | Stable phases w| I Color

THERMO-CALC (2008.08.18:15.28) :

DATABASE:PTERN

P=1.01325E5, N=1, W{MG}=0.15, W(SI}=9E-2;
1

3E 1 1 1 1 1 1 1 1

1: LIgUID
2: LIGUID MG2S]
1 3 LIQUID FCC_A ME2S]
304 I 4 FCC_t1 MGESI
5: DIBMOND_pd FCC_B1 MG2S]
2 . -
204 -
[=4
= 1K -
T
104 i -
54 L
5
0

5
A 500 550 600 650 700 750 800 850 900 9501000
TEMPERATURE_KELVIN

¥ =1,309E+03 ¥ = 5,120E+03
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6. Next we want to plot the heat capacity. Click Redefine axes in the GRAPH window to
return to the DIAGRAM DEFINITION window. Open the Advanced Diagram Axes tab
and select Heat capacity for system as the Y-axis variable. Click Next to plot. Use the
zoom in button to change the scaling of the plot.

-+ DIAGRAM DEFINITION

Diagram Ases ] Sealing ] Uszer Sprbaly  Advanced Diagram Axes l

Diagram Title

r-Axis Y-Axis

Temperature and Preszure  Potential and Activity Temperature and Pressure  Potential and Activity

| Temperature Kelvin j | j | j | ﬂ

Compagitional Wariables Phase Variables Compagitional Wariables Phase Variables

| =] | = | =] | =

Energy Yariables Additional Quantities Energy Vanables Additional Quantities

Partial Crerivatives Partial Derivatives

| j | Heat capacity for spstem [HHM.T) ﬂ

User Symbols Uzer Symbolz

Stz Tent v Automatic otz Tent [~ Automatic
|TEMPEHATUHE_KE LM Heat Capacity far Spstem [Cp)

Back... [ Mew Graph "indow Mext | Cancel | Help

Menu  Layers Format Diagram

'—G_\gl Switch Axes

THERMO.CALC 2008.08.18:16.20)
DATABASE:PTERN
P=1.01325E5, N=1, W{MG}=0.15, W(SI)=9E-2;
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f=1,245E+03 ¥ = §,7E+01
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9 Calculate Second Order Transition Line in Al-Fe System

1. Click the Elements button in the MAIN window and select database SSOL4 and elements
Al and Fe from the periodic table.

2. Reject all phases and select LIQUID, B2 BCC, BCC A2 and A2 BCC (disordered part of
the B2 BCC).

COX

Alphabetic List] Periodic Table Phases | Constituents

Rejected Phaszes: Selected Phazes:

L12_FCC - < LIGuD:L
BCC_B2 —1 |BZ_BCC
[OMIC_LIGUID: Y A2 BCC
FCC_A1 4 BCC_a2

HEP_ZM
DIAMOND_éd

BCT A5
TETRAGOMAL_U
CBCC_A12

CLUE_213
ORTHORHOMEIC_A20
LAVES_C14
L&VES_C15
LAVES_C36

FE4N

aLM_DO19
ALCE_AMORPHOUS
ALCU_THETA
ALCUEN_T

AL2FE v

<%

b aterial... M et Cancel Help

3. Click Next to come to the CONDITIONS window. Select the composition unit mole-
fraction and set the amount of Al to 0.4, and the temperature to 400 K.
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Set Reference State ] deer Sprmbols 1 Start Walues ]
Nurnber af Missing Conditions |1 Components ] Advanced Conditions ] Phases ]

Temperature (400 K Composzition Unit | Mole-fraction +
Pressure 101325 g Fedefine.. | Component Walug Candition
AL 0.4

Composition «

Sustemn Size |Moles _'_I J'I rmles FE Composition - |

-l Defined Conditiohs in 51 Units

400
1.01325E5
1

T
wowon

Fized Phazes

Back... J ScriptManagement...J Show\r‘alue...l Compute Mext J Cancel I Help J

4. To see how Al and Fe distribute on the sublattices click the Options in the MAIN window
and select Output. Select Constitution and Composition and click Ok, then click Compute.
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£ QUTPUT

Feszet to Default

[ Sawve equlibrium output to file:

[w Evwery output in new window

Fraction Order
{* alue Order

(" Alphabetical Order

Fraction Type
i+ Mazz Frachon

i Male Fraction

Compozition Only?

(" Composition

f+ Constitution and Composition

Stable Phasesz Only?
{* Stable Phazes Only

" AllHon-suspended Phases

k. Cancel Help
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EEX

File Edit Applications Script  Options  Window Help

=2E = Elements. .. M aterial..

Output from POLY-3 i
 to jul 03 2008 12:16:42 |

Database: S50L4

Conditions:
T=400, P=1.01325E5, N=1, ®(AL)=0.4
DEGREES OF FREEDOM O

Temperature 400K (127C, 260F), Pressure 1,013250E4+05
Mumber of moles of components 1,00000E4+00, Mass <,43010E+01
Total Gibbs energy -2,21426E+04, Enthalpy -2,552850E+04, “Yolume 0,00000E+00

Component Moles Mass-Fraction Activity Potential Ref State
AL 4,0000E-01 2,4362E-01 4,1974E-08 -5,6493E+04 SER

FE 5,0000E-01 7,5638E-01 4,1248E-04 -2,5919E+04 SER

B2 _BCC#Z STATUS ENTERED Driving force 0,0000E+00

Number of moles 1,0000E+00, Mass 4,4301E+01
Mass fractions:

FE 7,56376E-01 &L 2,43624E-01
CDnStitutiun:

Sublattice 1 Number of sites 0,5

FE 1,0000E+00 AL 4,2288E-06 WA 1,8447E-10
|Sublattice 2 Mumber of sites 0,5

.QL 8,0000E-01 FE 2,0000E-01 %A 1,0000E-12
Sublattice 3 Wumber of sites 3
WA 1,0000E+00

5. Change the condition for the amount of Al to be that of a difference in site-fractions in the
two sublattices. Remove the X(4L)=0.4 condition and enter Y(B2 BCC#2,FE#I)-
Y(B2 BCC#2,FE#2)=1E-2 under the Advanced Conditions tab in the CONDITIONS

window.

6. Click Next to open the MAP/STEP DEFINITION window. Set one axis variable to 7" with
min and max values 400 K and 2000 K, and step length /0. Then click Next.
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#* MAPJSTEP DEFINITION

Az 1

W ariahle

T [

Min [K] |Step length e ()

400 10 |2000
[v Owerwrite Previous Calculation | Step Separate
=

Back... Script Management. .

iz 2

W ariahle

MONE Bl

Min (K] Mo of steps = M K]

‘ M et | | Cancel

Help ||

7. Select Mole-Fraction of Fe in All phases and Temperature as diagram axes. Click Next to

plot.

#* DIAGRAM DEFINITION

Diagram Axes l Scaling ] User Symbals ] Advanced Diagram Sxes ]

Temperature Unit

Compogition Lnit

EEX

X FE]

Back... [ Mew Graph Window

" Celsiuz o Males -
* Kelvin " Maszs
" Fahrenheit
Diagram Title
H-Axis Y-Axis
Variable Wariable
| Compogition ﬂ | Temperature j
Far Campaonant Far Phaze
FE - ALL -
bz Teut v Automatic odiz Tewt [T Automatic

TEMPERATURE_KELYIM

Mext Cancel Help
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Menu Layers FEormat Diagram

Switch .t'-‘w:esl

mES)

Label Option | Hone LI [~ Colaor

THERMO-CALC (2008.07.03:12.20) :

DATABASE:SSOL4

P=1.01325E3, N=1, Y(B2_BCC#2,FE)-Y(B2_BCC#2,FEZ2)=1E-2:
1800 1 I I I

16004 F

— _—'I —

= ] )

= = =

e & 3
T

TEMPERATURE_KELVIN
£
?

[=x]
=
IF

4DD T T T T T T T
& 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95
X(".FE)

I %= 1,3156+00 ¥ = 1,210E+03

8. To plot the transition line in the Al-Fe phase diagram save the plot on an experimental file

(e.g. example9.exp).

saveas
Save in: IE}TEWE j ] IfF '

2

File narne: Iexampleﬂ j
=

Save as type: IE:-:perimentaI File [".exp]

Save

Cancel |
A
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9. Close the GRAPH window and select Elements in the MAIN window. Reject all phases
and select LIQUID, FCC Al, B2 BCC, BCC A2, A2 BCC, ALI3FE4, AL2FE, ALSFE?2
and AL5SFE4. Finally, click Next.

