Geometric Dynamic Recrystallization in an AA2219 Alloy Deformed to
Large Strains at an Elevated Temperature
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Abstract. The mechanism of new grain evolution during equal channel angular extrusion (ECAE)
up to a total strain of ~12 in an Al-Cu-Mn-Zr alloy at a temperature of 475°C (0.75T,,) was
examined. It was shown that the new grains with an average size of about 15 um result from a
specific process of geometric dynamic recrystallization (GRX) which can be considered as a type of
continuous dynamic recrystallization (CDRX). This process involves three elementary mechanisms.
At moderate strains, extensive elongation of initial grains takes place; old grain boundaries become
progressively serrated. Upon further ECAE processing, transverse low-angle boundaries (LAB) with
misorientation ranging from 5 to 15° are evolved between grain boundary irregularities subdividing
the initial elongated grains on crystallites with essentially equiaxed shape. The misorientation of
these transverse subboundaries rapidly increases with increasing strain, resulting in the formation of
true recrystallized grains outlined by high-angle boundaries from all sides. In the same time, the
average misorientation of deformation-induced boundaries remains essentially unchanged during
ECAE. It is caused by the fact that the evolution of LABs with misorientation less than 4° occurs
continuously during severe plastic deformation. The mechanism maintaining the stability of the
transverse subboundaries that is a prerequisite condition for their further transformation into high-
angle boundaries (HABs) is discussed.

Introduction

There are many potential advantageous in the use of aluminum alloys with fine grains for
structural applications. The as-cast grain size of aluminum alloys is generally greater than 100 pm,
and grain refinement is achieved by thermomechanical processing routes involving static
recrystallizion of a cold or warm worked material or dynamic recrystallization [1]. Recent research
works have shown that the application of intense plastic deformation allows achieving an extensive
grain refinement in different aluminum alloys [2-5]. Despite much activity in this field, only a
limited number of studies were focused on the mechanism of grain refinement during severe plastic
deformation [3,4,6,7]. Authors belonging to the Manchester group suggested that the microstructure
evolution in aluminum alloys resulting in the grain refinement to the submicron level under ECAE
at low temperatures occurs by the extension and compression of initial grain boundaries with strain
followed by subdivision of ribbon grain structure by transverse high-angle boundaries (HAB) being
formed discontinuously [3,4]. This process, providing a major fraction of the resulting HABs, is
often termed GRX [1,8].

Initially, the formation of new grains through GRX was found in pure Al [9] and dilute Al-Mg
[1,10,11] subjected to torsion or compression with large strain at T>400°C. It was suggested that
GRX is apparent dynamic recrystallization. Large plastic deformation leads to such extensive
elongation of original grains that the size of serrations becomes comparable with the grain
thickness. (Fig.1). Next, serrations come into contact resulting in subdivision of flattened initial



grains. Thus, the serrated old boundaries are pinched off providing the formation of new crystallites
with equiaxed shape and outlined by HABs from all sides.
It was established that there exist two critical conditions for GRX occurrence [1,8].
(i) Initial grains are deformed as a whole sample; the grain thickness, D, is related to the true
strain, €, and initial grain size, D,, which can be expressed as
e=In(D, /D) (1)
(i1)) The grain thickness, D, has to decrease to a critical value which is of the order of subgrain
size, d. It was assumed that the spacing between serrated parts of opposite initial boundaries has to
be equal to one [8] or two [9,11] d values allowing the grain boundaries begin locally to come into
contact with each other, causing the old grains to pinch off [8]. Therefore, the second necessary
condition for GRX is the achievement of the critical strain, €, given as
€a=In(Do/d) (2)
On the base of experimental results authors [9,11] concluded that a feature of GRX is increasing
proportion of HABs with increasing strain due to transition from equiaxed shape of initial grains to
plate-like shape. The average misorientation of deformation-induced boundaries remains essentially
constant.
The aim of the present study is to establish the mechanism of GRX resulting in grain refinement
under severe plastic deformation in an AA2219 alloy at 475°C.

Experimental procedure

The 2219 aluminum alloy with a chemical composition of Al-6.4%Cu-0.3%Mn-0.18%Cr-
0.19%7r-0.06%¥e (in weight pct), denoted as AA2219, was manufactured at the Kaiser Aluminum-
Center for Technology by direct chill casting. The AA2219 alloy was subjected to solution
treatment at 530°C for 6 hours. Next, the ingot was cooled in air and finally cut into cylinders with
20 mm diameter and 100 mm length. The initial grain size was ~120 pum.

The ECAE pressing was carried out in air using an isothermal die with a circular internal cross-
section. The channel had an L-shaped configuration. Deformation through this die produces a strain
of ~1 at each passage [2]. Repetitive extrusion up to fixed pressings was used to achieve high
strains. Route A in which the specimen is removed from the die and the pressing is repeated without
any rotation of the sample [2] was used. The repetitive extrusion was continuously conducted
without any intermediate holdings in a furnace. Total time, at which the specimen was held at
deformation temperature during ECAE processing, was ~15 min per each extrusion pass. The
specimens were water quenched after ECAE pressings to the strains of ~1, ~2, ~4, ~8 and ~12.

Following ECAE, each sample was sectioned parallel to the extrusion direction, and the
deformed structure was characterized at the center of the die symmetry plane. Fine structure was
examined by TEM. Discs of 3mm diameter were cut from these samples and then ground to a
thickness of ~0.25 mm. Next, the discs were electropolished to perforation with a Tenupol-3
twinjet polishing unit using a 20% nitric acid solution in methanol at —32°C and 22 V. Thin foils
were examined using a JEOL-2000EX TEM with a double-tilt stage at an accelerating potential of
160 kV. Procedure for estimation of the density of lattice dislocations and technique of optical
metallography (OM) were described in early report [12,13] in details.

Misorientation analysis was carried out by the electron back-scattered diffraction (EBSD)
technique. For the EBSD analysis, the samples were polished initially using SiC colloid solution.
Final electropolishing was carried out in the solution containing 30% HNO; and 70%CH3;0H at a
temperature of —30°C. The EBSD study was performed using Hitachi S-3500H scanning electron
microscopy (SEM) with software TexSem Laboratories, Inc. An area of about 400x150 wm in size
was automatically scanned with a Ium step. (Sub)boundary misorientation distributions were
obtained using a software “OIM Analysis 3.0” provided by TexSem Lab., Inc. In the presented data,












Thus, the mechanism of GRX resulting in grain refinement in the AA2219 under the present
conditions consists of three sequential processes.

(1) The formation of band-like structural features. This process involves concurrently the
acquirement of flattened shape by initial grains, serration of old grain boundaries and the formation
of expanded medium to high-angle boundaries.

(i1) The evolution of immobile LABs within interiors of flattened structural features.

(iii) A gradual increase in misorientation of the immobile LABs resulting in their transformation
into HABs.
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