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Ida S. Berglunt Zachary L. Bryah Michele V. Manuel
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Abstract

A mobility database for the-TiAl phase in the Ti-Al-Nb system was created byraical assessment of
experimental diffusion data found in literature. t@pzation of mobilities and diffusion modeling was
performed using the DICTRA (Dlffusion Controlled ARsformations) software. Agreement was found
between the experimental and calculated diffusioafficients. The database was further validated vait
diffusion couple consisting of 46Ti-54Al and 31T5Al-14Nb alloys. The experimental data and final
optimization revealed Nb-dependent effects on tlfugvities of all three elements. The Nb diffugw
increases with Nb content, and the Ti and Al diffies vary with composition in both binary andrtary

alloys.
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Introduction

The development of new materials is today based
on quantitative conceptual design where processing
and structures are modeled to predict the propertie
and performance of materials using the Integrated

Computational Materials Engineering (ICME)
approach. In order to predict microstructural
evolution at the micro- to mesoscale,

thermodynamic and kinetic database development
are of utmost importance for these models and
predictions.

Titanium aluminides are relevant for a wide
range of applications, for example in the chemical,
automotive, medical and power industries[1]. One
particular application is found in gas turbine
engines as potential substitute for the currenglgou
Ni-based superalloys[2, 3]. Titanium aluminides
have lower density, which would significantly
increase fuel efficiency, decreasing cost and
environmental effects. While Ti-based alloys are
already partly used in these engines, they are
limited to the low-temperature regions due to
inadequate high-temperature properties|[2].
Microstructure stability and creep resistance are
crucial in these applications, both of which are
diffusion-controlled processes at elevated
temperature[4]. Previous alloy development has
primarily focused on the-TiAl phase, as well as its
combination with a,-TizAl to form a lamellar

structure. Although the lamellar-type alloys have
excellent creep behavior up to 800°C, the ordered
structure of these alloys make them brittle[1].
Alloying with beta-stabilizing elements, such as, Nb
Cr or Mo, can improve their ductility; however, due
to poor long term stability ofi,, much focus has
been directed towardi-based alloys[1l]. Recent
studies have acknowledged the potential use of Nb
addition to achieve improved high temperature
properties iny-TiAl[5, 6]. Experimental work has
showed that the addition of Nb can potentially
increase the high temperature strength, ductility a
strain rate sensitivity of these alloys[7]. It halso
been shown that high temperature mechanical
properties can be achieved with Nb addition,
without compromising the oxidation resistance by
reducing the Al content[6]. Further, it has been
suggested that a desirable microstructure can be
achieved by controlling the precipitation pTiAl
andc-NDb,Al phases from th@-phase[8]. While the
thermodynamics of these systems are relatively well
understood, the kinetics are less known, especially
in ternary or higher order systems. A kinetic
database could significantly accelerate the
development process of these alloys.

Due to long history of the use of titanium
aluminides in various applications, the literatise
comprehensive, including both experimental
diffusion data and theoretical kinetic predictions.



For example, Mishin and Herzig[9] reviewed the
experimental and theoretical experiments on
diffusivities in the phases of the Ti-Al system,
including discussions on atomic site preferenceks an
diffusion mechanisms, as well as defect formation
energies iny-TiAl. Despite being exhaustively
studied, there is currently no kinetic database
available for this ternary system, aside from tie T
rich body centered cubic (BCC)[10] and Al-rich
face centered cubic (FCC)[11] solid solution
phases. Further, there is no kinetic database or
assessments for the binary Ti-Al (or ternary
TiAINb) vy-phase face centered tetragonal system.
The objective of this work was to critically assess
and develop a mobility database for the simulation
of diffusion in the binary Ti-Al and ternary Ti-Al-
Nb y-phase.

