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[ NbSITiS00.pbf - AEK
I7LE REE RO FRTW ATH

|
/7 CALCULATION -- [Section Calculation}
[DATABASE] {"MbSiTi.tdb"}
[BEGIN] {Section Calculation}

[COMPONENT] {NB SI TI}

[CALCULATIONTYPE] {section]
; x(NB)=1; x(S1)=0; x(TI)=0}
; x(NB)=0; x(81)=1; x(TI)=0]
3 x(NB)=0; x(SI)=0; x(TI)=1}

[STEPS] {50}
[END]
[EXIT]

500C % 800 CIZA X THEL X 9,

500C 283 @i £4 DT, 800C IZ£%x T EEX{REELET,

11-5 Pandat (ZRY .

A=za— Batch 7»5 Import & Run

2RI £,

<) AE v
I A AR
FEEMEE Y FT,
800°C D
FHERE R 2 T
WICRRESNET,

11-6

8" CompuTherm Pandat 8.2 - [Pandat1]

File

Edit  Miew Database

an &

Batch | Calculation  PanOptimizer

De
i | Text File
# | 4 Database
@ Q Components
=+ ’ Phases
= My Calculated Results
= [ Section Calculation
=] g Graphs
[ Default Graph
[ Tables

Export &l

PIX]

I7ANERS
F7A DB Q:
O)Bin
|) Database
C)PANDAT Example_Book
| PanOptimizer_Sample
|2} PanPrecipitation_Sample

|,1] examplepbf

| =3 PANDAT 82 vl O & e E

|i] example_MS pbf

Blhesireonco]

[NbSiTIB00 pbf | %o
RETZ

T B0
FrA ILOIERER T

IPandat Batch File ¢pbf)

PanPrecipitation  Table Graph  Windc

BEAEMEA S » A BE 16
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11-7
|

NyT « T A NDOPRDHE

EEEE (ROMEANT) BICEOFREEFETEET,
FTOEWR (TXANT7AN) ERETEET,
(XM HFOT el T LEHNTRETEET,

T 7 ANGLDIEEFIZ. b

ED XD REHREAT O D) @

b f

LLET, (v SuF 77 A0
(=7 — ) TRk L, v TR Sl &

@ (i} TR L ET, EiEALIXEFR CEFETHENLOET,

() & { ) Tid, flofEE»ED 2

o A2 MTIX /I THDET,
RILF: « INLFOENTIH D
%z 1X. [Begin] & [begin] &

EcW VA
[BEGIN] & (Z[F] U T,

CITHEBELTRFEV,

OEODOFRMET [Begin]l THE Y., [End]l THKDY 3,

B
[Beginl]
O DT [ 7 L
[End]
[Beginl]
4 L T v P
[End]
ANy FRET, F—U—F

# 11-1

[Exit] 17T T LET,

L
(r—7U— 1]

(2]
{fiE}

Wi

[ Database ]

{ “NDbSiTi.tdb” }

AT DT —H2_R—27 7
AWK Tl LET,

B ChOT—H _X— |
EHETEET,

[ Begin ] {

GG

ZA L}

ONEODOFFEMEEN Z Z )
DIhED Z LA LET,
HEBEH A MV AR TEF
T, DX A bVITHEE EIZ
FRINET,

[ End] 7L

ONEODRHRENZ =
TThHrHZ TR L ET,

[ Exit ] 7L

Ny F e T 7 A IV DFEIRIA T
T S E T, FHEAELN
IITHRTLET,

HEFHE L T5 200
EnnE L TRRLE T,

{Point}

1 MFHE

[CalculationTypel

{Line}

T4 VEHE

{Section}

KRB

{Projection}

JBOAR T X A

{Solidification}

YRR ] RO
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#z 11-1
(F—TU— K] {fE} B!
AREICHWS EEEFTIR L
[ Component ] {Nb SiTi} *9,
{ T=1000 } BEOENIT I LV E T,
[ Point ] { T=1000C } R C & fHT AU CHALIC
ZAGL/B= S DS
{x(Nb)=0.1} X' mole fraction
{ x%(Nb)=10 } x% : mole percent
{ w(S1=0.05 } w:  weight fraction
{ w%(SD)=5 } w% :  weight percen
BEMEAFTN1H LI
100 P EiZ7e o 7255515,
fIES . f8EE/ & FHE
2720 E£9,
BEMAZ IR L TWnaen
BDITLEPFET DA, £
OREMEITEREE SNET,
TAVHEDOY A AT v
[ Steps ] 150} WEiwiR LET,
(Z 2450
BREGFHEOLA ., HHRET L
[ Model ] { Scheil } ZELOMERLET,
{ Lever }
Lever = equilibrium V-
AR X E DG A SRR
[ Interval ] { 100K } ZfpmcEEd, T s
1100C } Bia. IRERREZERLE
j‘

100C & AJJ L7254,
100°C, 200°C, 300°C, --
DOIREREFAELE T,

[ Scanline ]

{dx=0.2,dy=0.3}

MERGAICIRY R %
BT HAR Y NELE
IRTEFET,

[ Suspend ]

[ Restore ]

{5

{Liquid}
{FCC_A1, BCC_A2}

*} 1T ToMEEE®KLE

7,

FHEN SR T DA, FHHA
RBIED LR L E

7,
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# 11-1

(r—7— 1]

)

Wi

[ Output |

{ fileName=“hashi0O1.dat”,
format = “T, phaseName,
fs, fl, H_Latent” }

MBEIRGA
FAZEMBICERT DIEMER T 7
ANEENET,

ET 27 7 A A& LET, b L
BEICRI CARTID 7 7 A AR, B
xahET,

—JF.  TrANAIC # EEDIL,
2 1X. hashit#.dat & 3 iUE, #HOE
S EH BN 2 T DOF ST B,
EEXEIELET,

hashi00.dat

hahsiOl.dat

hashi02.dat

T: BE (Firey)
T(C) : IRE (C)
phaseName : VA D 44 Aif

fs: [ AH =
fl: WRFE =R
H_Latent : &&[H DR DEE

option

alloy

loop

table

graph

{searchlevel=2}

{ step = “4”;
x(S1)="0.1, 0.5 “}

Search Level = 1 [XF B AH NN
Search Level = 2 (T 720 £92
MHERE BN SELET,

Bt

AT < T
K0 URFOBRAGE & & T

TF—T)

