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Abstract: The properties and forming process of prealloyed powder metallurgy (PM) Ti-6Al-4V alloy were researched for
application of high performance of titanium parts. Hot isostatic press (HIP) technology and two kinds of powders were used in the
prealloyed processing to get full density material. Tensile properties, impact toughness and fracture toughness of PM Ti-6Al1-4V alloy
were studied and discussed. The microstructures were examined with optical microscope and the morphologies of powders were
observed by SEM. Forming processes were performed to fabricate PM titanium parts. The experiment results show that the
prealloyed PM Ti-6Al-4V alloy has same good properties as wrought material and the complex shape PM parts can be
near-net-shaped. Some of the parts have been commercially used. This indicates that the prealloyed process should have bright
prospects in making high-performance, complex shape and low-cost titanium alloy parts.
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1 Introduction

Titanium powder metallurgy can produce high
performance and low cost titanium parts. Compared with
those by conventional processes, high performance PM
titanium parts have many advantages: excellent
mechanical properties at least comparable to the level of
wrought titanium material, near-net-shape and low cost,
being easy to fabricate complex shape parts, full dense
material, no inner defect, fine and uniform
microstructure, no texture, no segregation, low internal
stress, excellent stability of dimension[1-2] and being
easy to fabricate titanium based composite parts[3—5].
Powder metallurgy technology of titanium alloy has been
commercially used in developed countries[6—15].
Research of utility of PM titanium alloy is performed to
meet the increasing need of high performance-to-cost
parts[4, 16].

In this work, two kinds of Ti-6Al-4V prealloyed
powders are used in PM processing to get full dense
titanium alloy. The microstructure and properties of the
PM Ti-6Al-4V alloy are studied. The experiments of the
near-net-shape process are performed to fabricate PM
titanium parts.

2 Experimental

2.1 Prealloying process

The prealloying PM process of fabricating titanium
alloy and parts is shown in Fig.1. Ti-6Al-4V prealloyed
powders that are generally spherical in shape have been
produced by the plasma rotating electrode process (PREP)
or gas atomization (GA)[17—18]. The packing density of
the spherical prealloyed powders can exceed 60% of
theoretical density consistently. And prealloyed powders
have fine and homogeneous microstructure with the
characteristics of rapid solidification. Metal capsule
designed and manufactured according to the shape of the
product, then powders are poured into the capsule. After
that, the capsule is evacuated and sealed. The sealed
capsule is put into a HIPing unit and powders are
compacted to full density. The HIP parameters are
890-920 C, 100 MPa, 1 h.

Two kinds of prealloyed powders are used in the
experiment: PREP and GA. Powder morphologies are
shown in Fig.2. The chemical composition and powder

size are listed in Table 1.
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Fig.1 Illustration of steps of prealloying PM process

Fig.2 SEM morphologies of GA and PREP powders: (a) GA
powders; (b) PREP powders

Table 1 Chemical composition and powder size of PREP and
GA Ti-6Al-4V powder

Chemical composition (mass fraction, %)  powder

Type :
Al V. C N H O Fe Size/um

GA 6.74 3.88 0.018 0.035 0.005 0.13 0.11 45-150

PREP 6.45 3.94 0.012 0.011 0.023 0.12 0.18 45-250

2.2 Microstructure and mechanical properties

The microstructure, tensile property, impact
toughness and fracture toughness of PM Ti-6Al-4V alloy
samples are studied. Impact toughness is measured by
Charpy impact testing method (U-notch). And the plane
strain fracture toughness (Kjc) is measured by compact
tensile testing method.

2.3 Forming process of parts
Metal capsules and forming models are used in the
study of near-net-shape process.

3 Results and discussion

3.1 Microstructure

The typical microstructures of prealloyed
Ti-6Al-4V alloy are shown in Fig.3. Fig.3(a) shows
micrograph of GA powder compact and (b) shows that of
PREP powder compact. The microstructures of the two
materials are similar, and both are of platelet « and fine
transformed £ structure, with fine equiaxed a distributed
uniformly. The a plate of GA PM alloy is coarser than
that of PREP PM alloy. The basket-weave structure is
formed and distributed uniformly. The microstructure
shows that the PM Ti-6Al-4V alloy has excellent
mechanical properties.

3.2 Tensile properties

The typical data of tensile properties of several
group of PM Ti-6Al-4V alloy specimens are listed in
Table 2, and all of the specimens are in the HIPped state.
HIPped state here means the state that the material is
cooled in the HIPing unit naturally from HIP temperature
(900 C)to 300 ‘C or lower. The data in Table 2 show
that both GA and PREP PM alloys have excellent tensile
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Fig.3 Optical micrographs of prealloyed PM Ti-6A1-4V alloy:
(a) GA; (b) PREP

Table 2 Typical tensile properties of prealloyed PM Ti-6Al-4V
alloy at room temperature

O'b/ 0'0_2/ o/ l///

Type State
MPa MPa % %
Wrought bar
(GB/T2965— Annealed =895 =825 =10 =25
1996)

1040 965 14.1 39.9
1040 981 15.4 39.6
GA PM alloy HIPped 1020 959 15.4 40.8
980 910 16.0 40.0
1010 950 14.0 64.0

945 900 16.5 48.0

960 915 17.5 46.5
PREP PM

HIPped 960 910 17.5  46.0
alloy

920 860 17.5 46.5

925 865 16.5 48.5

properties. Either strength properties (o,, 0p2) or
plasticity properties (J, w) exceed the standard level of
wrought bar. According to the data in Table 2, strength
of the GA PM Ti-6Al-4V alloy specimens is higher than
that of the PREP PM Ti-6Al-4V alloy specimens, and the
values of elongation and reduction of area of PREP PM
alloy are higher and more uniform.

