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Abstract

In this work, the high-strength Mg—5Zn-2A1-2Sn (ZAT522, in wt%) Mg alloys was obtained at 220 °C and 130 °C by a
two-step equal channel angular pressing (ECAP). For each stage, two passes were used. The results showed a remarkable
grain refinement after the first stage of ECAP (A2 samples), leading to a fine-grained structure with average size of 1.40 pm.
The additional stage (A4 samples) caused further grain refinement to 1.18 pm, and an ultra-fine grain structure (700 nm)
appeared in the precipitate-rich region. The grain refinement mechanism for both samples was discussed in detail. To this
end, the original extrusion fiber texture evolved into a new strong texture characterized by the base planes tilted toward the
ECAP shear plane, with a higher Schmid factor value of 0.34. Compared with the as-extruded alloy, the yield strength of
the A2 samples increased from 180 to 245 MPa, which was mainly attributed to the combined effects of grain boundary
strengthening and precipitation strengthening. In the case of A4 samples, the dislocation strengthening resulted in a net

increase in yield strength to 335 MPa, while the ductility was significantly reduced.
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1 Introduction

Magnesium wrought alloys with fine grains obtained by
dynamic recrystallization (DRX) have better properties and
can meet the performance requirements of different appli-
cations, such as automobiles and aerospace [1]. At pre-
sent, commercial wrought Mg alloys are mainly based on
Mg—Al series alloys, such as AZ31, AZ80, and AZ91, but
they cannot be used at temperatures exceeding 120 °C due
to the poor thermal stability of the Mg;;Al,, phase [2]. It
was reported that the Mg—Zn-based alloys had the greatest
potential for application among various Mg alloy systems.
Previous studies have proved that Mg—Zn—Al alloys with
a Zn/Al weight ratio of about 2:1 or higher have moderate
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mechanical properties and good creep resistance [3]. How-
ever, their heat resistance and strength cannot completely
satisfy the requirements of industrial applications. Further
improvement of their properties needs to add rare-earth
(RE) elements by alloying techniques [4]. However, owing
to the scarcity and high cost of RE elements, low RE and
RE-free Mg alloys have become an attracted significant
attention in recent years. It was recently discovered that the
strength of Mg—Zn—Al alloys can be remarkably enhanced
by adding Sn. Adding an appropriate amount of Sn can not
only refine the grain size, but also form many high melt-
ing point (7, =770 °C) Mg,Sn phases, which could prevent
hot-cracking during hot working [5]. Wang et al. [6] found
that the addition of Sn of 2 wt% yielded the optimal com-
bination of tensile strength and ductility in the as-extruded
Mg-4Zn—1.5A1-xSn. The ultimate tensile strength (UTS),
yield strength (YS), and elongation (EL) of the alloy were
280 MPa, 147 MPa, and 17.4%, respectively, which is a
very promising alloy system. The Mg—5Zn-2A1-2Sn (wt%)
(ZAT522) alloy is expected to provide good mechanical
properties through subsequent processing and was therefore
selected as the target of this study.

