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Abstract. The aeronautic and automotive industries have sh@wenewed interest in TiAl based
alloys. The main reasons for such an interesttagie low density (~3,8g/ch), a good stiffness and
a high strength for temperatures up to 750°C. Hanethese alloys exhibit, in their polycrystalline
form, a poor ductility at room temperature with el scattered values. The aim of this study is
therefore to characterise their mechanical behavieth a multiscale methodology, coupling
microstructure analysis and strain field measureémemhis methodology employs orientation
imaging microscopy as well as digital imaging ctatien techniques with an intragranular step size
of a few micrometers.

Two chemical compositions (47 at. % Al and 48 atAPBtand two processing routes (casting and
powder metallurgy) are studied. Thus, four diffeérgmes of final microstructures are considered,
from fully lamellar TgAI (a,) + TiAl (y) microstructure to bimodal ones composed of twasgh
(axty) lamellar grains and monolithig grains. Firstly, the microstructure is charactstis
crystallographically and morphologically. This alle the identification of a representative volume
element (RVE) inside the analysed volume. Thergxial mechanical tests are performed for each
microstructure, and the strain fields are analysgl a multiscale approach, which determines the
spatial distribution of the strain field heterogénevith respect to the different microstructures.

Introduction

The aim of this work concerns a better understanpdirrelationships between microstructures and
mechanical properties of TiAl based alloys. In ortteanalyse these relationships quantatively, a
multiscale methodology has been developed whictplesumicrostructure analysis by EBSD to
strain field measurements obtained by a digital gimg correlation technique (DIC) during
mechanical tests.

Experiments

Materials. In this paper, four different rods of TiAl-baselliogs are studied, with two different
chemical compositions (Ti-ACr.Nb, and Ti-ALsCroNb,) and two different processing routes
(casting and powder metallurgy). In the followiegch material will be referenced by its percentage
of aluminium content and its processing route, idil denoting the powder metallurgy route and
C the casting route: 47PM, 48PM, 47C and 48C.

Each microstructure has been characterised by BEB@Da step size of the measurement of 1
pm. Fig. 1 and 2 show the different microstructufes Ti-Al47;CroNb, and Ti-AlLsCraNby
respectively, for both processing routes. Thesasaage at least 400 um x 400 pm, and each colour
corresponds to a specific crystallographic orieataf they phase, given by triplets of Euler
angles. Thea, phases cannot be identified because the volumineofelectronic probe of the
conventional Tungsten filament SEM is larger thangdain size. The white areas in these figures



correspond therefore to non-indexations of the omeamsent points and are considered as
representing the small, phases. The grain boundaries betweeryiblegases are determined from a
local misorientation criterion, taken equal to Fhus, the use of EBSD not only allows a 3D
characterisation of the microstructures froerygstallographicpoint of view, as presented in Fig. 3,

but it also allows a 2Dnorphological characterisation through a statistical analysishef grain
dimensions, as presented in Table 1.

Figure 1. Orientation imaging microscopy of Tiz#Tr,Nb,. a) casting route. The dashed line
represents the contour of the DIC imaging analgsea. b) powder metallurgy route.

a)

Figure 2: Orientation imaging microscopy of Ti;4&Cr,Nb,. a) casting route b) powder metallurgy
route.



Microstructure 47C 47PM 48C 48PM

Average surface area [|fn > 1000000 45 1543 365
Average equivalent grain size [um] > 564 4 22 11
Surface fraction of lamellar phase [%] 95 0 25 0
Surface fraction ofi, phase [%0] 2 7 1 2

Table 1: Statistical properties of the four microstures.