Morphologies of GA and PREP powders are similar,
all are spherical. But there are differences between the
two kinds of powders. In Fig.2, it can be seen that most
accompanied of the particles of the two kinds of powders
are in good ‘spherical shape’, but there are some
‘satellitic particles” accompanied with GA powder while
little in PREP powder. Commonly, ‘satellitic particles’
have influence on the properties of PM alloy. There are
‘crack-like’ morphologies on the GA powder surface
while the surface of PREP powder is rather smooth, as
shown in Fig.4. According to the producing process, the
cooling rate of GA powder is more rapid, that means
more fine and uniform microstructure. GA and PREP
powders have their own characteristics. Both the two
kinds of powders can be compacted to PM titanium alloy
with excellent properties in the research.

Fig.4 Surface morphologies of Ti-6Al-4V prealloyed powders:
(a) GA; (b) PREP

3. 3 Impact toughness of PM titanium alloy

The impact toughness at room temperature of PM
Ti-6Al-4V specimens with PREP powder is studied. The
typical data are listed in Table 3. The average impact
toughness value of the specimens is 60.8 J/cm®, and the
standard minimum value for wrought bar is 40 J/cm?®.
The impact toughness of PM Ti-6Al-4V alloy is about
one and a half times of the standard value of wrought bar.
PM Ti-6Al1-4V alloy shows excellent impact property.
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Table 3 Impact toughness of PREP PM Ti-6Al1-4V alloy at
room temperature

Type ay [(Jrem™) @y /(J-em™)
(GB\;vTr;;g?t—b?;%) =40 -
60.7
57.9
PM alloy 60.2 60.8
62.9
62.3

3.4 Fracture toughness of PM titanium alloy

The plane strain fracture toughness (Kic) at room
temperature of PM Ti-6Al-4V specimens with PREP
powder is studied. The typical data are listed in
Table 4. The typical value of Kjc of wrought parts is

Table 4 Fracture toughness of PREP PM Ti-6Al-4V alloy in
room temperature

Type Kic /(MPa-m'?) X 1c (MPa-m"?)
Wrought part 75 -
104
107 105.7
PM alloy
106

about 75 MPa-m'?, and the average value of PM alloy is
105.7 MPa-m"?. The fracture property of PM Ti-6Al-4V
alloy is better than that of wrought parts.

3.5 Forming of PM titanium alloy parts

Prealloyed near-net-shape processes of PM titanium
alloy parts are studied. By using metal capsules or metal
capsule and forming modal, a lot of near-net-shape PM
parts are prepared and produced. The design of capsules
and forming models is important because of the different
shrinkage of different shape of parts[19-20]. Some PM
Ti-6Al-4V alloy parts are shown in Fig.5.

Fig.5(a) shows a kind of PM titanium alloy structure
part with thin gridding wall. The thin gridding wall is in
net shape and needn’t to be machined. The part has been
in commercial use. Fig.5(b) shows a big dimension thin
wall integrity PM titanium alloy cabin with adapting
flanges, which is d 445 mmx372 mm with the wall
thickness of 5 mm. The cabin is a high performance and
low cost product with no defect, which has been
commercially used in a pressure vessel. Fig.5(c) shows a
PM titanium alloy connector, with a little machining at
necessary position of fitting. Fig.5(d) shows high
performance PM titanium alloy connecting rods for the
automobile engine. The properties of the PM parts can

entirely meet the demands of the engine.

Fig.5 Near-net-shape PM Ti-6Al1-4V alloy parts: (a) PM titanium alloy structure part with thin gridding wall; (b) Big dimension thin
wall integrity PM titanium alloy cabin; (c) PM titanium alloy connector; (d) PM titanium alloy connecting rod
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4 Conclusions

1) The mechanical properties of the prealloyed PM
Ti-6Al-4V alloy are excellent and the microstructure is
fine and uniform. The tensile properties, impact
toughness and fracture toughness of PM Ti-6Al1-4V alloy
are at least equivalent to the levels of wrought material.

2) Though there are differences between GA and
PREP Ti-6Al-4V powders, both kinds of powders can be
compacted to PM titanium alloy with excellent
properties.

3) The complex shape PM titanium alloy parts can
be formed by near-net-shape process. Titanium alloy
powder metallurgy technology has been commercially
used.

4) The prealloyed process should have bright
prospects in making high-performance, complex shape
and low-cost titanium alloy parts.
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