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Electronic Structure and Phase Stability of Titanium Alloys

Masahiko MORINAGA, Natsuo YUKAWA and Hirohiko ADACHI

Synopsis :

The alloying effect has been investigated on the electronic structure of both bee Ti and hep Ti by the
DV-Xu cluster method. The two alloying parameters which are the metal d—orbital level (Md) and the
bond order between atoms (Bo), were determined theoretically. The Md is related to the electronega-
tivity and metallic radius of elements. The Bo is a measure of the strength of the covalent bond between
titanium and alloying elements. Both the Md and the Bo change remarkably with alloying elements.

A new approach based on the electronic theory has been developed for understanding the phase stabil-
ity of titanium alloys. With using Md and Bo parameters, titanium binary phase diagrams are inter-
preted consistently, and various commercial alloys are classified into the three groups of the «, «-+f and
B alloys. The B transus and the Ms temperature for the martensitic transformation are predicted from
alloy compositions. Furthermore, the activation energy for the impurity diffusion in bec Ti is estimated

in terms of the Bo.
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Fig. 1. Cluster models employed in the calcula-
tion: (a) (MT,,) cluster for bec Ti and (b)
(MTi,s) cluster for hcp Ti.
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Fig. 2. Energy level structure of the bec Ti, containing 3d transition metals.
The Fermi level is indicated by an arrow (<).
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Fig. 4. Correlation of the Md level with the
metallic radius.
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Fig. 5. Change of (a) the bond order and (b)
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alloying elements M in bcc Ti.
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Fig. 6. Change of (a) the bond order and (b)
the ratio of bond order to the atomic weight with
alloying elements M in hcp Ti.
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Fig. 7. Representation of titanium binary phase
diagrams in the By-My; map.
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Fig. 8. Grouping of commercial titanium alloys into the three types of the a, a3 and

8 alloys in the B,-M; map.
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Fig. 10. B transus curves in the B,~M; map.
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Fig. 11. Four lines of showing the 8 transus from 973K to 1273K, and
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Fig. 13. Iso M;-temperature lines

drawn in the By-M; map.
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Fig. 14. Change of the activation energy for
impurity diffusion in bcc Ti with the bond
order, B,.
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