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FRLET,

line.dat

77 A IVDONE

A | B | ¢ | b | E | F | & | uw | 1 | o9 | vk | v | wum |
1 xR with b muthli) T wt(Ti) mulTi} Gitotal  TIKD TC) Line Calculation
2
35 068 0804815 —160087 032 0195185 —168734 -162861 227315 2000 BCC_A2(1)
36 067 0797554 —160319 033 0202446 168272 -162044 227315 2000 BCC_A2(1)
37 066 0790200 160544 034 0209791 167826 -163020 227315 2000 BCC_A2(1)
38 065 0782778 —160771 035 0217202 —167385 -163080 227315 2000 BCC_A2()
39 064 077526 -161001 036 022474 166977 -163152 227316 2000 BCC_A2(1)
0 063 0767653 —161233 037 0232347 166573 -163200 227315 2000 BCC_A2(1)

062 0750056 —161469 038 0240044 —166180 -163250 227315 2000 BCC_A2(1)
4 061 0752167 161708 039 0247633 165798 -163303 227315 2000 BCC_AZ(1)
43 06 0744284 —161950 0.4 0255716 -165428 -1633H 227315 2000 BCC_AZ(1)
44 059 0736306 -162106 0.4 | 0263604 165067 -163373 227315 2000 BCC_AZ(1)
45 | 0588895 0735418 162223 0411105 0264582 -165027 -163376 227315 2000 LiquiddD+BCC_AZ(4 )
16 058 0728231 162223 042 0271769 —165027 -163401 227315 2000 LiquidD 07065 78+B0C_A2{0.020342)
47 057| 0720056| 162223 0.43| 0279944| —165027 —163429| 227315 2000 LiquickD 1 50094 +BOC_AZ(0.049906)
48 056 0711782| —162223 0.44| 026E218| —165027 —163457| 227315 2000 LiquickD 229529 +BOC_AZ(0.770471)
49 055 0703404 162223 0.45| 0205596 —165027 —163485| 227315 2000 LiquickD 908965 +BOC_AZ(0.691 035
50 054 0694922 —162223 0.46| 0305078| —165027 —163513] 227315 2000 LiquickD 388401 HBOC_AZ(0.611599)
51 053] 0686334| 162223 0.47| 0313666| —165027 -163541| 227315 2000 LiquidD 4676841 +BOC_AZ(0.532159)
52 052| 0677637| 162223 0.48| 0322363 —165027 -163569 227345 2000 Liquid{0 547281 +BOC_AZ(0.452719)
53 051| 0665829| 162223 0.49| 0331171 | —165027 -163597 2273145 2000 LiquiddD 62671 4)+BOC_AZ(0.3732867
54 05 0658900 -162223 05| 0340091 | —165027 -163625 227315 2000 LiquiddD 7061 48)+BCC_AZ(0.293852)
55 049 0650874 162223 051| 0349126| —165027 —163653] 2273.15 2000 LiguicdD 785588)+B0C_AZ(0.21441 2)
56 048] 0641722| —162223 052| 0358278| —165027 —163681 | 2273.15 2000 LiguicdD 865027 +BCOC_AZ(0.134573)
57 0.47| 0632451 | 162223 053] 0367549| —165027 —163709 2273.15 2000 LiguickD 944461 +BOC_AZ(0.0555395)
58 | 0.463009| 0625697| 162223 0536991 0.374103| -165027 -163729 227315 2000 Liguick1 +BCGC_AZ(0)
59 046 0623058 —162336 054| 0376942| -164930 -163737 227315 2000 Licuick1
60 045 0613541 —162719 055| 0356459| —164611 -163760 227315 2000 Licuick1
61 044 0603897 163111 056| 039E103| —164297 —163775 227315 2000 Licuick1
62 0.43| 0594124| —163511 057| 04056876| —163988 -163783 227315 2000 Licuick1
63 042 0584219 —163921 056 0415781 | —163685 -163764 227315 2000 Liuic1 »
64 041 057418 -164342 059 047582 -163387 -163778 227315 2000 Liuic1
65 04 0564003 -164773 06 0435997 -163084 -163765 227315 2000 Liuic1
&6 039 0553687 -165215 061 0446313 162805 -163745 227315 2000 Liuic1
a7 narl 054227 -165669 067l 04saTIRl —169521 | —16AT17] 2PTA1E 2000 1 ienird1
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Vali Options
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Total: |1
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MDT

mpuTherm Pandat 6.0 — [Pandat3]
4 File  Edit Miew Database Batch  Galculation  Table  Graph  Window  Help

