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Abstract

In this thesis, TA15 titanium alloy bars and plates were fabricated by laser melting
deposition shaping process using vacuum plasma rotary electrode atomized TA15 titanium
powders as raw mater'ials. Microstructure of deposited TA1S titanium before and after
heat-treatment was characterized by optical microscopy (OM), scanning electron microscopy
(SEM), transmission electron microscopy (TEM) and X-ray diffraction (XRD). Room
temperatufe tensile properties of plate-shaped specimens in the longitudinal direction before
and after heat-treatment were also tested. Results showed that:

(1) The original B grains of the as-deposited TA15 titanium bars were coarse equiaxed
grains and intragranular microstructure of the bars was typical fine lamellar transformed p.

(2) The original B grains of as-deposited TA15 titanium plates were coarse and columnar.
The growth direction of original columnar B grains was perpendicular to the laser scanning
direction. However, the growth direction of original columnar B grains in areas near surface of
the alloy deviated from the laser scanning direction. The intragranular microstructure of plates
was lamellar transformed B, similar to that of bars.

(3) The original B grains of the alloy had excellent high-temperature stability and
temperature had nearly no effect on size of the  grains.

(4) Special bi-modal microstructure with regular stripe-shaped primary o, was formed by
annealing the alloy in the upper a+B field of the phase diagram. Because of the great
difference of specific volume between a phase and B phase of titanium, the new o phase
precipitated in lamellar shape in order to reduce volumn strain energy. After annealing in the
a+f two-phase zone, primary o of the alloy was not spheroidized into equiaxial shape but
formed in bar shape. The so-called forked morphology at the edge of primary o lath resulted
from different interfacial microstructure and interfacial energy between B phase and different
facets of a lath.

(5) As annealing temperature increased during a+f heat-treatment, Volume fraction of
the primary o decreased and width of the primary o lamellar increased. The microstructure
after annealing of the alloy in B phase zone was \ﬁne Jamellar transformed B. As the annealing
temperature within the o+f field increased, the ultimate tensile strength tended to decrease

and the elongation rate decreased significantly.

Key words: TA15 titanium alloy; laser melting deposition; heat-treatment; microstructure;

mechanical properties; special bi-modal microstructure; forked morphology
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