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Properties and structural characteristics of Ti—-Nb—Al alloys
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Abstract

The use of Al as am stabilizer in different Ti—-Nb alloys has been investigated for its effect on some properties and changes in structural
characteristics. Quenched alloys with 10-40% Nb and 2-15% Al were analyzed in terms of their phase transformations, as well as elasti
modulus, density and internal friction. It was found that the rhombic distortion introduced iw#HEP phase transforms into another
martensitica” structure. Above 5% Al, metastab2BCC is formed and eventually predominates. The appearance of another metastable
phasew, was verified in alloys between 2 and 5% Al with less than 35% Nb. These structure transformations are a consequence of the
obstructing effect of Al on the redistribution of Ti and Nb. The elastic modulus increases with Al and decreases with Nb percentage due
to different developed structures, especially at lower Al content. Small fluctuations in the generally increasing variation of the density with
Nb, for Al percentages, were attributed to the phase transformations. The internal friction was relatively large for the martenmsitic,
structure but decreases significantly with the appearanpepbhse.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Ternary alloys were also object of investigations. For some
industrial applications it is common practice to add Al as
The Ti-Nb system has been extensively investigated ana, hexagonal closed-packed (HCP) Ti structure stabilizer.
for scientific and applied reasoii$—12]. Special proper-  The Al addition increases both the mechanical and ther-
ties such as superconductivity and shape memory effectmal resistance of the allojl0,11] This advantageous ef-
(SME) together with a considerable dumping phenomenon fect of Al addition has been reported in other Ti alloys. Pre-
due to peaks in the internal friction, justify the interest vious works on Ti—-Cr, Ti-Mo and Ti—V systenj$2-14]
for Ti-Nb alloys[1,2]. The multiplicity of phase transfor- have shown the additional influence of Al as arstabi-
mations in this system is associated with complex struc- lizer in the presence of a stroffigstabilizer, such as Cr, Mo
tures and a broad range of mechanical and thermal proper-or V.
ties [3—8]. Binary alloys withp phase, body centered cu- Since Nb is also a strorg stabilizer, the objective of the
bic (BCC) structure, obtained after quenching, have been present paper was to expand the knowledge on the combined
widely studied for most Nb concentrations of useful interest « andp phases effects using Al as an addition to Ti-Nb. These
[3-6]. effects were investigated in properties directly related to the
SME, such as the elastic modulls, and the internal fric-
tion, Q1. Alloys with 10-40% in weight of Nb and 2-15%in
* Corresponding author. Tel.: +55 22 27261626; fax: +55 22 27261626. Weight of Al were chosen for the investigation. These ranges
E-mail addresslioudmila@uenf.br (L.A. Matlakhova). of composition investigated correspond to the relevant struc-
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tural transformations and property modifications, which oc- [3,4]. The annealing treatment was immediately accompa-
curs in the Ti—-Nb—Al system. nied by water quenching.

Ithas been known thatquenched alloysinthe binary Ti-Nb ~ The measurement of, both the elasficand the shea6,
system present a metastabfemartensitic structure for No modulus was performed by the dynamic resonance method.
contents up to 12% in weigli3—5]. This martensite has the In this method the longitudinaf;, and the transversat,
same HCP structure af-Ti. With increasing Nb content,  oscillation resonance frequencies are measured. The val-
the value of the elastic modulug,=110GPa, for pure Ti, ues ofE and G are then calculated through the relation-
decreases sharply and reaches 60 GPa for the 12% Nb alloyships:

Above 12% Nb the’-HCP martensite undergoes a rhom- 2 .2
bic distortion, giving rise to a typicak”-orthorhombic E = 4077l f 1)
martensitd2—5]. At the same time3-BCC and its precursor _ 2.2
o phase, both metastable, are also formed. diphase has G =4077%0% )
a highly distorted transitional hexagonal lattice between \wherel is the length ang the density of the samples.
andp. In particular, the corresponding increase that occurs  The Poisson coefficient, which varies significantly with

in the value ofE, which reaches 90 GPa for 32% Nb, was the alloy content, can also be obtained by the relationship:
attributed to the participation of thephasg3]. An increase

in hardness, from 12 to 32% Nb, was also associated with the 12

occurrence ot [2—4,10,11] V= 272) 1 ®)
Between 32 and 42% Nb the amountofiecreases while

increasing the relative proportion Bf As a consequenceg, Both the longitudinal and transversal frequencies were

decreases once again to its lowest value of 60 [BRH. In measured at room temperature in an Elastomat equipment

this range of percentages, thé martensitic structure is still  using oscillations of up to 26 kHz with a maximum tension

the main structure. However, for Nb contents above 42%, the of 0.1 MPa and strains less than£86. The sample density,

structure tends to transform into singleand the value oE 0, was measured by the hydrostatic weighting technique, in-

goes up again. Forinstance, at 50% Nb, it rea&eg0 GPa. side distilled water, using an analytic scale with 1@ of
With all these changes taking place in the binary Ti-Nb precision. A confidence interval smaller than 1% was then
system, an important question to be addressed refers to theestimated in the values & andG, as given in Eqs(1) and
effect of adding amx stabilizer. Therefore the present work (2).
analyzes the effect of Al as a third element added up to a  The structural characterization to determine the stable and
maximum of 15% into Ti—Nb alloys with a limit of 40% Nb.  metastable phases was done by X-ray diffraction, XRD, us-
ing a Dron-2 diffractometer operating with Cuxadiation.
Thea parameter of the’-HCP martensite was calculated by
2. Experimental procedure the (11 0), plane diffraction. The andb parameters of the
o” orthorhombic martensite were obtained, respectively, by
Ti—-Nb—Al alloys were fabricated by direct combination of the (200)- and (13 0)~ phase diffractions. The parame-
the pure metallic constituents: ter of both,o’ anda” phases, was obtained by the (00 4)
i O g g g phase diffraction. The estimated precision of the parameter
e measurements waslo cnm "
- 99.999% electrolytically refir;ed aluminum The damp!ng of the crystalline lattice was evaluateq by
' ' the internal frictionQ~1, measured through tests of oscilla-
Each alloy was prepared using a five melting technique in tion frequency attenuation of the proper lattice. A confident
an electric-arc furnace. After tapping, ingots with approxi- interval of the order of 10% was estimated in the values of
mately 100 g were vacuum encapsulated in individual quartz Q1.
containers and homogenized at 12@0for 5 h. Each ingot
was then taken out of the container and reheated at %200
in a controlled argon atmosphere before being forged as bars3. Results
with 8 mm in diameter. The bars were then machined down
to 6 mm in diameter and cut for samples with distinct length: Fig. 1 depicts four examples of diffractograms obtained
for: (a) Ti-15% Nb-3% Al, (b) Ti-24% Nb-3% Al, (c)
Ti—32% Nb-3% Al and (d) Ti—34% Nb—3% Al alloyBig. 2
presents the lattice parameters fordv¢1CP martensitic and
o”-orthorhombic structures calculated from diffractograms
For the final annealing treatment, the samples were, oncein the quenched Ti—Nb—Al alloys, with 2-5% Al, as a func-
again, vacuum encapsulated. The annealing condition for thetion of the Nb content. For higher values of Al content, 10
2-5% Al alloys was 5h at 100@ and for the 10 and 15% and 15%, it was difficult to evaluate the parameters due to
Al alloys was 2 h at 1150C, following previous experience the superposition of the metastalgle<-ray peaks. A rough

- 80 mm to measurg, G andQ1;
- 20mm to characterize the crystalline structure by X-ray
diffraction.
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