Kinetic modeling

To obtain a complete description of the kineticgin
multicomponent system without making it
excessively complex, mobilities can be used, as
opposed to diffusivities. This significantly redsce
the parameters required to describe the entire
diffusivity matrix, assuming it can be coupled with
a thermodynamic database. According to Andersson
end Agren[12], the diffusivity can be describedaby
kinetic factor and a thermodynamic factor.
Assuming a lattice-fixed frame of reference and a
vacancy exchange mechanism, the composition-
dependent diffusion coefficient is a product of the
two, as shown in equation 1:

L _ ou;
Dy; = ZiMkia—xj 1)
where M is the mobility, i is the matrix specie, k
and j refers to the gradient and diffusion specie,
respectively, u is the chemical potential, and thés
mole fraction[12]. The partial derivative of the
chemical potential with respect to composition, the
thermodynamic factor, is readily available from a
multicomponent thermodynamic database. By
assuming that the off-diagonal terms in the
diffusivity matrix are zero[12], and there are no
magnetic effects, the mobility of element i;,Man
be described by equation 2:

M; = M{’Eexp (— %)

(2)
where R is the gas constant, T is the temperature,
and Q is the activation energy for diffusion in the
given phaseM; is a function of the jump frequency
and distance, dependent on compositiemperature
and pressure. In the DICTRA notation, the mobility
parameters can be grouped into one param¥éter —Q,
andRTInM? . The composition dependence of the
mobility for a non-ordered phase is described by
Redlich-Kister polynomials and power series
expansion following the CALPHAD approach[12,

13];
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p_Jj>p

+ Z Z Z XpXj xr(AW Toir

p j>pr>j

3)

where Qis the activation energy for element i in a
given phase, andl?] and A?’r represents the
binary and ternary interaction parameters,
respectively, with r, p and j denoting different
elements

In this work, the Ti-Al-Nb thermodynamic
database assessed by Cupid et al.[14] was used. The
y-phase, an ordered g $tructure, is described by a
two-sublattice configuration, with all three elerten
present on both sublattices. This Iattice
configuration necessitated the use of the general
model in DICTRA for the current optimization. The
limitations with the general model when applied to
a stoichiometric phase is that the mobility does no
specify the effect of long range ordering in termhs
activation energy contribution. If the vacancy
concentration is in local equilibrium, and the
magnitude of the atomic jump correlation effects
are negligible, the assumptions associated with the
general model are valid[15, 16].

Diffusion in they-TiAl(Nb) phase
The diffusion mechanisms taking place in the
currently investigated system are not entirely



understood. They—phase consists of alternating Ti
or Al layers (002 plane) in the blcrystal
structure[1]. Thus it can be speculated that diffier
mechanisms occur along and perpendicular to the
normal axis. Literature[9] also suggests that there
anisotropic diffusion; vacancy mediated jumps
within the Ti sublattice is suggested to be the
primary mechanism for all three elements,
governing their overall diffusivities. Hence,
diffusivities are strongly dependent on Ti vacancy
concentrations. Further, Herzig et al.[17] suggeste
that the diffusion of both Al and Ti are dependent
on the Ti vacancy concentration only.

Mishin and Herzig[9] calculated formation
energies of point defects involving Ti and Al in
TiAl using embedded atom analytical expressions
for various mechanisms. They concluded that
vacancy concentrations of Al and Ti are much more
favorable than other defects and that the Ti vaganc
is higher than the Al vacancy concentration,
regardless of Al content. Diffusion of these
elements is thus more likely to occur via
substitution on Ti sites. This is also in agreement
with first principle calculations; Song et al.[18r
example, concluded that Nb substitutes exclusively
on the Ti sublattice. The fact that Al and Nb, with
atomic radii of 1.43A and 2.15A substitute on the
site of the larger atom, in this case Ti (1.47&yld
also be due to their electronic structure governing
the diffusivity rather than atomic radius; this was
proposed in an early study by Guard and
Westbrook[19] Nose et al.[20], on the other hand,
suggested that there are complex correlation effect
taking place. Although their single crystal studies
determined that diffusion activation energy for Al
along [001] is slower than perpendicular to it ba t
basis of defect activation energies (which supports
Al diffusing on the Ti sublattice), they also
concluded that activation energies for Ti along
[001] are larger than perpendicular to @yclic,
anti-site and anti-structural atomic jumps are othe
mechanisms being discussed in literature[9].