When the ultra-fine-grained (UFG) materials with sub-
micrometer grain size were obtained by the severe plastic
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deformation (SPD) technology, such as accumulative roll
bonding (ARB) and equal channel angular pressing (ECAP),
their mechanical properties can be effectively improved
[7-9]. Compared with ARB, by introducing large strains,
ECAP has been widely used to prepare bulk UFG metallic
materials without changing the shape of the sample. How-
ever, the conventional ECAP cannot able to achieve succes-
sive processing because the samples need to be manually
removed after one pass and reinserted for the next pass, so
the number of ECAP passes is usually limited to 10 [10].
At present, as an improved SPD procedure based on ECAP,
rotary-die (RD) ECAP can avoid repeated removal and rein-
sertion of the samples between two successive passes. It
can easily used to perform the multi-pass ECAP and has
attracted the interest of several researchers in recent years.
Liu et al. [11] systematically investigated the Mgq,Y,Zn,;
alloy prepared by 16 RD-ECAP passes and found that the
ductility had remarkably improved up to 16.5%, which rep-
resented an increase by 154% comparing to as-cast alloy.
As is well known, the main slip of wrought Mg alloys at
room temperature is basal slip {0001} <11-20> because
the critical resolved shear stress (CRSS) for non-base slip
systems is much larger than that of base slip systems. As the
temperature increases, the CRSS of non-base slip decreases
gradually, which improves the formability of Mg alloys at
elevated temperatures [12]. Therefore, most wrought Mg
alloys are currently processed by hot working (>200 °C).
However, due to grain growth and low dislocation density,
these wrought Mg alloys do not display the desired perfor-
mance at elevated temperatures. Thus, many attempts have
been made to improve their properties. For example, Kima
et al. [13] reported that the grain size of Mg—3Al-1Zn alloy
was refined from 5.5 to 1 pm by low-temperature indi-
rect extrusion, and high strength and good ductility were
obtained. Thus, deformation of Mg alloys at low tempera-
tures is a feasible method to improve the mechanical proper-
ties. Some researchers have attempted to reduce the process-
ing temperature of ECAP [14], or to use extruded alloys as
the initial alloy for ECAP processing [15] to prepare Mg
alloys with UFG structure. However, researchers have found
that low-temperature ECAP processing could introduce dif-
ferent microstructures in wrought Mg alloys, which may
result in differing trends in mechanical properties. Yuan
et al. [14] obtained a ZK60 Mg alloy with high strength
and good ductility by gradually reducing the temperature
of ECAP and pre-solution. They reported the UTS and YS
of 371 MPa and 260 MPa were obtained by 8 ECAP passes
at 150 °C, which was mainly attributed to the grain refine-
ment (500 nm) and more precipitated hierarchically MgZn,
particles. Other studies have reported that low-temperature
ECAP does not improve the mechanical properties of Mg
alloys. For example, Mostaed et al. [16] obtained an UFG
ZM21 Mg alloy with an average size of 0.9 pm through
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two-step ECAP at temperatures of 200 °C and 150 °C. They
found that the YS did not increase after the second stage of
ECAP at 150 °C because the basal planes in most grains
were tilted toward the extruded direction (ED), with a higher
basal slip Schmid factor value. Moreover, low temperature
can reduce the migration rate of atoms, thus delaying the
transition of low-angle grain to high-angle grain boundaries
and suppressing dynamic recovery [17], which may affect
the properties and ductility of Mg wrought alloys. Thus, it
is necessary to investigate in-depth on the microstructural
characteristics and mechanical properties of Mg alloy pro-
cessed by ECAP at low temperatures.

In the present work, a high-strength ZAT522 alloy was
obtained by low-temperature ECAP in order to improve
strength as to change the texture into a new base texture.
Two-step ECAP processing with gradually decreasing pro-
cessing temperature was employed to avoid causing fractures
in the samples and improve processing efficiency. Compared
to as-cast alloys, as-extruded alloys have better ductility and
formability and can yield better microstructure after low-
temperature ECAP. Therefore, an as-extruded ZAT522 alloy
was used as the initial alloys for low-temperature ECAP pro-
cessing. The effect of low-temperature ECAP on the micro-
structural and textural evolution was investigated, in addition
to the mechanical behavior of the alloy.