= =] 2 B A ENEHHAS DeFEL& 7

Text File T [« %8 [xT0 | chaselName [l [ | iotionidy | fowBoC A2 [ 1

2|3 Database 186645 0706083 0167694 0126263 Liquid+BCC_AZ 0541351 0.458009 0541351 0.458009
+ Q Components

180225 0706226 0163283 0126491 LiquidBGC_A2 0539711 0460289 0G39T1 0460289
- Phases 186005 0704814 0163576 0126610 LiquidrBGC_A2 0533560 0461420 0533580 0461420
= ‘GE‘C“‘afefj_Re?“"S 185995 0704608 0163723 0126660 Liquid*BCC._A2 0533017 0461983 0538017 0461983
- S °I'dg':§;:” 185045 0704505 0188796 0126699 Liquid+BOGC_AZ 0537736 0462264 05ITIE6 0462264
185095 0704479 0163314 0126706 LiquidBGC_A2 0537066 0462334 0537666 0462334

Default Graph
Tables

186935 0704479 0168815 0126706 Liquid+BCC AZ+Nb3Si 0537665 0462335 0537665 0462335

184985 0687219 0168074 0144767 Liquid+BCC_AZ+Nb3SI 0371164 0528836 0371164 0521885
?El F"F 1:@ % TB46.65 0681500 0167751 0150749 Liquid+BCGC AZ+NB3SI  0.331821 0568179 0.331821 0.535950
AL/ N N TRAAR NATRADR NIRTAAT M1RARAT  Linnid+ ROG AD+MNRAST 190309 nImeana N2gaEaa NERAFARR

M4 Z s T
i‘g—o

ult Table 180925 0704295 0168806 0125899 Liguid+BGC A2+MNb3Si 0535443 0464557 0535443 0463129 0.

180905 0703927 0168789 0127284 Liguid+BGCC A2+Mb3Si 0531033 0468967 0531033 0464704 0.

188865 0703192 0168754 0128053 LiquidtBCC AZ+Nb3Si 0522352 0477648 0522352 0.4678058 0.

El‘ ﬁ J: &: ‘7'; - 7“/1/ 185785 0701725 0168686 0120589 LiquidtBCC AZ+Nb3Si 0505528 0494472 0508528 0473817 0.
188625 0693799 0168550 0132651 LiquidtBCC AZ+Nb3SI 0473908 0526092 0473908 0.485120 0.

— 185305 0592985 0168280 0138735 LigquidtBCC AZ+Nb3Si 0417882 0582118 0417882 0.508161 0.
FRLET, |
0.

