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The advantages of gamma TiAl-based alloys including their specific modulus, specific high-temperature strength and oxidation
resistance make them attractive candidates as high-temperature structural materials in the automotive, aerospace and power
industries. Currently most attention is paid to the alloys of the third and fourth generations. However, this type of alloys contains
relatively high amounts of refractory metals such as Nb and Ta. The high melting points of these metals (2477 and 3017) °C are
problematic for the preparation of these products with the conventional casting, because it is necessary to use higher
temperatures and thus, generally, longer total melting times. This may result in increased oxygen amounts in the products and in
decreased mechanical properties. The use of Nb-Al and Ta-Al master alloys for the preparation of the resulting Ti-Al-Nb and
Ti-Al-Ta alloys is highly suitable because of the reduction in the temperature during melting.
This article describes the preparation of selected master alloys Nb-60Al and Ta-80Al (x/%) with the melting points of about
1600–1650 °C using plasma melting. The optimum conditions for the preparation of these master alloys (current density, feed
speed, distribution and size of charge) were characterised in order to maximise the purity and homogeneity. The prepared alloys
were studied with light microscopy (LM), backscattered scanning electron microscopy (BSE), energy-dispersive spectrometry
(EDS), and the melting temperature was evaluated with a differential thermal analysis (DTA).
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Prednost zlitin na osnovi gama Ti-Al je v specifi~nem modulu, specifi~ni visokotemperaturni trdnosti in odpornosti proti
oksidaciji, kar jih dela zanimive za izdelavo visokotemperaturnih komponent v avtomobilski industriji, letalstvu in energetiki.
Sedaj se najve~ pozornosti namenja zlitinam tretje ali ~etrte generacije. Ta vrsta zlitin vsebuje relativno veliko koli~ino ognje-
varnih kovin, kot sta Nb in Ta. Visoko tali{~e teh materialov (2477 in 3017) °C ote`uje izdelavo teh zlitin s klasi~nim ulivanjem,
ker je treba uporabiti vi{je temperature in s tem dalj{e ~ase taljenja. To lahko povzro~i pove~anje vsebnosti kisika v proizvodih
in poslab{anje mehanskih lastnosti. Uporaba predzlitin Nb-Al in Ta-Al za izdelavo zlitin Ti-Al-Nb in Ti-Al-Ta je zelo primerna
zaradi zni`anja temperature pri taljenju.
^lanek opisuje pripravo izbranih predzlitin Nb-60Al in Ta-80Al (x/%) s tali{~em okrog 1600–1650 °C s taljenjem v plazmi. Za
maksimiranje ~istosti in homogenosti so bili dolo~eni optimalni pogoji za pripravo teh predzlitin (gostota, hitrost dodajanja,
razporeditev in velikost zatehte). Pripravljene zlitine so bile preiskane s svetlobno mikroskopijo (LM), vrsti~no elektronsko
mikroskopijo s povratno sipanimi elektroni (BSE), energijsko disperzijsko spektroskopijo (EDS), temperatura taljenja pa je bila
dolo~ena z diferen~no termi~no analizo (DTA).

Klju~ne besede: intermetalne zlitine, taljenje s plazmo, mikrostruktura, diferen~na termi~na analiza (DTA)

1 INTRODUCTION

The binary diagrams shown in Figures 1a and 1b
demonstrate the objective of this experiment, e.i., how to
transform refractory Ta or Nb into the master alloys,
suitable for the preparation of the �-TiAl intermetallics
of the third or fourth generations that usually contain
5–10 % of these metals1–4. Suitable master alloys should
have the melting temperature of approximately 1600 °C,
high purity and low amount of interstitial elements,
particularly oxygen. The chosen chemical compositions
of the master alloys were Nb-60Al and Ta-80Al
(amount-of-substance fractions, x/%). As it can be seen
in the binary diagrams, the master alloys with these
compositions are characterised by both an acceptable
melting temperature and a chemical composition that can

be considered as suitable for the preparation of the
�-TiAl alloys with respect to an easy preparation of the
charges.

2 EXPERIMENTAL WORK

For the preparation of the Al-Nb and Al-Ta alloys we
used the possibility of re-melting in a plasma furnace
with a horizontal mould. The charge consisted of a lump
material including pure metals in the form of plates,
wires and rods. The charge was uniformly distributed in
a water-cooled copper mould placed in the furnace. The
melting was performed using a quadruple passage
through the zone (twice on each side) for the Nb-60Al
alloy and a sextuple passage through the zone (three
times on each side) for the Ta-80Al alloy. An inert
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atmosphere was ensured during the melting using an
argon flow with a flow rate of 27 L/min through the
furnace chamber. The rate of shift of the mould was
0.5 cm/min and the current intensity was up to 800 A.

