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Equal channel angular pressing (ECAP) was performed on extruded pure Mg,
which was clad with a drilled pure Fe coat through an ECAP die to produce a
pure Mg sample without obvious cracks at room temperature. After one-pass
ECAP, the grain size decreased because of basal slip activation during the
dynamic plastic deformation but the microstructure became inhomogeneous.
The deformed texture was less scattered and inclined by �20� from the normal
direction toward the extruded direction, and low angle boundaries increased
continuously. The mechanical properties decreased slightly as a result of the
combined effect from a more refined microstructure and a weaker texture.

INTRODUCTION

Magnesium (Mg) and its alloys, with low density
and high specific strength,1,2 have promising appli-
cation in the aerospace, automotive, and communi-
cation fields. Nevertheless, their wide application in
these fields is restricted by their limited strength,
poor ductility, and low formability.3,4 They usually
possess a poor plasticity, which hinders their pro-
cessing at room temperature because of their
hexagonal close-packed (HCP) crystal structure.

Severe plastic deformation (SPD), such as equal
channel angular pressing (ECAP),5–7 high-pressure
torsion (HPT),8–11 and multiaxial forging12–14 has
attracted scientific attention. ECAP is the most effi-
cient of these methods to refine grain size and to
modify texture without changing the initial sample
dimensions.6,15,16 ECAP for pure Mg is usually con-
ducted at a higher temperature,17–19 which may result
in grain recrystallization and growth. Ideal nanostruc-
tures can only be obtained for the ECAP of pure Mg
and its alloys at a lower temperature. Recent stud-
ies20–22 have shown that providing a back pressure,
reducing the pressing speed, or enlarging the channel
angular allows for ECAP to be conducted below 200�C.
Nevertheless, it is still difficult to subject pure Mg and
its alloys to ECAP at room temperature, and few
relevant studies have been reported because the HCP
structure of Mg usually cracks during ECAP.23

To process pure Mg at room temperature, an Fe-
canned Mg bar was extruded through an ECAP die at
90� between two die channels to study its microstruc-
ture and properties. The excellent processing forma-
bility of pure Fe and the strong bonding force for pure
Mg during ECAP allowed for the preparation of a
deformed pure Mg bar clad with Fe at room temper-
ature. Electron back-scattered diffraction (EBSD) mea-
surements were conducted on the longitudinal section
within the deforming zone to observe the evolution of
microstructure and texture. Tensile tests were carried
out on the sample that was machined from initial and
one-pass specimens along the longitude using a
CMT5205 electrical universe testing machine.

EXPERIMENTAL PROCEDURES

A pure 8-mm-diameter Mg (99.99%) bar was pre-
pared at 300�C by hot extrusion at 12 mm/min, and
the extruded Mg bar was cut to �70 mm. To avoid
cracks during ECAP, it was clad by a pure Fe block
(10 mm 9 10 mm 9 67 mm) with a circular 8-mm-
diameter longitudinal hole as shown in Fig. 1a. It was
coated with a mixture of graphite and medical vaseline
as a lubricant. The Fe-canned Mg bar was pressed in
an ECAP die with a crossing channel angle of 90� and
a pressing speed of 4 mm/min at room temperature.
The prepared sample is shown in Fig. 1b.
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A rectangular specimen cut by an electrical
discharge machine was ground mechanically using
a series of sandpapers from 1200 to 2500 grit
number, and the specimens were electro-polished
by twin-jet equipment in an electrolyte of perchloric
acid and ethanol with a ratio of 1:19 by volume at
243 K. The specimen was placed into ethanol solu-
tion to avoid oxidation.

Evolution of microstructures and textures in the
normal direction (ND)-extruded direction (ED)
plane were characterized by EBSD using a MRIA3
scanning electron microscope (SEM) that was fitted
with an EBSD camera operating at 20 kV and a 70�
tilting angle. Tensile tests were performed using a
CMT5205 electrical universe testing machine at
0.5 mm/min at room temperature.

RESULTS AND DISCUSSION

Microstructure

Figure 2 shows the orientation image microscope
(OIM) figures of as-extruded and one-pass pure Mg
prepared by ECAP.

Compared with the as-extruded pure Mg with
large grains (Fig. 2a), most grains from the ECAP
material (Fig. 2b) were refined to several microns
and had an equiaxed microstructure as a result of
recrystallization. Twins of type (10–12) decreased
with a twin density that dropped to 2.91% from the
initial 18.80%, which is characterized and calcu-
lated by EBSD software. The microstructure is
inhomogeneous because of local strain during
ECAP. Some larger grains are surrounded by small
grains and display an elongated microstructure. A
local and inclined shear band with refined grains
existed in Fig. 2b (dashed lines in white), which is
consistent with the pole figure (Fig. 3b) with a
tilting angle of �20�. The severe shear forces refine,
rotate, and allow the grains to form with a preferred
orientation.

Texture Evolution

Figure 3 shows pole figures of as-extruded and
one-pass pure Mg subjected to ECAP. To visualize
the sample shear deformation during ECAP, the
pole figures for pure Mg are determined in the ND
toward the ED.

The texture of extruded pure Mg is typically a
(0001) basal plane fiber texture, which corresponds
to previous studies,24,25 whereas the (10–10) cylin-
drical texture is weaker and the (10–11) pyramidal
texture is the weakest.