2 Experimental

The studied alloy with the nominal composition
Mg—5Zn-2A1-2Sn (wt%) was prepared from high-purity
Mg (99.9 wt%), Zn (99.9 wt%), Al (99.99 wt%), and Sn
(99.99 wt%) in a crucible resistance furnace. It was protected
in a mixed gas of CO, and SF (volume ratio=40:1). Pure
Mg was firstly melted at 720 °C. After Mg was completely
melted, Zn, Al, and Sn were added. The melt was then
refined and maintained at 760 °C for 25 min. Finally, after
removing the slag, the melt was poured at 710 °C into a cop-
per mold. An ingot with diameter 75 mm and length 45 mm
was homogenized at 350 °C for 40 h, then quenched by cold
water, and directly extruded at 300 °C. The extrusion ratio
was 16:1, and speed was 0.5 mm/s. The ingot was heated
at 300 °C for 30 min before extrusion. After extrusion, the
diameter of the extruded bar was 19 mm. The as-extruded
samples are designated “A0” hereafter. To fit the die used in
ECAP, the ingot samples were first cut into billets of dimen-
sions 12 mm X 12 mm X 55 mm. For ECAP, the as-received
samples (12 mm X 12 mm X 55 mm) were cut into billets
from the as-extruded alloy and passed through the adopted
ECAP die, which had two cylindrical channels intersect-
ing each other at 110° with an outer arc of curvature 20°.
Before ECAP, the temperature of the mold was first raised to
the desired value and maintained for 30 min. Subsequently,
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a sample coated with a layer of lubricant (graphite pow-
der + petrolatum) was placed in the ECAP mold for 20 min.
The extrusion speed was 0.03 mm/s, and the sample was
rotated 90° in the same direction between each successive
pass (route Bc). The AO samples were processed by two-
step ECAP at decreasing temperatures. As the ZAT522 alloy
would have better formability after extrusion, the processing
temperature was first decreased to 220 °C for 2 passes of
ECAP. The ECAP samples produced in the first stage will
be designated as “A2” hereafter. Finally, the temperature
was continuously reduced to 130 °C for another 2 passes
of ECAP, after which deformation at a lower temperature
caused cracking in the samples.

Micrographs were obtained by optical microscopy (OM,
DM2700 MRL). The as-extruded and ECAP-processed sam-
ples were polished and etched with a mixed solution of 3 g
picric acid, 10 mL acetic acid, 50 mL ethanol, and 10 mL
distilled water for microstructure observations. Images of the
microstructure were acquired by scanning electron micros-
copy (SEM, Tescan Mira3), and micro-area composition
analysis was carried out by energy-dispersive spectroscopy
(EDS). The texture of the extruded sample was determined
by electron backscatter diffraction (EBSD, Nordlys Nano)
with Channel 5 software. The statistical software was Image-
Pro Plus 6.0. All samples for observation were obtained from
the central part parallel to the extrusion direction.

The tensile testing instrument was used in a WDW-1000
kN electronic testing machine with an initial strain rate
of 0.2 mm/min. Tensile specimens with a gauge length of
18 mm, gauge thickness of 2 mm, and gauge width of 4 mm
were cut along the ED, and three samples were tested to
obtain the average value.

3 Results and Discussion
3.1 Microstructural Characterization

Figure 1 demonstrates the microstructure of the as-received
ZAT522 alloys (A0). It can be seen that the extruded sam-
ples exhibit a fully dynamically recrystallized microstruc-
ture with a bimodal grain size distribution comprising fine
and coarse dynamically recrystallized grain. The average
grain size was 2.25 pm (Fig. 1b). As seen in Fig. 1c, most of
the second phase particles are mainly distributed in the fine
grain region along the ED, and the EDS analysis (Fig. 1c)
indicates that these particles are Mg,Sn phase. Due to the
particle stimulated nucleation (PSN) mechanism [18], high-
stress zones were formed around these particles, which
accelerate DRX process and promote grain refinement. In
addition, the pinning effect of the fine particles could hin-
der the growth of the dynamically recrystallized grains in
the above regions [19]. As seen in Fig. 1d, the AO samples

exhibit a strong typical fiber texture with (0001) planes ori-
ented parallel to ED. The maximum intensity of the (0001)
basal plane was 8.3.