In this work, ascertaining a robust fit to the
experimental data was the primary objective, with
less focus attributed to the identification of aeti
diffusion mechanisms.

Experimental data

Experimental diffusion data from literature
was evaluated and used in the current optimization.
Tracer diffusivities D;) were given priority in the
optimizationsince the evaluation of these data
does not require the use of a thermodynamic
description of the systemaccording to the Einstein
relation, shown in equation 4[12].

D} = RTM; (4)

Intrinsic diffusivity  and chemical
interdiffusivities, obtained from diffusion couples
multiples, are dependent on thermodynamic
parameters, and are measured in the volume fixed
frame of reference, as shown in equation 5.
Assuming constant partial molar volume, the
volume fixed diffusivity, D, is expressed in terms
of mobility according to equation 6, wheig is the
Kronecker delta.

nn \%4 \%4
Dyj = Dyj — Dyy

1% ou;
Dyj = Xi-1(y — xk)xiMia_x;

()
(6)

In general, there is no discrepancy between
the large sets of diffusion data found for Ti andd A
diffusion in y-TiAl. Arrhenius-type temperature
dependence is typically seen. Some curvature with
temperature has been reported[9, 21], as well as
effects of composition[22], suggesting more
complex mechanisms taking place.

All data reported below was included in the
current optimization, unless otherwise specifielil. A
compositions are in at.%. A summary of these
datasets is listed in Table 1.

Tiiny -TiAl

The majority of experimental data found in
literature in the system under investigation it
diffusion of Ti in y-TiAl. Most studies were
performed on bulk diffusion in polycrystalline
material where the grain boundary contribution was
not considered.



Kroll et al.[23] used the radiotracer method
using **Ti and serial sectioning to determine the
diffusivity of Ti in TizeAls4 between 1154 and 1673
K. This study was later refined by Herzig et al][24
and expanded to include three compositions;
TigeAlss, TigsAlsg and Ti7Als3, up to their melting
temperatures. They found that there was Arrhenius-
type temperature dependence up to 1470 K for
TiasAlse and Th7Alss. TiseAls4did not have enough
data points at low temperatures to conclude
temperature dependence. To avoid duplicity in the
optimization, only the Herzig data was included
since it reported smaller experimental error.

Divinski et al.[21] determined the diffusion
of Ti in TisAlse using the radiotracer technique
with **Ti and serial sectioning as well as ion beam
sputtering, and found results similar to Herziglet

Ikeda et al.[25] also determined the Ti
diffusivity in TiseAls4using radiotracer experiments
with **Ti and ion beam sputtering, but in single
crystals. They determined that there was an ortler o
magnitude faster diffusion of Ti perpendicular to
[001] than parallel to it. An average of the two, i
the temperature range of 1133 to 1307 K, was used
in the current assessment to account for the
distribution of orientations in the polycrystalline
studies, thereby providing a means for comparison.

Aliny -TiAl

Al tracer diffusivity data is rare due to
limited availability of Al isotopes. There are
however two studies where tracer substitutes (Ga
and In) were used. Herzig et al.[17], u§&@a since
it was previously shown to well simulate Al self-
diffusion in  similar  stoichiometric  Ni-Al
phases[26]. Al site preference of Ga is further
supported by atom location channeling enhanced
microanalysis[27] and density functional theory
calculations of TiAI[18]. The Ga tracer diffusivity
data in TisAls4 was obtained using Secondary lon
Mass Spectrometry (SIMS), up to approximately
1515 K.