777
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#11-2 T—7NVANER

MDT

VUHE YA FEUS 1%
T 1B BEOHAIX 7 Ve T, ik
TI[C], TIK] C ZfHF X CHALIZ A Y £7,
1T EEOWHKIT 1_T T RBE (Frey)
T[C] RE (C)
phaseName AR O 44 Tl
reactionEquation
invariantEquation

7ZPF ( PhaseName )
extreme (T)

£(*), fw(¥), fv(*)

£%(*), fw%(*), fvo%(*)

x(*¥), x%(*)

w(*), w%(*)

BHOE N33 BESH
RFE R

EHOENL Y%, EHEY,
RFE %
KarR—xr b GLH)
DIFE, ENRLEENLY%
KarvR—xr b (LH)
DIEE, EELRLEEEY

SRR EE DT ORI LT
BT — 2 B L £,

ETCOaryR—xr b (£F) I
)t U T A2 L ET,

x(*@*), x%(*@*) FEF DK TR DOPREE, HEMSROETOFMIZEEL T,
ELHEREELY% HFORTOILRIIKT HEI 1T
— X EfH L ET,
x(JLF#4 @FE4)
w(@*), w%(*@*) FH DK TLHEDOYRE
HighREEEY
y(*@*) FIRCo, BRI FHOR | BT H S XHBIRMICIRONET
EYA 77T 7var | #l y(Cu#O@fce),
y(Cu#tl@fec),
a(Cu@fcc:liquid) FEUEFE Liquid 1239 5 $5 | Activity
a(*@fcc:liquid) EFA fee D
a(*@*:liquid) Cu D& FEEMH DAL ER T v v )VE
a(*@*:liquid<*,T>) mu(pure Cu@liquid) #FH Cc&
a(Cu@fcc:liquid) WA, &R -1 By FEh
= expt ( mu(Cu@fce) - 7,

G’ H’ S’ Cp

G(:phase<*>),
H(:phase<*>),
S(:phase<*>)

DF (*)

mu(pure Cu@liquid))/RT}

ROXFT AT L)L F— T
VHELE—, Zr b
—. BAE

HYEMIZXTT 5
ZOX T AT RLF— =
VANLE—, =y hpt

e

—. AR E

g /)
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F11-2 T—T7NVANER

MDT

BT A Bk S

mu(¥) BIRFDFRT vy | BTOaryR—2r b o) 1%t
S LA LET,

pmG(*), pmH(*), BILFEOWESyE LB

pmS(*), pmCp(¥)

mu(*:phase<*>),
pmG(*:phase<*>),
pmH(*:phase<*>),
pmS(*:phase<*>),
pmCp(*:phase<*>)

G(*), H(*), S(*), Cp(*)

G(*:phase<*>),
H(*:phase<*>),
S(*:phase<*>),

Cp(*:phase<*>)

a(*@*)

mu(*@*)

pmG(@*), pmH(@%),
pmS(*@*), pmCp(*@*)

FLMEFR IR 5
BILEDOH TN E

EZHDOX T AT )X
— ANV E— T

e B

hev—, BEa

FEYERRIC R 5
BRDOX T AT R LY
— AN E— T
hEE— A&

FAH DL DIE &
a(OrFE @HA)

MO TEOLFERT
M wi%

mu(Gt 3 @A)

R OITLRITHT D

oy Vi

mu(*:phase<*>) = pmG(*:phase
<*>)

ETOMIIK L TEEZ M LET,

LTOaLE—F (5 1K
LTz A L £,

mu(*@*:phase<*>),
pmG(*@*:phase<*>),
pmH(*@*:phase<*>),
pmS(*@*:phase<*>),
pmCp(*@*:phase<*>)

aa(*@*:phase<*>)

FUEFR T 5
BHRHOER E IV &

FAEFIC T 5
AR D L DTG &

fs
fl

H_tot

H_Latent

%% [& {Solidification}
L O [E AR R
EZREES

i

BEFPOZOTZ LY

ER[E T D R DI EN

Htot X H() & 13725
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# 11-2 77NV ANEX

MDT

BT A

g

IS

ik

ftot(fee), ftot(*)

{Solidification} &t
\ZF 1T D EFED
2 FE phase fraction f&

ftot(liquid) = fl

f_tot(fcc), f_tot(*)

{Solidification} Z}HLi%
\Z3UF B [EFE O

B4 phase fraction &
ZOMBFET D IR

T D HFRR
ShET,
Vm, density, MW ROENVRIE, BIE, £
JVE R
Vm(*), density(*), FOENARFE, BE, £
MW (*) JVE R

surfaceTension,
viscosity

BARDORImES ., Ktk

M (*@*)
logM (*@*)

DC (*,j@*m)
logDC (* j@*m)

DT (*@*)
logDT (*@*)
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11-8 Gl DIEE S -

SN .

7 A v #H : [CalculationType] {Line} D4,
[Point] ¥—U— RiX247I1c70 £7,

LATHITGEHRBMG R 2. 2/TRITEIRK TR LE,

RBEXFHHL « [CalculationType] {Section} D4
[Point] *—U— RiX 347270 £7,

117H Y AEOHE
21TH OMDfE
31TH  XEOfE

Ny FT7A/IRRBET H2ARFIE, Bl LICANTLIARL B LTWET,

[begin] {Nb-Si binary phase diagram}
[CalculationType] {SECTION}

Select Components

MDT

[COMPONENT] {Nb Si}

[POINTI {T = 3000, x(Nb) = 1}

Available Components

Selected

Galculate Section (2D)

Cancel

X
[POINT] {T = 300, x(Nb) =1} N &f:;llcfl1
[POINTI {T = 300, x(Si)=1} TH9_| 3000 - e

x[nb] |1 | Y
x[Sil !El EI
[end] Totak |1
@ |origin X
: ' ]
i~ Crigin Point 1 i ‘% Paint |
Value Value
T [00 ] TG [300 ]
x[Mb] |1 x[Nb] |0
x[si] |0 x5 |1
Totak |1 Totak |1
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@ Pandat 7*5H
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D@ & |l ==
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- Calculsted Results
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FrANDIBAID: [ Pandat 30 | & @ eF
|5 back pbi
B}Fecalc] pbi
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T
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i MHEEE!
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I OSTHATE 3RI0Y AR E
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OSTREIE 3T134A
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nAMRAIE ATIZIE DATETE OIS
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ASTREM FTE2Y
0576404 A2
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@ FIFEBEICESRE L :
T—=TNERD, s
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T 7 A NGB EDfEE S lLhsanaeans
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12.  T—TJ I