Figure 2 shows the evolution of the ZAT522 alloys during
ECAP and the corresponding SEM images. When the as-
extruded ZAT522 alloys were processed by the first stage of
ECAP (2 passes at 220 °C, A2 samples), the initial grain size
was refined from 2.25 to 1.40 pm with a size distribution
from 0.50 to 2.30 pm (Fig. 2a, c). Moreover, after the second
stage of ECAP (2 passes at 220 °C in addition to 2 passes
at 130 °C, A4 samples), further grain refinement occurred,
from 1.40 to 1.18 pm (Fig. 2d, f). This indicates that this
two-step ECAP can prevent grain growth with increasing
deformation passes at low temperatures. As seen in Fig. 2b,
e, the second phase particles still exhibits an inhomogeneous
distribution along the extrusion direction, which was con-
sistent with the as-extruded ZAT522 alloys (A0 samples).
This precipitate behavior in the low-temperature ECAP pro-
cessing will be discussed based on the SEM images provided
(Fig. 3a—i). Furthermore, the grain boundaries of the A4
samples (Fig. 2e) were blurred, mainly because of the large
strain accumulated in grains during low-temperature ECAP.

The SEM images in Fig. 3 show the precipitate-rich
(PR) and precipitate-poor (PP) regions during the different
deformation stages. Owing to the blurred grain boundary
of A4, so we selected a higher-magnification SEM images
to observe the microstructure. The detailed microstruc-
tural characteristics are summarized in Table 1. As seen in
Fig. 3d, g, the A2 and A4 samples still presented a bimodal
structure with both coarse and fine grains distributed along
the shear direction, mainly related to the distribution of
the second phase particles. Moreover, UFG microstructure
(0.70 pm) was obtained in the PR region of A4 (Fig. 3h).
The influence of ECAP processing temperature will be
discussed in the context of precipitate behavior and grain
refinement mechanism.

Table 1 lists that the average particle size in A2 and A4
(0.21 pm and 0.17 pm) had decreased compared to that of
A0 (0.30 pm), indicating that low-temperature ECAP can
effectively refine the grain size of the particles. This is
mainly attributed to the dynamic nanometer precipitation
and shearing and/or fragmentation of micron-sized parti-
cles [20]. Furthermore, the fractions of the second phase
particles (16.1% and 17.4%) in A2 and A4 samples were
significantly higher than that of A0 (11.2%). The reasons
for the increase in this fraction are analyzed in terms of the
following two aspects. On the one hand, during the early
stage of ECAP, dislocations were first hindered and tangled
around the second phase particles. As the number of passes
increased, an increasing number of dislocations accumulated
around the particles, providing more nucleation sites for the
Mg,Sn phase [21, 22]. On the other hand, with the decrease
in the deformation temperature, the dynamic recovery was
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Fig. 1 a Microstructure, b grain size distribution, ¢ SEM micrograph, d (0001) and (10-10) pole figures of AO

suppressed, resulting in an increase in the dislocation den-
sity, which also promoted the precipitation of the second
particles. As mentioned before, in order to obtain a more
homogeneous ECAP microstructure in the ZAT522 alloy,
hot extrusion was carried out on the investigated samples
before ECAP processing. Due to the inhomogeneous dis-
tribution of the Sn element in the a-Mg matrix by solution
treatment, the second phase particles in the as-extruded
alloy showed inhomogeneous distribution (Fig. 3a). How-
ever, interestingly, as depicted in Fig. 3d, g, with 2 passes at
220 °C (A2 samples) and 2 additional passes at 130 °C (A4
samples), these particle distribution not only displayed no
further homogeneity, but was also still concentrated in the
fine grain region. This indicates that the low-temperature
ECAP deformation of ZAT522 alloys can only refine the
size of the second phase particles, but cannot significantly
change its distribution. The reason for this phenomenon may
be related to the particles distribution of the as-extruded
alloys, which may also be related to the composition of the
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phase [23], and detailed analyses are currently being con-
ducted. As we know, the pinning effect of the fine particles
could hinder the growth of the dynamically recrystallized
grains [24]. Therefore, the inhomogeneous distribution of
these fine particles plays an important role in restricting
grain growth, resulting in the grain size of PR region signifi-
cantly smaller than that of PP region in A2 and A4 samples.

