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Project Ti/TiAl ThSe(;:’rl;sv - (r:ealc

J Objectives: thermodynamic & kinetic databases for
* Ti-based alloys (aTi, BTi, a+B)
* y-TiAl-based alloys

 Challenges

 Complex equilibria: a relatively large number of phases; large solutions,
difficult to make reliable extrapolations

* Extremely complex transformations, e.g. B/a’/a”, a/y, B/w’”’ /w/ordered
ws, y/DO,,

e Binary & ternary systems (Ti/Zr/Hf/V/Nb/Ta/Mo/W): phase boundaries
sensitive to parameters/energy; theoretical calculations do not help

* Susceptible to the impurity contamination, some systems lacking
reliable experimental data




Project Ti/TiAl

] Strategies

A systematic plan and
development

Start with a relatively large (23
element) framework

Systems selected & prioritized
based on a thorough
consideration...

Model selections prior to the
assessments

Assessments

Quick review > review >
modeling/extrapolation >
validation

Aided by high-throughput DFT
calculations

Thermo=Calc
SofGware

J TCTI1: 23 elements, 236
binaries, 71 ternaries

J MOBTI2: liquid, Bcc_A2,
Hcp_ A3, ATi_L10
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Highlights Thgg:‘rl;ev-a?ealc

J Thermodynamic + kinetic databases
 TCTI1+ MOBTI2
 for Ti alloys & TiAl-based alloys and more

In TCTI1

 Only a few ternaries taken from literature

 To include all the stable phases and important
metastable phases in each assessed system

* o, BBy v o, e

e Oland 02

 Borides, silicides, carbides

* w, -, ordered variants of w




. Thermo=Calc
What is the @ phase? Sofware

O Stable under high pressures
or near 0K

] A metastable structure of Ti

hP3, P6/mmm

1a (0 0 0)

2b (2/31/31/2) (1/32/31/2)
o '#7 — &* np “
o 200" o o % o
TiB, type (C32)

Titaniurm

Pressure (GPa)

wTi

J 9 0 . 500 1.-.').’):1 1,5-IJI] 2,000 2,500
9 J Temperature (K)
AP
J )
") ) " - - .
1 Can be “stabilized” in binary

¢ & 9
or higher-order systems by

1a: a graphite-like net
2b: a hexagonal configuration solutionizing or ordering

either cause brittleness or
strengthen alloys




w collapse

[-111] - [0001]w
(111)p > (0001)w
[110]8 - [10-10]w

A pure shuffle transformation
No macroscopic shape strain
Bendersky (1990)

V3

Cw — Taﬁ,aw = \/Eaﬁ

Thermo=Calc
SofGware

O Accompanying the w collapse

Shape change (c/a), e.g. 0.6082
for wTi, vs 0.6124 (shuffled)

Atomic diffusion and
rearrangement (ordering)

The parent phase may be
ordered

Translational structures, w’, w”’

Lacking experimental data,
while theoretical
calculations are difficult

Partially ordered B2
Partially collapsed w"
Partially ordered B8,



w-related structures

TisSn; >> Ti.Sn;Co,:
Co occupy all Ti
octahedra

Thermo-=-Calc
Software

A, oTi
BS,, SnTi,
C32, Ti,X, TiB, 4
o—9g—9
V2 @ 9
2 [ o0,
 ©
@ 2 o
O—9f0—o @ a
o g | = B8,, ternary
@ P o
" e
o —9of—o
"



Thermo=Calc

w-related structures Sofware

= “Athermal w”

o transformed from the parent phase via a displacive mechanism
o deformation-induced
o during quenching
o Long-distance diffusion suppressed
o Ordering possible?

L« a+p B

A RN
= “lsothermal w” e B netastable stable
o Forming during aging ol \---¥_ 3 <] echanically instable
o More or less ordered §
o (€32, B8, or more complex structures. E @ B + wath
B+ wiso
RT |La

m {4 »”

) —5 5 >
O 882, not necessar”y_ Beta stabilizing elements (%)