S[=/e3

flphabetic List ] Periodic Table FPhazes | Constituents

Rejected Phaszes: Selected Phazes:
LAavES_C14 - < LIQID:L
LAVES_C15 0 —1 |FCC_A1
LavES_C36 B2 _BLCC
FE4M » BCC_A2
ALM_DO19 —  |AZ_BCC
ALCE_AMORPHOUS ALT3FE4
ALCU_THETA ALZFE
ALCUZM T ALBFEZ
ALEFE4
ALdkAM

ALERMM

ALT1MN4

ALTZMM

ALMO

ALMB3

ALIME

ALIMIZ

ALTI

FESE = |

FELE

FEZ2U " >

b aterial... I et Cancel Help

10. Enter T=1300 K and X(AL)=0.3. Click Next.
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#= CONDITIONS

Set Reference State ] deer Sprmbols ] Start Walues
Nurnber of Missing Conditions |0 Components ] Advanced Conditions ] Phases ]

etupeetie 1300 K Compogition Unit | Mole-fraction =
- Component Walue Caondition
101325 Redefine. ..
e 3 AL 03 Composition *

FE Composition = |

Syztem Size |Moles _Ll J'l moles

-l Defired Conditiohs in 51 Units

T=1300
P=1.01325E5
M=1
AaL=0.3

Fized Phazes

Back... J ScriptManagement...J Show\r‘alue...‘ Compute Mext J Cancel I Help

11. Set X(AL) as axis variable for x-axis and T as axis variable for y-axis and click Next to
map the phase diagram.

#* MAPJSTEP DEFINITION

Az 1 iz 2

W ariahle W ariahle

[<iaL) ~l T |

3
Min [No of steps | M Min (K] Mo of steps | M )
0 |50 I 400 |50 |2273
[v Owerwrite Previous Calculation I
[v Generate Automatic Start Points
Back... Script Management. . M et | | Cancel Help |I

12. Select Mole Fraction of Fe and Temperature as diagram axes and click Next to plot.
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+* DIAGRAM DEFINITION

Diagrarn Axes l Scaling ] Uszer Symbols] Advanced Diagram Ares
Temperature Lnit Compagition Unit
" Celsius o+ Moles [~ Percent
+ Kelvin " Mass
" Fahrenheit
Diiagram Title
K-Axis Y-Axis
Wariable W ariable
| Composgition j | Temperature j
For Component For Phase
FE - SYSTEM
Wiz Tt v Autamatic otis Tewt v Autamatic
|MDLE_FHAETIDN FE TEMPERATURE_KELVIM
Back... [ Mew Graph Window Cancel | Help |

Menu Layers Format Diagram

3| AddLabel Flemov Al Lsteks Switch Aies

Label Option | Mane LJ I

THERMO-CALC {2008.07.03:12.31) :
DATABASE:SSOL4
P=1.01325E3, N=1;

2009 1 1 1 1 1 1 1 1 1

18004 -

16004 F

14004 B F

dd
=2 M
[— I —)
£

TEMPERATURE_KELVIN
=
=
S

=x)
=
IF-

400 T T T T T T T T T
& 0 01020304 0350607 0809 1.0

MOLE_FRACTION FE

ALEFE+BZ_BCOCH#2 A =4,297E-01 ¥ = 8,31E+02

13. To plot the transition line in the phase diagram select Append under Menu and find the
experimental plot file created earlier (example9.EXP).
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+~ APPEND / REMOVE E]

Append files:

Files with checked boxes will be appended
Uncheck the box to remove the file.
Click Add... to add more files to the list.

oK Cancel

open 21|
Lock ire | (3 TCwS T o+ =k F-

Desktop

4

by D ocuments
‘i![
ar

Iy Computer

iy,

-«

File name: IexampleS.EXF'

Open I
Cancel |

Lef Lo

Files of type: I EXP-files [*.exp)

7~ GRAPH

Menu Lavers FEormat Diagram

":.'\ Add Labelé Femave &l L ] Switch AHBSJ

LabeIDption]Nnne _:] [T Colar

o

[E]
X

THERMO-CALC (2008.07.03:12.33) :
DATABASE:SSOL4
P=1.01325E5, N=1:

2000 1 1 1 1 1 1 1 1 1

18004 -

16004 3

14004 L

TEMPERATURE_KELVIN

A 0 0.10.2 0304 050607 05039 1.0
MOLE_FRACTION FE

ALZFE+BZ_BCC#Z [ % =4,217E-01 ¥ = B,05E+02
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10 Calculate the CaO-SiO2 System

1. Click the Elements button in the MAIN window.

2. Select database PION and elements Ca, Si and O from the periodic table.

3. Reject all phases and select only those we know should be stable in this system;
CRISTOBALITE, TRIDYMITE, QUARTZ, LARNITE, HATRURITE, RANKINITE,
PSEUDO_WOLLASTONITE, WOLLASTONITE, HALITE:I, OLIVINE, and

IONIC_LIQ:Y.

Rejected Phaszes:

S[=/e3

flphabetic List] Periodic Table FPhazes | Constituents

Selected Phazes:

Liguig:L < CRISTOBALITE
GAS:G —1 |TRIDYMITE
: LUARTE
BCC_A2 » LARMITE
ClAaMOND_FCC_Ad ~  |HATRURITE
ALPHA_Ca25104 RAMEIMITE
ALPHA_PRIME_CAZS5I04 PSEUDO_WOLLASTOMITE
HCP_A3 WOLLASTOMITE
CBCC_A12 HALITE:!
CUB_A13 OLIWIME
Ca2s] IOMIC_LIG:Y
CASI
CAas|2
CRasl
CRSI2
(LY
E
b aterial... I et Cancel Help

4. Next, reject the following constituents from the IONIC LIQ:Y phase: VA#2 and SI+4#1.
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Alphabetic List | Periodic Table | Phases Constituents

Selected Phazes: Fejected Conztituents: Selected Conztituents;
[Ca+2 S1+41[0-25104-4 WA )1

CRISTOBALITE Sl+441 < Ca+241
TRIDYMITE Wi — 1 |0-242
HUARTS S|04-482
LARMITE ¥

HATRURITE o

RAMEINITE

FSEUDO_WOLLASTOMN
WOLLASTOMITE
HALITE:|

CLMIME

IOMIC LIG:Y

<L

]

[
|
[
|

b aterial... M ext Cancel Help

5. Click Next to come to the CONDITIONS window. Define more convenient components
than the elements. Click Redefine and enter CAO, SIO2 and O. Click Ok to return to the
CONDITIONS window.

6. Enter temperature (2000 K), pressure (1ES Pa) and size of the system (1 moles). Enter
oxygen activity equal to one (ACR(O)=1) and mass-fraction 4E-1 for the SIO2 component.
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7 CONDITIONS M=1E3
1 l

Components 1 Advanced Conditions Phases
Mumber of Missing Conditions |0 Set Reference State ] IJser Symbols Start Values

Temperature ]2EIEIEI K

Prossure  [T0000D Pa Phase [IOMIC_LIO [CA+2)6(0-2.5104-4.5102)2 |
‘:1 I.I S Armount |0 mnales

M ajor Constituent(z]

Syztem Size |Molez

&l Defired Canditions i 51 Units Sublattice td ajor Constituents tinor Constituests
Sublattice #1 ERE . | [sioad

T=2000 Sublattice #2 S102
F=1ES
M=1 g
ACR[D]=1
®[5102)=0.4

<4
Fixed Phazes 5y

g = gm =
Faree Start Values ‘ Phase Constituants. . ‘

Back. .. I ScriptManagement...‘ Shnw\-"alue...J Cormpute I et I Cancel J Help I

7. Click Start Values tab and change the major constituent in sublattice 2 in IONIC_LIQ to
0O-2.

8. Click Compute to perform an equilibrium calculation for the given conditions.
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CEX

File Edit Applications Script Options  Window  Help

EH [HED Elements... Material... &
g |

Database: PIOM N

Conditions: |

T=2000, P=1E5, N=1, ACR{D)=1, £{5102)=0.4
DEGREES OF FEEEDCM O

Temperature 2000K (1727C, 3140F), Pressure 1,000000E+05
Nurnber of moles of components 1,00000E+00, Mass 5,762806E+01
Total Gibbs energy -9,93143E+05, Enthalpy -6,61289E+05, “Yolume 0,00000E+00

Component Moles Mass-Fraction Ackivity Potential Ref.State
CAao 6,0000E-01 5,8334E-01 2,4259E-23 -8,6593E+05 SER

0] 0,0000E+00 -3,1312E-17 1,0000E+00 0,0000E+00 SER
SIC2 4,0000E-01 4,1666E-01 1,1989E-31 -1,1240E+06 SER
IONIC_LIOQ#1 STATUS EMNTERED Driving force 0,0000E+00

Number of moles 1,0000E+00, Mass 5,7631E+01

Mass fractions:

CAaC 5,83340E-01 SIC2 4,16660E-01 © -3,13116E-17
Constitution:

Sublattice 1 Mumber of sites 2

CA+Z2 1,0000E+00

Sublattice 2 Mumber of sites 2

SI04-4 7,4336E-01 SI0Z2 Z2,5133E-01 O-2 5,3096E-03

|

9. Click Next to come to the MAP/STEP DEFINITION window.

10. Select X(SIO2) and T as axis variable 1 and 2 respectively. Enter 0 and 1 as limits for axis
1 and 1500 and 3500, with step length 50, as limits for axis 2.

