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Abstract of Research
In the current study, one of the most im-
portant and widely used titanium alloys,
Ti-6Al-4V, is chosen to form a near-net-
shape structure using the vacuum plasma
spray forming (VPSF) process. Since the
quality requirements for sprayed struc-
tural materials are different than those for
coatings, characterization of the standard
coating parameters such as porosity, ox-
ide content, and splat morphology does
not fully address the microstructure re-
quirements that must be met to ensure op-
timal properties. As with any structural
material, metallurgical considerations
such as grain size, phase composition,
and phase distribution must be controlled
as well. Through the optimization of the
structure of the deposit via control of pro-
cess parameters as well as postdeposition
heat treatments, VPSF structures can be
made with properties better than conven-

tional cast materials and in some cases
equivalent to wrought materials.

The microstructure of the initial powders
and the as-deposited VPSF Ti-6Al-4V al-
loy are characterized comprehensively.
The fundamental basis of the relation-
ships between the physical and mechani-
cal properties and the as-sprayed micro-
structure is elucidated. To provide insight
into the deposition and solidification be-
havior, deposition of a Ti-6Al-4V droplet
under vacuum plasma spray conditions
on a prior deposit surface is also investi-
gated via numerical simulation and ex-
perimental evaluation (Fig. 1). Then, a
mechanistic model for the relationship
between the elastic modulus and the ther-
mally sprayed microstructure is devel-
oped. The mechanistic model is validated
by conducting in situ tensile testing using
optical microscopy and employing an im-
age based finite-element method (OOF).
Then, the effectiveness of postdeposition
heat treatments to improve the structure
and properties of the as-deposited VPSF
material is assessed. Since the micro-
structure of the VPSF Ti-6Al-4V alloy
differs from conventionally processed
materials, the response of the sprayed
component to heat treatments is different
than that for conventionally processed al-
loy. To study the response of the as-
sprayed structure, the mechanisms of
grain growth and pore elimination (densi-
fication) are investigated in detail. Based
on those responses of the as-sprayed
structure, three heat treatment cycles are
applied to the as-sprayed structure in or-
der to achieve desired physical and me-
chanical properties of the VPS deposited
material.

Key Results
Numerical results showed that about 30%
of the droplet material was lost due to

splashing starting approximately 0.18 µs
after the impact. The thickness of the so-
lidified splat is estimated to be approxi-
mately 4 µm in the central region. The
average splat cooling rate from the simu-
lation results was estimated to be in order
of magnitude 108 K/s. Experimental re-
sults illustrated splats ranging from 3 to 5
µm in thickness and 100 to 150 µm in di-
ameter, which illustrate good agreement
with the numerical results.

The experimental diffraction pattern of the
as-sprayed structure yielded a phase com-
position of approximately 90 wt.% �� mar-
tensite phase and less than 10 wt.% �-Ti
phase due to a rapid solidification rate.

Low elongation (∼1%) of the as-sprayed
structure was due to damage accumula-
tion at the splat boundaries where cohe-
sive failure easily occurs.

The transverse Young’s modulus of the
as-sprayed structure was found to be pro-
portional to the fraction of the broken la-
mellae and increased with reduced poros-
ity.

Grain and pore growth in the as-sprayed
structure followed a quadratic law during
isothermal heat treatments. The rate of
grain growth was found to be faster than
the pore growth.

Three heat treatment schedules were suc-
cessfully optimized to achieve three well-
known microstructures of Ti-6Al-4V al-
loy: fine equiaxed � grains, fine acicular
�, and bimodal (Fig. 2).
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Fig. 1 (a) Numerical simulation and (b) Experimental result of a 50 µm diam Ti-6Al-4V alloy
droplet at 1600 °C impacting with a velocity of 500 m/s onto a titanium substrate at 800 °C.
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Fig. 2 Recommended heat treatment cycles and the resultant microstructure of VPSF Ti-6Al-4V
alloy
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