High Strain Rate Superplasticity in an Al-Li—-Mg Alloy Subjected
to Equal-Channel Angular Extrusion
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The superplastic behavior of an Al-4.1%Mg—2.0%Li—0.16%Sc—0.07%Zr alloy (1421 Al) subjected to intense plastic straining by equal-
channel angular extrusion (ECAE) was studied in the temperature interval 250-450°C at strain rates ranging from 1.4 x 1075 to 1.4s~!. The
grain size after ECAE was about 0.8 um and the fraction of high angle boundaries was about 80 pct. The highest elongation of 1850% without
failure appeared at a temperature of 400°C and initial strain rate of 1.4 x 1072 s~! with corresponding coefficient of the strain rate sensitivity
of 0.6. It was shown that the ECAE processed 1421 Al exhibits superior superplastic properties in the temperature range 300—450°C with the
strain rate sensitivity higher than 0.4. Microstructural evolution and cavitation during high strain rate superplastic deformation were examined.
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1. Introduction

There is now a great interest in developing new Al-Li-
Mg alloys, which are promising materials for acrospace ap-
plications due to excellent combination of high strength and
light weight." However, these alloys are characterized by low
workability. It has been shown that it is possible to improve
their formability as well as service properties by making these
alloys superplastic.” Superplastic deformation was used to
produce components with complex shapes from an Al-Li—
Mg—Zr alloy.” However, the utilization of this technology in
commercial scale is currently limited because of the relatively
low strain rates associated with superplastic deformation>*
and difficulties in producing ultra-fine grain structure in Al-
Li—Mg alloys using standard procedures associated with ther-
momechanical processing.”

The development of new superplastic aluminum alloys pro-
duced by ingot metallurgy and containing additions of Zr
and/or Sc, through recent advances in grain refinement via in-
tense plastic straining, has led to a new area of high strain
rate superplasticity (HSRS).+® Ultrafine grain sizes intro-
duced by equal-channel angular extrusion (ECAE) in these al-
loys are retained at elevated temperatures owing to nanoscale
Al;(Zr, Sc) particles. Experiments on an Al-Li-Mg—Zr al-
loy designated as 1420 aluminum alloy (1420 Al) have shown
that superior superplastic properties may be achieved at high
strain rates and low temperatures after ECAE 619

Recently, a new Al-Li-Mg—Zr alloy designated as 1421
aluminum alloy (1421 Al) containing Sc and decreased
amounts of alloying additions of Li and Mg has been devel-
oped.” The 1421 Al exhibits enhanced service properties and
improved formability. However, to date, there exist no sys-
tematic data on superplastic behavior of this material. The
present study was initiated to evaluate superplastic propertics
of the 1421 Al subjected to ECAE. Moreover, a specific ob-

*Corresponding author: E-mail: musin@ipc.ibaraki.ac.jp, On leave from
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jective of this work is to examine the microstructural evolu-
tion and cavitation during high-strain-rate superplastic defor-
mation.

2, Material and Experimental Procedure

The material used in the present study was a commercial
grade version of the 1421 Al. The composition of the alloy
is given in Table 1. The alloy was manufactured by direct
chill casting followed by solution treatment at 460°C for 24 h.
Then the 1421 Al was finally cut into cylinders with 20 mm
in diameter and 100 mm in length. The ECAE was conducted
using an isothermal die with a circular internal cross-section.
The channel had an L-shaped configuration with angles ¢ and
¥ (as defined by Iwahashi et al'") both equal to 90°. The
diameter of this channel was 20 mm. Deformation through
these angles produces a strain of ~ 1 on each passage through
the die. The pressing speed was ~ 10 mm/s. The rods were
repetitively pressed through the die at 325°C to a total strain
of ~ 16, and the samples were rotated by 90° in the same
sense between each pressing in the procedure designated as
route Be.'?

Tensile specimens were cut parallel to the longitudinal axes
of the pressed rods with a gauge length of 6 mm and cross-
section of 1.5 x 3 mm?. These samples were deformed in ten-
sion to failure in air using a Shimadzu universal testing ma-
chine (Model AG-G-20kN) operating at a constant crosshead
speed. Tension tests were carried out in the temperature in-
terval 250-450°C at strain rates ranging from 1.4 x 107> to
1.4s7!'. Temperature fluctuation was within £2°C. Each

Table 1 Composition of the 1421 Al determined from chemical analysis
(in wt.%).
Mg Li Sc Zr Si Fe Al
4.1 2.0 0.16 0.07 0.07 0.08 Bal.
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Fig. 5 The effect of strain on the coefficient of strain rate sensitivity, m, at
400°C and & = 1.4 x 102571,
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Fig. 6 The effects of temperature (a) and strain rate (b) on the strain hard-
ening, 6.

The test denoted with the vertical arrow in Fig. 7(b) was dis-
continued without failure. The optimal strain rate region (i.e.
region 2) for superplasticity, in which m > 0.33, expands
from 1.4 x 1073-8 x 107257 at 300°C to 1.4 x 10 3-1.4s~!
at 400°C. Therefore, the optimal region tends to expand to
higher strain rates with increasing temperature.

Temperature dependencies of the coefficient mand § at & =
1.4 x 1072 s ! are plotted in Fig. 8. Increase in temperature
from 250 to 400°C leads to increase in the m value from 0.38
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Fig. 7 (a)Flow stress, o, taken at ¢ ~ 0.4; (b) elongation-to-failure, §; and
(¢) the coefficient of strain rate sensitivity, m, as a function of strain rate.

to 0.6 and the § value from 430% to > 1850%. Further raising
of the temperature to 450°C results the coefficient m and the
tensile elongation in decrease.

Notably, the ECAE processed 1421 Al exhibits ductility
higher than ~ 430% at all temperatures and strain rates exam-
ined. Thus, this aluminum alloy behaves as a typical super-
plastic material at high strain rates in the very wide range of
temperatures.

3.3 Microstructural evolution

The microstructural evolution of the 1421A1 was examined
under conditions of static annealing in grip sections (Fig. 9)
and superplastic deformation, i.e. dynamic annealing in the
gauge section, (Fig. 10) in the temperature range of 250—
450°C at & = 1.4 x 1072 s~!. Grain sizes observed after static
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