Pandat 5.0 722567 — 7 /VEERESHTBLIZEBM S E L7z, Pandat 8.1 TIES HIZKFEES)FT
— B ET =T NMEREEH N TERT AN TED LR E L7z, A==— Table |2
Import, Edit, Save, Excel, Create Graph 23 E STV ET,

A==— Table I FXIDEY T,

& CompuTherm Pandat 8.2 - [Pandat1]

View Database Batch Calculation PanOptimizer  PanPrecipitation | Table

IDSE D@0 & 28X BB BEEMEA & & {8 ot Tk j 2 ok
"] Text File —Tr ) Create & Edit Table |
# | d Database : 5 Save Selected Table
a8 6 Components q 50000 0034331 06 5 Export to Excel NESD+SETI DI
G ALy 2 | 50000 0034297  0§LS Create Graph F:“N+SI2TI or
= Q Selected Components - ' - — N
@ & 3 50000 0034183 0863103 0297709 DIAMOND_A4sNBSE+SETI DI
@ sl 4 50000 003965 0670323 0295723 DIAMOND A4+NBSE+SETI DI
@n 5 B0000 0033408 0674753 0291740 DIAMOND_A4+NESI+SETI DI
@ P Phases 6 50000 0031673 0692474 0275853 DIAMOND_A4+NESR+SETI DI
= M Calculated Results 7 50000 0029848 0710194 0259958 DIAMOND_A4+NBSIZ+SETI DI
= [E] Section Calculation 8 50000 0727915 0244062 DIAMOND_A4+NBSE+SETI DI
= [ Graphs 9 | 50000 0026198 0745635 0228166 DIAMOND_A4+NBSESETI DI
Default Graph 10 | 50000 0024373 0763356 0212271 DIAMOND_A4*NESD+SETI DI
& Tebes 1 50000 0022548 0781077 0196375 DIAMOND_A4+NESI+SETI DI
g 12 50000 0020723 0708798 0180480 DIAMOND_A4+NESI+SETI DI
13 60000 0018897 0816518 0164584 DIAMOND_A4+NESI+SETL DI
14 | 50000 0017072 0834239 0148689 DIAMOND_A4+NBSR+SETI DI

:

0015247 0851960 0132793 DIAMOND A4+NBS2+S2TI

2

VN = BT A arPHESNTWES, (HL, A==2— Table &Y —/L =L H(T,
Explorer window (7 U —ZF/RHE[f) (23T Tables 2NEIR SNZIFICOBGRIE 20 £,

& CompuTherm Pandat 8.2 — [Pandati]
[°) File Edit View Database Batch Calculation PanOptimizer  PanPrecipitation Table  Graph
Ded A b & B@& X |DBM CIEBRA & » 3l A Bkl

| Text File _ i x(NB) xSD

@ bl Natzhaca

12.1 Table Options

Pandat 7.0 262047 g o HES LE L,
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12.2 Edit Tables

MDT

%1% . Pandat S HERWICIER L72T — 7 V2 L CHER L7721, Mh oz J7-uv ) T3

B RAEOEALZ mass 205 mol [T L7\ &Yz

W, T —o e ERLET,
TEE : Default Table Z#HIFR « ZH L2V TL 72300,

DOEREZFM L E T,

Default Table HICEFRE SN TV A

WHEBERT —7 VL LTRSS, 77 7FR b ZOEEBHNLITWET,

L DO—EITFE 12-112H Y £,

T CIR L7y TR (SRR ST,

System Nropertes
x W - T - ) . fs -
G G pmG  ~ pmGe) . Vm -
Phase Propert) Database Info.
x@ - N w@ . DCi@) - Comps.  ~
4/_,%@)—7 i%l pmG@ ., pmG@) .  Vm@) . Phases - New
T o _ i~ — s
W%ﬁﬁ“‘+» P/l LT —T V%D
7N =
Tale cperatos (o) +(+ ¢\A
D | Table Tvoe | Mame | Fields = o
1  Default  Default Table TIC]. x®), phaseName, reactionEquation, f¥), G Replace
2 Tieline Tie Lines TIC] =), phaseMame ﬁE%ﬁEiﬂﬁ@'fﬁ %
Fields #iz#% 7
o ){%i:};"\j:;ion of component(s) in phasef{z), Example: | o -
ZHEH
New R¥ %7 Uy 7358,
FLWZERITHELGIET, Table operations: X+ E
. L D | Table Tvoe | Name | Fields
K () OAT 12! Default Default Table TIC], x), phaseMame, reactionEquation, {(¥), G
2 Tieline ' Tie Lines TIC], ), phaseName
Default
Replace "¥ > %7 Vv 7325k
VEZErEI DA
Fields #llc s £,
T[C],ws(*),ws (*@*)
[Table operations: X+ [
D | Table Tvoe | Name | Fields
1 Default Default Table TIC). x*), phaseName, reactionEquation, ), G
2 Tieline Tie Lines TICL. x(*), phaseMame
TICI @)
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OKRX > %H I Vw73 hE, FILWT—T7ENRERENET,

BH R SND T —7 VAT HBIIC Table2 4T bLET,

FHRIXE VLT L2,

A — N CESR L7250
TIC], w%(*), w%(*@*) T&H
INBHOFMENRERSNET,

8" CompuTherm Pandat 8.2 - [Pandatl1]

[7) File  Edit View

sgffulation  PanOptimizer  PanPrecjfitation Table Graph Window Help

- [EI Text File
@ |4 Database
@ . Components
& P Phases
= M\ Galculsted Results
[ Section Galculation
&[4 Graphs
7 Tables
[ Default Tab

-

ZOXICKFRERNFEET — TN EN LTERTDH I ENHKET,
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3 12-1 Create & Edit Table |2 CiRIRFIRERE LA & AEGA

