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1-Introduction

Titanium alloys are considered critical materials for the
aerospace industry due to their high specific strength, good
thermal performance, good corrosion resistance, and
preeminent creep resistance at elevated temperatures.
Among Ti alloys, Ti-8Al-1Mo-1V (Ti811, for short) alloy,
Due to its high elastic modular, excellent damping
capacity, good thermal stability, and the highest strength-
to-density ratio in titanium alloys, is the promising alloy
that can be used to manufacture rotary parts used in
elevated-temperature  sections of advanced aircraft
compressors. To satisfy high requirements in mechanical
properties, usually, thermomechanical processing is more
suitable to manufacture these components. Since a blade
has the aerofoil contour produced to finished shape and
thickness by the forger and creep resistance and fatigue
properties are major requirements of compressor blades,
they have continued to be made forging. Due to different
microstructural evaluations as well as phase changes
occurring dynamically during the hot deformation process
of titanium alloys, it is very important to correctly
understand the deformation behavior of Ti alloys with the
help of constitutive equations and microstructural
observations to optimize the deformation parameters and
control the microstructure. Despite the importance of Ti-
811 alloy in the steam turbines industry, there are e few
papers about hot deformation behavior. Therefore, the
main goal of this research is to study the deformation
behavior of the alloy based on the experimental results
during the hot compression tests to obtain the Hot
deformation characteristic along with microstructure
examinations to optimize deformation temperature and
strain rate.

2- Experimental

A commercial near-a alloy, Ti-811 with the chemical
composition (wt.%) of 7.35 Al, 0.75 Mo, 0.75 V, 0.3 Fe,
0.08 C, and the balance Ti was chosen for the present

work. The B- transus temperature of this alloy was
determined to be 1030 °C using differential thermal
analysis. Fig. 1 shows the initial microstructures (basket-
weave microstructure) that mainly consisted of lamellar o
phase (~75.83 vol %), and B phases (~24.17 vol %) are
distributed among lamellar o phase. To study the hot
deformation behavior of the Ti-811 alloy, Firstly,
cylindrical samples with dimensions of 8 mm (¢) X12 mm
(H) were cut from the extruded pieces. Then, Hot
compression tests of Ti-811 alloy were performed on a
Zwick/Roell thermal simulating tester equipped with a
furnace and a temperature controller system. The
Specimens were heated to the deformation temperature
and then held for 15 min before deformation. Then the
specimens were isothermally compressed at three different
temperature regions: the single-phasep region (1075-1050
°C), upper o+p region (1025-1000 ‘C), and lower o + B
region (975-950 °C), strain rates of 0.001, 0.01, 0.1 and 1
s’ and strain of 0.6. After compression, specimens were
water quenched immediately to room temperature to
maintain the deformed microstructures and then sectioned
along the compression direction, polished, and etched with
a solution of 50ml H,O-0.5ml HF-1.5mI HNO3 to observe
microstructures.

Figure 1: OM images of the initial microstructure of
Ti-811 alloy.
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3- Result and discussion

As the thermal conductivity and heat capacity of titanium
is lower and higher than those of most other metals
respectively, most deformation energy can be converted
into heat. This heating can lead to increases in specimen
temperature, so the flow stress obtained from the test is not
equal to flow stress under the isothermal deformation.
Therefore, it is necessary to amend the effect of adiabatic
heating on flow stress. the temperature rise of the specimen
due to deformation heating is given by:

_ 0ssn
AT =22 [ ode 1)

Where AT is temperature increase, 1 is the adiabatic
correction factor, o, and ¢ is the stress(MPa) and strain,
respectively, p is the density of Ti-811 (4.37g/cm?), C; is
the specific heat of Ti-811 (502j/kg.k) and value of 0.95 is
the percentage of the deformation energy turning to heat.
The following formula can be used to correct the flow
stress with the temperature change:

fo = (% - T+1AT) @)

naR

Where Q is the activation energy (kJ/mol), R is the gas
constant (8.314 J/mol k), T is the deformation temperature
(K), AT is a change of temperature, and n and o are
material constants. After calculation based on the data of
true stress-true strain curves, the effect of adiabatic heating
can be corrected for Ti-811 alloy true stress-true strain
curves. The flow stress curves of Ti-811 alloy are shown
in Fig.2. As seen from Fig. 2, For all deformation
conditions, in the initial compression test, the true stress
increases to peak stress without significantly increasing in
strain due to work-hardening, which is attributed to the
generation and pileup of dislocations. Then, the true stress
decreases with the increase of strain owing to flow
softening mechanisms. The degree of flow softening
observed for deformation above the B-transus temperature
was lower than that for below the B-transus temperature.
when the flow stress exceeds the peak stress, flow
softening starts and decreases the deformation resistance.
The €, and op for the onset of flow softening can be
determined by plotting the work hardening rate (6=dc/ds)
vs. the true strain, as depicted in Figs. 3.
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Figure 2: The true stress—true strain curves for the Ti-811
titanium alloy at various deformation temperatures and at
strain rates of 0.001 s

It should be noted that the peak strain is determined
where 6=0. At all the curves, the parameter 0 increases
primarily to a maximum amount and then reduces towards
zero. The decreasing trend of 6 in strains below the g,
where 0>0, can be attributed to DRV, which decreases the
work hardening rate before the peak. However, the flow
softening appeared after the g,, where 6<0, should be
ascribed to the role of DRX, DG, or DT of the o phase.
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Figure 3: Variation of work hardening rate (0) vs. strain at
1075 °C and various strain rates.

Fig. 4 exhibits the microstructure at a deformation
temperature of 1000 °C. At this temperature, part of the
lamellar a phase has been globalized and dispersed over
the B matrix. When the strain rate is increased, the volume
fraction of the o phase decreases. This decrease reflects
that a large number of o phases dynamically transforms
transform into  metastable B phase (dynamic
transformation) during the hot deformation.

Figure 4: Microstructure of Ti-811 alloy deformed at a
strain rate of 0.001s* and deformation temperatures 1000
°C.
4. Conclusions

When the deformation temperature is over 1025 °C, the
DRYV and limited DRX of the B phase are obvious.

As the deformation temperature is 1000 °C, the initial
lamellar a phases transform into the globalized o phases at
relatively lower strain rates.
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Hot Deformation Characteristic and Microstructural Evolution of a Near Alpha Alloy Ti-8Al-1Mo-1V
Fateme zarghani Gholamreza Ebrahimi Amir momeni Hamidreza Ezatpour

Abstract Titanium alloy grade Ti-8Al-1Mo-1V (Ti-811) has been widely applied for many applications such as
aerospace, automotive and military industries due to their high specific strength, low density, and excellent corrosion
resistance. In this work, cylindrical specimens with a height of 12 mm and diameter of 8 mm were machined for the
hot compression tests. the flow stress behavior of near-a alloy Ti-811 was investigated by hot compression testing under
conditions of varying temperature (between 950, 975, 1000, 1025, 1050 and 1075 °C), strain rates ( 0.001, 0.01, 0.1 and
1s) and true strain up to 0. 6. The stress—strain curves of Ti-811 alloy revealed that the continuous flow softening
occurs, anyway, the flow softening amount show greater flow softening in the two phase region as compared to the single
phase region. Mechanical testingand optical microscopy analyses indicate that dynamic recrystallization occurred, for
single-phase 8 microstructure. However; a broad variety of microstructure formation mechanisms including allotropic
phase transformations, platelet kinking and globularization occurred for two- phase o. + 8 region.

Keywords Near- o alloy Ti-811, Hot compression, Dynamic recrystallization, Globularization.
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