Another influence of ECAP processing temperature on
the microstructure was the grain refinement mechanisms.
The recrystallized fractions of ECAP-processed alloys are
evaluated from the EBSD patterns with different types of
grains. The results are shown in Fig. 4, in which blue indi-
cates recrystallized grains, yellow indicates substructures
(dislocations and sub-boundaries), and red indicates highly
deformed grains. It can be seen that A2 samples exhibit a
higher fractions of recrystallized grains and some substruc-
tured grains which mainly consist of relatively coarse grains.
The fractions of recrystallized and substructured grains in
the A2 sample are 70.4%, 28.9%, respectively. However,
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Fig.2 Grain boundary map a, d, SEM micrographs b, e and grain size distributions ¢, f of the ECAP samples: a—c A2, d—f A4

after second stage of ECAP, a significant decrease in the
recrystallization tendency was observed in A4 samples,
while the fraction of the substructured grains was remark-
ably increased, including both coarse and fine grains. The
fractions of recrystallized and substructured grains in the
A4 sample are 42.4% and 54.7%, respectively. These results
show that the microstructure evolution of low-temperature
ECAP is closely related to the processing temperature. As
the processing temperature was gradually reduced, the
dynamic recovery in the alloy was suppressed, resulting in
an increase in dislocation density and subgrain boundaries.
These dislocations form subgrain boundaries and divide
the original grains into small subgrains, further refining
the grains [25]. It should be noted that the relatively small
(<1 pm) second phase particles in the ECAP-processed
samples indicate a relatively weak PSN effect and also
cause a decrease in the recrystallization fraction [18, 26],
especially in the PP region with few secondary particles.
Therefore, it could be concluded that the refinement mecha-
nism of the A2 samples is mainly recrystallization refine-
ment, and substructure refinement occurs in the coarse grain
region. With increasing the ECAP passes, a large amount of
subgrains were introduced into the A4 samples, which was
attributed to the further decreasing dynamic recovery rate
and the weak PSN effect. Thus, the refinement mechanism of
A4 samples is mainly subgrain refinement. In other words,
the formation of a large number of subgrains is the main
reason of grain size reduction, overwhelming the refinement
effect of dynamic recrystallization.

3.2 Texture Evolution

The (0002) pole figures of A2 and A4 processed by ECAP
are shown in Fig. 5. After the first stage of ECAP, the texture
of the base plane parallel to the ED in the AO samples weak-
ens; however, the strongest component of the base plane
remains in A2. Therefore, the texture of A2 was similar to
the fiber texture of AO, with a reduced maximum texture
strength from 8.30 to 7.41. As the A2 samples undergo
the second stage of ECAP, a new texture formed along the
shear plane in A4 samples completely replaced the origi-
nal fiber texture, and the strongest pole in the base texture
was approximately 30° from the ED. Its maximum texture
intensity increases from 7.41 to 8.98. The same texture evo-
lution could also be observed in ECAP-processed ZK60 Mg
alloy [27]. Such evolution of the texture formed by ECAP is
mainly due to a highly redundant stress accumulated along
the route Bc [28].