Nosé et al.[20] used™n as a basis for
discussing Al diffusion, reasoning that it occupies
Al sites according to first principle calculatiofh8].

The Al diffusion activation energies were discussed

along with a model of diffusion in lklphases
proposed by Ikeda et al.[25] From the single cilysta
data they suggested that perpendicular to [100], Al
primarily diffuses on the Ti sublattice, and thiag¢ t
activation energy parallel to [100] is larger. Tss

in accordance with the data reported by lkeda et
al.[25]

Interdiffusivities in single phase
TisoAlso/ TiseAls4 diffusion couples were determined
by Sprengel et al.[28], between 1116 and 1583 K
using Electron Probe MicroAnalysis (EPMA). The
results suggest temperature dependent Arrhenius
behavior, and no significant concentration
dependence on the diffusion.

Kainuma et al.[22] used multiphase
diffusion couples and EPMA to determine
interdiffusivity as a function of Al content, and
noted an increase in diffusivity and decreasing
activation energy with increasing Al content in the
y-TiAl phase.

It should be pointed out that the previously
mentioned study by Kroll et al.[23], on diffusiws
from ““Ti radiotracer, also reported on Al
diffusivities. However, the Al diffusivities were
calculated using the Darken-Manning equation,
which come with inherent errors, along with the
previously excluded Ti tracer diffusivity data.
Further, Mishin and Herzig[9] calculated
diffusivities from the Kroll data using
thermodynamic data different from the current
study, and presented activation energies different
from those reported by others. They further
compared the data to their own studies and found
that the Kroll data had large errors, which was
attributed to short-circuit diffusion. As such, the
Kroll Al diffusivity data was excluded in the cunie
assessment.

Nb iny —TiAl

There are two studies of the diffusion of Nb in
TiasAlss, both obtained using a combination®dfib
SIMS and”Nb radiotracer[21, 29], and one study in
TiseAlss using®Nb[29]. The use of*Nb and SIMS
is considered more accurate th&Nb radiotracer,
since Nb is only available in radiochemical
equilibrium with %zr, and as such, the



concentration of>Nb is dependent not only on the
%7r diffusion, but also on the decay of both
isotopes. However, the SIMS technique has inherent
temperature limitations. All studies concluded an
Arrhenius-type temperature dependence, and Herzig
et al.[29] further suggested that the Nb diffusion
occurs on the Ti-sublattice via Ti vacancies.

Tiand Nb iny-TiAINb

Divinski et al.[21, 30] used*Ti and °°Nb
radiotracers to determine the respective
diffusivities in v-36Ti-54AI-10Nb alloy, and
determined that there is a linear Arrhenriype
temperature dependence for both elements, and
that Nb diffuses slower than Ti. They further
concluded that above 1000 K, the diffusivity of
each of the elements is enhanced compared to
their respective diffusivities in binaryissAlse,
attributed to elastic lattice distortion.

Optimization procedure

Optimization was performed using the DICTRA
software[15]. The Ti, Al and Nb diffusivities were
all optimized together using all experimental data.
Since Ti, Al and Nb all showed Arrhenius-type
temperature dependence, the mobility parameters
were expressed accordingly. The two-sublattice
configuration enabled a total of 27 base parameters
to be optimized. Extra care was taken to evaluate
the effect of second-sublattice chemistry changes o
the overall fits, and ensure parameters were
included to reflect the data accordingly, while
aiming to reduce the total number of optimizing
parameters. The fitted parameters were then fixed,
and an interaction parameter for Al was added to
account for temperature-dependence which was not
accurately captured in the initial optimization.