System Properties

x(*) Molar fraction of component in system.  Example: x(Cu).
X x%(*) Molar percentage of component in system. Example: x%(Cu).
w(*) Overall weight fraction. Example: w(Cu)
w w%(*) Overall weight percentage. Example: w%(Cu).
T[C] Temperature [C]
T TIK] Temperature [K]
1.T 1/Temperature [K~-1]
phaseName Names of phases in equilibrium
£(*) reactionEquation | Reaction equations
invariantReaction | Invariant reactions
extreme (T) extreme value of T (min or max)
DF (*) Driving Force of a phase
act (*) activity of a phase : act(*) = exp (DF(*)/RT)
ZPF (*) Zero-Phase-Fraction of the phase
£(*) Phase molar fraction(s). Example: fliquid).
fw(*) Phase weight fraction(s). Example: fw(liquid).
fv(*) Phase volume fraction(s). Example: fv(fcc).
£%(*) Phase molar percentage(s). Example: f%(liquid).
fw%(*) Phase weight percentage(s). Example: fw%(iquid).
fv%(*) Phase volume percentage(s). Example: fv%(fcc).
Hm Total enthalpy of system during solidification.
fs H_Latent Latent heat during solidification with Scheil model.
H_tot Total enthalpy of system during solidification.
fs Total phase fraction of solid phass (accumulated) during solidification
fl Phase fraction of liquid phase during solidification.
G Gibbs energy of system.
G H Enthalpy of system.
S Entropy of system.
Cp Heat capacity of system.
G(:phase<*>) Gibbs energy of system with given reference state.
G() Example: G(liquid<Cu>,liquid<Al>).
H(:phase<*>) Enthalpy of system with given reference state.
Example: H(liquid<Cu>,liquid<Al>).
S(:phase<*>) Entropy of system with given reference state.
Example: SCliquid<Cu>,liquid<Al>).
a(*) Activity of component in system. Example: a(Cw).
pmG | mu(*) Chemical potential of component(s) in system. Example: mu(Cu).
pmG(*¥) Partial Gibbs energy of component(s) in system. Example: pmG(Cu).
pmH*) Partial enthalpy of component(s) in system. Example: pmH(Cuw).
pmS(¥) Partial entropy of component(s) in system. Example: pmS(Cu).
pmCp(¥) Partial heat capacity of component(s) in system.

Example: pmCp(Cuw).
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# 12-1 Create & Edit Table [l CEIR Al HE/2 20804 & AHG (L)

System Properties

a(*:phase) Activity of component in system with given reference state.
pmG() Example: a(Cu:liquid).
mu(*:phase) Chemical potential of component(s) in phase(s) with given reference
state. Example: mu(Cu:liquid).
pmG(*:phase) Partial Gibbs energy of component(s) in system with given reference
state. Example: pmG(Cu:liquid).
pmH(*:phase) | Partial enthalpy of component(s) in system with given reference state.
Example: pmH(Cu:liquid).
pmS(*:phase) Partial entropy of component(s) in system with given reference state.
Example: pmS(Cu:liquid).
pmCp(*:phase) | Partial heat capacity of component(s) in system with given reference
state. Example: pmCp(Cu:liquid).
Vm molar volume of system
Vm density density of system
MW Molecular weight of system
Phase Properties
x(*@*) Molar fraction of component(s) in phase(s). Example: x(Cu@liquid).
x (@) | x%(@*) Molar percentage of component(s) in phase(s). Example: x%(Cu@liquid).
y(*@*) Site fraction of species in a phase. Example: y(cu@fcc).
w(*@*) Weight fraction of component(s) in phase(s). Example: w(Cu@liquid).
w(@) | w%(*@*) Weight percentage of component(s) in phase(s). Example: w%(Cu@liquid).
MC@*) Mobility of species in a phase
DC(@) | DC(*,J@*:N) Chemical diffusivity of species in a phase.
J=gradient species, N=reference species (N cannot be *)
DT(@*) Trace diffusivity of species in a phase
logM (*@*) Logarithm (base 10) of mobility of species in a phase
logDC(*,J@*:N) | Logarithm (base 10) of chemical diffusivity of species,
J=gradient species, N=reference species (N cannot be *)
logDT(*@*) Logarithm (base 10) of trace diffusivity of species in a phase
G(*) Gibbs energy of phase(s). Example: G(liquid).
G@) | H(™) Enthalpy of phase(s). Example: H(liquid).
S(*) Entropy of phase(s). Example: S(liquid).
Cp(*) Heat capacity of phase(s). Example: Cp(liquid).
G(*:phase<*>) | Gibbs energy of phase(s) with reference state.
G(@) Example: G(liquid:FCC_A1<Al>,FCC_A1<Cu>).

H(*:phase<*>)
S(*:phase<*>)

Cp(*:phase<*>)

Enthalpy of phase(s) with reference state.
Example: H(liquid:FCC_A1<Al> FCC_A1<Cu>).
Entropy of phase(s) with reference state.
Example: S(liquid:FCC_A1<Al> FCC_A1<Cu>).
Heat capacity of phase(s) with reference state.
Example: Cp(liquid:FCC_A1<Al>,FCC_A1<Cu>).
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# 12-1 Create & Edit Table Wi\l TR AIGE/R A4 & A5G (i)

Phase Properties

a(*@*) Activity of component in phase(s). Example: a(Cu@fcc).
pmG(@) | mu(*@*) Chemical potential of component in phase(s). Example: mu(Cu@fcc)
pmG(*@*) Partial Gibbs energy of component in phase(s).

Example: pmG(Cu@fcce).
pmH(@*) Partial enthalpy of component in phase(s). Example: pmH(Cu@fcc).
pmS(*@*) Partial entropy of component in phase(s). Example: pmS(Cu@fcc).
pmCp(*@*) Partial heat capacity of component in phase(s).

Example: pmCp(Cu@fcc).
a(*@*:phase) Activity of component in phase(s) with reference state.

pmG(@:) Example: a(Cu@fcc:liquid).
mu(*@*:phase) Chemical potential of component(s) in phase(s) with reference state.
Example: mu(Cu@liquid:fcc).
pmG(*@*:phase) | Partial Gibbs energy of component(s) in phase(s) with reference state.
Example: pmG(Cu@liquid:liquid).
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Two-Dimensional Section of Liquidus SURFACE in a Multi-component (N>4) SYSTEM
THERMODYNAMIC PROPERTIES...

PHASE PROPERTIES....

SPECIAL PROPERTIES...........