The Schmid factor (SF) distribution for (000 1) <1 1-2
0> base plane of the investigated samples (Fig. 6) reveals
that with increasing the ECAP passes, the value of SF gradu-
ally increases, from 0.21 (A0O) to 0.25 and 0.34 for A2 and
A4 samples, respectively. It should be noted that at room
and moderate elevation temperature, the plastic deforma-
tion of Mg alloys is mainly governed by the slip of the base
plane [12]. Thus, the SF value for base slip systems plays a
key role in the mechanical properties of Mg alloys. When
the base plane in the A4 samples was rotated 30° toward to
ED, the SF value of the base slip was significantly higher
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Fig.3 SEM micrographs showing a, d, g both precipitate-rich (PR) and precipitate-poor (PP) regions, b, e, h only RP region, and ¢, f, i only PP
region of the as-extruded AO a—c, the ECAP-processed d—f A2, g—i A4 samples

at 0.34 (Fig. 6¢) which was consistent with the evolution of
the texture. This easily made the dislocation slip on the main
sliding plane (0 0 0 1), reducing the stress required for yield.

3.3 Mechanical Properties
Figure 7 shows the stress—strain curves of the as-received

and ECAP-processed samples. Data for TYS, UTS, and EL
are summarized in Table 1. It can be seen that YS increased
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from 180 to 245 MPa due to significant grain refinement
from AO (2.25 pm) to A2 (1.40 pm) samples. However, no
marked change in tensile strength was observed. At the same
time, there was a slight decrease in elongation. It should be
noted that an increase in strength was observed, although the
weakening of the initial fiber texture and high Schmid fac-
tor was detected in A4 samples. In addition, compared with
the as-received condition (A0 samples), the volume frac-
tion of fine second phase particles in A2 sample increased
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Table 1 Microstructure

characteristics of the ECAP

ZAT522 samples

State Microstructure Mechanical properties

dye (pm)  dpg (pm)  dpp (pm)  dp (pm)  fp (%) YS (MPa) UTS (MPa) EL (%)
A0 225+0.02 5.65+0.04 2.04+0.06 027+0.05 11.2+04 180+3  320+4 33.4+0.03
A2 1.40+0.04 120+0.02 191+0.05 021+0.04 16.1+02 245+2  325+3 26.2+0.02
A4 1.18+0.02 0.70+0.05 1.39+0.03 0.17+0.02 17.4+0.5 335+2  356+3 10.7+0.03

d,, presents the average grain size of the ECAP-processed samples. dpr and dpp present the average grain
size of precipitate-rich (PR) and precipitate-poor (PP) regions, respectively. dp and f, represent the vol-
ume fraction and average grain size of precipitates, respectively. YS, UTS, and EL represent tensile yield

strength, ultimate tensile strength, and elongation
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Fig.4 Different types of grains of the ECAP-processed ZAT522 alloys a A2, b A4: blue-recrystallized, yellow-substructured, red-deformed; ¢
and d frequency of the different types of grains as shown in a, d, respectively

from 11.2% to 16.1%. These fine particles can effectively
hinder dislocation movement and grain boundary migra-
tion during tension, leading to the dispersion strengthening
effect on the A2 sample. Therefore, it can be stated that the
main mechanism for A2 samples was grain boundary and
dispersion strengthening, resulting in a net increase in YS.
In the case of A4 samples, both YS and UTS significantly

increased from 245 and 325 MPa up to 335 and 356 MPa,
respectively. However, interestingly, the EL decreased from
approximately 26.2-10.7%. As discussed before, resulted
in a newly formed shear texture in the A4 sample (Fig. 5b),
by which the base plane in most grains was inclined at an
angle of about 30° to the ED with the highest basal slip and
SF value (0.34), resulting to the required YS in the plastic
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(a) ™D Max=7.41 (b) TD Max=8.95

Fig.5 (0002) pole figures of the ECAP-processed ZAT522 alloys: a A2, b A4
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Fig.7 Tensile stress—strain curves of the deformed ZAT522 alloys,
and corresponding SEM views of the fracture surfaces of A2 and A4
samples
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deformation was reduced. The above analysis of the micro-
structure evolution of the ECAP-processed alloy shown
that the dynamic recrystallization fraction decreases in the
A4 samples, and the dislocation density increases sharply,
resulting in a significant dislocation strengthening effect. In
addition, the grain refinement effect of the A4 sample was
not as good as that of the A2 sample, and the second phase
fraction and size did not change much. Therefore, it could be
concluded that dislocation enhancement is a dominating fac-
tor in the A4 samples, overwhelming the weakening effect
of the texture and resulting in a net increase in YS and UTS.

