


for the automotive and aviation industry and, hence, the evaluation of its potential for grain refinement
by means of IPD seems to be very important for commercial application.

Various processing routes including sample rotation between each pass can be used for ECAP.
In earlier investigations [8] it was reported that a rotation around the Z axis could be applied to plate-
type samples in contrast to conventional ECAP rod samples (Fig.1). This allows two additional
processing routes. Route D, where the plate is rotated by 90° around the Z axis after each pass, is a
relatively new method used in the current work. In addition, the samples were also rotated by 180° about
the extrusion axis (X axis). For this, the top and bottom sides of the plates were repeatedly changed
from pass to pass, in order to accomplish a more uniform microstructure formation.

Experimental Procedure

A commercial aluminium alloy with a chemical composition of
Al-5%Mg-0.18%Mn—0.2%Sc—0.08%Zr-0.002%Be (in weight %) was used as a starting material. The
alloy was cast into a steel mold to form an ingot with the dimensions of 90x220x220 mm®. The ingot
was homogenized in air at 350°C for 6 h. and then sectioned into plates with the dimensions of
125x125x25 mm’. These plates were subjected to ECAP processing in air at 325°C using a die with a
rectangular internal cross-section. The channel had an L-shape configuration with an angle 90° between
the two channels. Deformation through this angle produced a strain of about e~1 during each passage
through the die. The processing speed was approximately 6 mm/s. The specimens were deformed to
strains of ~1, ~3, ~6, ~8. For The samples for the analyses were machined from the centre parts of the
pressed plates. For comparison, the microstructure was also investigated in two mutually perpendicular
planes in longitudinal and transverse sections. The (sub) grain boundary misorientation distributions
were obtained by EBSD using a LEO1530 scanning electron microscope (SEM) operating at 20kV. X-
ray texture measurements were performed with Co Ka radiation in back reflection mode.

Results

The typical original microstructure of the investigated alloy after solution treatment is described in
details elsewhere [11]. In the initial state, the alloy was composed of equiaxed grains with an
average size ~24 um. These grains had almost no dislocation substructures (see Fig.3 (a)). The
fraction of HABs and the average misorientation angle in this structure were 0.94 and 40.9°,
respectively.

The microstructural evolution during ECAP in longitudinal and transverse sections of the
deformed plates is presented in Fig. 2. Fig. 3 shows the typical OIM map of the original microstructure
(a) and the enlarged views (b,c) of Fig. 1 (a) and (b), respectively. The different greyscale levels indicate
the different crystallographic orientations, and the boundaries with misorientation 6>2°, 6>5° and 6>15°
are marked by thin, bold white and bold black lines, respectively. The structural changes during ECAP
are characterized by a rapid development of a substructure, which takes place within the initial coarse
grains during the early stages of deformation. Subboundaries are created already during the first ECAP
pass. These deformation-induced boundaries have a low- and medium misorientation, and some of them
constitute deformation bands inside the initial grains. At £~3, the density of deformation bands has
increased and occurs in various directions due to the rotation of the sample between ECAP passes. The
mutual intersection of the deformation bands leads to a fragmentation of the original coarse grains into
small misoriented domains. Some of them are transformed into new fine grains, frequently along the
initial high angle boundaries. With further deformation, the fraction of new fine grains rapidly
increased. They propagated from grain boundary regions to the coarse grain interiors resulting in a more
homogeneous microstructure. However, some parts of the original grains still remained even at high
ECAP strains. At £~8, their fraction was about 0.2.

Fig. 3 shows the typical point-to-point misorientations (A8) developed along the indicated lines
Li.and L,. These misorientations define a relative difference of a crystal orientation between two
neighbouring scan points with a step size of 0.2 um. It can be seen (Fig. 3 (a)) that the misorientation
generally does not exceed 2°.












mechanisms, including the rearrangement of lattice dislocations and rotation of (sub) grains need to
take place during microstructure evolution to cause the misorientation of deformation-induced
boundaries.

Generally, it can be concluded that the formation of new fine grains occurs by a microstructure
development similar to CDRX. At the early stages of deformation, the evolution of a new structure
occurs by formation and mutual intersection of deformation bands. The created fine crystallites can
rotate relative to each other, which promotes the increase of their misorientation. With increasing strain,
GBS leads to a further rotation of neighbouring (sub) grains and a rapid conversation of low-angle
boundaries into HABs.

Summary

The microstructure evolution of the as-cast commercial AI-Mg-Sc-Zr alloy deformed by ECAP via
route D at 325°C up to 8 passes was analyzed. The main results can be summarized as follows:

1. New fine grains with equiaxed shape and an average size of 1.2 um developed during hot
ECAP. These grains occurred first close to the original grain boundaries and propagated into
the grain interiors on further straining. A fraction of original coarse grains ~ 20% remained up
to a strain of £~8.

2. All experimental data confirm that the evolution of the microstructure is akin to continuous
dynamic recrystallization. Under hot deformation conditions, the initial slip deformation
appears to be followed by grain boundary sliding (GBS) and respective (sub) grain rotation.
This leads to a large mean misorientation and a randomization of texture.

The retardation of grain boundary migration by nanoscale dispersoids seems to be
instrumental for the development of the observed microstructure evolution.
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