» solution and C32 Thermo-=-Calc

Software

P6/mmm, hP3 Separately modelled
w solution Ti, X TiB,
4, C32 C32
b Ti 2b Ti 2b B
1a Ti 1a X 1a Ti
(Ti, X...); (Ti),(X, ...); (B, ...),(Ti, ...);
o Ti-Mo o Rarely reported o AlIB,
o Ti-Nb in Ti alloys o CrB,
o Ti-Ta o MnB,
o Ti-V o MoB,
o Ti-Sn-V o NbB,
O o TaB,

o TiB,

o VB,

o YB,

o ZrB,




w solution: Ti-Nb Thermo=Calc

Software
=  Martensitic transformation
= TO-line 2500 LIQUID
= Ti-Al/Zr: (As + Af)/2 or (Ms + Mf)/2
. . z
= Ti-Fe/Mo/Nb/V: very narrow window 5 2000
\
§|
100¢ Omegas '2 £500 BCC_A2
©E.Resist. 88Ike § _
900 o isor aotavan| | X
Z ~
800 W 1000~
_ Hep A3 | s ———_ _ _ _
=g ?."::_—‘———_ ‘_""-..
> 798 OMEGAT |~ ~ o
m 500 X
X 600
&
> 500 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
<
2 400 \ A MOLE_FRACTION NB
o ~ e
= y =
m 300 PB/w : m
o 400
200 v B/o
100
. 200
0 N -
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.4" 000 005 010 015 020 025 030 035 040
A MOLE_FRACTION NB A MOLE_FRACTION NB

Jiayi Yan et al., PhD thesis, 2014



w

O 4SL model
" (M), (M),(M),(M),

O Few experimental data

] Difficulties in theoretical
calculations

= Cell relaxation

=  Position of partially -
collapsed planes

=  Atomic arrangements

= Mixed occupancies

160

120

os]
o

Energy (meV/atom)
S

S
=)

Thermo=Calc

o
T

Software
P3ml la(l): Ti
Ib(4):  ;AIZNb
2d,(2.6): Al
2d,(3,5): Ti
T ! T ! T ! 1 ' T T T
- (b) —@&— TiuALND T
—&— TisAlsMo 1
O Ti
L O Al .
O AluXan
1 1 1 1 1 1
0 1 2 3 4 5

Position of partially collapsed planes
Hu et al., Phys. Rev. B 90 (2014) 054109

However, site occupancies and c/a ratio must be
changed as well, in order to find the minimal.



Al-Nb-Ti B8, Thermo-Calc

SofGware
(AII Sn) -")1 0.50 ]
(Nb, Ti, ...), 1as| @1398K
(Ti, ...)1
0.40
% 0.35 .
B8, P6,/mmc, hP6 = B(Ti)
. O 0.30
2d Ti =
Q
2c Al é 0.25
: ™
2a Ti+Nb(+Al) H| 0.20
O
= 0.15
0.10
0.05

A MOLE_FRACTION AL




Al-Ta-Ti B8,

(Al, Sn, ...),
(Nb, Ta, Ti, ...),
(Ti, ...),

B8,, P6;/mmc, hP6
2d Ti

2c Al

2a Ti+Ta(+Al)

0.50

0.45

0.40

0.35

0.30

0.25

0.20

MOLE_FRACTION TA

0.15

0.10

0.05

0.00 = —
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.5¢(

A

Thermo=Calc
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@ 1373 K

B(T1)

Y e yTiAL

-——

MOLE_FRACTION AL



D8, & Ga,Ti.-type Thermo-Calc

Software
(Cr, Fe, Hf, Ti, Zr),
. 2000
(Al, Sn, S|)3 . o Sn_Zr - 5521?\3’;?88#2?
(Cr, Fe, Hf, TI, Zr)3 - 2{:25};54
(Co, Sn, Va), 1600 / R ZEEE{;Q
, 1400 / \\
D8g, P6;/mcm, hP16 = /
6 7 g 1200 ) E—
r
g %I E—
6g Sn % 1000
<T
4d ZI‘ ﬁ 800 / —
=
2b Va - Sn = / : =
600/ ||
400 SI]IA Zl‘5_> Sn3ZI'5
200 4
%0 01 02 03 04 05 06 07 08 09 10
A MOLE_FRACTION ZR

15/35 R. Jerlerud Pérez, C. Toffolon-Masclet, J. M. Joubert, B. Sundman, Calphad 32(3) (2008) 593.