Solidification path AND heat evolution simulation using the SCHEIL and Lever-rule model
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PARA-EQUILIBRIUM........
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15.

—

T—RR—Z2 Dl

NRINTWDLES TDBIRAD 7 7 A VaED Z & T, FHREHRICHATE 7,

NbSiTi.tdb 7 7 A /L D

MDT

Element /- ELECTRON_GAS 0 0 0!
Element Nb BCC_A2 92.906 5220 36.27 !
Element Si DIAMOND_A4 28.085 3217.5 18.82!
Element Ti HCP_A3 47.88 4810 30.648 !
Element VA VACUUM 0 0 0!

Function GHSERNB 298.15 -8519.35+142.045%T-26.4711*T*In(T)+0.000203475% T2
=3.5012e-007*T**3+93399+ T*#*(-1); 2750 Y
=37669.3+271.721%T-41.77*T*In(T)+1.52824e+032+ T*+(-9); 6000 N !

Function GHSERSI 298.15 -8162.61+137.227*T-22.8318*T*In(T)-0.0019129* T2

—3.552e-009*T**3+17666 7+ T#k(-1); 1687 Y

—9457.64+167.272%T-27.196%T*In(T)-4.20369e+030% T*+(-9); 3600 N !
Function GHSERTI 298.15 -8059.92+133.687*T-23.9933*T*In(T)-0.00477798* T**2

+1.06716e-007+T#%3+72636% T**(-1); 900 Y

Function GSIBCC 298.15 47000-22.5%T+GHSERSI; 6000 N !

Function GHEXTNB 298.15 -8519.35+142.045%T-26.4711%T*In(T)+0.000203475%T**2
-3.5012e-007*T**3+93399* T#*(-1); 6000 N !

Type_Definition % SEQ *!

Type_Definition ( GES A_P.D BCC_A2 Magnetic -1 0.4!

Type_Definition * GES A_P.D FCC_A1 Magnetic -3 0.28!

Type_Definition ) GES A_P.D HCP_A3 Magnetic -3 0.28!

Phase Liquid % 1 1!

Constituent Liquid :Nb,Si, Ti:!

Parameter G(Liquid,Nb;0) 298.15 29781.6-10.8164*T+GHSERNB-3.06098e—023+T**7; 2750 Y
~7499.4+260.756%T-41.77*T*In(T); 6000 N !

Parameter G(Liquid,Si;0) 298.15 50696.4-30.0994*T+2.09307e—021%T#x7+GHSERSI; 1687 Y
49828.2-29.5591%T+4.20369e+030% T**(-9)+GHSERSI; 3600 N !

Parameter G(Liquid, Ti;0) 298.15 4134.49+126.706%¥T-23.9933%T*In(T)-0.00477798*T**2

+1.06716e—-007+T*+3+72636xT*x(-1); 900 Y

Parameter G(Liquid,Nb,Si;0) 298.15 -198883; 6000 N !

Parameter G(Liquid,Nb,Si;1) 298.15 -18340.5; 6000 N !
Parameter G(Liquid,Nb,Si;2) 298.15 47235.4; 6000 N !

Parameter G(Liquid,Si, Ti;0) 298.15 -236700+15.8192%T; 6000 N !
Parameter G(Liquid,Si,Ti;1) 298.15 61500.6-4.92006%T; 6000 N !
Parameter G(Liquid,Si,Ti;2) 298.15 71711.8-5.73696%T; 6000 N !
Parameter G(Liquid,Si,Ti;3) 298.15 -48695+3.8956%T; 6000 N !
Parameter G(Liquid,Nb,Si,Ti;0) 298.15 129990; 6000 N !
Parameter G(Liquid,Nb,Si,Ti;1) 298.15 -413123; 6000 N !
Parameter G(Liquid,Nb,Si,Ti;2) 298.15 129990; 6000 N !

Phase BCC_ A2 %( 11!
Constituent BCC_A2 :Nb,Si, Ti:!
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BAOET—32 R—X{ERHI hashiABC. tdb

SeGED ROVENX 2 A > MTTY,

$
$
$ ZOT7 A MTIERHZRAF—KN

$ MAEMEHASNTA—ZEEEHZLET,
$ PR SAE MBI FE T
$ VR 1 741 0A 12 BER
$

$ 3ODONFELEERELET, KD LETT,

$ UFv— FoEHIZEH LES 2o E9,

$ Tm(A)=600C , (600+273.15)*8.314= 7259
$ Tm(B)=1000C , (1000+273.15)*8.314=10585
$ Tm(C)=800C , (800+273.15)*8.314= 8922
$

$ [EFHOIRRE & FLUEIZ UE T,

$ 2o0MEEELET,

$ LIQUID #H & SOLID #HT,

$

$A-B 2 S RITUAH 2 FHAY B

$A-C 2 o RITELERA

$ B-C 2 cRkiTdmil

$

Type_Definition % SEQ * !

Element A SOLID 10 1 1!
Element B SOLID 20 2 2!
Element C SOLID 30 3 3!

Phase LIQUID % 1 1.0 !
Constituent LIQUID :A, B, C:!

Parameter G(LIQUID,A;0) 298.15 7259-8.314*T; 6000 N!
Parameter G(LIQUID,B:0) 298.15 10585-8.314*T; 6000 N!
Parameter G(LIQUID,C:0) 298.15 8922-8.314*T; 6000 N!

$
Parameter G(LIQUID,A,B;0) 298.15  +30000; 6000 N!
Parameter G(LIQUID,A,C;0) 298.15  +0; 6000 N!
Parameter G(LIQUID,B,C:0) 298.15  -10000; 6000 N!
Parameter G(LIQUID,A,B,C;0) 298.15  +0; 6000 N!
$

Phase SOLID % 1 1.0 !
Constituent SOLID :AB,C: !

Parameter G(SOLID,A;0) 298.15 0; 6000 N!

Parameter G(SOLID,B;0) 298.15 0; 6000 N!

Parameter G(SOLID,C;0) 298.15 0; 6000 N!

$

Parameter G(SOLID,A,B;0) 298.15 +30000:; 6000 N!
Parameter G(SOLID,A,C;0) 298.15 +0; 6000 N!
Parameter G(SOLID,B,C;0) 298.15 +15000; 6000 N!
Parameter G(SOLID,A,B,C;0) 298.15 +0; 6000 N!