#* MAPJSTEP DEFINITION E]E]

Az 1 iz 2
W ariahle W ariahle
[(502) | T Bl
3
Min [No of steps | M Min (K] Mo of steps | M )
0 |50 I 1500 |50 |3500
[v Owerwrite Previous Calculation I
[v Generate Automatic Start Points
Back... Script Management. . M et | | Cancel Help |I
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11. Click Next to execute the map command.

12. In the DIAGRAM DEFINITION window the suitable diagram axes should appear
automatically (X(SIO2) on x-axis and Temperature Kelvin on y-axis). Just click Next to
plot and choose Axis quantity in the Label Option menu. .

Menu  Layers Format Diagram

Fiedefine aHes...I = | Add Label| Femioy: b J Switch Axes

Label Option |.-’-‘-.:<is quartity

THERMO-CALC &003.05.23:13.45} :
DATABASE:PI10Q
P=1E5, N=1, ACR{O}=1;

3200480 1 1 1 I 1 I 1 I E T
ZiIMIC L lwe
3000, L LARNITE
5:RANK N ITE
28004 L g;réﬁl%ﬂ_em\i;'DLLASTDNITE
§ A0:IONIC_LIGR2
= 26004 .
L
=, 24004
&
= 22004
=
é 20004
(V]
e
= 18004
=
1600
1400

A 0 0.102 0304 050607 0809 1.0
MOLE_FRACTION S102

HALITE+HATRURITE ¥ =1,004E-01 Y = 2,173E+03
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11 Calculate A3 Temperature and Its Dependence on
Alloying Element

1. Click the Elements button in the MAIN window.
2. Select database TCFEG6 and elements C, Cr, Fe, Mn, Nb and Si from the periodic table.
3. Click Next to come to the CONDITIONS window. Enter compositions in mass-fraction

and the temperature: W(Cr)=1.5E-2, W(C)=3E-3, W(Mn)=5E-3, W(Nb)=1E-3,
W(Si)=3E-3, T=1100 K.

#= CONDITIONS

Set Reference State ] |Jzer Symbals ] Start W alues ]
Number of Mizzing Conditions ]U Canponetts l Advariced Conditions ] Phazes ]

Tetupeetie 700 K Compogition Unit | Mass-fraction  +
- Component Walue Caondition
101325 Redefine...
Pressure FPa C I Composition )

Suslom iz | Males j J1 itles CR 1.5E-2 Composition +
FE Composition |
MM BE-3 Composition ¥ |
Al Defined Conditions in 51 Units ME 1E-3 Camposition |
51 3E-3 Composition ¥ |
T=1100
P=1.01325E5
M=1
W[ C)=3E-3
PN )=5E -3
WMB]=1E-3
W[S1]=3E-3
WwiCR]=1.5E-2

Delete

Fized Phazes

Back... J ScriptManagement...J Show\r‘alue...‘ Compute Mest J Cancel I Help

4. Click Compute to perform an equilibrium calculation for the given conditions.

5. Fix the BCC A2 phase with zero moles and remove the temperature condition.
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#= CONDITIONS

Degrees of freedom ]-1

Temperature (1100 K
Pressure  |101325 Pa

Syztem Size |Moles _Ll J'l moles

-l Defired Conditiohs in 51 Units

T=1100
P=1.01325E5
M=1
Ww[C)=3E-3
WMM)=5E-2
WNB]=1E-3
W[51)=3E-3
W[CR]=1.5E-2

Delete

Fized Phazes

BCC_&2=0.00

Back... JScriptManagement... Show Yalue. .

Set Reference State ] deer Sprmbols ] Start Walues
Components I Advanced Conditions Phases
Phazes Statusz Moles

LIQUID ENTERED 1.00 A
ATACT ENTERED .00 5

BCC_A2
CEMENTITE ENTERED
CHI_A12 ENTERED
CR3ICI ENTERED
DIAMOND_FCC_A4 ENTERED
FCC_k1 ENTERED
FCC_AL1#2 ENTERED
FE2SI ENTERED
FE4H_LP1 ENTERED
FESST2C ENTERED
FECH_CHI ENTERED
GRAPHITE ENTERED
Phase Status:

FIXED ~| Jooo

o e e Y e e e e
]
o

moles

Fhaze Conditions. ..

Add Compozition Set.. ‘

1

Compute

Mext

Cancel I

Help

6. Click Compute once more.

7. To get the Az temperature click Show Value button and choose Temperature Kelvin in the
SHOW VALUE window. Click Show to see the value.
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= CONDITIONS

Set Referance State | Uzer Spmbals | Start Yalues ]
Mumber of Mizzing Conditions ]U Components ] Advanced Conditions ] Phazez ]

Temperature ]— K. Cornpasition Unit W
Pressure  |101325 Pa Redefire... | Companent Walue Condition
C 3E3

Compozition -
o it IMoles ‘j I1 e CR 1.5E-2 Composition -
FE Cormposition |
MM RE-3 Composition |
~aill Defined Conditions in 51 Units MNB 1E-3 Composition |
| 3E-3 Composition = |
P=1.01325E5
M=1
WIC)=3E-3
"WwtM)=5E -3
WNB]=1E-3
Ww[S1)=3E-3
'w/CR)=1.5E-2

Delete

Fired Phases

BCC_&2=0,00

Back. .. Script M anagement....

Compute Mest ‘ Cancel ‘ Help

£ SHOW. VALUE
Temperature and Pressure Potential and Activity
|Temperature K.elvin j | j
Compositional Variables Phasge Variables
Energy Yariables Additional Quantities
Partial Derivatives

User Symbalz

| [

Show Yalue of: |T-K

[Value
1071.61

[+ Calculate Equilibriur Clear Cloze

8. To investigate the dependence of the Az temperature on alloy composition, try changing
one of the mass-fractions and click Compute after each change. Click Show in the SHOW
VALUE window to see the new temperature.
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12 Mapping of Univariant Equilibria of Liquid in the Fe-C-
Cr System

1. Click Elements in the MAIN window.

2. Select PTERN from the Database list and then click alloy elements Fe, C, and Cr in the
periodic table. Click Next.

3. Specify the concentrations of C and Cr as / and 5 mass-percent, respectively and change
the temperature to 2000 K. Click Next.

#= CONDITIONS

Set Reference State ] |Jzer Symbals ] Start W alues ]
Number of Mizzing Conditions ]U Canponetts l Advariced Conditions ] Phazes ]
Tetupeitie Tl 2000 K Composzition Unit | Mazs-percent +
Proscre 1101325 o Fedefing... Component Walue Eonc!it.inn
FE 2% Composition ¥ |
System Size |Maoles j J1 rmales C 1 4 Composition =
CR b = Composition |

All Defined Conditions in 51 Units

T=1000
P=1.01325E5
M=1
WIC)=1E-2
W[CR]=5E-2

Fized Phazes

Back... J ScriptManagement...J Show\r‘alue...‘ Compute Mest J Cancel I Help

4. Set the variable for Axis 1 to W(C) and the variable for Axis 2 to W(CR). Click the arrow
on the right of the window, and the panel for Axis 3 appears. Choose T as the variable for
the third axis and select LIQUID as the Present Phase since we are going to map the
univariant equilibrium lines for the liquid phase. Click Next.
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+* MAPJSTEP DEFINITION

Az 2 Auiz 3

Y ariable Yarable Set Present Phasze

'WICR] | T -] LIGUID: -

4
Min (%) Mo of steps =) Man (] Min (K] Mo of steps =l Man K]
|0 |50 oo |773.15 |50 227315
[w Owerwrite Previous Calculation [

|v Generate Automatic Start Points

Back... Script M anagement... | Mext | | Cancel Help |I

5. The default axes are mass-fraction of C and CR in the LIQUID phase. Accept this choice
and click Next.

# DIAGRAM DEFINITION
Diagrarn Awes ] Scaling ] User Symbols ] Advanced Diagram Axes
Temperature Unit Composition Uit
" Celsiug " Moles [~ Percent
" Kebhin &+ Mazs
" Fahrenheit
Diagram Title
X-Axiz -Axig
“ariable “ariable
| Composition j | Composition j
For Component For Phaze For Component For Phaze
[5 - LG - CR - LiGguip -
St Tent v Automatic s Tt v Automatic
[w/LIGUID C) [W(LIOLID CR)
Back... [ Mews Graph Window i Mewt  : Cancel Help

6. The univariant lines of the liquid phase are plotted.
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Menu  Layers Format Diagram

Redefine axes. |

=4 l Switch Axesl

Label Optian |None Lj I

THERMO-CALC EDDB.DG.ZB:M.ZD} 3
DATABASE:PTERN
P="1.01325E5, N=1;

1.0 1 1 1 1 1 1

0.9 :
0.8 L
0.7 L
0.6 i
0.5 L
0.4 L
0.3 :
0.2 L
0.1 :

0
A 002 0.04 0.06 0.08 0.10 0.12 0.14

W(LIQUID,C)

W(LIOUID,CR)

®=2,671E-01 ¥ = -4,819E-01

7. To identify the regions of different primary phases, choose Stable phases in the Label
option menu and check the color box.