From Fig. 3 and Table 1, it appears that the micmoture is far more sensitive to the processing
route than to chemical composition. For instanagther PM microstructure contains lamellar
grains, but instead they have an equiaxed morpkolegh monolithic y grains containing
crystallographic twins. Moreover, the crystallograptexture is quite isotropic for both cases. On
the other hand, the “cast route” gives larget+{) lamellar grains with a much more anisotropic
crystallographic texture, especially in the casd@f. It appears that for the 47C microstructure, t
huge size of the grains (> 500 um) implies thatréq@esentative volume element (RVE) of the
material cannot be contained within the dimensminthe sample, which are of the order of several
millimeters. In this case, the macroscopic meclarbehaviour depends on the orientation of the
lamellar grains with respect to the tensile or (pogssive) axis, as was already observed by Umeda
et al.[1].

c)

Figure 3: Crystallographic texture associated wiilentation imaging microscopy. a) fully lamellar
microstructure of 47C, b) negrmicrostructure of 47PM, c¢) negrmicrostructure of 48PM. Each
analysed surface area is 1 im

Mechanical tests. Macroscopic mechanical tests have been carried cowipled with a digital
imaging correlation technique 48], allowing the observation of the local displaegr and
deformation fields directly linked to the underlgimicrostructures [6]. In this study, the local
gauge length is taken equal to 2 um, sufficientials to be able to estimate the intragranular strai
field.
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Figure 4: Macroscopic responses of the four spatsm@ uniaxial compressive tests.

Fig. 4 represents the macroscopic mechanical regpoheach sample for a compressive uniaxial
test. The major discrepancy between the samplebssrved for the yield stress with a stronger
effect of chemical composition rather than of thecessing route. Indeed, a greater mechanical
yield stress is obtained for Ti-ACrNb,, even though the lamellar grains are quite webtrdaed

for easy glide (45° with respect to the compresanis). As for the strain hardening, all curves are
parallel, meaning that the underlying deformaticechanisms should be the same for all the cases.

Figure 5: Superimposition of the Von Mises equinalstrain field with the microstructure for the
48PM material, for a macroscopic strain (verticaspof -5.5% and a gauge length of 2 um. The

colour scale represents the magnitude of the s¥8jn



Locally, the question is now whether the deformatis homogeneously distributed or not, i.e.
whether it follows a pattern directly linked to timeicrostructure, or not. Fig. 5 represents the
superimposition of the local strain field with tberresponding microstructure shown previously in
Fig. 2b. It can be observed that the strain islised preferentially along the interfaces (grain
boundaries) between small and large grains, bt alsng the twin boundaries inside the larger
grains. Thus, therain size heterogeneitgf the monolithicy microstructure leads directly to a
strain heterogeneitpattern.

In the case of the 47C microstructure, the straith s directly linked to the orientation of the
(azty) lamellar grains, as already proposed by Umedarjil]as can be observed in Fig. 6a. For the
47PM microstructure (Fig. 6b), the strain is moremlegeneously distributed inside the
microstructure with no evident localisation linkeih a, grains.

a) b)

Figure 6: a) Von Mises equivalent strain field ligation map for the Ti-A#CroNb, cast alloy
corresponding to the dashed zone of Fig. 1a. Tiansis localised along the lamellar interfaces,
oriented preferentially at 45° with respect to toenpressive axis (vertical axis). The longitudinal
macroscopic axial (i.e. in the vertical directioa¥idual strain i$3% here. b) Von Mises equivalent
strain field localisation map for the Ti-ACr,Nb, PM alloy. White spots correspond to the
locations of thex, phases. In this case the macroscopic residudl straén is—5%.

Conclusions

Multiscale mechanical tests carried out on fourfedént materials of two different chemical
compositions and two different processing routéswadistinguishing between the effects due to
the elaboration conditions and those due to thenate# composition. The latter is observed to
constitute a first order parameter for the criticgolved shear stress and macroscopic yield stress



Furthermore, the morphology of the microstructurfiuiences directly the localisation pattern of the
deformation field. Thus, for the cast microstruegjrwell-orienteda,+y) lamellar grains lead to
severe strain localisation patterns. For the powatallurgy microstructures, the same is observed
for twin boundaries and strong heterogeneitieshef grain size for monolithig grains. These
severe strain localisation patterns may be oné@inain causes of the relatively poor ductility of
these TiAl-based alloys.
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