D8y & Ga,Tis-type

(Cr, Fe, Hf, Ti, Zr),
(Al, Sn, Si),
(Cr, Fe, Hf, Ti, Zr),

(Co, Sn, Va),
D8, P6,/mcm, hP16
68 Ti, Zr

68 Sn

4d Ti, Zr

2b Va — Sn

Thermo-=Calc

Software
. 1.0
Sn-Ti-Zr S
0.9 — 3;T\GSN5_
@1473 K - o
o
06
&
Sn,Zr:&,;
/
Y o) S
Sn,Zrs 7
0.3

4
0.0 0.1 0.2 0.5 0.6 0.7 0.8 09 1.0

A MOLE_FRACTION TI

Extrapolated Sn-Ti-Zr isothermal section at 1473 K



D8y & Ga,Tis-type
(Cr, Fe, Hf, Ti, Zr)2

Thermo=Calc
SofGware

17
17

17

\17

Co;

N - 14:B82 OMEGA

= 9:COSNTI
— 12:TI6SNS
= 13:M5SI3_D88

15:ALTI3_DOI9
16:NITI2
— 17:BCC B2#1
— I8:HCP_A3

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.4(
MOLE_FRACTION CO

: 0.50
(Al, Sn, Si),
. 0.45
(Cr, Fe, Hf, Ti, Zr)3
0. 40‘
(Co, Sn, Va), Sn,Ti.
=20.35|]
n
D8, P6,/mcm, hP16 S 030!
8 h 5 0.25¢
6g Sn g
|
4d Ti = 0.20
2b Va - Co = 0.15
0.10
0.05 ||
0.00 i
= Ti.Sn;Co, (x=0-1) at A

870 and 1070 K

Yu. Stadnyk, L. Romaka, A. Horyn,
A. Tkachuk, Yu. Gorelenko, P. Rogl,
J. Alloys Compd. 387 (2005) 251.

Co-Sn-Ti@ 1073 K



HT DFT calculations
VASP + MedeA flowcharts

OODD

ODOOD

o wargy ~DONOT EE0)

Stoichiometric compounds

(Partly) disordered compounds
Calculation of end-members
Calculation with supercells

Binary solid solutions
SQSs (Special guasirandom structures)
CPA (Coherent potential approximation)

Ternary solid solutions
SSOSs (a small set of ordered structures)

Thermo=Calc
SofGware




High th hput DFT calculati Thermo=Calc
lg l‘Ollg pu caicuiations Sofbware

Accuracy & Efficiency
= SQSs (Special quasirandom structures)
= SSOSs (a small set of ordered structures) Jiang & Uberuaga (2016)

Supercells - SQSs - SSOSs
= higher efficiency
= comparable accuracy

%%q“'%

Q. "I«J"““ 'Q J‘
W,»‘“ca,,*-«caf"‘f 9. ,; ¥
M%%%% o J

96 atom Supercell 32 atom SQS

Several different supercells are needed.

9 "X 1
:iJ‘J j J‘j;:)JJ

SSOSs Ti,AlV

Jiang (2016): SSOSs for ternary Fcc_Al,
Bcc_A2, Hcp_A3,e.g. 7




HT DFT calculations

e Al, B, C, Co, Cr, Cu, Fe, Hf, Mn, Mo, Nb, Nij, Pd, Pt, Re, Ru, Si, Ta, Ti, VV W, Y, Zr

e C32 and B8,
e Ti, X+ TiX,

* SQSTi36X12
e Supercell TigeX;,, Tig;Xy7, TigyXs, for X # Z
e Supercell TiyX;,, Tig;X,,, for Z=Cr, Mo, Nb, Ta, V; W

¢ SQS @ 25,50, 75 at.% X
e Supercell @ 25, 50 at.% X

¢ SQS @ 25 at.% X
e Supercell @ 25, 50, 75 at.% X

e Complex intermetallics
e Partly ordered compounds

e Ternary solid solutions

Thermo-=Calc

Software

(%
@ € ¢

<

Supercell TiggX;,
108 (3 X3 X 4)

(3 ‘4“‘4‘ ©
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Calculations Software

= Ti-Al-V: the most important

A 3 Phases

titanium alloy system Al-Ti-V isothermal section at 1073 K §
= Ti-Al: subsystem of Ti-Al-V & . oK

. . = Boundary 0.9/
basis of all TiAl-X alloys |

Ahmed (1992 Chaudh: 1992
:Tal € ¢ 2 0 . 8 m2 Pahuaset;ry : !

