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Grain Refinement of Titanium Materials by Hydrogen Treatment

Hirofumi Yoshimura

Abstract

Titanium alloys can be hydrogenated with large amounts of hydrogen and dehydrogenated
in vacuum at elevated temperatures. This paper aims at the grain refinement of titanium
alloys utilizing this phenomenon for practical application.
There are two metallurgical factors for grain refinement in this process as follows.
(1) Martensitic transformation : On cooling from the S phase or the a+ 8 two. phase
region of hydrogenated titanium alloys, high density dislocations with uniform
distribution are introduced in acicular martensites.

(2) Precipitation of hydrides : On aging of hydrogenated titanium alloys, fine hydrides
precipitate in matrix.

The combination of the two factors described above results in the grain refinement of the
commercially produced Ti-6Al-4V alloy containing large amounts of hydrogen. Specimens
thus treated, exhibit ultra—fine equiaxed grains of about 1 #m diameter.

Keywords : titanium alloys, Ti-6Al-4V alloy, hydrogenation, dehydrogenation, hydride,
martensite, dislocation structure, recrystallization, grain refinement, ultra—

fine grain.
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Table 1 Chemical compositions of alloys used.

mass%
Al \% Fe O C N H
6.05 4.04 0.15 0.155 0.005 0.008 0.004
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Fig.1 Optical micrograph of a + Btype titanium alloy plate.
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Fig. 2 Optical micrographs of non-hydrogenated ((a),(b) and (c)) and

hydrogenated specimens ((d),(e) and (f)) subjected to various
cooling rates from the 8 phase region.
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Fig. 3 SEM micrographs of hydrogenated specimens air—cooled (a) and
furnace—cooled (b) from the B phase region.
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Fig. 4 Hardness changes on isochronal aging of hydrogenated and (a + 8)—
treated specimens.
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Fig. 5 SEM micrograph of hydrogenated specimen air—cooled from the
(a + B) phase and subsequently aged at 773 K for 28.8 Ks.
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Fig. 6 Optical mncrograph (a) and SEM micrograph (b) of a specimen subjected to -
treatment ; hydrogenated, pre-treated, aged and dehydrogenated specimen.
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