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Abstract: The influence of deformation parameters including deformation temperature, degree and speed on the microstructure and
mechanical properties of TA15 titanium alloy was studied. The volume fraction, size and aspect ratio of primary o phase in deformed
TA15 titanium alloy were quantitatively characterized. With increasing deformation temperature, the volume fraction and size of
primary o phase decrease. The aspect ratio of primary a phase decreases with increasing deformation temperature. The tensile
strength of TA15 alloy deformed at 0.1 mm/s is higher than that at 0.3 mm/s. After thermoforming at 960 “C, 0.1 mm/s, the tensile
strength is the highest up to 1 035 MPa and the elongation is 13.5%. When the thermoforming temperature is 1 050 C, the strength
and elongation are both relative low, because the microstructure is Widmanstaten structure.
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1 Introduction

TA15 titanium alloy is an important titanium alloy
extensively used in aircraft industry. It is a near alpha
titanium alloy which was developed as BT20 titanium
alloy by Russia in 1964[1-2]. TA15 alloy has been
widely used because of its attractive properties such as
high specific strength, thermal stability, weldability.

Extensive researches have been carried out on TA15
alloy. SHU et al[3] studied the hot deformation behavior
of TA15 alloy. CAO et al[4] and ZHANG et al[5]
investigated the microstructure and properties of TA15
alloy. WANHILL[6] studied beta treatment of titanium.
These work focused on either deformation behavior or
microstructure. With the development of the technology
of precise formation, it is necessary to control the
microstructure of materials during deformation. So it is
important to understand the relationships between the
processing variables, microstructure, and mechanical
properties[7—8]. The objective of this study is mainly on
the variation of microstructure and mechanical properties
with the deformation conditions.

2 Experimental

The experimental material was commercial TA15

titanium alloy. The composition of the TA1S alloy is as
follows(mass fraction, %): 5.5—7.5Al, 1.5-2.5Zr, 0.5-2.0
Mo, 0.8—1.8V and balance Ti. The beta transus of this
alloy is about 980 C.

The samples used in the tests were rectangular solid
of 40 mmX20 mm X 20 mm. The sample was heated to
the test temperature and hold for 40 min. Then it was
compressed into specific shape by a die using press
machine. The speeds of compression were 0.1 mm/s and
0.3 mm/s. The deformation temperatures were 850, 925,
960 and 1 050 ‘C. The deformation degrees were 40%,
60% and 80%. The samples were cooled in air.

The microstructure of the TA15 alloy was observed
and analysed by using Olympus optical microscope. The
corrosive agent was 2%HF+3%HNO;+95% distilled
water. The volume fraction, size and aspect ratio of
primary a phase of deformed TA1S5 titanium alloy were
quantitatively characterized. The tensile strength of TA15
alloy deformed at different conditions were measured by
Instron-1186 test machine. The tensile rate was 1
mm/min.

3 Results and discussion

Fig.1 shows the microstructures of TA1S5 titanium
alloy deformed at different temperatures and speeds. The
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deformation degree is 80%. When the deformation
temperature is 850 °C, the microstructure consists of
primary a phase and a little transformed f phase. The
transformed f phase is composed of S phase and
secondary a phase. With the deformation temperature
increasing, because of the transformation of o phase to §
phase, the volume fraction of primary o phase decreases,

and the volume fraction of transformed f increases.
When the deformation temperature is 1 050 C,
because the temperature is higher than the beta transus of
TA15 alloy, the microstructure is Widmanstaten structure.
From Fig.1, it can also be seen that the size of primary a
phase decreases with the deformation temperature
increasing. This is related to the transformation of «

Fig.1 Microstructures of TA15 titanium alloy deformed at different conditions: (a) 850 ‘C, 0.3 mm/s; (b) 850 C, 0.1 mm/s; (c) 925
‘C, 0.3 mm/s; (d) 925 °C, 0.1 mm/s; (¢) 960 ‘C, 0.3 mm/s; (f) 960 C, 0.1 mm/s; (g) 1 050 ‘C, 0.3 mm/s; (h) 1 050 ‘C, 0.1 mm/s
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phase to f phase. The effects of deformation conditions
on the volume fraction and size of primary a phase are
shown in Figs.2 and 3.