n

Solidification.dat 7 7 A LV ORNE

MR ROZ U Z N E— ROMEE, AT OHRITCHRRE, FILROIFERT vy L
HE (K), iE (C). 4

B o} D E F G H 1 o K L ] I} (6] P Q
1 s IH(otal  (Cpltotal  odlNBY  wtl N mu(NE) S0 wtlLSD  mulSi KLT wi(L T mulTi) TUD TG Mb SiTi Cliguid) Mo O
2
3 0 742782 37.3871 08 080727 -90M759 01 0034284 -226839 01 0058446 -120851 237588 210273 Liguid — BCG_AZ
4 | 0000258 742434 37.3865 0799968 0807254 -950177.3 0100021 0034282 -226829 0100011 0058454 -120851 237578 210263 Liguid — BCG_AZ
5 | 0000773 74211 37.3751 0795304 08507222 -90180 0100064 0034308 -226808 0100033 0058463 -120850 237558 210243 Liguid — BCG_AZ
Li] 00018 741345 373523 0799775 0807158 -901855 0100149 0034341 -226765 0100076 00585 -120849 237518 210203 Liguid — BCG_AZ
7 | 0003846 73882 37.3068 0.799519 0807034 -901965 0100319 0034405 -226680 0100162 0058561 -120846 237438 2101.23 Liguid — BCC_AZ
8 0007911 736786 372167 (799006 0506782 -9021834 0100659 0034534 -226511 Q100334 0058683 -120841 237278 200963 Liquid — BCC_AZ
9 | 0011938 735288 37.203 0798496 0906532 -902403 Q100933 0034663 -226343 0100506 0053805 -120836 237118 2093.03 Liquid — BCC_AZ
10 | 0015526 733811 371804 0797987 0806282 -902622 Q101336 0034782 -226175 0100677 0058926 -120831 236558 2006.43 Liquid — BCC_AZ
11 | Q019876 732334 374757 0797479 0806032  -90284 Q101674 003482 -226008 0100847 0059047 -120827 236798 200483 Liquid — BCC_AZ
12 | Q023788 730866 371621 0796973 0805784 -903055 Q10201 0035049 -226841 0101017 0059168 -120822 236638 2003.23 Liquid — BCC_AZ
13 | 0027666 728407 371485 0796468 0805535 -903277 0102346 0035177 -226675 0101186 0059238 -120818 236478 209163 Liquid — BCC_AZ
14 | Q031807 727958 371343 0795964 00805287 -903455 0102681 0035305 -2265510 0101354 0059408 -120814 236318 2009003 Liquid — BCC_AZ
15 | 0035312 726518 371213 0795462 090504 -90371.3 0103016 0035432 -225345 0101522 0059528 -120810 236158 208343 Liquid — BCC_A2
16 | Q038081 725087 371077 0794962 0804794 -903031 0103349 003556 -225181 0101689 0059647 -120806 235858 2086.83 Liquid — BCC_A2

Ny FHERED LT =7 UEREEZ RN T 5 Z L TIRO L 5 effEZ B TE £

BE (K), EBE (C). EfS, RO ZLE— HOLSR, BT OSITTRERE,
pnHAH DR ST O TR R

A B (o} D E F G H I J K L %] N (0] [ Q R
1T T fz Hm fLiguid?  x{NE@LiguinS i@ Liguid £ Ti@Liguid fIBCC_AZ) x(NE@BCC x(Si@BCC_TI@BCC_fIMEISD  w(Np@NEIEX(SI@NGIE A TI@NEES fTBSi3)  «(Ne@T
2

A\

145 215358 168043 0343557 587077 0656443 0738856 0140986 01189158 0343557 0801672 0027851 0070277
146 215278 187963 0344302 587107 0655698 0738671 0141114 0119214 0344302 0901794 0027888 0070316
147 215238 1875.23 0344674 587121 0855326 (73558 0141179 0115242 0344574 08501755 0027908 0070336
146 215218 1679.03 034486 587128 065514 0739534 0141211 0119256 034456 0801736 0027918 0070346
149 215208 187893 0344952 587131 0655048 0738511 0141227 0119263 0344852 0801726 0027923 0.070351

150 215206 187891 0344974 587162 0855026 0738505 014123 0115265 0344874 0801724 0027924 0070352 Q0640674 025 0109326
151 215186 167871 0358387 575554 0641613 0738953 0141181 0119856 0351428 0801402 0027928 0070669 0006858 0640198 025 0109802
152 215146 187831 038426 561247 Q61574 0737852 0141111 Q121037 0363887 QH00761 0027937 0071302 0020374 0638251 Q25 0110749
153 215066 187751 0432432 535266 0567568 0735655 0140955 012339 0387111 08809487 0027952 0072561 0045322 0637372 Q.25 0112628
154 214806 167591 0516152 482237 0463845 0731285 0140651 0128064 0427568 0696967 0027981 0075052 0068585 0633673 025 0116327
156 214746 167431 0583423 479051 0416577 0726947 0140358 0132694 0460155 0G54483 00268007 007751 0123269 0630051 025 0119949
156 214586 187271 0638131 467988 0361869 0722641 0140077 Q137282 0486718 0882034 0028031 0079935 0151413 0626503 Q.25 0123487
157 214426 187111 068311 458612 031689 0718366 0139805 0141829 0508606 0885618 0028051 008233 0174504 0623028 025 0126872
156 214266 166951 072046 45058 027954 0714121 01439543 0146336 0526822 0687234 002607 0084686 0193633 0618622 025 0130378
158 214106 186791 0751758 443668 0248241 0708806 0139281 Q150804 0542119 0.88488 0028086 0087034 020864 0616283 Q25 0133717
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x[5i] ] I Y
o n [3