Experimental work

The diffusion couple technique was utilized to
obtain concentration profiles as a function of
distance after annealing. The nominal alloy
compositions, namely 46Ti-54Al and 31Ti-55Al-

14Nb, as indicated in the calculated isothermal
section of the phase diagram shown in Figure 1,
were selected to enable large Nb concentration

while avoiding phase transformation. Elemental
forms of Al (99.999%), Ti (99.99%) and Nb
(minimum 99.8%) were purchased through Alfa
Aesar, and alloys were prepared by mixing high
purity elements and arc-melting under a Ti-gettered
argon (Ar) atmosphere using a non-consumable
tungsten electrode. Both alloys were remelted at
least three times to ensure homogeneity. Their
compositions were confirmed using EPMA (JEOL
Superprobe 733). As-arc-melted buttons were cut
into desired shapes and serially ground and palishe
using a planar to obtain parallel surfaces. The
diffusion couple was then clamped together using a
custom made jig made of Kovar steel. The couple
was then wrapped in tantalum foil and encapsulated
in a quartz tube, flushed with Ar, evacuated and
sealed under vacuum. The couple was then heat
treated at 1000°C for 30 days, followed by air-
cooling. The couple was cut perpendicular to the
bonding interface and metallographically prepared
using alumina and silica slurries. The concentratio
profile across the surface was then measured using
EPMA, using pure Ti, Al and Nb as standards.

Resultsand Discussion

The goal of the current work was to provide a
database readily available for simulation of
diffusion iny-TiAINb. Activation energies reported
from the current optimization are an overall
representation of whichever mechanism(s) taking
place. While more physically relevant diffusion
activation energies could be attempted to be
represented, the uncertainty in the mechanisms
taking place, along with lack of specific descipti

for the ordering effects, limit this approach. &esd,

a database representing a robust fit for all alvkgla
data was created. The optimized parameters are
listed in Table 2.

Ti-Al

Calculated tracer diffusivities of Al and Ti as
function of temperature using the optimized data,
are shown in Figures 2 and 3, respectively.
Although overall Arrhenius behavior is observed for
Ti and Al tracer diffusion, Divinski et al.[21]
detected a slight curvature in the Ti diffusion in



binary TiAl. Mishin and Herzig[9] also observed
that above 1473K, the temperature dependence of
Ti has a different slope. This curvature was nehse

in the other sets of data. While interesting
observations, which may suggest shifts in diffusion
mechanisms as function of temperature, this
curvature was not accounted for in the current
optimization.

Experimental data suggests that at higher
temperatures there is a slight shift towards sloiver
diffusion with increasing Al content. This is also
reflected in the current optimization.

Figure 4 shows the TiAl interdiffusion for
different temperatures. As expected, the
interdiffusivity  increases with increasing
temperature. The simulation further shows that the
interdiffusivity decreases with increasing Al
content. This is contrary to the experimental
interdiffusivity data reported by Kainuma et al.J22
(also indicated in Figure 4) who noticed an incegas
and the data reported by Sprengel et al.[28] who di
not see a concentration dependence on the
interdiffusivity. The effect of Al concentration on
diffusvity requires further clarification. It shaube
noted that the interdiffusion data was given lowest
priority in the optimization due to the uncertainty
associated with such measurements compared to
tracer diffusvities, and further, the phase region
which the interdiffusion was presented was
predicted to extend farther into the Al composition
range than predicted by Cupid et al. However, the
results from the current optimization are in
accordance with hypotheses about Ti vacancy
concentration governing the diffusivities of Al and
Ti as the Ti vacancy concentration is higher thamn t
Al vacancy concentration[17]. Further, as the Ti
concentration increases, the Ti vacancy
concentration would increase as well, thereby
increasing both the Ti and Al diffusivities. Mishin
and Herzig[9] further concluded that the vacancy
concentration has larger composition dependence at
lower temperature, and that there are especially
more Ti vacancies than Al vacancies in high Al
compositions. This would explain the difference in
slope seen between the different temperatures in
Figure 4. While these trends are seen in literature

and the current optimization, diffusion mechanism
variation as function of temperaturerequires furthe
clarification and are left for future studies.