3 Phases

o [10] =[24] ©[25] v([26] al27]-20K @[28]-16K =[29] e [30] o [31] * [32]

v [33] =[34] & [26] =[37] +(38] ©[39] o[40] ®([41] +[42] X [43] O [43]

«[44] ™ [45] ©[46] * [47,50] > [15] v [48] a [49,50] x[51] *[PW] Al8V5
2000 1 1 1 1 | 1 1 1 1
- Bo—n
L
1800 -
p My
- B i
= 1600 1 : ¥ <o AlTi3
5 .:'. " T Lo
E ¥ 4 - s 24 o | .';.b‘ 2y oy
8_ :.- ‘ I 2 y SR | ’} 0 1 .ge 5
£ s a &K X x| | KX P\ s
2 laih v 5 '/ > ¥ oIk - r‘ A Hcp_g?’o
32 v L x x > ) =4
o L & 3 BRRER 1500 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
1200 & 5 = C % ‘ 1970Jep
5 o« W [ A 4 ~ 1450 A Ms Ti Mole Fraction V Vv
s M l‘ A As
7 I , 1 T ' 1400
1000 - =
>
s}
" o | g 1350
P w
800 : : : : e T . % 1300
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0 E
A Ti Al (mole fraction) E
T 1250
Modified Al-Ti phase diagram 1t z
Based on Witusiewicz, J Alloys Compd (2008) 1200
1150
1100
Calculated B/a 0.00 005 010 015 020 025

T,-line in Al-Ti = Ti MOLE_FRACTION AL




Thermo=Calc
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= Ti-Al-Mo: important Ti-Al system

1.0

Smosaer a2l GUID | . ALTI_LIO Ti-44Al-3 Mo,
0.9 |, betasbetan - 3:BCC B2#2 0

@ gamma - «+ms By | at. )

0.8 5: TI3B4

<& ¢ Mainly based
on phase equilibria
@ 1073, 1173, 1273, 0.5
1373, 1473 K from 0.4
Huang (2017) 0.3

0.2

0.7

0.6

Phase fraction

0.1

0.0
1000 1050 1100 1150 1200 1250 1300 1350 140
A

AN TEMPERATURE_CELSIUS

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Ti Mole Fraction Mo Mo

1.0
Non-equilibrium data = gofmm""
1.0 1073 K
from synchrotron by 0.8

Schmolzer (2011) for
comparison only =>2

0.7
Alg8Mos

- 1:ALTI L10
- 2:BCC B2#2
8 ~ 3:TI3B4

...... - ~ — 4:HCP A3

0.6

0.5

Phase fraction

0.4

0.3

Ti-44Al1-7Mo,

AlTis . & N\ .
4 S S Cr3Si 0.2
02 % S at.%

0.1

1000 1050 1100 1150 1200 1250 1300 1350 140l
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 A
=i TEMPERATURE_CELSIUS

Ti Mole Fraction Mo Mo




Thermo=Calc
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= Typical Multicomponent Ti-Al alloys
1500 | l | I | o
(1] Ti48AIZNb-2Cr P a transus temperature:
© TH48.5AL-2Nb-20r V% the lowest temperature where
o 1450 v T48AI2Nb-2Cr-1W s - 100% o (Hcp_A3) exits, or
% A Ti-47AI-2Nb-2Cr-0.5W )y where a - y starts in TiAl-
§_ 1400 Ti-46.5A1-3Nb-2.1Cr-0.2W P based alloys.
5 ) [ Ti-46A1-2.5Nb-2.1Cr-0.2B g / 1600 N\
% </ Ti-47A1-2.6Nb-1Cr-0.9V / 4: NP(BCC_B2)
T
§ 1350 | ©rTi4a7A1-2.3Nb-1.5Cr-0.5V /@ 100 2
?u' (D Ti-47AI-2.6Nb-1.5Cr-0.5Mn-0.158 /0w 5 2 NP(HC?N :
-g- 0 0 1400+
® X} Ti46.7A1-3Nb-1W / ®
- 1300 / o
Q < 1300-
© =
3 d
S 1250 - 4 = 2
/ —
/ 1100+
1200 T | T T | 1000
@ 1200 1250 1300 1350 1400 14 0.0 Ol.l 0‘.2 OI.3 OI.4 Ol.5 0‘.6 OI.7 0‘.8 OI.9 1.0