30



3)  AEiEfNTTRIELET,
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I nbeitis00.pbf - XEHE
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[DATABASE] ["C:¥Program Files¥CompuTherm LLCY¥Pandat 6.0¥MbSiTi.tdb"]

[BEGIN] {Section Calculation]
[COMPONENT] {Mb Si Til
[CALCULATIONTYPE] {section}
[POINT] { C, x(Nb)=1, =(5i)=0, x(Ti)=0}
[POINT] { Cy M) =0, =(5i)=1, x(Ti)=0]
[POINT] { C, x(MNb)=0, =(5i)=0, %x(Ti)=1}
[SCAMLIMET {dchv=0.07,dx=0.07,ch=0.99, dx=0.99]

[END]

[EXIT]

0
0
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[Begin] & [begin] & [BEGIN] & (1[5 U T,

O EOOFRET [Beginl THaE V. [End]l TKDOY £,

i
[Begin]

HEWT i ]

[End]
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it

SR T

[End]

Ny FREIFE, F—U—F

1

[Exit] 77 TH T LET,

o
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(2]
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B!

[ Database ]

{ “NbSiTi.tdb” }
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AN ETR LET,
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EHECTxET,
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LIEEDLZ EEFIRLET,
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EREINET,

[ End ]

A
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TThrZ LaEFRLET,

[ Exit ]

L

INy T T 7 A IV DFEFIA S
T B ET, RN
ZITHRTLET,

[CalculationTypel

HEfELE LT oDF D
EnnELTHERLET,

{Point}

1 REHE

{Line}

A UEHE

{Section}

RABXEH

{Projection}

TR T (X

{Solidification}

BEME R
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[ Component ] {Nb Si Ti } 7,
{ T=1000 } B DHEALIT 7 v e T,
[ Point ] { T=1000C } Fi C &2 HT AUX CHNLIC
e ET,
{ x(Nb)=0.1} X: mole fraction
1 x%(Nb)=10 } x% :  mole percent
{ w(S1)=0.05 } W weight fraction
t w%(Si)=5 } w% : weight percen
BEMEEGEN1H LLIX
100 LA EiZ72 o =8 A1,
fIES  fEEMEGRHE
2720 £95,
REMAZFAR LT 1
B OILRENFET DA, €
DOIREEITEREE SNLET,
TAVEREOEGE AT v
[ Steps ] {50} Haseah UE,
(A H%5)
BEFHAEOSLE, FHEET L
[ Model ] { Scheil } EELLMERLET,
{ Lever }
Lever = equilibrium -
AR TH X FFE OHE . SRR
[ Interval ] { 100K } M cEES, T b
{100C } Bt IBEREEERLE

kR
100C & AN LT=54A
100°C, 200°C, 300°C, -
DIREREZHEA L E7,

[ Scanline ]

{dx=0.2,dy=0.3}

MEERSAICIRY | R %=
L RN e SR VA =
IRTEFET,

[ Suspend ]

[ Restore ]