The samples for metallographic observations were
prepared with the standard metallographic method
including the initial grinding on the sandpapers with the
granularities from 60 to 2000, and polishing with an
Al2O3 suspension with the particles of the sizes from 1
μm to 0.3 μm. For the observation of the microstructure
and the analysis of the chemical composition we used a
scanning electron microscope QUANTA FEG 450
equipped with an EDAX APOLLO X probe. The sam-
ples for the X-ray diffraction analysis were prepared by
cutting them in an electro-spark cutter. X-ray diffraction
patterns were obtained with a diffractometer Bruker D8
Advance equipped with a detector VÅNTEC 1. The
measurements were performed in the reflection mode.
The phase composition was evaluated using the PDF-2
2004 database from the International Centre for Diffrac-

tion Data. The oxygen amount was measured with the
thermo-evolution method using an ELTRA ONH–2000
instrument. For the measurement we always used at least
three pieces from each sample. The DTA analysis was
performed with the experimental equipment Setaram
SetSys 1750. The samples with the dimensions of 3 mm
× 3 mm × 3 mm, prepared by electro-spark cutting and
by wet grinding them on the sandpaper with a granula-
rity of 600 were analysed in corundum crucibles with an
internal coating of Y2O3 at a heating rate of 10 °C/min
and in an atmosphere of argon with the purity of 6 N.

3 RESULTS AND DISCUSSION

Table 1 shows the chemical compositions, deter-
mined with the EDS method, of individual sections of
the prepared ingots of the master alloys. The sections
were always taken from the front and rear parts of an
ingot. It was established that a slight loss of mass
occurred during the melting, which was probably a result
of the evaporation of the Al part, due to the high tem-
perature of the melt (the melting point of Ta is 3017 °C,
the evaporation temperature of Al is 2519 °C). A similar
phenomenon was also observed during the melting of
alloy Ti46Al8Ta5 and during the melting of �-TiAl inter-
metallics in ceramic crucibles6. This loss of mass was
approximately 1 g for alloys NbAl-1 and NbAl-2, and
2 g for alloy TaAl-1. The loss of mass was probably a
result of the evaporation of the Al part due to a very high
temperature of the melt. A higher loss of mass in the
case of master alloy TaAl-1 also corresponds with it,
since higher outputs were used. The following charges
were, therefore, modified. This modification consisted of
an increase in the Al amount by 1 g for the charge of
master alloy NbAl-3, and by 2 g for the charges of the
TaAl-2 and TaAl-3 master alloys. It follows from Table
1 that in the cases of the master alloys whose Al amounts
in the charges were not increased, the Al amounts
decreased. For the master alloys, whose charges were
thus increased, the decrease of Al was lower. This
confirms the fact that a loss of mass after melting was
caused by the evaporation of the Al part. Nevertheless,
for all the master alloys, with the exception of the TaAl-3
master alloy, the determined amount of Al was lower
than for the nominal composition. The determined values
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Figure 1: Binary-phase diagrams for: a) Nb-Al and b) Ta-Al with
indicated chemical compositions3,4

Slika 1: Binarna fazna diagrama: a) Nb-Al in b) Ta-Al z ozna~eno
kemijsko sestavo3,4

Table 1: Al amounts in different parts of the ingots detected with EDS
Tabela 1: Vsebnost Al v razli~nih delih ingota, dolo~ena z EDS

Alloy
The nominal
composition

(x/%)

EDS-measured composition (x/%)

Front part Rear part
NbAl-1 Nb-60Al 56.82 ± 0.58 58.41 ± 0.24
NbAl-2 Nb-60Al 57.93 ± 0.46 59.46 ± 0.12
NbAl-3 Nb-60Al 58.98 ± 0.51 59.73 ± 0.39
TaAl-1 Ta-80Al 76.79 ± 3.00 78.43 ± 3.86
TaAl-2 Ta-80Al 78.87 ± 2.98 79.23 ± 3.02
TaAl-3 Ta-80Al 79.01 ± 4.01 81.72 ± 3.28



of chemical compositions also manifest substantial diffe-
rences between individual parts of an ingot. This can be
explained with a slow shift of the mould and a segrega-
tion of Al. However, a non-homogenous distribution of
the elements in the ingots of the master alloys does not
represent the principal problem, since we always used
whole ingots for the preparation of the TiAlNb and
TiAlTa alloys. The determined amounts of oxygen in the
prepared master alloys were very low, (29 ± 2) μg/g for
the Nb-60Al master alloy and (123 ± 21) μg/g for the
Ta-80Al master alloy.

