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Microstructure and corrosion resistance of the AE42 commercial alloy processed by extrusion and rotary
swaging were investigated. Microstructure characterization showed an increasing volume fraction of the refined
grains with increasing stage of swaging processing. However, their presence was limited solely to the peripheral
ring of ~1 mm in all studied conditions of swaged material. Corrosion resistance investigation showed continuous
decrease of polarization resistance that was attributed to the grain refinement and insufficient homogenization of

the alloying elements during the swaging process.
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1. Introduction

Rotary swaging (RS) is a special type of radial ham-
mer forging process that is a plastic forming technology in
the manufacturing of metal rods and tubes. In the recent
years, this processing technology was utilized to produce
a variety of materials based on Al, Cu, Fe, Ti [1-5]. How-
ever, this technique was not extensively used for Mg and
its alloys. The current results on Mg showed substantial
grain refinement of the final material when compared to
the as-cast condition [6].

Magnesium and its alloys have lately been in the fo-
cus of researchers due to their superior properties, how-
ever insufficient corrosion resistance is still one of the
major drawbacks that need to be addressed. In the re-
cent years, a positive effect of the grain refinement on the
corrosion resistance was shown that was achieved mainly
by equal channel angular pressure (ECAP) [7, 8]. It was
shown that grain refinement due to the RS could lead
to comparable grain size as achieved by ECAP [9]. This
technique is very interesting as it enables much faster
throughput and lower operating costs than other severe
plastic deformation methods. The results on aluminum
alloy showed increased corrosion resistance after RS [1];
however, there are no results regarding corrosion resis-
tance of magnesium processed similarly yet.

Current investigations were undertaken to study the ef-
fect of the RS processing on the microstructure evolution
of the commercial AE42 magnesium alloy. Afterwards,
corrosion resistance evolution will be characterized and
discussed.
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2. Material and experimental methods

Material used in this investigation was the commercial
magnesium alloy AE42 (Mg—4wt%Al-2wt% rare earths
mischmetal). The as-received ingots were extruded at
T =350°C with an extrusion ratio of ER=22. The ex-
truded rods were afterwards swaged using a 4-hammer
rotary swaging system. swaging was performed using a
set of molds to reduce the diameter of the rods from
15.5 mm (as-extruded) to 7.5 mm in five successive steps,
as shown in the diagram:

15.5 mm (E) — 15 mm — 12 mm (RS1) —

10.5 mm — 9 mm (RS2) — 7.5 mm (RS3). (1)
Four conditions of processed material were chosen for in-
vestigation (E, RS1, RS2, RS3). The processing tempera-
ture for all swaging steps was 250 °C with an intermediate
10 min reheating to the temperature.

The microstructure observation was performed using
a light optical microscope (LM) and a scanning electron
microscope (SEM) equipped with EBSD camera. The
samples for LM were mechanically polished up to 0.25 ym
diamond paste and afterwards chemically etched. Sam-
ples for SEM were mechanically polished up to 0.25 pm
diamond paste and afterwards electrochemically polished
in order to obtain high quality surface. EBSD mapping
was performed at least on an area of 250 x 250 ym? in
all studied samples to investigate the homogeneity of the
microstructure. All micrographs were taken in the plane
perpendicular to the processing direction, if not other-
wise specified in text.

Corrosion resistance of the studied samples was inves-
tigated by linear polarization tests in 0.1 M NaCl solution
at the room temperature. The tests were conducted us-
ing the potentiostat AUTOLAB128N and three-electrode
setup. The characteristics were measured in the potential
range from —150 mV to 200 mV with respect to the open
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circuit potential (OCP) and constant rate of 1 mV s~ af-
ter 5 min of stabilization. Additional rotation of 300 rpm
was introduced to the sample to provide better homo-
geneity of the measurement.

3. Results and discussion

The evolution of the microstructure due to the process-
ing was analyzed by LM and EBSD. The microstructure
of the as-extruded material was formed by bimodal distri-
bution of the grain size, as depicted in Fig. 1la. The small
grains had a diameter of ~5 pm while the large grains
had a diameter of ~40 pm. Continuous dynamic recrys-
tallization (c-DRX) during the swaging process led to
comparable microstructure of all studied conditions only
with decreasing diameter of the rods, according to the
diagram (1). The central area of the rods was formed by
uniform distribution of fine grains of ~5 um in diameter
in all studied conditions. Resulting EBSD micrographs
are presented as Fig. 1b—d. The comparable microstruc-
ture of the central part documents well the grain size
distribution curves shown in Fig. 2.