Experimental alpha-transus temperature
A NP(¥)




Overview Thermo-Calc
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d MOBTI2

Atomic mobility database for Ti/TiAl based alloys

Ti Al B C Co Cr Hf Fe Mn Mo N Nb
Ni O Sn Si Ta Re Ru V W Y Zr

O 23 elements

0 4 phases: LIQUID, BCC_A2, HCP_A3, ALTI_L10

O 20 binary systems (5 for LIQUID, 14 for BCC_A2, 1 for ALTI_L10)
1 7 ternary systems (3 for BCC_A2, 4 for ALTI_L10)

Note: MOBTI2 is compatible and recommended for use in combination with the TCTI1




Models Thermo-Calc

Software
1 Modeling Strategy for Liquid Phase
« Difficult to measure due to convection and microgravity
 Limited experimental data
Case 1: With experimental data --- Critical assessment
Case 2: No experimental data --- Estimate by modified Sutherland equation
Modified Sutherland equation Self- and impurity diffusion
i coefficients in liquid phase
2u
1+ —
D - k,T pr
671',Ll » - 3_/Ll kg, Boltzmanns constant

B

#=G A;é/g T'” exp(C, T%) ’?(D=O.644x10_8(%)“3(1—0.112 /T—Tm) [ = {O(VAS"B) }

OO("A>VB)

1
Kaptay’s viscosity formula Proptopapas’s effective radius equation Sliding friction coefficient

W.M. Chen, L.J. Zhang, Y. Du et al., Philosophical Magazine 94 (2014) 1552-1577




M Ode IS Thermo=Calc
Software

1 Modeling Strategy for Solid Phase -- BCC, HCP & ALTI_L10

Critical review of the literature
» Self-diffusion coefficients

» Impurity diffusion coefficients

» Chemical diffusion coefficients

» Tracer diffusion coefficients

Semi-empirical First-principles
correlations calculations

Thermodynamic
> Atomic mobility optimization

!

Atomic mobility database

1

® Atomic mobility or Chemical mobility

Thermodynamic database

factor

® Calculate various diffusivities

® Simulation of diffusion controlled transformation




Results

Self-Diffusivity in Licuid

-10.0

A Liquid Phase

= Self-diffusivities

-6.0

-6.5

-7.0 | Al

75 F

Zr
-8.0 Ti

Co
%
-85 v

-9.0 |

95 F

3.0 3.5 4.0 4.5 5.0 55 6.0
10000/T

Fig. 1 Summary presently calculated
self-diffusivities in liquid phase.

Impurity diffusivity in liquid Ti

-7.6

-7.8

-8.0f

-8.2F

8.4F

-8.6

-8.8

Thermo=Calc
SofGware

» Impurity diffusivities

3.0 3.5 4.0 4.5 5.0 5.5 6.C
10000/T

Fig. 2 Summary presently calculated
impurity diffusivities in liquid Ti.
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d BCC_A2 Phase
= Al-Ti binary system
-11.0
Experimental data 19949raki 20F +Solid line- Calcwlation Time=10500s
® T=1573K X T=1373K [] T=1273K Time=7200s
¥ T=1523K O T=1323K A T=1273K Time=14400s
-115F + T=1an3K [ T=1273k © T-2713K Time=28800s
E: A T=1423K @ T=1223K
ztl- E ® x <
< -12.0} - — ] =
o~ - [+}]
Q N + + M -
8 A L A L nl-
D _125F— 3 2
8 . — = P =
U]
9 7 £ 1%
-1 3_0[: - - = = Tl
[m] o o o O
-13.5 L L L L L L L L L 0.0 ek b . L . L L
00 02 04 06 08 10 12 14 16 1.8 20 -15 -10 -5 0 5 10 15
Mole percent of Al Eta (distance,um/sqrt(time,s))
Fig. 5 Calculated interdiffusivities in Fig. 6 Simulated concentration profile
BCC Al-Ti alloys. of Al in BCC Ti/Ti-0.021Al diffusion

couple.

Experiments from: H. Araki, et al., Metall. Mater. Trans. A. 25A (1994) 874-876.
D. Goold, Inst. Met., 88 (1959) 444-448.