Nb
Figure 5 shows the temperature dependence of Nb
tracer diffusivity in TiAI(Nb) for different

compositions. Like the experimental data suggests,
the Nb diffusivity increases with increasing Nb
content in the simulations. Divinski et al.[21, 30]
concluded that the Nb diffusion is slower thani i
both TiAl and TiAINb alloys, but that the
diffusivity of both Ti and Nb is higher in the temy
TiAINb alloy than in the binary TiAl alloy above
1000 K. The diffusivity of Nb in the current
optimization is lower than Ti in any alloy, and its
compositional dependence is in accordance with
that reported by Divinski. However, the Nb
concentration dependence of Ti diffusion has the
opposite trend.

In the optimized data, the activation energy
for Nb diffusion on the Ti sublattice is lower than
on the Al sublattice, however the mobility is faste
on the Al sublattice. Divinski et al.[21] suggested
that the Nb diffusivity in the ternary alloy is 2-3
times slower than the Ti diffusivity, which is
thereby slightly different than what was determined
in the current optimization. A potential explanatio
for the difference is site occupancy. While in the
current optimization the Nb is allowed to subsatut
for both Al and Ti, if the Nb were to occupy only T
sites, as has been suggested by others to occur[27]
the current optimization suggest the diffusivity
would reduce, since the diffusion activation energy
on these sites are higher. The determination ef sit
preference and location of Nb is left for future
studies.

The diffusion in several phases of the Ti-Al
system has been assessed by Mishin and Herzig[9],

including a thorough literature review of
experimental data and theoretical calculations.
Further, they discuss mechanisms by which

diffusion may occur, and determine theoretical
activation energies for each. For thghase, their
conclusions based on experimental data are that Ti
and Al both follow Arrhenius temperature
dependence and that Al diffuses slower than Ti and



has higher activation energy. This was accurately
captured in the current work. Further, the optidize
Nb shows similar temperature dependence but with
lower overall diffusivities, which is in complete
agreement with that reported by Divinski[21].

Diffusion couple validation

The experimental results from the diffusion couple
in terms of concentration profiles across the
boundary, along with the simulated concentration
profiles of the same are shown in Figure 6. Overall
the simulated profiles agree with the experimental
data, confirming the optimized variables accurately
captures physical phenomena. One difference
between the experimental profiles and simulated
data is that there is a steeper concentrationiti@ams

of Ti and Nb at the interface for the experimental
data.. A potential explanation for the anomaly is
texturing effects, skewing the experimental results
higher or lower. It is also possible that the vagan
concentration is not uniformly distributed[24], and
potentially higher at the boundary/interface, thus
locally increasing the diffusivity. The experimaht
profiles could also include artifacts from the EPMA
technique used, in which the electron beam size is
approximately 1 um in diameter, thus an average
concentration in the area is measured.

Conclusion
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Table 1. Summary of datasets used in this paper.

Experiment  Alloy M ethod D [m?/g] [J/gol] T [K] Reference
Diffusion of Ti
Ti47A| 53 5.2*10
: ®exp(26.3*1G/RT)
D%, TiagAlss Raidcioétra?;?r 1,510 <1470 Herzig et gR4]
Ti ot Sexp(27.8*10/RT) 9
TiasAlss loning 3.2¥10
®exp(26.1*14/RT)
Radiotracer o
. , . 7.1*10 Divinski et al.[30]
Dz TisAlss  and serial Sexp(27*10/RT) 273000 <1470 .iocki ot al [21]
sectioning
: Radiotracer
. TiasAlsg . 7.1*10 ,
Dz, TigAles and serial Cexp(27-10/RT) <1467 Herzig et k4]
sectioning
Divinski et
. 1609
. TizeAlsa . 3.99*10%xp(- : al [30]
D7 Nbyo Radiotracer 3.0"109RT) 304000 991-
1571
Radiotracer
D3, TisAles  and serial 1154-  Kroll et al[23]
i Nt 1673
sectioning
7.66x10%xp(-
Radiotracer 3.11+35* (°)/RT) (L) 1133
Dz, TiseAlsa  lon beam 1307 Ikeda et a[25]
sputtering 2.38x107 exp(-
3.70+22*10°)/RT) (//)
Diffusion of Nb
Rgasldiotracer
(*°Nb) and L
: Divinski et
. . SIMS (ion 1.5*10%exp(- 1059-
Dyp  ThaaAlss  —heam 324000RT) 24000 ‘g3 @l21]and
. Herzig et al29]
sputtering
for *Nb)
9.01*10" 1628
Dy TiseAlss  Radiotracer 2.41*10" 1535  Herzig et al29]
4.85*15020 1454
- 1.92*10%exp(- Divinski et
. TizeAlss - 1235-
Dy, Nb,,  Radiotracer 2.8*10°/RT) 280000 /'20q al[21, 30]