A significant drop in elongation of the A4 samples can
be explained by microstructural features. First, in the fine-
grained polycrystalline Mg alloy, there is enhanced activa-
tion of non-basal slip systems at room temperature due to
grain boundary compatibility stress and grain boundary
sliding [29]. Hence, the shear texture formed in the ECAP-
processed alloy as well as the greater texture strength and
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SF value result in easier basal slip during tensile testing
[30]. Both of the above aspects are beneficial to improve
the ductility of the A4 samples. However, as stated, the most
striking feature of the A4 sample was the large number of
dislocations accumulated in the grains at low-temperature
ECAP. The accumulation of these high-density dislocations
caused severe strain concentrations, resulting in a significant
decrease in the elongation of the A4 sample. In addition, the
difference between UTS and YS can be used to define the
work-hardening ability (Hc=(UTS —YS)/YS) [31], which
strongly supports the effective assumption that the effect of
strain concentration in tensile test. According to the formula
and the mechanical properties of the investigated alloys in
Table 1, the work-hardening abilities of the A0, A2, and A4
samples are 0.78, 0.33, and 0.06, respectively. The lowest
HC value in the A4 sample indicates a higher sensitivity to
stress concentration, which is not conducive to enhancement
in ductility. In short, the combined effect of grains, texture
evolution, and Hc value resulted in a significant decrease in
the EL of the A4 sample.

Figure 7 represents SEM fractographs of samples A0
and A4. Dense and finer dimples can be distinctly seen in
SEM fractographs for AO samples, suggesting dislocation
slips were more active and can improve ductility of the AO
samples [32]. Furthermore, some secondary phases were
observed in the dimples, and some microcracks could be
seen on these particles. It is suggested that the cleavage of
secondary phase particles is the main reason for failed duc-
tility. In contrast, the smaller dimples were also apparent for
the A4 samples, but their dimensions were much smaller
than those found under the A0O condition due to the marked
refinement of the grains. However, the dimple depth of the
A4 became shallower, which means that its plastic deforma-
tion ability was relatively poor. This is mainly attributed to
the stress accumulated in grains. Thus, it can be concluded
that the failure ductility of the A4 samples has occurred
before fully entering the plastic deformation stage during
the tensile test, which was consistent with the trend of the
stress—strain curve in Fig. 7.

4 Conclusions

The microstructure and tensile properties of low-temperature
ECAP-processed alloys have been investigated. The main
conclusions were summarized as follows:

1. After several ECAP passes (i.e., 2 passes at 220 °C in
addition to 2 passes at 130 °C), significant grain refine-
ment was obtained with an average size of 1.18 pm,
and an ultra-fine grain structure (700 nm) appeared in
the precipitate-rich region. The ECAP-processed alloy
showed finer grain size of the second particles, and

they were still mainly distributed in relatively fine grain
region.

2. The texture evolution of the as-received ZAT522 alloy in
ECAP processed was studied in detail. The initial fiber
texture of the ZAT522 extruded alloy gradually decom-
posed during two-step ECAP at decreasing tempera-
tures. After 4 passes, a new texture type formed in A4
at 30° to the ED, which completely replaced the original
fiber texture, with a higher basal slip texture and Schmid
factor value of 0.34.

3. Significant grain refinement and dispersion strengthen-
ing resulted in a notable increase in the YS of the A2
samples from 180 to 245 MPa, without much loss in
ductility. As deformation proceeded, the dislocation
strengthening resulted in a net increase in YS of the A4
sample to 335 MPa, while higher dislocations resulted
in a poor ductility.
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