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Grain refinement in Al-Mg-Sc alloy during hot ECAP
Oleg Sitdikov and Kaneaki Tsuzaki, Physical Metallurgy Group

The aim of the present research was to study the
microstructural evolution in a commercial coarse-
grained Al-6%Mg-0.3%Sc alloy subjected to ECAP
at 450°C (0.8T,) to demonstrate the feasibility of
obtaining new fine grain structure under hot intense
plastic straining conditions. This alloy belongs to the
class of hard-to-deform advanced structural
materials exhibiting ultrahigh strength at ambient
temperature. It can be easily hot worked, while cold
forming causes many problems because of high yield
stress and relatively low ductility. An evaluation of
potentiality of the grain refining in large scale billets
of the present alloy at high temperatures seems to be
very important for commercial application. The main
results can be summarized as followings.

(1) The starting material in the as-received
condition was a rod prestrained by extrusion at 390°C
to a strain of about 0.7 followed by annealing at
400°C for 1h. It was composed of coarse elongated
grains having a well-developed (sub)grain structure
with low-to-moderate angle misorientation and a
remarkable fraction of fine recrystallized grains in
their mantle regions (Fig. 1(a)). The parameters of
this microstructure are represented in Fig. 2 (strain of
0). It is seen that there is a difficulty to obtain a fully
developed fine-grain structure in the present alloy by
the conventional thermomechanical treatment at
around 400°C.

(2) Subsequent hot ECAP of such pre-worked
commercial alloy at 450°C results in a considerable
grain refinement (Fig. 1(b), (c) and (d)). A new fine-
grained microstructure with an average crystallite
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Fig. 1. Typical microstructures developed in Al-Mg-Sc alloy
during ECAP at 450°C: (a) €=0; (b) 1; (c) 4; (d) 12.
ED is the extrusion direction.

size of about 2.8 um develops at severe strains. The
new grains are evolved first in the mantle regions and
propagated into the original grain interiors with
further deformation.

(3) Strain dependencies of (a) the average
misorientation, ®,,, in the regions of newly
developed grains; their volume fraction, Vi, and (b)
the average grain size, d., are depicted in Fig. 2.
Both O, and V. start to increase from 18.7° and
0.35, respectively, just before ECAP; rise at almost
constant rates against strain at € < 4, and approach to
around 35.7° and 0.85 at higher strains. The dx
gradually drops from around 5.5 pm at e=1 and
approaches a constant value of about 2.8 um at € > 8.
Such strain dependencies of the microstructural
parameters allow us to conclude that grain refinement
in the present alloy occurs in accordance with a
mechanism of continuous dynamic recrystallization.

It has been shown in the present work that a fairly
fine grain structure may be introduced into a heavily-
alloyed and/or hard-to-deform Al alloy even at the
ECAP temperature that is as high as 0.8T,,. This
implies that there is a big potential for obtaining
fine grain size in these alloys at elevated
temperatures alleviating the difficulties of ECAP.
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Fig. 2. Effect of hot ECAP on (a) the average
misorientation of dislocation/(sub)grain boundaries, @ ,

in the fine-grained regions; the fraction of fine grains, Ve
and (b) the average (sub)grain size evolved, drex;.
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