One of the biggest differences between the pole
figures is that the texture of the later one was
inclined by �20� from ED toward ND, whereas the
initial one was almost parallel with the ED. This
result is attributed to dynamic shear forces in the
ECAP. Another difference is that the texture con-
tours are straighter and more intensive than in the
extruded sample, which indicates that the preferred
grain orientation becomes more obvious after
ECAP.

Misorientation Distribution

Figure 4a shows that the distribution of the
misorientation angle for the as-extruded sample
has a large number of low-angle boundaries (with a
misorientation <10�) and some high-angle bound-
aries formed after hot extrusion.

When pure Mg was hot-extruded at 300�C with a
high strain rate and a short deformation time,
coarse grains were refined by forming a series of
subgrains that generated many low-angle bound-
aries. Some subgrains were incorporated into larger
subgrains at a high temperature, which increased
the misorientation angle. Therefore, a small num-
ber of high-angle boundaries resulted.

Similarly, after one-pass ECAP (Fig. 4b), slightly
more low-angle boundaries resulted than for the as-
extruded sample, but the high-angle boundaries

Fig. 1. Appearance of samples (a) before and (b) after ECAP process.
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Fig. 2. OIM figures of (a) as-extruded and (b) as-ECAPed pure Mg.

Fig. 3. Pole figures of (a) as-extruded and (b) as-ECAPed pure Mg.

Fig. 4. Misorientation distribution of (a) as-extruded and (b) as-ECAPed pure Mg.
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nearly disappeared. The magnitude of plastic defor-
mation induced by ECAP at room temperature was
100%, which is sufficiently large to cause coarser
grains created during prior extrusion at 300�C to
transform into subgrains, thereby also increasing
the number of low-angle boundaries.

Mechanical Properties

Tensile curves for as-extruded and pure Mg that
was subjected to ECAP are shown in Fig. 5, and
tensile statistics are plotted in Table I.

The tensile properties decreased slightly, with
yield strengths (YS) of 112 MPa to 97 MPa, ultimate
tensile strengths (UTS) of 183 MPa to 116 MPa, and
uniform elongations (UE) of 13% to 9%.

Schmid factors of as-extruded and pure Mg
subjected to ECAP are given in Fig. 6. The decrease
of YS and UTS resulted from the influence of the
Schmid factors. Figure 4 indicates that the (0001)
basal plane deviated from ED for �20� after ECAP,
so the Schmid factors for the basal plane increased
from the average value of 0.31–0.37 as shown in
Fig. 6, and basal slip was easier to activate.
Mabuchi et al.26 prepared alloys of magnesium with
the same-sized grains by hot extrusion and ECAP
and confirmed that the mechanical properties of the
ECAP samples were slightly lower than those of the
extruded samples. By comparison, Li et al.27

reported the compressive mechanical properties of
pure Mg processed by ECAP at room temperature
and found that the YS was only 83 MPa after four
passes, which is lower than that achieved in this
study. Biswas et al.22 achieved ECAP processing of
pure Mg below 150�C and even at room temperature
after several passes, but the relative tensile or
compressive properties were not reported.

Another reason is that the friction between the
sample and die was much more inhomogeneous
during ECAP extrusion, with the central part being
smaller than the edge. Under deformation, grains
with a soft misorientation slip prior to those with a
hard misorientation, which causes an inhomoge-
neous stress distribution.

Studies25,26,28 have shown that texture also
affects the mechanical properties. The sample pole
densities (Fig. 3) decreased from 14.8 to 12.7. This
weakened texture had a negative effect on the
mechanical properties, and it offset the improve-
ment in refined grains on the yield and ultimate
tensile strengths. Thus, microstructure and texture
can affect the mechanical properties and decrease
the results from the combined role of refined grains
and a weak texture.

The decrease in elongation is attributed to the
plastic deformation of metals. Dislocation move-
ment is limited as a result of the smaller grain and
subgrain sizes, thereby reducing the ability of the
tensile samples to deform prior to failure.4

Liu et al.29 studied the mechanical properties of
Mg-8% Li-1%Al alloys subjected to ECAP at 403 K.
Alloy elongation decreased after one-pass ECAP, but

Fig. 5. Curves of tensile properties for as-extruded and as-ECAPed
pure Mg.

Table I. Tensile mechanical properties of as-
extruded and as-ECAPed pure Mg

Samples Y S/MPa U TS/MPa UE/%

As-extruded 112 183 13
As-ECAPed 97 116 9

Fig. 6. Schmid factors of (a) as-extruded and (b) as-ECAPed pure Mg.
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it increased after several subsequent passes. Segal30

also found that after Armco steel was processed by
eight-pass ECAP, its elongation decreased rapidly to
several percent from an initial 20%.

CONCLUSION

ECAP for pure Mg was carried out innovatively
via a die at room temperature. The sample
microstructure, texture, and mechanical properties
were studied, and the following was concluded:

1. The grain size of the pure Mg that was subjected
to ECAP was smaller than the extruded mate-
rial. The microstructure is not well distributed
because of inhomogeneous deformation during
ECAP.

2. The deformed texture of the pure Mg is typically
a (0001) basal plane fiber texture; (10–10)
cylindrical and (10–11) pyramidal textures were
weaker. The texture was inclined by �20� from
ED toward ND after one-pass ECAP, which is
attributed to dynamic shear forces in the ECAP.
Low-angle boundaries increased continuously
because of the formation of subgrains.

3. After one-pass ECAP, the tensile mechanical
properties decreased slightly because of the
combined effect of refined grains and a weak-
ened texture, which indicates that, besides the
microstructure, texture affects the mechanical
properties of pure Mg.
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