Menu  Layers  Format Diagram

Redefine axes...J : l Switch Axesl

Label Option |Stable phages

THERMO-CALC EDDB.DG.QB:H.M} i
DATABASE:PTERN
P=1.01325E5, N=1:

1.0 D . L L L 1:*CEMENTITE LIQUID FO FCC_M#2
2*CEMENTITE LIGLID FO GRAPHITE
0.94 | 3:*CEMENTITE LIGUID FO M7C3
0.8 sL1QUID FO FCC_MH1 M7C3
’ 7+L1QUI0 FO BECCAZ M7CF
0.74 | &*L1G0I0 Fo BEC A2 M23Ce
: 3:+L1QUI0 FO M23Ch M7C3
= 0.6 I A1:#GRAPHITE LIGUID FO M3C2
o 12#M3C2 LIQUID FO M7C3
= 0.5 | 43*FCC_M& LIGUID FO GREPHITE
5
2 0.4 L
=
= 0.3 -
0.24 =
0.14 -
d i
D T T - T T T T
g 0 002 0.04 006 0.08 0.10 0.12 0.14

WLIQUID.C)

W=3,447E-01 ¥ = 1,173E+00
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13 Plotting of Partial Pressure of Gas Species Along
Solubility Lines in As-Ga Phase Diagram

1. Click Elements in the MAIN window. Select database PG35 and elements 4s and Ga in
the periodic system.

2. Reject all phases and select phases LIQUID, RHOMBO A7, ORTHO, FCC B3 and GAS.
Click Next.

3. Enter the conditions T=1200 K and X(GA)=0.3. Put the GAS phase as DORMANT, which
means that the phase is not considered in the equilibrium calculation but the driving force
is calculated.

Set Reference State ] Uzer Symbals ] Start Values ]
Mumber of Missing Conditions ]U Components ] Advanced Conditions Phazes
Temperature  |1200 K. Phases Statuz toles
GAS DORMANT
Pressure  |101325 Pa FCC_B3 ENTERED 0.oo
LIQUID ENTERED o.on
; ORTHO ENTERED .00
Sstem Size | Moles =l males RHOMEO 47 ENTERED 0.00
&ll Defined Conditions in 51 Units
T=1200
F=1.01325E5
M=1
HGA=03
Fhase Status:
Fixed Phazes

Phase Conditions...

Add Composition Set... |

Back... ISCliptManagement... Showva Walue. . Compute MHest I Cancel J Help

4. Click Compute.

5. From the equilibrium calculation it can be seen that the GAS phase would like to be stable
(positive driving force) but it is not allowed to form as it is dormant. Click Next.

61(93)



CEX

File Edit Applications Script Ophions  Window  Help

=H [ L & Elements... Material...

Cc:mpu:unent Moles Mass-Fraction Activity Potential RefState -~
|05 7,0000E-01 7,1488E-01 1,2211E-03 -6,68929E+04 SER

G4 3,0000E-01 2,8912E-01 1,2244E-06 -1,3582E+05 SER

GAS#H1 STATUS DORMAMNT Driving force 8,1174E-01

Nurnber of moles 0,0000E+00, Mass 0,0000E+00

Mass fractions:

AS 1,00000E+00 GA 8,46591E-11

Constitution:

|A54 9,8021E-01 AS2 1,7782E-02 AS53 2,0077E-03 AS1 Z2,3051E-07 GAl 3,5519E-10 AS1GAl1 5,2777E-]

FCZ_B3#1 STATLIS ENTERED Driving force 0,0000E+00
Nurnber of moles 4,9425E-01, Mass 3,5745E+01

Mass fractions:

A5 5,17972E-01 G4 4,82028E-01

Constitution:

Sublattice 1 Number of sites 0,5

G4 1,0000E+00

Sublattice 2 MNumber of sites 0,5

A5 1,0000E+00

LIGUID& LSTATUS ENTERED Driving force 0,0000E+00

Nurnber of moles 5,0575E-01, Mass 3,7617E+01

Mass fractions:

AS 9,01993E-01 G4 9,80068E-02

Constitution: =
A5 B,93453E-01 G4 1,0435E-01

6. To map the phase diagram set X(GA) with range 0 to 1 and T with range 300 to 2000
(step length 25) as axis variables. Click Next to map.

+* MAPJSTEP DEFINITION E]E

Az 1 iz 2
W ariable Yarable
[#(6a) = T []
[ 3
Min Mo of steps =l Man Min (K] |Step length | b K]
0 |50 1 |300 |25 2000
[vw Owenwite Previous Calculation I
|v Generate Automatic Start Points
Back... Script M anagement... Mext | | Cancel Help |I

7. Accept the default diagram axes. Click Next to plot the As-Ga phase diagram.
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# GRAPH FEX

Menu Layers Format Diagram
Redefine aHes...I = | Add Label| Femove =ul: J Switch Auxes
Tislines [ = Label Dption [Auis quantiy
THERMO-CALC 152003.03.19:11.4?} x
DATABASE:PG3
P=1.01325E5, N=1;

1600 1 1 1 1 1 1 1 1 | 1F|:C_B3
2:RHOMBO_AT
s:Liauin

14004 3 =

=

= 12[“]—3 =

|

L

=| 10004 =

w

5

E 300—2 |

E 6004 -

=

w

= 4004 F

20'} T T T T T T T T T

& 00102 0304050607 080910
MOLE_FRACTION GA
FCC_B3+RHOMBO_AT ~=2,085E-01 ¥ = 4,92E+02

8. Now, one may be interested to know the partial pressures of the different gas species
along the solubility lines. Click Redefine to return to the DIAGRAM DEFINITION
window. Click the User Symbols tab and enter a number of functions and collect these in a
table (see below).
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#* DIAGRAM DEFINITION |Z| |E| fgl

Diagram Axes ] Scaling  Yeer Symbols | ddvanced Diagram Sxes

Al Defined Symbols

PAS3- 434FLNACR[AS3.GAS)

PAST= 43431 NACR[AST GAS)

PAS2= 43431 NACR[AS2.GAS)

PAS= 43431 NACR[AS4.GAS)

PASGA= 434TLNACRIASTGAT GAS)
PGAT= 434FLNACR(GAT.GAS)
T=1000/T

PP=PAS1 PAS2 PAS3 PAS4 PASGA PRAT

Type Mame

|Table =l |

Expression

Delete Symbal

Stz Text v Automatic otz Text v Automatic
|MDLE_FF|ACTIEIN G TEMPERATURE_KELYIN

Back... [ Mew Graph Window Mext Cancel Help

9. Go to the Advanced Diagram Axes tab and set IT on the X-axis and table PP on the Y-axis.
Click Next to plot. In the GRAPH window select Axis quantity in the Label Option menu.

#* DIAGRAM DEFINITION

Diagram Axes ] Scaling ] Usger Symbols  Advanced Diagram Axes

Diagram Title

X-Axis Y-Axis

Temperature and Pressure  Potential and Activity Temperature and Prezzure  Potential and Activity

Compozsitional ¥ ariables Phasze Yanables Compositional ' ariables FPhase ‘ariablez

| = = | =l =

Energy Yarables Additional Quantities Energy ariables Additional Quantities

| -] | [~ | =] | [~

Partial Derivatives Partial D erivatives

| = | =

User Symbals User Symbals

IT - FF -

Sefimie Tt v Automatic ofiis Temt [~ Automatic
|FUNCTIDN IT TABLE PP

Back... ™ MNew Graph Window et Cancel Help
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Menu Layers Format Diagram

I-E\EJ Switch .t'-‘u:es]

Tielines |0 j Label Optian |A:-:is quantity Lj [ Calor

THERMO-CALC 152003.08.19:11.59} :
DATABASE:PG3
P=1.01325E5, N=1:

3 ' ' ' ' ' 1117,

PARTIAL PRESSURE

*=10,657E+00Y = -3,195E+01
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14 Scheil-Gulliver Simulation of Solidification for an Al-
Based Alloy

Click j in the MAIN window.

Select PTERN from the Database list and then click alloy elements A/, Mg, and Si in the
periodic table. Click Next.

Specify the concentrations of Mg and Si as 2 and / mass-percent, respectively. Click Next.

/% SCHEIL CONDITIONS

Compozition Lmit
Murnber af Mizzing Conditions |0 Rl :|v
[ Allow BCC -» FCC
Start Ternperature |22?3,1 ] k. Fast
Companent Walue Driffuzer
Temperature Step |'| K AL 5 r
MG 2 4 [
5l 1 4 [
Redefine Components... |
All Defined Conditionz in 51 Units
T=2273.15
WikG)=0,02
*W(511=0.01
Mext Cancel Help

1. Accept the default X and Y —Axis variables by clicking Next. The solidification range
diagram is plotted.
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2. Check the Show Equilibrium Line box to add the equilibrium solidification curve.

