Superplastic behaviour and microstructure evolution in a commercial
ultra-fine grained Al-Mg-Sc alloy
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Abstract. An Al-6%Mg -0.3%Sc-0.3%Mn alloy was subjected to equal-channel angular extrusion
(ECAE) at 325°C to a total strain of about 16 that resulted in an average grain size of about 1 um.
Superplastic properties and microstructural evolution of the alloy were studied in tension at strain
rates ranging from 1.4x10” to 1.4 s™ in the temperature interval from 250 to 500°C. It was shown
that this alloy exhibits superior superplastic properties in the wide temperature range 250-500°C at
strain rates over 10”s™. The highest elongation to failure of 2000% is attained at a temperature of
450°C and an initial strain rate of 5.6x102 s' with the corresponding strain rate sensitivity
coefficient of about 0.4. Two different fracture mechanisms were revealed in hi%h strain rate
superplasticity. At temperatures higher than 300°C and/or strain rates less than 10™'s”, failure took
place in brittle manner practically without necking and cavitation played a major role in the failure.
In contrast, at low temperatures and/or high strain rates, fracture occurred in a ductile manner
suggesting the fracture of samples by localized necking. At these conditions, evidence of very
limited cavitation was found in the samples.

Introduction

The aerospace industry has a great interest in developing new aluminum alloys with enhanced
service properties. Wrought non heat-treatable Al-Mg alloys containing Sc are attractive candidates
for different structural components due to their good weldability, strength, excellent corrosion
resistance and ductility [1]. The fabrication of complex-shaped parts for aerospace structures
requires enhanced workability. It is possible to improve highly the formability of Al-Mg-Sc alloys
by making these materials superplastic [1,2]. Recently, it has been established that the best way to
achieve high superplastic ductilities in Al-Mg-Sc alloys is an extensive grain refinement by
imposing an intense plastic strain (IPS) through a process such as equal-channel angular extrusion
(ECAE). Numerous works [3-6] recently reported a superior ductility of Al-Mg-Sc alloys, with
moderate concentrations of Mg (<3%), subjected to ECAE at exceptionally high strain rates (>107s’
') that makes the process of superplastic forming highly attractive for commercial application.
However, commercial Al-Mg-Sc alloys with Mg less than 4.5% exhibit a relatively low strength
and, therefore, their commercial application is restricted toy very specific areas [1]. An attempt by
authors of Ref. [4] to make the Al-5%Mg-0.2%Sc alloy superplastic through ECAE at room
temperature was unsuccessful due to the cracking of the samples. Therefore, a different procedure
should be applied to produce submicrometer grains in the Al-Mg-Sc alloys containing over 3%Mg.

Nowadays the most attractive material belonging to the Al-Mg-Sc system, for aerospace
applications, is an Al-6%Mg-0.3%Sc¢ designated in the Former Soviet Union as the 1570 aluminum
alloy [1] and denoted as 1570Al herein. The 1570 Al exhibits the highest strength attained in non-
heat-treatable commercial aluminum alloys [1] due to an increased content of Mg (~6%) and Sc
additions. Recent experiments showed that the highest elongation-to-failure, of about 1000% at high
strain rates >107%s™, was achieved in sheets of the 1570Al subjected to extensive cold rolling [7]. It
was found that the 1570A1 exhibited high superplastic properties in the unrecrystallized condition at


