Fig. 1.

EBSD micrographs of various conditions of
AE42 (a) as-extruded, (b) RS1, (c) RS2, and (d) RS3.

However, as the plastic deformation was introduced to
the material from the outside during the swaging pro-
cess, microstructure was not homogeneous through the
whole cross-section of the rods. The processing led to
substantial grain refinement in the peripheral area of the
processed rods. The average grain size was ~2 pm in
this area compared to ~5 pm in the central part of the
processed rods. This inhomogeneity is depicted well in
Fig. 3. It should be noted that the refined grains ar-
eas were limited only to the peripheral ring of the cross-
section of ~1 mm in thickness in all swaged samples.
Because of the change of the rods diameter, the volume
fraction of the small grains increased from 30% in RS1
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Fig. 2.

Grain size distributions of swaged AE42.

Fig. 3.

LM micrographs of RS1 sample cross-section:
(a) peripheral area and (b) central area.

condition to 40% and 46% in RS2 and RS3 condition,
respectively.

The c-DRX during the swaging resulted only in limited
grain refinement in the central area of the rods. A con-
tinuous decrease of the grain size was observed with in-
creasing stage of the processing of pure Mg by RS [6].
However, in this study, the as-casted condition was used
as the initial material of the processing. In our study,
the microstructure was severely refined by extrusion in
the beginning. Similar behavior was found in the ZK60
alloy, where a bimodal microstructure with small grains
of 1-2 pm was achieved by extrusion [9]. Subsequent
swaging resulted only in the unification of the grain size
distribution similar to this study. Therefore, in this alloy,
the grain refinement limit was most probably achieved
within the used temperature range during RS.

Processing by rotary swaging had substantial effect
on the corrosion resistance of the investigated alloy.
The results showed continuous decrease of the corro-
sion resistance with increasing stage of the processing.

TABLE

Polarization resistance determined from Fig. 4a.

condition [Qcm?]
E 165+1
RS1 159+1
RS2 156+1
RS3 146+1
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Fig. 4. a) Evans diagrams of the AE42, (b) polariza-
)

tion resistance Rp as a function processing condition,
determined from (a).

Fig. 5.

Distribution of secondary phase particles in a)
E and b) RS3. (SEM, plane parallel to the processing
direction).

The measured data sets are presented in the form of the
Evans diagrams in Fig. 4a. The evaluated values of the
polarization resistance are presented in the Table and
graphically displayed as Fig. 4b.

The decrease of the corrosion resistance is attributed
to the grain refinement due to the increase of the volume
fraction of small grains. The increase of the initial corro-
sion attack in the refined condition is due to the increase
of the surface fraction of crystalline lattice defects, where
the corrosion process primarily occurs. In our previous
work, an increase of the corrosion resistance was shown in
the investigated alloy processed by ECAP [10]. This in-
crease was attributed to the combined effect of the lower
grain size and better distribution of the alloying elements
localized in the secondary particles due to the processing.
Therefore, the corrosion layer that formed on the surface
of the ECAPed sample was more stable and more pro-
tective against further corrosion process. In case of the
material processed by RS, no change in the distribution
of secondary particles was observed, as depicted in Fig. 5.
These results support previous conclusions about the im-
portance of the redistribution of alloying elements during
the processing.

4. Conclusions

The microstructure and corrosion resistance of the
AE42 commercial alloy processed by extrusion and ro-
tary swaging were investigated. The following conclu-
sions may be drawn from this study:

e The microstructure investigation showed compara-
ble microstructure in all swaged samples as a result
of continuous dynamic recrystallization during the
process.

e In all studied conditions of the swaged material,
a peripheral ring of the fine grains was found as
a result of the processing. The volume fraction of
this ring gradually increased, which led to the grain
refinement of the material.

e The corrosion resistance decreased with the increas-
ing stage of the swaging processing.

e The decrease of the corrosion resistance was at-
tributed to the higher surface fraction of the crys-
talline lattice defects and insufficient redistribution
of the alloying elements rich secondary particles.
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