)
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*1
(F—U— K] {fiE} A
VB 6
[ Output ] { fileName="hashiO1.dat”, | FIFZE M A ICELT DFHHEER T 7

format = “T, phaseName,
fs, fl, H Latent” }

ANEAENET,

VBT 27 7 ANV ERIELET, L
BEIZIRI CARTIO 7 7 A ASEAUR, B3
TInFET,

—J. T AL #H EEOE,
1z 1%, hashi#t.dat & 3 2UE. #HOE
X BB 2 T DB/ S 03T B,
EEXEHIELET,

hashi00.dat

hahsiO1.dat

hashiO2.dat

T: &E (Frey)
T(C) : IR (°C)
phaseName : *F-fitH D44 Bif

fs: [ AH =R
fl: WA
H_Latent : %[+ DR OFEEL
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1.T HEOWHIT 1T , T HE (Frey)
T[C] & (C)
phaseName SRR D44 i
reactionEquation
invariantEquation

f(*), fw(*), fv(*)

£%(*), fw%(*), fv%(*)

x(*), x%(*)
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FHHDOENHE, HEDE
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—Z i LET,
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a(*@*:liquid) Cu D% & HIEFHDLFERT v ¥ UE
a(*@*:liquid<*,T>) mu(pure Cu@liquid) % FHHE T
a(Cu@fec:liquid) WA IEE -1 ey FER
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mu(*:phase<*>),
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ATOMICK L TEZRE L £,
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pmCp(*@*:phase<*>)

aa(*@*:phase<*>)

SEEMRICRTT S
FAHDER STV B
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PO IEFEOIE R
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fl B O [E FH =R
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BT A

eI
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ftot(fcc), ftot(*)

{Solidification} =&
W2 D EMEO
24 phase fraction &

ftot(liquid) = f1

f tot(fce), f tot(*)

{Solidification} FtiHHF
2B D EMEO

2 FE phase fraction fH
ZOMNFET HIREE

T OHRER
SET,
Vm, density, MW ROEIVRIE, BE, T
JVE R
Vm(*), density(*), FHOE/NERE, BE, £
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Z 4 L #% : [CalculationType] {Line} D4
[Point] ¥—U— RiX 24712720 7,
LATHIXEERG R Z . 24 THISEIRER T AREZGR LET,

REEXFHH « [CalculationTypel {Section} D4,
[Point] &¥—U— KX 34712720 £,

Y

117H Y HEOfE

29TH OSDHE

317H X AEOfH X

73

Ny F T 7 A VITFLIR T DL,

B EICATTEAERL B L TWET,

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

[COMPONENT] {Nb Si}

[POINTI {T = 3000, x(Nb) = 1} GBIGUIte ection D) X
[POINT] {T = 300’ X(Nb) - 1} - ftis PO\I?;IUE Options | oK |
[POINT] {T - 300, X(Sl) — 1} T | 2000 Select Phases | Gancel |
x[MB] |1 Y
x[5i] |0
[end] Totak |1
Origin X
&=l =
Origin Paint H-fixis Point
Walue Walue
TIK]  [300 Tk] [200
x[Mb] |1 <[MB] |0
x[sil |0 FEIE
Totak |1 Total: |1
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1827 7 A V%A L 556 1% [Close Workspace] iR L £797,
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41



MDT

T—JIViAE

Pandat 5.0 7>567 — 7 /UREDSHTALICIEN S E L7z, Pandat 6.0 CTIISREE )77 — X %
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Table Options, Import, Edit, Save, Excel, Create Graph 2N HE SN TWE T,
Table A == —|IFXD@EYH T,

) GompuTherm Pandat 6.0 — [Pandat1]
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Table options... &l
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# 3 Create & Edit Table WEICBITAERE—ELENEFNLOa A K

System Properties

x(*) Molar fraction of component in system. Example: x(Cw).
X x%(*) Molar percentage of component in system. Example: x%(Cu).
w(*) Overall weight fraction. Example: #%£(Cxw). w(Cu)
A4 w%(*) Overall weight percentage. Example: w%(Cuw).
T[C] Temperature [C]
T T[K] Temperature [K]
1.T 1/Temperature [K*-1]
phaseName Names of phases in equilibrium
£(*) reactionEquation | Reaction equations
invariantReaction | Invariant reactions in a liquidus projection
£(*) Phase molar fraction(s). Example: f(liquid).
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%(liquid).
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(Cu).
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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# 3  Create & Edit Table HiEIZFB T D8N —ELEZNENoa A b (ft)