$

$end MDT
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BEEMOEFR R EMEEZFHEIEL1-DIE, T —FX—R « 77 A VT AFHOERN
VLRV ET, ZZTIIMER I CHEOMET -2 2 ERLET, BROFEICITESIFHELE
MARZ A=z pfflSnEd, FHRNICEL TUIE SR ZI 0,

&4 ® Density % Volume fraction 7»HEtE I ET,

TA UEREIZTC, AERMOEREIES EREPFREIET, HREMETT 7 ABREEZFIH L

THY HLET,

VB L I D EFDH  Volume fraction

Parameter Vm (Liquid, Al; 0) 298.15
9.718565E-06 +1.695E-09*T; 3000 N !

VB L XD EFDH]  Surface Tension

Parameter SurfaceTension (Liquid, Al; 0) 298.15
1.24055-3.5e-4*T; 3000 N !

VL ENLEROF FHRTHWSEE B

Parameter beta (Liquid, Al; 0) 298.15 0.83; 3000 N !

WELLE INDHEFRDB]  Viscosity

Parameter ActivationEnergy (Liquid, Al; 0) 298.15
15051+13.519*T; 3000 N !

KRS OBAL : N/m

kEH: D BAT Ns/(m2)

Reference

[1932But] J.A.V. Butler : Proc. Roy. Soc., A135(1932), 348.

[1994Tan] T. Tanaka and I. Iida : Steel Research, 65(1994),21-28.
[1994See] S. Seetharaman and D. Sichen : Metall. Mater. Trans. B, 25B(1994), 589-595.
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MDT
Append Database

BT — 2 ~N—2 (*TDB & L< % *PDB) % Load (FimiA#&) LI TOHR, Z0
Append Database #fENfEx 5 L9512 £3, TDB 7+—~vv D77 A /L% Append
() +232eBnTEET, PCAEV—ETTF—FZ2MMLEHEICHVWES, ToBF
T—HRN—AT 7 A NEEBEWMZ DL LITHY EE A,

FHUVHEMINTE S, MAFEHAT A= EEMN - BET LR TEET,
LRI () 77252 L3 TEEEA,

K176l

F7 Ag-Cu 2 cRIRERZFHE LET,

Append 7 7 A NVEHEFLET, AEREZFHALTIFLLT XA N7 7 A VEAED,
7 7 A V4% ageu_appendl.tdb & LE,

$ change GO, or interaction parameter values.

PARAMETER G(Liquid,AG,CU;0) 298.15 +30000; 6000 N !§MDT
PARAMETER G(Liquid,AG,CU;1) 298.15 0; 6000 N !'$ MDT
PARAMETER G(Liquid,AG,CU;2) 298.15 0; 6000 N !§$MDT
$

PARAMETER G(Fce,AG,CU;0) 298.15 +30000; 6000 N !§MDT
PARAMETER G(Fce,AG,CU;1) 298.15 0; 6000 N !§$MDT
$

A==a— — Database — Append Database %R L F7,

8" CompuTherm Pandat 7.0 — [Pandatl]

Eile  Edit \iew | Databaze | Batch Calculation  PanOptimizer Table  Graph  indow  Help
theEdE 2 | DB Load Database S| &y S }3
J Text File | Append Database |
| 4 Databaze
q Components Select Companents
' Phaszes Save Subzystem to File
= ‘ Osleulated Resul MS Load Materials Svstems 1100
= Section Galo 1000,
= Graphs
& oo 900.
FE Tables
800
004
— 600
=,
&= 900
4004
3004
2004
1004
) 0 10 20 30 40 50 60 7 &0 90 100
Ag X%{Cu) Cu




Bk L7 agcu_appendl.tdb 7 7 A /L& Bl & £,

TCRBRRBAENZRSNET,

Ag & Cu Z&EIR L,

OKRZ %270 v LET,

BHERRDFRINETHN
ZDOFEF 2 TLRIREXFHE

Ag-Cu 2 uRIREEM %
HELET,

MDT

Select Components

Available Gomponents Selected
gi Gancel
¥
<
2004
1004
0
i

Ag

10 20 90 40 50 60 70 80 90 100

x%{Cu)

Cu

& CompuTherm Pandat 7.0 - [Pandat1]

Batch  Ca
DEMs Bl BHM

File  Edit \Wiew
iD=l B &
=] Text File
=4 Database
1 ¥ Waming Message
Q Components
WP Fhases
=) ‘ Caloulated Results
Section Calculation

Databaze

lculation  PanOptimizer  Table

Warning Message:

[1] Duplicate parameters:
[2] Duplicate parameters:
[3] Duplicate parameters:
[4] Duplicate parameters:
[5] Duplicate parameters:

Graph  MWindow  Help

& ¥

L{Fcc, Ag,Cu:0i)
L{Fce, Ag.Cu:1))
L{Liquid, &g,Cu:0))
L{Liquid, Ag,Cus1))
LiLiquid, Ag.Cu:2i)

= |4 Database
| # Warning Message
G Components
P Phaces
-l Caleulated Resubs
Section Calculation

Calculate Section 2D}

Warning Messags:

5 omp herm Panda 0 and
Dl 02 & DB M5 Bl Elh i
[ Text File

1] Duplicate parameters: L{Fee, Ag,Cu:l))
[2] Duplicate parameters: LiFce, Ag,Cu;1))
[3] Duplicate parameters: L{Liquid, &g Cu:0))
[4] Duplicate parameters: L{Liquid, Ag,Cu;1))

u;2))

107

Valie | Select Phases Cancel
TIC] 2000 "
Save Gondition Load Gandition
*Hilfe] 100
*H[Cu] 0
Total =% 100 Y
Crigin Paint #-fiie Point
Value | Value \
TIC] 0 TIC] 0
x%[ ] 100 «K[Ae] 1}
*&[Cu] 0 seKlGu] 100
Total <% 100 Total x& 100
o8 ]




MDT

Append % O FFERE R

2000

1800-
Liquid

16004
1400-

1200- Liquid+Liquid

10004 \
800-

T[C]

600-

400 Fcc+Fcc

2004

0

0 10 20 30 40 50 60 70 80 90 100
8 Ag X% (Cu) Cu

ZOXIICHEERAART A—2liE EEXTHZLICLY, ARNARREN 2S5 Z LN TE
F9, ZOFAEMERIT Ag-Cu 2 TRICHTIREOHANFEMNNNTA—FTTR, ZDXIIZ
NEMILOMANERA T A =2 AR LTZWIRECHENER N7 A =2 () 2FHl LI-WiGE
I\~ Append Database #ERE AV VE 4,

A% BN 2
77 A V4% ageu_append2.tdb & LET,  2FB. T AGCU FHIFZEZEDOHTT,

$ add the new phase.