Menu  Lavers Formakt Diagram

Redsfine a:-:es...{ = I

Label Option |Stable phazes L] v Calar

THERMO-CALC E[II]B.IJG.H:H.DB} :
DATABASE:PTERN

G50 ] ] ] 1 ] ] ] ] 1 1 LIguID
2 LIGUD FCC_m
6404 3: LIGUIDO FCC_pd MG251

4: LIQUID DISMOND_g4 FCC_81 MG2SI

_I.I\.ia
P F

[ L 5 BT, I~ S — 7 T~
0 @
T 7

(=]
?

TEMPERATURE_CELSIUS
b |
?

5604 4

350 T T T I T T T T
& 001020304 050607 0809 1.0

Mole fraction of all solid phases

¥ =2, 000E+00 Y = 5,14E+02

3. Click Redefine and the SCHEIL DIAGRAM window reappears. In the X-axis panel,
change the Phase option to FCC Al. In the Y-axis panel, choose Mass fraction, MG, and
FCC Al under the Variable, For Component, and Phase options, respectively. Enter
Microsegregation of Mg for the Diagram Title. Click Next

67(93)



+ SCHEIL DIAGRAM

Diagram &xis } Scaling]

Dviagram Title

Microzegreqation of Mg
X-Axis Y-Axis

W ariable W ariable

M5 j M asz fraction j

Phasze For Component  Phaze

=] [+ MG | [Focar -

Az Tent v Automatic Bz Text

v Avtarmatic

Male fraction of a zolid phaze |W[FEE_.-‘-‘-.'I M)

Back... [ Mew Graph ‘window Mext Cancel

Help

The diagram for the microsegregation of Mg in this alloy is plotted.

Menu Layers Format Diagram
2y

Label Option |Stable phazes ;] v Color

THERMO-CALC EODB.OG.23:1?.11} :Microsegregation of Mg
DATABASE:PTERN

29 1 1 1 1 1 1 1 1 1 1: LlQL”D
2 LIgUID FCC_a
& LIGUID FEC_p1 MG2S!
18 | #LIouiD DImMOND s Foo et Me2si
16| | L
o :'!
= 14 |t
= |
! 12 | £
¥ |
L L
= 10 K:
B |4‘
10 ‘
ﬁ T T T T T T T T T
& 0 01020304 050607 0809 1.0

Mole fraction of a solid phase

¥ =7,0Z8E-01 ¥ = 2,545E-02
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15 Scheil-Gulliver Simulation of Solidification for a Steel
with Back Diffusion of Carbon in Solid Phases

1. Click j in the MAIN window.

2. Select PTERN from the Database list and then click alloy elements Fe, Cr, and C in the
periodic table. Click Next.

3. Specify the concentrations of C and Cr as / and /0 mass-percent, respectively and check
the Fast Diffuser box after C. Click Next.

#* SCHEIL CONDITIONS D@@

Composgition Uit

Humber of Mizzing Conditions |0 S T :|v

[ &llow BCC - FCC

Start Temperature |22?3,15 K ngt
Compatient Walle Dhiffuszer

Temperature Step |1 K FE & —

CR 10 4 [

C 1 4 [

Fedefine Components. .. |

All Defined Conditions in S| Unitz

T=2273.15
WICR]=0.1
W[C]=0.01

M et Cancel Help

4. Accept the default X and Y -Axis variables by clicking Next. The solidification range
diagram is plotted.
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XA LEX

Menu Layers Format Diagram

a/

Label Optian IStable phases LI v Color [~ Shaw Equilibrivm Lire

THERMO-CALC EUDB.DE.Ed:M.dQ} :
DATABASE:PTERN

1460 I 1 1 I I 1 1 1 1 1: LIguiD
2: Llguib FCC
cc

14404 | s LI@NDF

S
dR MTC3

e

_—'I
o
&
=
P
T

TEMPERATURE_CELSIUS

13004 -

E
80 T T T | — T T T T

0 01020304 0506 0.7 0809 1.
Mole fraction of all selid phases

%E

1N W= -1,044E-01 ¥ = 1,443E4+03 7

5. Click Menu — Save. Specify file type as Experimental File (*.exp) and file name as
EXAMPLEI1S. Click Save.

Saveir: |) TCWS x| =k ER-

File name: |ExaMPLETS | save |
j Cancel |
g

Save az type: IE:-:perimentaI File [*.exp]
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6. Click Redefine. In the X-axis panel, change the Variable option to NS and Phase option to
FCC Al. In the Y-axis panel, choose Mass fraction, CR, and FCC A1 under the Variable,
For Component, and Phase options, respectively. Click Next.

+~ SCHEIL DIAGRAM
Diagram Az l Scalingl

NS |

Phase

| |Foo_a

El

Diagram Title
*-Axis Y-Axis
Y ariahle Y ariahle
b azz fraction ﬂ

Far Compaorent  Phaze

CR | |Focar )

Az Text [v  Autornatic Bz Text [ Autornatic
kuole fraction of a zolid phaze |W[FEE_.-5.1 CR]
Back... [ Mew Graph 'findow Mext Cancel Help

7. The diagram for the microsegregation of Cr in this alloy is plotted.
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Menu Layers Format Diagram

/4

Label Option |Stable phazes ﬂ v Color

W(FCC_A1,CR)
[—]
I1-.l

0.07 T T T T T T T T T
& 0 01020304 050607 0809 1.0

THERMO-CALC EOOB.OG.EJ:M.M} :
DATABASE:PTERN

0_1_!_ 1 1 1 1 1 1 1 1 1 1: L|QU||:|
o| B A EEEN wes
0.134 :
0.12
0.1

2
=
B

0.08-

Mole fraction of a solid phase

X =4,217E-01 ¥ = 1,040E-01

10.

11.

12.

13.

Click Menu — Save. Specify file type as Experimental File (*.exp) and file name as
EXAMPLE1S 2. Click Save.

Activate the MAIN window. Click bj We are going to do a simple Scheil simulation
without considering C back diffusion and compare the results.

Click Next. The previously selected database and elements has been kept and no need to
change.

Click Next. Enter the same conditions as before (10 mass-percent Cr, 1 mass-percent C
and T=2273.15) but keep the interstitial box for C unchecked.
Click Next to accept default X and Y-axis variables to plot the solidification curve.

Click Menu — Append and then Add. Select file EXAMPLE15.exp and click Open
followed by OK (make sure the file has the box checked).
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14. The solidification curve from the modified Scheil simulation is now superimposed on the
result of the simple Scheil simulation.

Label Option |Stable phazes L] [v Color ™ Show Equilibrium Line

THERMO-CALC E[II]B.IJG.M:H.SQ} :
DATABASE:PTERN

i: LKzuiD
I LEWID Rz A1E]

i: L B mrc3
1: g

2: LIGUID FCC_mie
H ah

LIGND FCC_MA&2 MPCE

1450 t 1 1 1 1 1 1 1 1 1

14004 L

= —
)
&
=
T

TEMPERATURE _CELSIUS
] =
(5] =
= =

1200 T T T I T T T T
& 001020304 050607 0809 1.0

Mole fraction of all solid phases

¥ =1,703E+00 Y% = 1,223E+03

15. Do the same as Steps 9, 10, 11 and 6. Append file EXAMPLEI5 2.exp in a way similar as
in Step 13. One gets a comparison of solute segregation result from the two simulation
models.

16. Choose Scaling... from the Format Diagram menu. Specify the minimum as (.05 and
maximum as (.71 for the Y-axis. Click Next. A better scaled diagram is drawn.
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Menu Layers Format Diagram

2

A0 0.10.2 0.3 0.1 05 0.6 0.7 0.8 0.9 1.
Mole fraction of a solid phase

Lahel Optian |Slable phazes l] |+ Color
THERMO-CALC EDDB.GG.25:13.43} 5
DATABASE:PTERN e
0.11 1 1 1 1 1 1 1 1 1 :.LI.Q.'LII-.I'D e
20 LIQUID FoC_si#e
A ¥ LIGUID FEC a4z Wrcs
0.10 \
2 '5_
|
0.09 |
& |
H |
I 0.084 |
o' b
g
= 0.07
; |
0.064 |
0.05

¥ =2,004E+00 % = 4,036E-02

Menu  Layers Format Diagram

e o

0.10.2 0.30.4 0506507 0309 1.0
Mole fraction of a solid phase

Label Optian |Stable phases L] v Calar
THERMO-CALC (2008.06.25:13.49) :
DATABASE:PTERN
I LIBUID
2 LIBUID
0-1_!_ 1 1 1 1 1 1 1 1 1 _i%!L?IL'QI.!ﬂ-.I'D.._- &1 73
2: LIQUID FCC_p1#e
0.1 # LIGUID FCCTM#E MTC3
0.124 L
0114 F
=
= 0104 L
b
! 0.0 F
(]

¥ =2,695E+00 Y = 2,434E-02
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16 Calculation of Pitting Resistance Equivalence (PRE) for
a Duplex Stainless Steel

1. Click Elements in the MAIN window.

2. Select TCFEG6 under the Database option and then click alloy elements Fe, Cr, Ni, Mo, C,
N, Si, and Mn in the periodic table. Select the Phases tab. Click <« to reject all phases first,

and then mark the phases FCC A1, BCC A2, HCP A3, M23C6, and SIGMA and click j
to restore only these phases.