System Properties

a(*:phase) Activity of component in system with given reference state.
pmG() Example: a(Cu@fcc:liquid).
mu(*:phase) Chemical potential of component(s) in phase(s) with given reference
state. Example: mu(Cu@liquid: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(Cuiliquid).
pmCp(*:phase) | Partial heat capacity of component(s) in system with given reference
state. Example: pmCp(Cu:liquid).
Vm phase molar volume
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).
M(C@*) Mobility of species in a phase
DC@) | DC( Ka@*:N) Chemical diffusivity of species in a phase.
K=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(*, K@*:N) | Logarithm (base 10) of chemical diffusivity of species,
K=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(iquid).
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(iquid: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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#* 3 Create & Edit Table HEIZBIT2E R —ELZNFhoa A b (Fi)

Phase Properties

a(*@*) Activity of component in phase(s). Example: a(Cu@fcc).
pmG@) | mu*@*) Chemical potential of component in phase(s). Example:-e{Cu@fee).
pmG(@*) Partial Gibbs energy of component in phase(s).
pmHF@*) Example: pmG(Cu@fcc).
pmS*+@*) Partial enthalpy of component in phase(s). Example: pmH(Cu@fcc).
pmCp(*@*) Partial entropy of component in phase(s). Example: pmS(Cu@fcc).
Partial heat capacity of component in phase(s).
Example: pmCp(Cu@fcce).
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).
pmH(*@*:phase) | Partial enthalpy of component(s) in phase(s) with reference state.
Example: pmH(Cu@liquid:liquid).
pmS(*@*:phase) | Partial entropy of component(s) in phase(s) with reference state.
Example: pmS(Cu@liquid:liquid).
pmCp(*@*:phase) Partial heat capacity of component(s) in phase(s) with reference state.
Example: pmCp(Cu@liquid:liquid).
Vm(*) phase molar volume
Vm(@) density(*) density of phase
MW (*) Molecular weight of a phase
surfaceTension(*) | Surface tension of phase
viscosity(*) Viscosity of phase
Database Info. Database Info. Databaze Infa.
Comps. Comps. » Compz. -
BB D ILHE4 ?::' - Phazes -
BCC_ A2
Phases DIgMOMND_a4
BRI OFE A4 FCG_Al
HGP_AG
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3. Save Table
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5. Create Graph
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6. Import
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ZOREEEFA LTI —% (Bl 21 XEBREME) % Pandat ([ZHEUVIATeZ ENTEET,
FeBRIFTAXF—T 741 (FXARNT7 A4, *txt & LI *dat) E L CHELET,
T—XDO1ITHIX FIOL4H) [ZTH2HERHY £,

EE  FIOLRET ITEEIERWT I,

T—=HOHIIEALFS LIFZ T TERL—FLET,

P expMbSiTitxt — AEWE

FriE) REE #FFRO RO ATH)
EFTT—H T 7 ANVEIED T, fut i1 w1 wti2  wrb2  whi3 wnb3
0.10 0.016  0.42 0.055  0.15 0.4z2
0.20 0.042  0.45 0.012  0.20 0.3
0.30 0.058 0.25h 0.28
0.40 0.07h 0.30 0.21
J7 AV B
P VDIBFIY: | 3 Pandat 50 DR A==
#i5. Import ZFATL T B
3 Line.dat
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ﬁpoint.dat
|#] solidification.dat
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File Edit View Databaze Batch

Calculation  Table  Graph

Window  Help

iDed BR X S I8 | BlEHMA Y DedELE

- Batch File
[+ Database
omponents

=- Calculated Results
[=- Solidification

(= Tables

ZDOT—H T 7 A NVAE
ZVERKT A FRIC Available Tables HH|C T /
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[+ Graphs X 0.075000

Calculation Results
‘Solidification v

Available Tables

wiil
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T—HR=2ZR

NbSiTi.tdb 7 7 A /LD

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+176667+T**(-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+k(~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+ T2
-3.5012e-007*T*%3+93399* T*#*(~1); 6000 N !

