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Fig. 8 Effect of strain on (a), (b) population of LABs, MABs and VHABS; (c) average misorientation of deformation-induced boundaries,
fav and fraction of recrystallized grains, V; (d) the crystallite size, d.

(Figs. 7(a) and 7(c)). Thus, at 250°C, upon straining the
precipitation of AlgMn dispersoids with size being signifi-
cantly less than that precipitated under homogenization
annealing takes place. It results in a significant increase in
Zener drag pressure.'?

It is generally known that the Al alloys are normally
considered to be “recovery materials”, in which static
recovery operating extensively at high temperature condi-
tions can effectively decrease the dislocation density stored
during deformation and suppress recrystallization.'” An
important feature of the MDF is that the deformed samples
inevitably undergo static annealing between MDF passes at
elevated temperatures. Static recovery may decrease the
strain gradients and/or strain heterogeneities throughout
rearrangement of dislocations'” accumulated in each MDF
pass at elevated temperatures and thus, retard grain refine-
ment even at large strains imposed by MDF. However, in the
present case short annealing performed before each MDF
pass lead to minor changes in deformed structure both at low
and at high strains. Size of the new crystallites developed at
MDF remains almost unchanged during annealing ever at a
temperature of ~300°C. For example, average crystallite size
measured in samples deformed to Xe ~ 6 at 300°C and in
this sample additionally annealed at the same temperature
for ~10min were of ~1.1um and ~1.3 um, respectively.
Therefore, recrystallization processes under interpass anneal-
ing give a minor contribution to microstructural evolution.
The overall dislocation density was also almost the similar in
strained and annealed conditions (Table 1) suggesting high
stability of deformed structure against static recovery. Thus,
a weak influence of static recovery on the grain refinement of
the 1561 Al was found.

3.5 Parameters of microstructure as a function of strain

The effect of strain on the boundary fraction of the 1561 Al
deformed at 250 and 300°C is shown in Figs. 8(a) and 8(b),
respectively. It is worth noting that in this figure the HABs
which were subdivided on medium angle (MABs) (15 <
0 < 30°) and very high angle grain boundaries (VHABs)
(30 <8 < 62.8°). At 250°C, in the strain interval 0.5-9 the
fraction of LABs continuously decreases from 0.8 to 0.36
with increasing strain. While, at 300°C, in the stain interval
1.5-3 the fraction of LABs decreases from 0.71 to 0.45
and remains virtually unchanged with further straining
(Fig. 8(b)). Strain increase to X¢ ~ 9 insignificantly affects
the fraction of MAGBs which is almost unchanged during
deformation both at 250 and 300°C as well. At 250°C, the
fraction of VHABs continuously increases with increasing
cumulative strain; at Xe ~ 9, the sum of MAGBs and
VHABS is ~0.64. On the other hand, at 300°C, the fraction of
VHABs increases up to Xe ~ 3 and remains unchanged
(~0.4) in the strain interval 3-9.

Strain dependence of the average misorientation (fav) and
volume fraction of new recrystallized grains, are summarized
in Fig. 8(c). It can be seen that at 250°C, the average
misorientation increases rapidly from 7.7 to 15.4° in strain
interval from 0.5 to 3 and then gradually increases to 26.5°
upon further straining to Xe =~ 9. At 250°C, the volume
fraction of new grains increases slowly up to Xe = 1.5;
extensive increase in this volume fraction starts to occur at
higher strain. A rapid increase in the average misorientation
and the fraction of recrystallized grains is associated with the
formation of new HABs. However, at 250°C, the average
misorientation and the volume fraction of new grains do not
approach a saturation value even at Xe =~ 9. At 300°C,






LABs and HABs as it was discussed above. Therefore, at this
temperature, the formation of three-dimensional arrays LABs
is a key factor controlling CDRX kinetic. Low density of
LABs evolved (Fig. 9(b)) reduces the rate of CDRX. As a
result, the formation of a fully recrystallized structure do not
observed even at a cumulative strain of X¢ ~ 9.

In addition, it is worth noting that the formation of a fully
recrystallized structure in the 1561 Al was found at lower
cumulative strain in comparison with the 1570 Al%?
Perhaps, it is caused by the fact that high volume fraction
of coherent Al3(Sc,Zr) hinders the formation of well-defined
subgrain structure at lower strains in the 1570 Al Fast
evolution of ultrafine grained structure under SPD in the 1561
Al is attributed to the optimal combination of size, volume
fraction and incoherent nature of interface boundaries of
nanoscale dispersoids that exerts an optimal values both of
Zener drag force and pinning pressure for dislocation glide.
Thus, the combination of homogenization annealing at
intermediate temperature with MDF provides the formation
of submicrometer scale grains in the 1561 Al which contains
no Sc additions at moderate strains.

5. Summary

The present study demonstrates the feasibility of achieving
extensive grain refinement in the commercial 1561 aluminum
alloy through combination of homogenization annealing at
an intermediate temperature of 360°C followed by multi-
directional forging.

(1) Homogenization annealing at 360°C leads to precip-
itation of nanoscale dispersoids of AlgMn with average
size of ~25nm and equiaxed shape; Zr retains within
the supersatured solid solution providing high coarsen-
ing resistance of the AlgMn at T < 300°C.

(2) Under severe plastic deformation the additional pre-
cipitations of nanoscale AlgMn particles takes place on
dislocations. Their size is ~10 and ~23 nm at 250 and
300°C, respectively.

(3) At temperatures of ~250 and 300°C, extensive grain
refinement takes place in the 1561 Al subjected to
MDEF. The average size of recrystallized grains is ~0.5
and ~1pm at 250 and 300°C, respectively.

(4) Decreasing temperature accelerates the transformation
of LABs into HABs. At 250°C, a fully recrystallized
structure was observed in samples subjected to MDF
with a total cumulative strain of Xe ~ 9. At 300°C,
the formation of partially recrystallized structure is
observed even after Xe ~ 9.
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