With the variation of volume fraction and size, the
aspect ratio of primary « phase changes too. Hot
deformation can globularization of the
microstructure through segmentation of the alpha
lamellae by process such as boundary splitting and edge
spheroidization[9—10]. The globularization is more
apparent at higher temperature. So the aspect ratio of
primary o phase decreases with the increase of
deformation temperature. The effect of deformation
temperature and deformation speed on the aspect ratio is
shown in Fig.4. When the deformation speed is 0.1 mm/s,
not only the primary a phase but also the secondary a
phase is spheroidized (Fig.1(f)).

Fig.5 shows the microstructures of TAI15 alloy
deformed at different deformation degrees and
temperatures. Because lager deformation degree can
break a strip primary o phase into more pieces, it can be
seen that the aspect ratio and size of primary o phase
decrease slightly with the increase of deformation degree.

cause

While the volume fraction of primary o phase does not
change greatly.
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The effects of deformation conditions on the tensile
strength are shown in Figs.6 and 7. When the volume
fraction of primary a phase is higher than 15%, the
tensile strength does not change greatly with the volume
fraction of primary o phase increasing[11]. At 960 C,
the temperature is close to the beta transus, and the
volume fraction of primary a phase in the microstructure
of TA15 alloy is near 15%. The random distribution of
secondary a phase help to increase the tensile strength.
From Fig.6 it can be seen that the tensile strength of 960
C is higher than that of 925 C. And the tensile strength
of 0.1 mm/s is higher than that of 0.3 mm/s. The reason
may be that the finer transformed f phase at 0.1 mm/s
can strengthen titanium alloy. After thermal deformation
at 960 ‘C and 0.1 mm/s, the strength is the highest up to
1 035 MPa. When the deformation temperature is 1 050
‘C, the tensile strength is lower than the strength in a+f
zone. Though TA15 alloy has not much high strength
after deformation at 1 050 ‘C, but it has higher high
temperature creep properties, higher impact toughness
and higher fracture toughness. From Fig.7, it can be seen
that the tensile strength doesn’t change greatly with the
variation of deformation degree.

The effects of deformation conditions on the
elongation are shown in Figs.8 and 9. The tensile
strength under deformation speed 0.1 mm/s is a little
higher than that under 0.3 mm/s. This may be related to
the spheroidized secondary a phase in the transformed f.
It can be seen that the elongation is maximum up to
13.5% when the deformation temperature is 960 C and
the deformation speed is 0.1 mm/s. The elongation at
1 050 C is relatively low because of Widmanstaten
structure.

From above it can be concluded that when TA15
titanium alloy is deformed at 960 C and 0.1 mm/s, the
tensile strength and the elongation are both high.
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Fig.5 Microstructures of TA15 alloy deformed at different deformation degrees and temperatures: (a) 925 C, 40%; (b) 925 C, 60%;
(c) 925 C, 80%; (d) 960 C, 40%; (e) 960 ‘C, 60%; (f) 960 C, 80%
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4 Conclusions

1) With the increase of thermoforming temperature,

the volume fraction and size of primary a phase decrease.

The thermal deformation causes the strip primary «
phase broken and spheroidized.

2) After thermoforming at 960 °C, the tensile
strength is higher than that at 850 C and 925 ‘C because

of the suitable volume fraction of primary a phase and
random distribution of secondary a phase. The strength
of TA15 alloy deformed at 0.1 mm/s is higher than that at
0.3 mmy/s.

3) TA15 titanium alloy deformed at 960 ‘C and 0.1
mm/s, has high tensile strength and elongation. The
tensile strength is the highest up to 1035MPa and the
elongation is 13.5%.
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