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—02 1% 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#k(-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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BNFET—3 R—RERH hashiABC. tdb

$ JEEAD RAVENL =2 A > MTTT,

D7 7 A MIBHTZRLF =K

MHEER AT A =2 Ex2 TR LET,
B St MBI BRI Se T
WK1 741 0H 1 2 BERK

& L R R LKL

$ 3ODOTEHEEZERLET, IO TETT,

$ VFr—FOENZEH LASZRD ET,

$ 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
$

$ EFHORIEZR FYEIC LT,

$ 2ODMHEERLET,

$ LIQUID #H & SOLID #HT9,

$

$A-B 2 50RITIEAH 2 AH B

$A-C 2t RITERE R

$ B-C 2 oR13 5,70

$

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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BEBAHOEHEE E MM EZHE ST L 20I001%, T—HF_XN—R « 77 A )V 4 FEEDOEFEN
ML) FET, I TIIMAERICEOWELT — X 2 ERLET, AEOFEICITEIIFMHAEE
RARZ A= pRHSET, FHERICEHL TEESRE S0,
&4 ® Density % Volume fraction 2>HEHE S E T,
TA UREIZT, AERMOREIED ERENFHE I NE T, FHEMEIET —7 VEREEFIH L
T HLET,
MEEINDEFKR 1) OFl Volume fraction
Parameter Vm (Liquid, Al; 0) 298.15 9.718565E-06 +1.695E-09*T, 3000 N !
M EINDEFKR2) Ofl Surface Tension
Parameter SurfaceTension (Liquid, Al; 0) 298.15  1.24055-3.5e-4*T; 3000 N !
ML INDEFRI) Of HEXTHWD EEK
Parameter beta (Liquid, Al; 0) 298.15 0.83; 3000 N !

ML INDEFR4) OFl  Viscosity

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

FHEEIIOENL :  N/m

FhE D EAT 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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FEAEETI

REHFRITAHT R F—2 AW ERERET L, BIFE7 V2L THET,

ZItRIRERIG R Y 7 U =7 Pandat
SRV 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 DD FE

"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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NYFIT74ILPBF®DH

NNy Ny,
Pandat Batch File Example

Copyright 2005 CompuTherm LLC example.pbf

~ T
\\\\\\

October 1, 2005 /
J1111117111117171111111111711111177]

/
/
/
/
/
/
/
/ Refer Pandat 6.0 manual on the batch command keywords for detail
/A
/G
/A
/
/
/
/

~

ny 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"}

S~ NN B A s

// Desine a point calculation 1 mHEHE

// [beginlititle} 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 FA VEHEA

[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 &M ZRI LIzHEDT A L 5HE

[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.
[POINT] {T = 1000C, x(Nb) = 0.
[steps] {50}

, x(Si)
, x(Si)

0.5, x(Ti) = 0.3}
0.5, x(Ti) = 0.3}

NN

[end]
// Define a line calculation with specific phases selected € L7 DHBEDT A VHE

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

// suspend all phases
[suspend] {*}

[restore] {liquid, bcc_a2, NB3SI}
/| restore these phases
// ote: 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, %(Si) = 0.5, x(Ti) = 0.3}
[steps] {50}

[end]

// Define a section calculation
// calculate a binary phase diagram 2 TERIREERIF 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)
[POINT] {T = 300, x(Nb)
[POINT] {T = 300, x(Si) =

// scanline definition, Refer Pandat 6.0 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}

1
1}
1}

[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 R 1E Wi X 5+E

// 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 JCRAMEWTE R FH A
// 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 T RIEFAE KA

[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 TTREEFE

[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

S~
~~

[output] {FileName = "Scheil_###.dat", format = "phaseName, T, fs, fl, Hm, ftot(*),
f tot(*)"}
// for solidification simulation, fs is total accumulated fraction of solid, fl is fraction of liquid,
// ftot(*) is accumulated fraction 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]

// exit: end of batch calculation
[exit]
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