& phabetic List] Periodic Table FPhazes Eanstituents]

Rejected Phases: Selected Phazes:

B2 BCC ~ . | [FCC_at
B2 VACANCY | |poc_az
L1Z_FCT HCF_ A3
HIGH_SIGMA > | |mM23cs
GAS:G = |5iGMa
LIGUID:L
DIAMOND_FCC_ad
GRAPHITE
CEMENTITE
M7C3

MEC

MEC2

MaC2

MC_ETA
MC_SHP
KSI_CAREIDE
A1_KAPPA
KAPP,
Z_PHASE
FE4N_LP1
FECN_CHI @

4

M atenial... Mext Cancel Help

3. Click Next. Specify the concentrations of CR, NI, MO, C, N, SI, and MN as 25, 7, 4,
0.002, 0.27, 0.3, and 0.3, mass-percent respectively. Set start temperature to /323 K. The
default temperature unit can be changed by selecting Output in the Options menu in the
MAIN window.
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#= CONDITIONS

Set Reference State ] deer Sprmbols ] Start Walues ]
Nurnber of Missing Conditions |0 Components ] Advanced Conditions ] Phases ]

Temperature 1323 K Composition Unit | Mazs-percent -
Pressure 101325 g Redsfine... | Companent Value Candition
FE % Composition |

Sustemn Size |Moles Ll J'I rmles CR 25 o Composition +
HI T = Composition |
(En] 4 i Composition ¥ |

~ull Defired Canditions in 51 Units C 0,002 o Composition |

N 0,27 oo Camposition |

T=1000 - Sl 0.3 b ition -

P=1.01325E5 = s % Composition - |

M=1 MM 0.3 o5 Compasition ¥ |

WwiCR]=0.25

WwiMI)=7E-2

w[rO]=4E-2

WiCl=2E-B

wi[M]=2.7E-3 5

W[S51]=3E-3 L

TR 2 v

Fized Phazes

Back... J ScriptManagement...J Show\r‘alue...‘ Compute Mext J Cancel Help

4. Click Compute. The phase equilibrium is calculated and the result is shown in a text

window.

CEX

File Edit Applications Scripk Options  Window  Help
EBH &g Elements... Material...

ﬁ- = |
=13)
- N
BCC_A2#1 STATUS ENTERED Driving force 0,0000E+00 3
MNumber of moles 4,4223E-01, Mass 2,467 1E+01

Mass fractions:

FE 6,24173E-01 MO 5,01573E-02 M 3,38915E-04

CR 2,68972E-01 5I 3,51472E-053 C 5,25959E-06

NI 5,03822E-02 MM 2,45631E-03

Constitution:

Sublattice 1 Mumber of sites 1

FE 56,2437E-01 CR 2,8892E-01 NI 4,7957E-02 MO 2,9Z06E-0Z SI 5,9909E-03 MM 2,4977E-03

Sublattice 2 Mumber of sites 3

Vo, 9,9954E-01 M 4,5057E-04 C 8,1542E-06

FCC_Al#l STATUS EMNTERED Driving force 0,0000E+00

Murmber of moles 5,5777E-01, Mass 3,0647E+01

Mass fractions:

FE &6,37001E-01 MO 32,18233E-02 51 2,58565E-03

CR 2,34728E-01 M 4060067E-03 C 3,18660E-05

NI 8,57922E-02 MM 2,43767E-03

Constitution:

Sublattice 1 MWumber of sites 1

FE 6,3834E-01 CR 2,5264E-01 NI 8,1807E-02 MO 1,8363E-02 5I 5,1522E-03 MM 3,5019E-03
Sublattice 2 Mumber of sites 1

We 9,8147E-01 M 1,8382E-02 C 1,4848E-04

Constitution:

Sublattice 1 Mumber of sites 1

FE 6,3834E-01 CR 2,5264E-01 NI 8,1807E-02 MO 1,8563E-02 SI 5,1522E-03 MM 3,5019E-03
| Sublattice 2 Mumber of sites 1

Vo, 9,8147E-01 M 1,8382E-02 © 1,4848E-04

4
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5. Select the Phases tab on the CONDITIONS window. Choose BCC A2 and change the
Phase Status option to FIXED with an amount of 0.5 moles. In a similar way, change the
phase status of FCC A1#2 to SUSPENDED in order to avoid possible trouble with this
suppose-to-be MC carbide phase during calculation. The system is over-conditioned now
and the Degree of Freedom becomes -1. Release the Temperature condition by either
removing 1323 in the Temperature box or marking the T=1323 condition in the list of
defined conditions and then clicking Delete.

7% CONDITIONS A=13

Set Reference State ] |dzer Spmbolz ] Start Walues |
Murmber of Mizzing Conditions |0 Companents ] Advanced Conditions Phazes
Temperature K Phazes Statug Molez
BCC A2 FIXED 050
Pressure 101325 Fa FCC_Al ENTERED 0.56
CC ALE2 SUSPEHDED
HCP_A3 ENTERED 0.00
Syztem Size |Moles j J1 moles HCE A3#? ENTERED o.on
H23Ck ENTERED 0.00
SIGHA ENTERED 0.00
SIGHA#Z SUSFENDED
Al Defined Conditions in S| Units CTGHARS SIISPENDED
P=1.01325E5
WICR)=0.25
WINI=7E-2
WwWitO]=4E-2
WIC)=2E-5
WiN]=2 7E-3
WISI)=3E-3 Phase Status:
WwWitM]=3E-3
SUSPEMDED  =| |
Fixed Phazes

BCC_A2=050 Fhaze Conditions. ..

Add Composzition Set.. ‘

Back... J ScriptManagement...J Show\r‘alue...‘ Compute Mext J Cancel I Help

6. Click Compute. The equilibrium under the defined conditions is calculated. The
temperature for developing the duplex structure in this steel is obtained and can be found
in the equilibrium result window.
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File Edit Applications Script Options  wWindow  Help

=l & B E Elements... Material..

Temperature 1381K (1108C, 2027F), Pressure 1,013250E4+05
Murmber of moles of components 1,00000E+00, Mass 5,53180E+01
Total Gibbs energy -7,86534E+04, Enthalpy 4,13848E+04, Yolume 7,46323E-06

Component Moles Mass-Fraction Activity Potential Ref.State
Iy 9,2112E-05 2,0000E-05 2,7951E-05 -1,2043E+035 SER

CR 2,6597E-01 2,5000E-01 2,0954E-03 -7,0845E+04 SER

FE 6,2530E-01 6,3128E-01 1,3658E-03 -7,5761E+04 SER

] 3,0208E-03 3,0000E-03 2,3755E-0a -1,4873E+05S SER

Mo 2,3064E-0Z2 4,0000E-0Z2 4,7945E-04 -8,7785E+04 SER

] 1,0663E-02 2,7000E-02 6,647 1E-07 -1,6237E+05 SER

MI 6,5978E-02 F,0000-02 1,0967E-04 -1,0473E+05 SER

51 5,9088E-03 3,0000E-03 4, 7824E-09 -2, 20053E4+0%5 SER
BCC_AZ#1 STATUS FIXED Driving force 0,0000E+00

Murmber of moles 5,0095E-01, Mass 2,7933E+01

Mass fractions:

FE &,20060E-01 MO 4,86103E-02 M 4,70180E-04

CR 2,04435E-01 SI 3,46209E-02 C 5,95Z269E-00

MI 5,38048E-02 MM 2,55179E-03

Constitution:

Sublattice 1 Number of sites 1

FE f,2688E-01 CR 2,8412E-01 NI 5,1Z16E-02 MO 2,8306E-02 SI A,8865E-02 MM 2,5949E-03
Sublattice 2 Number of sites 3

Wo 99937E-01 MW 6,2310E-04 < 9,2447E-06

FCC_Aal#l STATUS ENTERED Driving force 0,0000E+00

Murnber of moles 4,9905E-01, Mass 2,7385E+01 -
Mass fractions:

FE £,35993E-01 MO 3,12173E-02 SI 2,52865E-03

CR 2,35276E-01 N 4,97447E-03 C 3,43184E-0S

NI 8,65195E-02Z2 MN 3,45719E-03

Constitution:

A ' |

7. Go back to the CONDITIONS window and select the User Symbols tab to define two PRE
functions. In the Name box, input PREFCC. In the Expression box, input
100*W(FCC,CR)+300*W(FCC,MO)+1600*W(FCC,N). Click Add Symbol. Then, in a
similar way, enter the PRE function for BCC_A2, i.e., enter the name PREBCC and the
expression /00*W(BCC,CR)+300*W(BCC,MO)+1600*W(BCC,N).
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#= CONDITIONS

Components Advanced Conditiong ] Phazes ]
Number of Missing Conditions ]U Set Reference State User Symbals ] Start W alues ]

Temperature K All Defined Symbaols

PREFCC=100"/[FCC_a&14#1 CR+ 300/ [FCC_ATHT MO )+1

Pressure  [101325 Fa PREBCC=100"WI[BCL, A2 CR1+300"WIECE, A2 MO+ 6005

Syztem Size |Moles _Ll J'l moles

-l Defired Conditiohs in 51 Units

P=1.0N325E5
M=1
WCR]=0.25

WiNI=7E-2 Type _ Mame
'wiit0]=4E-2 [Function o J
WiC)=2E 5

WiM)=2.7E-3

WS1)=3E-3 .

