Hydrogen treatment of titanium based alloys
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The titanium alloys show high strength-&shy;to-&shy;weight ratio, good corrosion resistance
and high biocompatibility, so they are of particular interest for use as biocompatible implants
in biomedicine [1]. Nevertheless, workability of alpha + beta titanium alloys at room temper-
ature is difficult and forming must be performed at elevated temperatures, thus improving hot
deformation behavior by decreasing flow stress and working temperature is essential. The
well-known reason of the difficulties with forming consists in relatively high temperature
transformation of alpha + beta phases to beta phase, whereas beta phase with body centered
cubic structure is more malleable then alpha phase with hexagonal close packed lattice. Al-
though hydrogen deteriorates mechanical properties of many engineering metallic materials,
titanium alloys included, and the brittleness of conventional alloys induced by the hydrogen is
observed at room temperature as well as at elevated temperatures, in case of Ti alloys hydro-
gen can act as a temporary alloying element in special heat treatment technology, so-called
the thermo-hydrogen treatment (THT) [2, 3] and shows beneficial effect in improving partic-
ular properties. Whereas the hydrogen works as beta stabilizer in Ti alloys, THT technology
employs the reversible reaction of hydrogen with titanium in order to modify phase composi-
tions, kinetics of phase transformations and evolution of metastable phases in titanium alloys
[2-5].

The effect of heat treatment on the microstructure and hot deformation behavior of two
biocompatible Ti alloys (Ti6Al4V and Ti24Nb) alloy was investigated. The thermal treat-
ment of the specimens consisted of two-steps annealing at 600 °C and 850 °C and aging
at 590 °C in flowing hydrogen or argon gases, the holding times differed for Ti6Al4V and
Ti24Nb, respectively. The heat treated specimens were submitted to uniaxial compression
tests at 750 °C and strain rate 0.05 s™! on the Gleeble 3800 machine. The specimens were
deformed to half of their initial height in each case. The amount of hydrogen in specimens
was measured by means of an analyzer LECO RH600. The microstructure study was per-
formed before and after isothermal compression test on the specimens in hydrogenated and
non-hydrogenated conditions. Comparing the results obtained for the non-hydrogenated and
hydrogenated specimens it was found that the deformation behavior of both alloys was differ-
ent. While hydrogen content as high as 1325 wt. ppm had shown an obvious benefit effect on
high temperature deformation behavior in the Ti6Al4V alloy by lowering the thermal defor-
mation resistance, in case of Ti24Nb alloy the hydrogen in amount of 1663 wt. ppm affected
supression of instabilities in true stress - true strain curves. However, the higher amount of
hydrogen induced increasing flow stress and resulted in cracking of Ti24Nb specimens. The
benefit effect of hydrogen on increasing formability of Ti24Nb at lower temperatures was not
evident as it was observed in the case of Ti6Al4V alloy.
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