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Fig. 5. The variation of flow stress (a), strain rate sensitivity coefficient, m, (b) and elongation-to-failure (c) with strain rate. Datum points for the

cold rolled 1570Al [3] are included in (c).

toward low temperatures comparing with state pro-
cessed by extensive cold rolling.

To evaluate the reproducibility of results, three
samples for each testing temperature were pulled to
failure at an initial strain rate of 1.4x1072 s7! in tem-
perature range of 250-500 °C (Fig. 6). Despite the fact
that the dispersion of ductility achieves significant val-
ues, the ECAE processed 1570Al exhibits ductility
higher than 800% in temperature range of 300-450 °C.
Thus, this 1570Al subjected to ECAE shows superplas-
tic properties, which are suitable for commercial appli-
cations in different structures.

The microstructure evolution of the 1570Al was exam-
ined under conditions of static annealing in grip sections
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Fig. 6. Temperature dependencies of the elongation to failure at initial
strain rate of 1.4x1072 57!,

and during superplastic deformation, i.e. dynamic anneal-
ing, in the gauge section in the temperature range of 250—
450 °C and the strain rate of 1.4x 1072 s~! (Table 1).

It is seen that in the 1570Al the ultrafine grained
structure produced by ECAE processing exhibits supe-
rior stability during static annealing. Increasing temper-
ature from 250 to 450 °C leads to a static growth of grains
from 1 to 1.6 um (Fig. 7a and b). It should be noted that
the grain size in the 1570Al after annealing at 7 > 400 °C
is slightly less than that in the Al-3%Mg—0.2%Sc [5].

Superplastic deformation leads to a remarkable grain
growth (Table 1). However, the grain size remains on
average less than 4 um even after 2000% elongation at
450 °C and 5.6x 1072 s~! (Fig. 7c). It is apparent that the
weak strain dependence of m value (Fig. 4) is caused by
low rate of dynamic grain growth. Notably the super-
plastic deformation produces essentially similar grain
sizes in the both states of the 1570A1 subjected to ECAE
processing and extensive cold rolling [3]. The AR value
is typical for conventional superplastic alloys, where a
high contribution of grain boundary sliding to the total
elongation takes place [9,10]. In samples exhibiting
lower ductility the AR is higher. It is well known that
high values of AR are indicative of an increased con-
tribution of dislocation glide into total deformation.

Examination of unetched surface of the specimens
pulled to failure showed that cavitation plays an impor-
tant role in fracture at temperatures greater than 300 °C.
Voids are located in the vicinity of the coarse Al,FeSi-






extensive cold rolling and in condition of recrystallized
structure after ECAE with a mean grain size of about 1
um as well. The difference in the highest values of duc-
tility of the 1570Al in these two structural conditions is
not too large. ECAE leads to an expansion of the tem-
perature-strain rate domain of superplastic deformation
and allows achieving high ductilities at higher strain
rates. Thus, the superior superplastic properties in the
1570Al can be achieved both in the sheets and extruded
semi-finished products as well.
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