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Abstract

In this thesis. the bar-like and plate-like specimens were fabricated by the laser melting
deposition manufacturing pocess using vacuum argon atomized Ti60 powders as the raw
materials. The former was formed by laser continuous melting deposition and the latter by
multi-track-overlap layer-by-layer laser melting deposition. Annealing heat-treatment of
bar-like Ti60 alloy was aléc conducted, followed by water quenching and air cooling,
respectively. Meanwhile, the elevated-temperature stress rupture properties of the
as-deposited and annealed bar-like Ti60 alloy were tested. The rapid directional solidification
microstructure and precipitation behavior of rare earth-rich phases in the laser melting
deposited Ti60 alloy were investigated by OM, SEM, TEM, XRD and EPMA. Meanwhile,
Influence of annealing heat-treatment on bar-like Ti60 alloy’s microstructure and mechanical
property, and morphologies of fracture surface and subsurface of elevated-temperature
endurance bar samples were also analyzed. The experimental results indicate that:

1. The main microstructure of laser continuous melting deposited Ti60 bar sample was
composed of directionally solidified “splayed” columnar grains with bar specimen’s axes as
its symmetry axes. The inner of columnar had fine and uniform directional rapidly solidified
full cellular structure, with a cellular arm spacing of 45~50um. The room-temperature phase
transformation microstructure was typical lamellar widmanstaten microstructure.
Microstructure on top of bar specimen included the uppermost tiny equiaxed grain, the finer
full cellular crystal with a 20~25um arm spacing and the cellular dendritic crystal.

2. The laser multiple-track-overlap layer-by-layer melting deposited Ti60 plate-like
specimen had uniform and ultra-fine directional rapidly solidified “zig-zag™ alternate growth
full cellular structure, with a cell spacing as low as 5~9um. The microstructure of
room-temperature phase transformation was acicular basket-woven mircrostructure. The
TA15 heat-affected solid-state phase transformation zone was located in the transition zone
between TA15 substrate and as-deposited Ti60, and laser melting deposited Ti60 alloy grew
epitaxially in the <100> direction by TA15 completely recrystallization B-grain as
heterogeneously nucleated base.

3. The rare earth-rich phases in laser melting deposited Ti60 alloy were extremely fine,

and distributed within the grains and along the grain boundaries. The particles of bar sample

iii



had two morphologies: the intergranular particles were ellipsoidal, with size of 0.8~ 1.6um in
diameter; the intragranuiar were a little lager (1.2~-2.0um in diameter). which were mostly
spheroidal. The rare earth-rich phases in the plate-like Ti60 specimen were much finer and
denser. The intergranular and intragranular particles were similar in morphology and size to
each other, with spherical in shape and 0.2~0.8um in diameter. Analyses of rare earth-rich
phases in the as-deposited bar-like and plate-like Ti60 alloy showed that Nd, Sn, O were
enriched in the particles, in form of Nd-Sn intermetallics and Nd-oxide mixture. The rare
earth-rich phases nucleated, precipitated in the liquid state, and uniformly distributed along
the intercellular grain boundaries.

4. Results of laser melting deposited bar Ti60 alloy air cooling annealing heat-treatment
in a+p field indicated that a mixed duplex microstructure with stripe-shaped primary a and
lamellar p-transformed was produced. Volume fraction of the primary a decreased with the
increasing temperature. But the width of the primary « appeared two morphologies: in the
lower a+p field, the width was thin; while in the middle and upper field, the width was a little
thick, and was almost invariable as increasing temperature.

5. During the annealing heat-treatment, rare earth-rich phases had good thermal stability
in different temperature, different time and different cooling mode. The size, shape, and
volume fraction nearly kept invariability.

6. The laser melting deposition manufacturing bar-like Ti60 glloy had outstanding
elevated-temperature mechanical property. The average elevated-temperature endurance
rupture life under 600°C, 310MPa of as-deposited bar sample was 354.44h, 7 times more than
that of wrought Ti60 alloy. The macrostructure was characterized by intercrystalline and
transcrystalline fracture and essentially microstructure was microporous aggregation ductile
rupture. The equiaxed dimples indicated it had good high-temperature ductility. The average
elevated-temperature stress rupture life of annealed bar-like Ti60 alloy was254.57h, and
high-temperature ductility was significantly improved due to the existence of stripe-shaped

primary a.

Key words: Laser melting deposition, High-temperature titanium alloy Ti60, Rare
earth-rich phase, Rapidly solidification microstructure, Annealing heat-treatment,

Elevated-temperature stress rupture property
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