The microstructures of the Nb-60Al master alloys are
shown in Figures 2 and 3. In principle, these microstruc-
tures correspond to the binary diagram (Figure 1a) con-

sisting of Nb2Al dendrites, presented as light areas, and a
regular eutectic consisting of Nb2Al and NbAl3 phases.
The NbAl3 phase is presented, in the micrographs below,
as darker areas. The average amounts of the elements in
individual phases or areas, calculated from the measured
chemical composition according to EDS, are presented
in Table 2.

The occurrence of the Nb2Al and NbAl3 phases was
also confirmed with the X-ray diffraction pattern shown
in Figure 4.

Figures 5 and 6 show BSE images of the micro-
structure of the TaAl-2 master alloy. The microstructures
of all the prepared master alloys were dendritic, not
showing any significant changes between individual
ingots and parts of the ingots. The established chemical
composition of dendrites and interdendritic areas is
presented in Table 3. According to the binary diagram of
the Ta-Al binary system (Figure 1b), the chemical com-
position of dendrites corresponds to the TaAl3 phase, and
the chemical composition of interdendritic areas corres-
ponds to the solid solution of Ta and Al. The occurrence
of these two phases was also confirmed with the X-ray
diffraction analysis (Figure 7).
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Figure 3: Microstructure of master alloy NbAl-1
Slika 3: Mikrostruktura predzlitine NbAl-1

Table 2: Al amounts measured in individual structural fields shown in
Figure 3
Tabela 2: Vsebnost Al, izmerjena na posameznih podro~jih strukture,
prikazanih na sliki 3

Al amount by EDS (x/%)
Ingot Nb2Al (1) NbAl3 (2) Eutectic (3)

NbAl-1 46.80 ± 0.33 71.68 ± 1.34 59.66 ± 0.50
NbAl-2 46.48 ± 0.15 76.05 ± 0.41 60.62 ± 0.22
NbAl-3 46.39 ± 0.11 75.58 ± 0.39 60.88 ± 0.34

Figure 2: Microstructure of master alloy NbAl-2
Slika 2: Mikrostruktura predzlitine NbAl-2

Figure 5: Microstructure of master alloy TaAl-2
Slika 5: Mikrostruktura predzlitine TaAl-2

Figure 4: Diffraction pattern of NbAl-2 master alloys: 1-NbAl3, 2-�
Nb2Al
Slika 4: Uklonska slika predzlitin NbAl-2: 1-NbAl3, 2-� Nb2Al



The results of the differential thermal analysis of the
master alloys are shown in Figure 8. The determined
temperature of the liquidus of the NbAl alloy was 1624
°C and the temperature of the liquidus of the TaAl alloy
was 1541 °C. The temperatures presented in Figure 8
are not corrected and must be corrected to the melting
temperature of pure Pd (5N, a calibration standard). We
obtained the melting temperature of Pd under identical
conditions. After the correction, the determined liquidus

temperature of NbAl was 1615 °C and that of TaAl was
1532 °C.

4 CONCLUSION

Master alloys of NbAl and TaAl with the nominal
compositions of Nb-60Al and Ta-80Al (x/%) were
prepared by melting in a plasma furnace. These master
alloys contain very low amounts of oxygen, namely, (29
± 2) μg/g for the Nb-60Al master alloy and (123 ± 21)
μg/g for the Ta-80Al master alloy. The melting tempe-
ratures of these master alloys were 1615 °C for NbAl
and 1532 °C for TaAl. The DTA analysis, therefore, con-
firmed low melting temperatures of the prepared master
alloys and, thus, their suitability for the preparation of
�-TiAl alloys alloyed with Nb or Ta.
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Figure 8: DTA curves of NbAl and TaAl master alloys
Slika 8: DTA-krivulji predzlitin NbAl in TaAl

Figure 7: Diffraction pattern of TaAl-2 master alloys: 1-TaAl3, 2-Al
Slika 7: Uklonska slika predzlitin TaAl-2: 1-TaAl3, 2-Al

Figure 6: Microstructure of master alloy TaAl-3
Slika 6: Mikrostruktura predzlitine TaAl-3

Table 3: Al amounts measured in individual structural fields shown in
Figure 6
Tabela 3: Vsebnost Al, izmerjena na posameznih podro~jih strukture,
prikazanih na sliki 6

Al amount by EDS (x/%)

Ingot Dendrites Interdendritic
space

TaAl-1 75.08 ± 0.19 99.73 ± 0.13
TaAl-2 75.18 ± 0.27 99.56 ± 0.35
TaAl-3 75.15 ± 0.21 99.71 ± 0.28


