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Report:

Over the last decadestitanium-aluminide based alloys are a subject of an impreseieeirg of research
forced by their superior properties at elevated temperatures. Howiegpite the great commercial interest
for automotive and aerospace applications there still remains aihetegaprove the material properties by
modifying processing and alloy composition. In particular, Niobium bealiogs can provide higher yield
stress, improved room temperature ductility, and enhanced oxidatiotamesisAn Integrated Project
IMPRESS, an acronym for Intermetallic Materials Processirfigelation to Earth and Space Solidification,
which joins more than 40 European partners, was started in November 200h¢1pf the aims of this
project is to optimise the casting processes and post-solidifichgat-treatment of titanium-aluminide
based alloys, in order to deliver high-quality turbine blades.

Despite, the many studies there are still serious discrepandiee ternary Ti-Al-Nb phase diagram.
In the composition range hisiAl44-4Nbs19 prospective for commercigl titanium aluminidesyeliable
experimental data for temperatures > 1400°C are missing and even liquidusgrsjeablished by different
authors [2-5] are seriously at variance concerning the soliddicatange of the cubic B-Ti (A2), the
hexagonab-Ti (A3) and the intermetallig-TiAl (L1o) phase, which may be formed during solidification in
this compositional regime. For different alloy compositions the phtasésire in equilibrium with the liquid
at the liquidus temperature according to the various assessméjt®fi2zhe phase diagram are listed in
table 1. The rather unexpected divergence of the various phase diagessanaents arise from two inherent
complications of the Ti-Al alloys: (1) high reactivity of the ltseat temperatures around 1500°C with
alumina and even yttria crucibles (e.g. in differential thermoarsaflevices) lead to an uptake of impurities,
which affect the phase equilibria, (2) the primary solidified phasetergo various solid state phase
transformations on cooling and can completely disappear in the as-solidified mcost

Both difficulties are elegantly circumvented by combining contieesiprocessing technique with
situ diffraction techniques for determination of the phases formed durirdifisation. Therefore, we have



performed energy dispersive X-ray diffraction experiments onsroéltifferent Ti-Al-Nb and Ti-Al-Nb-C-B
alloys at beamline ID15A of the ESRF. The melts were contassyl processed within an electromagnetic
levitation facility specially designed for this type of expesmnts. The experimental setup is described
elsewhere [6]. Apart from studies of the equilibrium phase diagvanhave also investigated the phase
selection behaviour of the alloys during non-equilibrium solidification fritw& metastable state of an
undercooled liquid.
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Figure 1: Energy dispersive X-ray diffractograms Figure 2: Energy dispersive X-ray diffractograms
acquired during slow heating of a,dAlsoNbig acquired during an undercooling experiment on

sample. The temperature-time profile of this experiment 4@lEpNb;o melt. The temperature-time profile

is shown in the insert. The different colours mark the time is shown in the upper parigdrdeThe

intervals during which the diffractograms plotted different colours markrtteeititervals during

in the same colour were recorded. which the diffractograms plotted in the same
colour were recorded.

As an example, figure 1 shows results of an in-situ diffractiqpe@ment on a TpAlsoNbio Sample
during slow heating. The aim of this experiment is to study theilequrn phase diagram of Ti-Al-Nb at
high temperatures. In the insert of figure 1 the temperaturepiofde measured by pyrometry is shown. The
different colours in the temperature-time profile mark the timervals during which the corresponding
diffractograms plotted in the same colour were recorded. At appateiyn1400 K the sample consists of
a+vy. At a temperature of approximately 1800 K the phase transformatieny (red spectrum) ->
a + 3 + liquid (cyan spectrum) is observed. At a slightly higher terperahea-phase transforms such that
the sample consists of 3-phase and liquid (grey spectrum). Thedsopatf the temperature signal is a result
of the change of emissivity during the phase transformation and doeésditaite a real decrease of the
sample temperature. If the temperature is further increase@;phase melts and the sample is completely
liquid (pink spectrum). Hence, oun-situ diffraction experiments provide direct experimental evidence that
for TiseAlsoNbyp the RB-phase is in equilibrium with the liquid phase at the liquidupdsature. This result
together with the results on the primary phase formation for the allbgs obtained under conditions close
to equilibrium solidification are summarized in the last columrabfet 1. When comparing our results with
the literature data, it becomes obvious thatithatu diffraction experiments confirm the assessment of



Yamamoto [5]. Also oumn-situ X-ray diffraction results of the phase transformations at laemmperatures
(not shown in table 1) are in excellent agreement with the assessment of Yarfigmot

Figure 2 shows an example for an experiment on the non-equilibriudifisation of a deeply
undercooled TpAlsoNbp melt. Starting from a temperature above the liquidus temperatukr820 K the
temperature of the sample was decreased and the melt was uretbr@mrhpare the temperature-time
profile in the upper part of figure 2). At a temperature of apprateéim 1580 K, corresponding to an
undercooling oAT = 240K, solidification sets in, indicated by a steep temperaturease due to the release
of heat of fusion. While the sample is liquid before this temperatarease as proven by the diffractogram
with the broad diffuse intensity maximum typical of a liquid (datkebépectrum), after the temperature rise
the diffractogram shows bragg peaks of éhand the 3 phase (red spectrum). Both phases simultaneousl
appear during non-equilibrium solidification from the undercooled mehelés-solidified sample is heated,
first thea phase transforms, such that the sample consists only of 3 phasguahdtlitemperatures closely
below the liquidus temperature (light blue spectrum).

Summarizing, the unambiguous determination of phasés-8tu X-ray diffraction at ESRF during
solidification processes provided a clear validation of the exidtis&J-Nb phase diagrams, which has not
been possible by conventional methods.

Composition C. Servant N. Saunders V. Raghavan Y.Yamamoto This work
(at.%) [2] [3] [4] [5]
TisoAl4sNbs o 3 R R R
Ti46A|46Nb8 o B B B B
T|45A| 45Nb10 o B B B B
T|45A| 50Nb5 o B o B B
T|40A| 50Nb10 Y 3 o 3 S
Tis3Al5oNbs a 3 a o v}
Ti41A| 54Nb5 Y (04 (08 (08 a
TizsAlgoNbs Y Y Y Y Y

Table 1: Phases in equilibrium with the melt at the liquidus temperature according thierdiissessments
of the phase diagram [2-5] and as found in this workngtu X-ray diffraction.
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