W[MM)=3E -2 JE:-tpressmn

Fized Phazes

BCC_&2 =050

Back... J ScriptManagement...J Show\r‘alue...‘ Compute Mext J Cancel I Help J

8. Let’s have a look of the PRE values now. Click Show Value. A window pops up. Choose
the function PREFCC from the User Symbols list and click Show. Do same with PREBCC.

Close the window by clicking Close.

79(93)



2 SHOW VALUE =13

Temperature and Pressure Potential and Activity

| =l =l
Compositional Y ariables Phaze Y aniables

| =l =l
E nergy VW ariablesz Additional Quantities

| =l
Partial Derivatives

|zer Sumbiols
|F"F|EEEE j R

L

L

Show ¥Yalue of: |F'F|EBEE

|‘Jarial:ule | kW hemonic |‘Jalue
FREBLCLC 41,7783

FREFCC 40,852

[v Calculate Equilibrivm Clear | Cloze |

9. Calculate the PRE of duplex steel with different content of nitrogen. Click Next on the
CONDITIONS window. The MAP/STEP DEFINITION window appears. Select W(N) for
Axis I and change Min value to 0./ and Max value to 0.5. Click Next.
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/~ MAPJSTEP DEFINITION

Az 1 iz 2
Wariable Wariable
i) Bl NONE |
[
Min (%] |No of steps =~ Mar () Min |Noof steps R
|01 |50 |0.5 | |
[v Owernarite Presvious Calculation | Step Separate
-
Back... Script M anagement... M ewt | | Cancel Help |I

10. The DIAGRAM DEFINITION window appears. First let’s see how the temperature for
the formation of duplex structure varies with nitrogen content. Select Mass Percent for the
X-Axis and Temperature Kelvin for the Y-Axis. Click Next.

+ DIAGRAM DEFINITION |'-_||'E| El
Diagrarn Awes ] Scaling ] Uszer Spmbals ] Advanced Diagram Axes
Temperature Unit Compasition Unit
" Celsiuz " Moles [v Percent
* Mass
" Fahrenheit
Diagram Title
X-Aziz ¥-Axis
‘fariable ‘Yariable
| Compasitian j | Temperature j
For Component For Phaze
M - SYSTEM -
Stz Tent v Automatic “otis Tent [ Automatic
|MASS_PEF|EENT M TEMPERATURE_KELYIMN
Back... [ Mew Graph Windaw Mext Cancel Help

11. The dependence of temperature on nitrogen concentration is shown for the steel with
duplex structure.
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/4

Tielines |0

Label Option | Mone

Switch Auxes

THERMO-CALC
DATABASE:TCF
P=1.01325E5, N=1
W(MN)=3E-3 FIXED P

1

1600

[2008.06.25:14.17) :
W(CR}=0.25, W(NI|=TE-2, W(MO)=4E -2, W{C)=2E 5, W(Sl)=3E-3,
(I-I,B.gES: écc{_&;ﬁ: ol @ =1
1

13504

TEMPERATURE_KELVIN

—
o
=
=

— — — —
fd - - =n
&n = N =
® & & 3

1250 T T T T T T T
& 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

MASS_PERCENT N

X =06,687E-01Y =1,710E+03

12. Click Redefine. Select the User Symbols tab. Change symbol Type to Table. Enter name

PREFB. Enter expression PREFCC, PREBCC, click Add Symbol.




#* DIAGRAM DEFINITION |Z| |E| El

Diagram Axes ] Scaling  Yeer Symbols | ddvanced Diagram Sxes

Al Defined Symbols

PREFCC=100P(FCC_ATHT CR)+3007WIFCC_ATH#1 MO}
PREBCC=100%/(BCC_A2,CA )+ 300MW(BCE, A2 M0)+1600%
PREFE=PREFCC.PREBCC

Type Mame

|Table =l |

Expression

Stz Text v Automatic otz Text [~ Automatic
|MASS_PEF|I:ENT M TEMPERATURE_KELYIN

Back... [ Mew Graph Window Mext Cancel Help

13. Select Advanced Diagram Axes tab. Select PREFB as Y-Axis Variable. Click next to plot.

#* DIAGRAM DEFINITION

Diagram Axes ] Scaling ] Usger Symbols  Advanced Diagram Axes

Diagram Title
r-Awis Y-Axis
Temperature and Pressure  Potential and Activity Temperature and Prezzure  Potential and Activity

| [ | [~ | =l [~
Faor Camponent

Compozsitional ¥ ariables Phasze Yanables N :" Compositional ' ariables FPhase ‘ariablez

| M ass-percent j | j | ﬂ | j
Energy Yarables Additional Quantities Energy ariables Additional Quantities
| = | = | =l | =
Partial Derivatives Partial D erivatives
| = | =
User Symbals User Symbals

- FREFE -
Hebuiz Text v Automatic efuis Text

|MASS_F‘EHCENT N TABLE FREFE

Back... ™ MNew Graph Window et Cancel Help
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14. Choose Axis quantity in the Label Option menu and check the Color box.

Menu Lavers Format Diagram

Redefine a:-:es...{ : I Switch .QHBSJ

Tines [0 = Labsl Option [uis quantiy

THERMO-CAL C (2008.06.25:14.20) :

Dot 0 TA3En. Himt. W(CR)=0.25 W(NI)=TE-2, W(MO}=4E-2, W(C}=2E_5, W(SI}=3E-3

W(MN)=3E-3 FIXED PHAGES, écc_A5=.55 ' - ' '
1 1

50 1 1 1 1 1

AW NF00.0, PREFCC
2 NF00.0, PREECC

48
46
44
424
40
38
36+

TABLE PREFB

344

32
A 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
MASS PERCENT N

n=1,138E+00Y = 3,1E+01
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17 Calculation of Speciation of a Gas

1. Click Elements in the MAIN window.

2. Seclect SSUB4 from the Database list and then click elements C, H, O, and S in the
periodic table. Click Next.

3. Click Redefine. In the REDEFINE COMPONENTS window, change C to C/02, H to H2,
O to 02S51. Click OK.

% REDEFINE COMPONENTS M=1E3
Components;
c102 Hz
0251 B

Hote: “When redefining the components all

previouzly et conditionz will be lost,

k. Cancel Help

4. Select Moles as Default Unit. Enter value 5 for C102, 10 for H2, 0.1 for O2S1, and 0 for
S. Set the temperature to 750 °C and the pressure to /E5. Click Next.
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#= CONDITIONS

Set Reference State ] deer Sprmbols ] Start Walues ]
Nurnber of Missing Conditions |0 Components ] Advanced Conditions ] Phases ]

Temperature {750 C Composition Unit | Maoles -
i Component alug Condition
100000 Redefine...
Pressune Pa o :

moles | Composition |

Syztem Size |Moles Ll J moles H2 10 moles | Composition +
0251 0.1 moles | Composition |

3 0 moles | Composition ¥ |

-l Defired Conditiohs in 51 Units

MN[HZ]=10
M[C102)=5
MN[0251)=0.1
N[5]=0
T=1023.15
P=1ES

Fized Phazes

Back... J ScriptManagement...J Show\r‘alue...‘ Compute Mext J Cancel I Help

Keep the temperature variable for Axis 2 and change the variable of Axis I to NONE.

/~ MAPJSTEP DEFINITION E]E

Az 1 iz 2
Wariable Wariable
HONE - T B3
[
Min [No of steps =l Max Min (C) |Noof steps ) M 10
| | (500 |50 |2000
[v Owernarite Presvious Calculation | Step Separate
-
Back... Script M anagement... | M ewt | | Cancel Help |I

Click Next. A stepping calculation is performed and the DIAGRAM DEFINITION
window appears. The default axes are Temperature Celsius and Phase Fraction for all
phases. Keep these axes and click Next.
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# DIAGRAM DEFINITION

Temperature Linit
o Celsius
" Kelvin

" Fahrenheit

Diagram Anes l Scaling ] Uzer Symbols ] Advanced Diagram Axes ]

Compaosition U nit
i+ Moles

" Mazz

uone

EEX

-

Diagram Title
H-Axiz Y-Axiz
Wariable Wariable
| Temperature j | Phaze Fraction

vone ]

For Phaze

ALL -

Hebuiz Text [+ Automatic

|TEMPEF|ATUF|E_CELSIUS

Back...

ofais Temt

v Automatic

[NPM)

[ Mew Graph ‘indow

Cancel Help

7. Click Next to plot the diagram. Choose Logarithmic Y-axis in the Format Diagram menu.
Select Axis quantity in the Label Option menu and check the Color box.

