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Abstract. Multidirectional forging has been developed to produce an ultrafine-grain (UFG)
microstructure in the two-phase titanium alloy Ti-6Al-4V. A microstructure with a grain size of 135
nm was attained, enabling low-temperature superplasticity (LTSP) at 550°C. A total elongation of
1000% and strain-rate-sensitivity coefficient m=0.47 were obtained at the optimal strain rate of
2x10* s, Important features of the microstructure and superplastic behavior of the alloy are
summarized in the present work. It is shown that microstructure evolution during low-temperature
deformation plays a key role in superplastic flow behavior.

Introduction

Manufacturing methods involving severe plastic deformation and the subsequent mechanical
properties of two-phase titanium alloys with an UFG microstructure have been studied extensively
during the last two decades [1-5]. Different processes, including rolling, multidirectional forging
(MF), equal-channel-angular pressing (ECAP), and high-pressure torsion at low temperatures have
been applied to produce UFG microstructures. Recent work has shown that a UFG microstructure
with a grain size of 100-150 nm can be produced by MF in the o/f} titanium alloy Ti-6Al-4V [3].

The great interest in microstructure refinement is associated with significantly reduced
superplastic (SP) forming temperatures by as much as a few hundred degrees [6]. For example, in
Ti-6Al-4V with a grain size of 300 nm produced by MF, SP behavior was observed at 600°C and a
strain rate of 5x107*s"; the total elongation & and strain-rate-sensitivity coefficient m were 500%
and 0.34, respectively [7]. The same alloy with the same grain size produced by ECAP showed 0 =
296% and m = 0.34 at 600°C and 1x10™*s™ [4]. An increase in the deformation temperature resulted
in an enhancement of SP properties. Sheets of Ti-6Al-4V with grain size of 300-400 nm produced
by MF and subsequent pack rolling showed 0~800% at 650°C and 6>1000% at 750°C for a strain
rate of 7x107*s™ [2].

A decrease in SP properties at lower temperatures may be expected due to both the natural
retardation of diffusion-controlled processes and the increase in the fraction of the oo phase in which
diffusion is much slower than that in the 3 phase [8]. Another factor which may contribute to the
decreased Jis the propensity for grain growth when the fraction of B phase decreases noticeably.

Despite extensive studies of constitutive behavior during LTSP, detailed microstructure
evolution data are known only for 775 and 815°C [9]. The aim of the present work, therefore, was
to quantify microstructure evolution and mechanical behavior of Ti-6Al-4V with grain size of 135
nm produced by MF during SP deformation at the extremely low temperature of 550°C.

Materials and Procedures

The program material consisted of the o/ titanium alloy Ti-6Al-4V with a nominal composition
(in weight pct.) of 6.3 Al, 4.1 V, 0.18 Fe, 0.03 Si, 0.02 Zr, 0.01 C, 0.18 O, 0.01 N. It was supplied















phenomenon is similar to that observed previously in Ti-6Al-4V [9] and Zn-22%Al [6]. The
observed decrease in the Kearn’s factor from 0.52 to 0.44 also suggests a weakening of
crystallographic texture toward a random one, which would exhibit a Kearn’s factor of 0.361
measured for the normal plane of tested specimens (0,333 in a perfectly-random material).

Summary and Conclusions

1. Superplastic deformation of Ti-6Al-4V with a mean grain size of 135 nm at the extremely low
temperature of 550°C was investigated. Using the optimal strain rate of 2x10™ s7, a total
elongation of 1000% was obtained with a strain rate sensitivity and flow stress of 0.47 and 130
MPa, respectively.

2. Microstructure observations showed extensive deformation-induced grain growth during SP
deformation. The specimens did not have porosity near the fracture surface.

3. The texture weakened considerably during low-temperature SP deformation. Such weakening
was mirrored in the values of the Kearn’s factor which decreased from 0.52 to 0.44, the latter
value approaching that of a random material (i.e., 0.361)

4. The apparent activation energy under the optimal SP conditions was found to be of 149 kJ/mole
at n=2 (m=0.5) indicating that the dominant deformation mechanism was grain-boundary
sliding accommodated by grain-boundary diffusion and possibly matrix-dislocation activity.
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