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Abstract. Strain-induced grain refinement in a coarse-grained 7475A1 alloy was studied by
means of multidirectional forging (MDF) carried out at T = 490°C under a strain rate of 3 x 10™s™.
Integrated flow curves exhibit significant work softening just after yielding, followed by
steady-state-like behavior at high strains. The evolution of new fine grain structure during
deformation can be assisted by grain-boundary sliding, resulting in frequent formation of high strain
gradients and subsequently microshear bands in grain interiors. Microshear bands developed in
various directions are intersected with each other, subdividing original grains into misoriented small
domains. The number and the misorientation angle of microshear bands progressively increase
during deformation, finally followed by their transformation into high-angle boundaries. It is
concluded that grain refinement under hot MDF conditions occurs by a series of deformation-induced
continuous reactions; that is essentially similar to continuous dynamic recrystallization.

Introduction

Recent investigations have shown that deformation methods for intense plastic straining (IPS), such
as equal-channel angular extrusion, multidirectional forging (MDF) and torsion straining under high
pressure, could be applied to produce submicron- or nanocrystalline grain structures [1]. There have
been number of works to data connected with the studies of evolution of such ultrafine grain
microstructures in Al - based alloys at low- to moderate deformation temperatures [e.g.1-3]. It was
shown in these works that new fine grain structure could be evolved in accordance with a mechanism
of continuous dynamic recrystallization (¢cDRX) [3,4]. Namely, some low - to medium - angle
boundaries, often called as deformation bands or geometrically necessary boundaries, may be
created within the old grains at relatively low strains due to high strain heterogeneity. They are
progressively transformed into high-angle boundaries with further deformation resulting in
development of new grain structures. At the same time, only a limited number of studies were dealt
with the evolution process during severe deformation of Al alloys at elevated temperatures. As a
result, the mechanisms of grain refinement taking place during IPS are currently a matter of some
debate and not clear, although cDRX was frequently reported as a main mechanism responsible for
formation of new grains during hot deformation by conventional deformation techniques [e.g.5-7].
Main factors controlling the development of (ultra)fine grain structures remain unknown.

The aim of the present work was to study the fine grain evolution in a coarse-grained 7475 Al
alloy by means of MDF. A specific attention was paid to elucidate main factors controlling grain
refinement in the Al alloy under MDF conditions and to discuss the mechanisms operating in detail.

Experimental

The material tested was an as-cast 7475 Al alloy with the following chemical composition; Al - 6%Zn
- 2.5%Mg - 1.8%Cu - 0.23%Cr - 0.16%Zr - 0.04%Fe - 0.03%S1 - 0.03%Mn (in mass pct). The initial
microstructure was composed of dendritic lamellar grains lying parallel to the ingot axis; the grain
boundaries were rather straight and/or corrugated. The average spacing of the lamellas was in a range















layered lamellar structure. In this case, new equiaxed grains with smaller size can be evolved only
near the regions of grain boundaries, but scarcely in grain interiors. Interruption of uniaxial
deformation at a strain of A¢ and changes in strain path during repeated MDF can, in contrast,
promote more homogeneous formation of equiaxed grains in grain interiors, which can be dependent
on Ae (see Figs. 4(b) and (c)). Various shearing directions appearing during MDF and so the number
of repeated compression passes can be more useful for mutual intersection of layered boundaries
evolved and formation of equiaxed grains. The stable larger grain size is, therefore, developed more
rapidly during MDF with smaller pass strain, i.e. A¢ = 0.4 (Fig. 5(a)). On the other hand, larger
magnitude of local strains can be introduced during each pass in MDF with larger A¢ and so the
density and misorientation of microshear bands become larger, finally resulting in more rapid
evolution of new finer grains. It has been discussed in [11] that strain-induced boundaries developed
during MDF of A¢= 0.7 can be more stable during reheating between passes and more readily support
GBS. Accordingly, they can more rapidly increase their misorientation and faster transform into
high-angle boundaries, resulting in large volume fraction of new grains. Such a strain pass effect
disappears, however, with further compression and the characteristics of strain-induced grains, €.g.
O, and V.., become roughly similar at severe large strains irrespective of Ag(see Figs. 5 (b) and (¢)).

Summary

Strain-induced grain refinement in a coarse-grained 7475Al alloy was studied by means of
multidirectional forging (MDF) carried out at a temperature of 490°C under a strain rate of 3 x 10™s™".
The main results obtained by MDF of A¢= 0.4 and 0.7 are summarized as follows.

1. The integrated flow curves exhibit a significant work softening at moderate strains, followed by
steady - state like flow at large strains. With increasing in Ag, flow stress decreases more rapidly
and approaches faster a lower steady - state flow stress.

2. Deformation bands including microshear bands are developed in various directions during hot
MDF and so intersect each other, resulting in continuous grain fragmentation. Further deformation
leads to increase in the number and misorientation of these boundaries and finally almost full
development of fine equiaxed grains in high strain. This grain refinement mechanism can be
similar to continuous dynamic recrystallization.

3. Increasing Ae from 0.4 to 0.7 results in more rapid evolution of finer grains at moderate strains
and finally faster development of a stable grain structure in high strain. The characteristics of such
strain-induced grain structure, i.e. the average misorientation and the volume fraction, however,
become almost similar at severe large strains irrespective of Ae.
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