PHASE AGCU % 2 04 0.6 !
CONSTITUENT AGCU :AG:CU: !
PARAMETER G(AGCU,AG:CU;0) 298.15
-60000+50%T+0.4*GHSERAG+0.6%*GHSERCU; ~ 6000 N !
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16 A-a——8
File Edit View Database
New Font Toolbar Load Database
Open Text Undo Status Bar Append Database
Save Select All Save and Refresh
Save As Find Select Components
New Workspace Find Next Save Subsystem to File
Open Workspace Replace Load Materials System
Close Workspace Comment Block
Save Workspace Uncomment Block
Save Workspace As Change Case
Print Cut
Print Preview Copy
Print Setup Paste
Exit Delete
Batch Calculation Table
Import & Run Options Import Table
Export All Point (0D) Create & Edit Table
Export Batch Line (1D) Save Selected Table
Section  (2D) Export to Excel
Liquidus Create Graph
Solidification Simulation
Graph Window Help PanOptimizer
Configure Graph Expand Nodes Pandat Help Rough Search
Save Graph Collapse Nodes Example Book Optimiz Control Panel
Copy WMF Format Selected Nodes Dongle Infomation View Optimization
Select About Pandat ... Parameters
Zoom Mode Cascade Create
Display Full Range Tile Load Experimental file
Legend Arrange Icons Append
Label Mode Split Open Optimiz Results
Text Pandat 1,2, Save
Line Miedma-model
Arrow
Save As Default
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17. FHHEETNL

WEKERIZTAH =RV X =2 HOWIZERAERET LV, GBI FET AV Z2EH L TOET,
associate £7 /L. ionicliquid ET IV EZFHEHTE £7,

LIt RIRREKIGHHE Y 7 F U =7 Pandat
SIAY 77 LA
"The PANDAT Software Package and its Applications"
S.-L. Chen, S. Daniel, F. Zhang, Y.A. Chang, X.-Y. Yan, F.-Y.Xie, R. Schmid-Fetzer and W.A. Oates:
CALPHAD 26 (2002) pp175-188.

Z DA DFER

"On A New Strategy For Phase Diagram Calculation”
S.-L. Chen, K.-C. Chou and Y.A. Chang: CALPHAD 17 (1993) pp237-250, pp287-302.

"Summary of the proceedings of the CALPHAD XXVII meeting : May 1998 Beijing, China"
(S. Chen, F. Zhang, W. Oates, K-C. Chou and Y.A. Chang: "PANDA", pp275-276),
CALPHAD 23 (1999) pp265-303

"On The Calculation of Multicomponent Stable Phase Diagrams"
S.-L. Chen, S. Daniel, F. Zhang, Y.A. Chang, W.A. Oates and R. Schmid-Fetzer:
J. Phase Equilibria 22 (2001) pp373-378.

"Phase diagram calculation: past, present and future"

Y.A. Chang, S. Chen, F. Zhang, X. Yan, F. Xie, R. Schmid-Fetzer and W.A. Oates:
Prog. Mater. Sci. 49 (2004) pp313-345.
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18. NYFI774I)LPBF®DOH

[T ITT LTI T T T i 1777
Pandat Batch File Example //

/]
Copyright 2007 CompuTherm LLC // example.pbf

/]

September 08, 2007 //

[ITTTTTIEEET T i i rirrs i

/]
/]
/]
/]
//
/]
/]
// Refer Pandat 7.0 manual on the batch command keywords for detail
// Any line beginning with "//" is a comment line and will be ignored
// General format: [keyword] {value list}
// All keywords are case insensitive
// [Begin], [begin], [BEGIN], etc are all equivalent
/]
/]
//

[DATABASE] define a database file with extension name as "tdb" or "pdb"
[DATABASE] is usually put at the beginning of the batch file.
It can be anywhere in a batch file, but at least before the first [end].

// Different calculations may use dlfferent databases.

// A calculation uses the most recently defined database.

[DATABASE] {'NbSiTi.tdb"}

// Desine a point calculation 1REE
// [begin]ititle} starts a calculation

// The title will be shown on the explorer window in PANDAT workspace
[begin] {Nb-Si point}

// Define a calcualtion type
[CalculationType] {point}

// select subsystem components
[COMPONENT] {Nb Si}

// define the condition of the point to be calculated
[POINT] {T = 1000, x(Nb) = 0.2, x(Si) = 0.8}

// Other example points:
// Set units:
// Temperature: use C or K(default)
// Composition: use X, X%, w (or wt), w% (or wt%)
// [POINT] {T = 1000c, x%(Nb) = 30, x%(Si) = 70}
// [POINT] {T = 1000C, w(Nb) = 0.2, w(Si) = 0.8}
// [POINT] {T = 1000K, w% (Nb) = 20, w%(Si) = 80}
// [POINT] {T = 1000K, wt(Nb) = 0.23, wt(Si) = 0.77}
// If composition is not defined for all components,
// the balance will be equally distributed to the remaining components:
// [POINT] {T = 1000c, x(Nb) = 0.24}
// in this case, x(Si) = 0.76
// end of the definition of calculation
[end]
// Define a line calculation with output files T4 VHE

[begin] {Nb-Si-Ti line}
// line calculation type
[CalculationType] {line}

// select components
[COMPONENT] {Nb Si Ti}
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// set two endpoints of the line
[POINT] {T = 1000C, x(Nb) = 0.2, x(Si) = 0}
[POINT] {T = 1000C, x(Nb) = 0.2, x(Si) = 0.8}

// set number of calculation steps
[steps] {80}

// This line is Optional.

