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Figure 2 3D surface plots of the elastic modulus (Young’s modulus E) for Ti and Ti-15Al alloys
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The Study of Ultra-Low Temperature Influence on the Elastic Constants and
Anisotropy for Titanium and Titanium Alloys

HE Dong, LI Jiayi, YAO Xinhai, LIU Peng, SI Lina
(School of Mechanical and Materials Engineering, North China University of Technology, Beijing 100144, China)

Abstract: Titanium alloys are widely used in the aerospace industry due to their high specific strength and excellent mechanical

properties at both high and low temperatures. As the deformation temperature decreases, the strength of pure titanium

increases, and it maintains excellent plasticity. However, titanium alloys, such as Ti-6Al1-4V, exhibit a significant reduction in

plasticity when the deformation temperature drops below 70 K. To address this issue, the present study constructs

computational models of a 2X2X2 Ti supercell (16 Ti atoms) and a Til5-Al system (15 Ti atoms and 1 Al atom). First-

principles calculations combined with phonon analysis are employed to study the elastic constants of titanium alloys at ultra-low
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temperatures. The elastic constants of both pure titanium and Til15-Al systems at the ground state and at finite temperatures
are calculated separately. The impact of the addition of Al element on the elastic constants and elastic anisotropy of the
hexagonal close-packed titanium structure is analyzed and compared. The elastic anisotropy of titanium alloys at various ultra-
low temperatures is quantitatively characterized, and the influence of temperature on the elastic anisotropy and constants of
both Ti and Til5-Al alloys is thoroughly discussed. The results show that HCP titanium exhibits significant elastic anisotropy,
and the addition of Al reduces the elastic anisotropy of the Ti15-Al alloy compared to pure titanium. In the temperature range
of 2 K to 300 K, the elastic anisotropy of pure Ti remains relatively constant, while that of Til5-Al undergoes significant
changes with decreasing temperature: the As, parameter gradually decreases, while As, increases. These two curves eventually
intersect at temperatures of 72 K and 77 K, respectively. As the temperature decreases, the elastic modulus of pure titanium
remains nearly constant, while the elastic modulus of Til5-Al alloy shows a continuous increasing trend, with a notable
turning point around 70 K, which closely coincides with the ductile-to-brittle transition temperature of the Ti15-Al alloy.

Keywords: ultra-low temperature; titanium alloy; elastic constant; elastic anisotropy; first principles; phonon calculation; elastic

modulus;ductile-brittle transition
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