


In this regard, formerly authors have chosen a system of alloying of niobium, molybdenum and
zirconium for the new biomedical B-type titanium alloys.

2. Materials and experimental procedures

In the present work titanium B-alloy Ti-26Nb-7Mo-12Zr in the initial state with an average size of [3-
grains of 280 microns in the form of a sheet sample of thickness 6.7 mm was investigated. Melting of
titanium B-alloy Ti-26Nb-7Mo-12Zr was carried out by triple vacuum arc remelting in Corporation
VSMPO-AVISMA (Verkhnyaya Salda, Russia).

Low-modulus titanium B-alloy was subjected to sheet rolling for fine-grained structure formation.
Sheet rolling was carried out without heating at room temperature with a reduction of 100-200
microns in one pass. As a result of rolling 3 states with a total reduction of 30, 50 and 70% were
obtained. Deformed specimens were annealed at 850°C after rolling and then quenched in water.

Structural studies of titanium B-alloys were carried out using optical microscope Olympus 71 and
scanning clectron microscope Quanta 600 FEG with a field emission gun. Investigation of the
structural-phase composition and the crystallographic texture was also performed using the methods of
automatic analysis of the electron back-scattered diffraction patterns (EBSD) on scanning ¢lectron
microscope Quanta 600 FEG at an accelerating voltage of 20 kV, beam currents of 13 nA, and
software TexSEM Lab (TSL). X-ray studies performed on a universal X-ray diffractometer, ARL
X tra.

Specimens for the above methods were cut using electrical discharge machine, and then subjected
to mechanical grinding to install TegraPol-31 firm "Struers". Preparation of the sample surface for
optical metallography and X-ray diffraction (XRD) analysis included chemical etching in a solution of
4 ml HF, 6 ml HNO; and 190 ml H,O, for scanning electron microscopy using electrolytic polishing
at the facility LectroPol-5 (Struers) in a solution of 60 ml of HCIO,, 600 ml CH;0H and 360 ml
CH3 (CHZ) CHQOCHQCHQOH at Voltage U=50V.

Mechanical tensile tests were carried out on a universal floor electromechanical testing machine
Instron 5882 with a strain rate of 1.5 mm / min. The test samples were cut at electrosparking machine
in the form of double blades with working part 2.88 x4,08x38 mm’. Further, the surface of samples
subjected to mechanical grinding. According to the results of tests the elastic modulus, yield strength
and tensile strength, ductility were evaluated. Modulus of elasticity was evaluated from the slope of
the ¢lastic part of stress-strain curve.

3. Results and discussion

The microstructure of the cold-rolled samples of the alloy Ti-26Nb-7Mo-12Zr with a total deformation
of 30 and 60% after annecaling is represented by partly recrystallized grains, the volume fraction of
which is 43 and 94, respectively (figure la, b). According to the analysis of electrons back-scattered
diffraction patterns (figure 2) the formation and growth of recrystallization nuclei occurs at high-angle
boundaries of the original deformed grains. As a result of cold rolling and subsequent annealing with
quenching the average size of grains of the alloy decreased by an order of magnitude in compare with
the initial state and makes 20,5 = 0,9 um (30% deformation and annealing followed by quenching) and
10,1 £ 0,3 pm (60% deformation and annealing followed by quenching).

In the alloy Ti-26Nb-7Mo-12Zr after rolling with a maximum degree of deformation (90%) in
contrast to the previous state (with a lesser deformation degree), recrystallization was complete. It led
to the formation of a homogeneous globular structure (figure 1c, 3). As can be seen from the presented
in Figure 3 histogram of grain size defined by a secant average grain size is 9 um. As it can be seen
from images of the microstructure, there are observed areas with large and small grains. This is
probably due to the fact that the nucleation of grains during the initial stages occurs at the grain
boundaries, and further in the volume of deformed grains.

According to the analysis of EBSD patterns it was found that in the studied alloy with fully
recrystallized structure most of the boundaries represent the high-angle grain boundaries. The volume
fraction of such grains is ~ 80% (figure 3a).
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