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Relationship between composition and microstructure of laser
solid forming Ti-Al-Mo alloys
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ABSTRACT: The research and development of high-performance special titanium alloy materials is
the key to the development and application of laser additive manufacturing titanium alloys in the field of
high-end equipment. However, current alloy design methods are inefficient, and the quantitative
correlations between titanium alloy composition and microstructure are difficult to be established. In this
study, 60 sets of Ti-Al-Mo alloy samples of different compositions were prepared using laser solid forming
(LSF). Microstructure parameters(width of a lath, W,, and volume fraction of a phase, F,) of Ti-Al-Mo
alloys with different compositions were obtained by combining microstructure observation and image
processing methods. In addition, combined with the establishment of BP neural network model, the
quantitative relationship between the composition of the LSF Ti-xAl-yMo (2.0<x<7.5, 2.0<y<9.0) alloys
and the microstructure was obtained. The results showed that W, decreases with the increase of the Mo
content when the Al content is fixed. At a relatively low Al content (2.0-4.5 wt.%), W, exhibits a nonlinear
decrease of slow, then fast, and then a slow decline. It is interesting to note that when the Al content is fixed,
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W, does not show a continuous downward trend with the increase of Mo content, but abnormally increases
within the range of certain components. This indicates that under the LSF condition, the appropriate
addition of Mo element can achieve the synergistic effect of refining a lath and improving the volume
fraction of the a phase. It is an interesting result that F, increases with increasing Mocontent in a specific
composition range because Mo is a kind of 3 stable element. The analysis of this phenomenon is due to the
precipitation of a large number of secondary o phases on the p-transformation matrix while retaining a
higher content of the primary a phase under the action of laser reciprocating thermal cycle during LSFI-2:
The predictions from the BP model agreed well with some typical Ti-Al-Mo alloy experimental
observations.
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