Forrnat Diagran

2

Menu  Layers

Fedefine axes...]

Switch Axesl

Label Optiot |A:-:i$ quantity

THERMO-CALCL%DDB.OB.1B:15.51} :
DATABASE:SSUB4

N(C102)=5. NiH2}=10. N(O251)=0.1. N(S)=0, P=1E5;
1 1

1
10 -
10
-12
10 -
i’ -
it -
T
b’ -
i -
-6
b -

=

NPM{)

1:7.273.45 NEM[GAS)
2727345 NFMIC_S)

41
10

& 500

1000 1500
TEMPERATURE_CELSIUS

unable to detect with logarithmic axis

2000

5 =1,004E4+03 ¥ = 1,758E-29
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Click Redefine. Go to the Advanced Diagram Axes tab and select Phase Constitution for
all species in the GAS phase as the Y-axis.

# DIAGRAM DEFINITION

Diagram Axes 1 Sealing ] Ilger Symbolz  Advanced Diagram dxes

Diagram Title
rR-Axs 7 Y-Axis
Temperature and Preszure  Potential and Achivity Temperature and Preszure  Potential and Activity

lTemperature Celsiuz Lj ] Lj ] Lj ] Lj

For Species
Compositional ¥ ariables Phase Yariables Compaosgitional V ariables Fhasze Variables 1ALL j'

] Lj ] Lj ] Lj ]F'hase Constitution Lj ot I

GAS i ]

Energy Yariables Additional Quantities Energy Yariables Additional Quantities

] | | = ] | | &l

Partial D erivatives Partial O erivatives

| & ] &l

User Spmbols Llgzer Symbolz

— ——

St Tent v Automatic otwis Temt v Automatic
|TEMPERATURE_CELSILS ]

Back... [ Mew Graph Window Mext ‘ Cancel ‘ Help ‘

Click Next to plot. Select Axis quantity in the Label Option menu, check the Color box
and select Logarithmic Y-axis in the Format Diagram menu.

Menu  Layers  Formak Diagram

: l Switch Axesl

Label Option |AHis quaritity L] Iv Color

THERMO-CALC (2008.08.18:15.53) :
DATABASE:SSUB
N{HZ} 10, N{O2S1)=0.1, N{S}=0, P=1E5;

T-273.45,¥GAS.C)
73?315

BT-275 .15, GAS, C1HZD1]
8 T2?3 A5 ‘r’[G.“.S C1H2D2 _DIOEIRAHE]

45, GAS,C1HZ0Z_TRANS]

‘1IJ T-273 .15 M GRS, CTHT)

A2:T-273.45 M GRS, C1H301_CH30)
‘13 T-272.15 Y[GP.S i Hal]

14 T-272 45 A0
‘15 T-273. 15 Y[GP.S ‘1]

Y(GAS.")

171273 45 41 BAS. 01 02]

2327315 1 GAS . C2H2 1]
T-27315 1[GOS, C2HE)

0 - i 'i'-i'?'s.1|§j%ﬁ'gZESHEELACETALDEHYDE]
& 500 1000 1500 2000 551273 45 e, CzH402 CACETICACID)
TEMPERATURE_CELSIUS 50:T273 45 443, £2H403 123TRID>:DL.“.NE]

HMT-272.45 GRS, C2HA02_124TRIOE OLAME]
32 T2?3 15 Y[GP.S CZH3)

3d:T-273. 15 SGAS CZHED)
T-272.A3 GRS, C2HED2)
S8:T-273.13 M GAS, C201)
aTT-278. 15 GRS, C3)

unable ko detect with logarithmic axis %=1,271E+03 ¥ = 4,998E-16
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10. Choose Scaling... from the Format Diagram menu. Change the Min value to /E-6 and
Max to / on the Y-Axis panel. Click next to plot.

Menu  Lavers Formakt Diagram

; e\l Switch AHBSJ

Label Option |.éu-:is quantity L] v Color

THERMO-CAL C (2008.08.16:15.56) :
DATABASE:SSUB4
N{C102)=5, N{H2}=10, N(0251)=0.1, N{S}=0, P=1E5;

1 = 74 74 15:1_'-2?_3.1_5,\16.0.3,01__01]
17:T-273 15, 1| GAS,C102]
1 ?4:T—2?3.15.‘|’[GP.3.H2]‘
- - [} 201
2 i A5 H251)
A0T-273 43 Y[ GAS, 52)
12 T-272.13, Y[ GAS, C1H4)
014 '
L2
%] ]
& 001
2
=
10 S
10 4
-
10 r L
g 500 1000 1500 2000

TEMPERATURE_CELSIUS

unable o detect with logarithmic axis ¥=8,37TE+02 ¥ = 1,214E-05
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18 Calculation Using Script and how to Implement a
Figure to a Word/PowerPoint file

1. Start TCW and select the Script tab in the MAIN window.

2. Choose Run Script under the Script tab and select the Name BENCH. Click OK.

+= RUN SCRIPT [Z][E][z]
Marne v

D atabase |PTEHN

Elements |FE CLCR

Iritial Conditions

WC)=0.01

WICR]=0.13

T=1200

P=101325

M=1

iz 1

Condition “[C). Min 0, Step 0.0005, Max 0.02
Az 2

Condition T, Min 800, Step 30, Maw 2000

Amend... k. Cancel Help

3. Select Stable phases in the Label Option menu and check the Color box.
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Menu Layers Format Diagram

Redefine aHes...I = | Add Label WE =ul: J Switch Auxes

Label Option | Stable phases |

THERMO-CALC g003.08.20:12.20} :
DATABASE:PTERN
W(CR}=0.13, P=1.01325E5. N=1:

1800 ] | 1 1 | 1 | 1*M?I:3‘ -
- : | emgsce
1600{ /
= 1500{/
-
gl 1400{
W 1300] |
b | &
E 1200
w1100 =
=
= 1000
l—
900

SBCE_A2

A 9.0 6 9 12 15 18 2
10 MASS_FRACTION C

FCC_AL#1+MAC3 % =1,467E-02 Y = 1,350E+03

4. To create your own Script select Script Management under the Script tab in the MAIN
window. Click on New Script.

5. Give the new Script the Name EXAMPLE1S and select e.g. the TCFE6 Database. Define
Fe, C, Cr, Si, and Mo in the Components box and click the Add button. Enter T in the
Condition box and give it the value 1200. Click the Add button. Repeat the last procedure
to enter the composition of the defined system; W(C)=0.005, W(Cr)=0.02, W(S1)=0.004,
W(Mo)=0.014. To fulfill all the degrees of freedom one must define the pressure,
P=101325, and the size of the system, N=1.

6. Enter T as Condition for Axis 1 with min 600 and max 2000 with a step length of 20.
Click Save.
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#* SCRIPT MANAGEMENT E]@ E

Name [EXAMPLE1S Ea New Script

Database | TCFEE ﬂ Delete Script

Components |

Condition Walue

Info |Mame: ExaMPLETS Add
Databasze: TCFER -
Components: FE C CR 51 M0

Conditions:

T=1200

WwC]=0.005

WICR]=0.02

WS 1=0.004

WikO)=0.014

P=101325

M=1

Azl

Condition T, Min 600, Step 20, Max 2000

Delete

Azl Condition kir Step b &
I (600 20 2000

Axiz?  Condition kir Step b &
| | | |

Axizd  Condition kir Step L

Save | Cancel | Help |

7. Choose Run Script under the Script tab in the MAIN window and select the Name
EXAMPLEI1S. Click OK (the Amend button take you to the CONDITIONS window).
Select Axis quantity in the Label Option menu and check the Color box.
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Menu  Layers Formakt Diagram

e a|

Redefine axes...l

Switch f-‘n.:-:es!

Lateel Dption | &sis quantity

THERMO-CALC gﬂDB.UB.ZDﬂZ.SZ} :
DATABASE:TCFEG

A 600 800 1000 1200 1400 1600 1800 2000
TEMPERATURE_KELVIN

1
T T T T ] e
et - Bt
0.8 f L G TNEuNeTE)
BT NPUHC_SHP)
i - STNPHMaE)
0.6+ L
% 0.5 L
=9
= 044 L
0.3+ L
0.24 L
&
0.1 E E L

WIC}=5E 3, W{CR}=2E-2, W(SI)=4E-3, W{MO}=1.4E-2, P=1.01325E5, N=1;

*=1,275E+03 ¥ = Z,651E-01

8. Click Menu — Save. Specify file type as e.g. Enhanced Meta File (*.emf) and file name as

EXAMPLEI1S. Click Save.

Save it I@ TCWS j

& B £ EE-

21|

File name: [ExeamPLETS

Save as type: |Enhanced eta File [, amf]

=
=

Save I
Cancel |
%

9. Implement the figure into a Word/PowerPoint file using Picture—From File under the

Insert tab (in Word or PowerPoint).
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