// Set output file for this calculation

[output] {FileName = "line_1.dat", format = "T, x(Nb), x(Si), mu(Nb), f(Liquid)"}

// FileName and format are required. In format, fields are separated by ","

[output] {FileName = "line_2.dat", format = "T, x(Nb), x(Si), mu(Nb), f(*)"}

// X(component) means overall mole fraction

// f(*) means phase fractions of all related phases

// Separator in output file = TAB

[output] {FileName = "line_3.dat", format = "T, phaseName, x(Nb), x(Si), mu(Nb),
act(*@*:liquid)"}

// phaseName: names of phases in the system in equilibrium

/] act(*@*:liquid) outputs activities of all components in any phase in

// equilibrium, with liquid as reference

// act(componentNane@phaseName:referencePhaseName) is also acceptable

[end]
// Define a line calculation with liquid phase suspended EMHZBRINLIZHBEDT A L FHE

[begin] {Nb-Si-Ti line (liquid phase suspended)}
[CalculationType] {line}
[COMPONENT] {Nb Si Ti}

// set the liquid phase to be suspended
[suspend] {liquid}

[POINT] {T = 3000C, x(Nb) = 0.2, x(Si) = 0.5, x(Ti) = 0.3}
[POINT] {T = 1000C, x(Nb) = 0.2, x(Si) = 0.5, x(Ti) = 0.3}
[steps] {50}

[end]

// Define a line calculation with specific phases selected ¥&EL7MHEZTOHEEDT A VitE

[begin] {Nb-Si-Ti line (only liquid, bcc, and Nb3Si phases)}
[CalculationType] {line}
[COMPONENT] {Nb Si Ti}

// suspend all phases
[suspend] {*}

[restore] {liquid, bcc_a2, NB3SI}
/| restore these phases
// Note: all phases are selected as a default setup

[POINT] {T = 3000C, x(Nb) = 0.2, x(Si) = 0.5, x(Ti) = 0.3}
[POINT] {T = 1000C, x(Nb) = 0.2, x(Si) = 0.5, x(Ti) = 0.3}
[steps] {50}

[end]

// Define a section calculation
// calculate a binary phase diagram 2 TERIREERI A

[begin] {Nb-Si binary phase diagram}

[CalculationType| {SECTION}
[COMPONENT] {Nb Si}
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pecify three points that define the section to be calculated

[POINT] {T = 3000, x(Nb) = 1}
[POINT] {T = 300, x(Nb) = 1}
[POINT] {T = 300, x(Si) = 1}

// scanline definition, Refer Pandat 7.0 manual for details

// if this is not given, PANDAT will use internal default value:
// 1% from the four borders of the section

[scanline] {dx = 0.01, dy = 0.01, dx = 0.99, dy = 0.99}

[output] {FileName = "binary_##.dat", format = "phaseName, T, x(Nb), x(Si), f(*)"}
// "binary_##.dat" means file name will be automatically numbered as "binary_00.dat",
// "binary_01l.dat", "binary_02.dat", ...
// existing files in the current working folder will not be overwritten.
[end]

[begin] {Nb-Ti binary phase diagram}
[CalculationType] {SECTION}
[COMPONENT] {Nb Ti}
[POINT] {T = 3000, x(Nb) = 1}
[POINT] {T = 300, x(Nb) = 1}
[POINT] {T = 300, x(Ti)= 1}
[output] {FileName = "binary_##.dat", format = "phaseName, T(C), x(Nb), x(Ti), f(*)"}
// in format, the unit of T can be defined as T(C) or T(K), default is in K
[end]

[begin] {Si-Ti binary phase diagram}

[CalculationType] {SECTION}

[COMPONENT] {Si Ti}

[POINT] {T = 3000, x(Si) = 1}

[POINT] {T = 300, x(Si)= 1}

[POINT] {T = 300, x(Ti)= 1}

[output] {FileName = "binary_##.dat", format = "phaseName, T(K), x(Si), x(Ti), f(*)"}
[end]

// calculate a ternary phase diagram: Nb-Si-Ti Isotherm at 1500K 3 JEREEKE X FE

// Phase diagram: Nb-Si-Ti Isotherm at 1500K
[begin] {Nb-Si-Ti isotherm at 1500K}
[CalculationType] {SECTION}
[COMPONENT] {Nb Si Ti}
[POINT] {T = 1500, x(Nb) =1}
[POINT] {T = 1500, x(Si) =1}
[POINT] {T = 1500, x(Ti)= 1}
[end]

// Phase diagram: Nb-Si-Ti Isopleth 3 JC R MEWTE X FHE
// calculate a ternary phase diagram: Nb-Ti0.5Si0.5 Isopleth
[begin] {Nb-Si-Ti Isopleth}
[CalculationType] {SECTION}
[COMPONENT] {Nb Si Ti}
[POINT] {T = 3000, x(Nb) = 1}
[POINT] {T = 300, x(Nb) = 1}
[POINT] {T = 300, x(Si)= 0.5, x(Ti) = 0.5}
[end]
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// calculate a ternary phase diagram: Nb-Ti-Si liquidus projection 3 TRV FE T X FHE

[begin] {Nb-Si-Ti liquidus projection}
[CalculationType]| {Projection}
[COMPONENT] {Nb Si Ti}
[Interval] {T = 200C}
// [Interval] {T = 200K}
// isothermal lines with given interval value will be calculated
// without interval value, only liquidus projection will be calculated
// interval value of T can be defined in unit K or C, default is in K
// 200C calcualtes isothermal lines at T= 1800C, 2000C, 2200C,
// 200K calculates isothermal lines at T = 2200K, 2400K, 2600K,
[end]

// calculate solidification sequence of a ternary alloy 3 CREEEE

[begin] {Nb-Si-Ti solidification}
[CalculationType] {solidification}
[COMPONENT] {Nb Si Ti}
[POINT] {T = 3000, x(Si) = 0.8, x(Ti) = 0.1, x(Nb) = 0.1}
[model] {Scheil}
[model] {Lever}
two options for solidification model: scheil or lever

[output] {FileName = "Scheil ###.dat", format = "phaseName, T, fs, fl, Hm, ftot(*),
_tot(*)"}
/ for solidification simulation, fs is total accumulated fraction of solid, fl is fraction of liquid,
/ ftot(*) is accumulated fractlon of individual solid phase given in the
/ same sequence as "phaseName"
/ accumulated only for Scheil, otherwise f(*)=equilibrium fraction.
/ f tot is same as ftot, except that only the phases that solidified
/ at the temperature are shown.
end]

NN H’

—_—

// exit: end of batch calculation
[exit]
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