Thermo=Calc
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d BCC_A2 Phase
= Ti-V binary system

g k= ntal data 1968 Murdock -g i 10
-10f o 8 v -10f by . o A1} b .
A THSTIK [ T=873K A THETK & T
A_H- -11F E_u.
F > - 2
& 12 B 12y 5
O A [®) m
8- 813 g-1ef
5 - 5 Q
o - @ - S 15
S e @
; ) Q.16
16 Tracer diffusivity of Ti 16} Tracer diffusivity of V A7 Inter-diffusivity
A7 B S S S — L T
00 01 02 03 04 05 06 07 08 08 1.0 00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 09 1.0
MOLE FRACTIONTI MOLE FRACTIONTI MOLE FRACTIONTI
0.200
0.180F @T=126TK Time=288005
0.160
Ti-0.05V / Ti-0.15V . . . ) ]
> O1or Fig. 7 Simulated concentration profile of V in
S 0.120f . : . .
BCC Ti-0.05V//Ti-0.15V diffusion couple.
S 0.100
[u]
lg 0.080
= 0.060}
' Experiments from:
0.040 F
. Murdock et al., Acta Metall. - .
Murdock et al., Acta Metall. 16 (1968) 493-500
0.020F
0,000 : . , : : Y. Ugaste,et al., Fiz. Metal. Metalloved 40 (1975) 567-575.
0 100200 300 400 500 600 W Sprengel, et al., Def. Diff. Forum 143-147 (1997) 431-436.

Distance, um
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d BCC_A2 Phase

= Ti-Al-Cr ternary system = Ti-Al-Fe ternary system
0.09 0.040 AI
Fe
0.08 }  Simulated Time: 28800 s bk Al 0.035
Ti/ Ti-0.077A1-0.07Cr i

0.07 | 0.030
(@] [ cr, Time=28800s L) .
En 006 A Cr, Time=43200s L
“5 ¥ Cr, Time=54300s <_':_ 0.025}

0.05 © A, Time=20800s -
S & I o Simulated time: 14400 s
E 0.04 X A Time=64300s _g 0.020
‘5 . s Ti-0.035Al1 / Ti-0.035Fe
€0.03 f + 0.015
Q =
© =

0.02 F 0.010F

0.01 0.005

0.00 Smeramepili-tEeatl L L . L _ B

80 -60 -40 -20 00 20 40 60 80 0.000 . : ' : .
0 5 10 15 20 25 30 35 40

Eta (Distance, um/Sqrt(Time,s)) Distance. 106 m

Fig. 8 Simulated concentration profile compared with experimental data (a) Ti//Ti-
0.077Al-0.07Cr diffusion couple, (b) Ti-0.035Al//Ti-0.035Fe diffusion couple in BCC
phase.

Experiments from: T. Takahashi, et al,, ]. Japan Inst. Light Met. 54 (2004) 280.
T. Takahashi, et al., ]. Jpn. Inst. Met. 60 (2010) 444-450.
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d HCP_A3 Phase

= Self-diffusivities

-16 -16
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Fig. 9 Calculated self-diffusivities of (a) Ti, (b) Zr in HCP_AS phase.

Experiments from: M. Koppers, et al., Acta Mater. 45 (1997) 4181.
G.M. Hood, et al., J. Nucl. Mater. 223 (1995) 122.
G.M. Hood, et al., Defect and Diffusion Forum 143-147 (1997) 49.
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Experiments from: M. Koppers, et al., Acta Mater. 45 (1997) 4181.
V. B. Vykhodets, et al., Phys. Met. Metallogr. 68, (1989) 94.
F. L. Bregolin, et al., Appl. Phys. A 86 (2007) 481.
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Fig. 12 Calculated tracer diffusivities of (a) Ti, (b) Nb in Ti-0.54Al-0.1Nb ternary alloy
(ALTI_L10 phase)

Experiments from: S. Divinski, C. Klinkenberg, C. Herzig, JPEDAV 26(2005) 452-457.
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Summary Software

= The first database for both Ti alloys & TiAl materials
o 23 elements, 236 binaries, 70 ternaries in TCTI1

o Compatible mobility parameters in MOBTI2

= Descriptions of both stable and metastable phases, such
as w

= High throughput DFT calculations in assessing
thermodynamic model parameters related to metastable
regions and metastable phases

= Capable to predict both equilibrium and non-equilibrium
phase transformations, e.g. martensite start temperature.