Diffusion of Al

Drin TiaeAlss  Interdiffusio 1154. Kroll etal23]
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Figure 1. Calculated isothermal section of the Ti-Al-Nb systat 1000°C, with alloy
compositions used in the validation experimentdatid (star) in the y-TiAl phase
region[14][15].



Table 2. Optimized mobility parameters in the kinetic detse. Note that the Ti-parameter
indicated (*) was not optimized, but assigned thme value as the optimized Ti-parameter.

DICTRA Notation

Mobility Parameter

Value (J/mole)

Ti Diffusivity

MQ(L10_ALTI&Ti,Al:*)
*MQ(L10_ALTI&Ti, Ti:¥)

Ti
Ti(Al) QTi(Nb)

Qi ri Qi
Al Diffusivity

Al(Al) . AL(Nb) ., Al(Ti)
L4 e ¥

Ti(Al)

-208256+R*T*LN(8.326E-04)
-298256+R*T*LN(8.326E-04)

MQ(L10_ALTI&AIAI:¥)
MQ(L10_ALTI&AI,Ti:*)
MQ(L10_ALTI&AILAITi:*)

Al(Al) . AL(Nb) ., Al(Ti)
Ya HVYa ¥4

Al(Al),, Ti(Nb),, Ti(Ti)
Y WA}” Py
Tl
Ay

Nb Diffusivity

-331142+R*T*LN(9.873E-4)
-914053+R*T*LN(8.814E-3)
-322058+193.8*T

MQ(L10_ALTI&ND,Ti:¥)
MQ(L10_ALTI&ND,AL:*)

Ti(Al) | Ti(Nb) - Ti(Ti)
o P ¥

AL(AD) ,,, Al(ND) ., AL(Ti
Yo W ¥Np ¥

-684097+R*T*LN(4.214E-03)

) 284956+R*T*LN(6.104E-4)
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Figure 2. Al tracer diffusion as function of temperature, fiferent stoichiometric
compositions. Simulated lines are shown along exberimental data points used in the

optimization.
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Figure 3. Ti tracer diffusion as function of temperature, didiferent stoichiometric
compositions. Simulated lines are shown along exberimental data points used in the
optimization.
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Figure 4. TiAl interdiffusion as function of Al content, atfferent temperatures. Simulated
lines are shown along with experimental data pdnots Kainuma et al.[22] used in the
optimization.
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Figure5. Nb tracer diffusivity as function of temperaturén8lated lines are shown along with
experimental data points used in the optimization.
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Figure 6. Experimental elemental profiles (dotted) obtaineairf the diffusion couple
experiment and EPMA, along with the simulated pesf(lines) obtained using the currently
optimized mobility database.



Thisisadiffusion mobility database for simulationsin the y-TiAINb phase.
Kinetic parameters were optimized and experimentally validated.

This database can be used to simulate various diffusion-controlled processes.
This database can be used to cal culate multicomponent diffusivities.



