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Abstract: The microstructure, mechanical, and corrosion properties of extruded low-alloyed Mg–xZn–0.2Ca (x = 0, 1.0, 2.0, 3.0) alloys were 
investigated in this study. Findings from scanning electron microscope, X-ray diffraction and transmission electron microscopy results indi-
cate that the amount of ternary Ca2Mg6Zn3 phase, as the only secondary phase in 1.0Zn, 2.0Zn, and 3.0Zn alloys, gradually increases with the 
addition of Zn, while the Mg2Ca phase was observed in the Mg–0.2Ca alloy only. Zn has a strong effect on the orientation and intensity of 
textures, which also influence mechanical behaviors, as revealed by electron back-scatter diffraction. Among all the alloys, the 
Mg–2.0Zn–0.2Ca alloy obtains the maximum tensile strength (278 MPa) and yield strength (230 MPa). Moreover, Zn addition has an evi-
dent influence on the corrosion properties of Mg–xZn–0.2Ca alloy, and Mg–1.0Zn–0.2Ca alloy exhibits the minimum corrosion rate. This 
paper provides a novel low-alloyed magnesium alloy as a potential biodegradable material. 
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1. Introduction 

Magnesium and its alloys have attracted great attention in 
recent years due to their excellent mechanical properties and 
biodegradability. Magnesium and its alloys have low density 
and elastic modulus close to that of natural bone, therefore 
ensuring the reduction or elimination of the stress shielding 
effect [1] caused by the substantial mismatch in the elastic 
modulus between natural bone and implant metals. However, 
the wide application of magnesium alloys is still limited due 
to poor corrosion resistance and low strength [2]. Many ef-
forts can be made to improve the strength and corrosion re-
sistance. One effective way to elevate the strength is the 
conventional thermomechanical processing, which includes 
extrusion, rolling, and forging, and can eliminate casting 
defects, induce dynamic recrystallization, and obtain re-
fined grain sizes [3]. The Hall-Petch formula indicates 

that this process could considerably improve mechanical 
properties [4]. Another method is the addition of alloying 
elements, such as rare earth (RE) elements, Al, Zn, and Ca. 
Zn is one of the most commonly used alloying elements for 
Mg alloys. The solubility of Zn in Mg is about 1.4wt% at 
room temperature. A certain amount of Zn can significantly 
improve the yield strength (YS), ultimate tensile strength 
(UTS), and elongation of magnesium alloys. Ca, as an es-
sential trace element for the human body, is a candidate that 
is often added to Mg alloys to replace RE elements. The ad-
dition of Zn and Ca to Mg alloys can induce the precipita-
tion of intermetallic compound Ca2Mg6Zn3 [4], which con-
tributes to second-phase strengthening and improves the YS 
and the tensile strength [5]. According to recent studies, Zn 
content of up to 4wt% in Mg alloy has a peak of UTS and 
YS that is similar to that achieved with the addition of Ca up 
to 0.2wt% [6]. With the addition of Ca content up to 0.7wt%, 
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the mechanical properties of ZM21 magnesium alloys reach 
the optimal value related to the refined grain size and the 
formation of the second phase [7]. Although the mechanical 
properties can be improved by the alloying of Zn and Ca 
elements, increased addition of Ca is harmful to corrosion 
resistance considering the acceleration of micro-galvanic 
corrosion [8]. In addition, a certain amount of Zn (up to 
1.25wt%) can decrease the corrosion rate, but further addi-
tion of Zn up to 4wt% can increase the corrosion rate [1]. 
Thus, the composition should be adjusted to reduce the con-
tent of alloying elements if a balance between strength and 
corrosion resistance needs to be achieved. 

Low-alloyed extruded Mg–Zn–Ca alloys have an excellent 
advantage in obtaining balanced properties. Zhang et al. [9] in-
vestigated the microstructure and mechanical properties of 
extruded Mg–1.0Zn–0.5Ca alloy. The alloy extruded at 
370°C exhibits elongation of 44% allied with UTS of 215 
MPa. The superior properties were attributed to grain refine-
ment and the unique extruded texture. Hofstetter et al. [10] in-
vestigated the effect of different thermomechanical processing 
routes on the microstructure and mechanical properties of 
low-alloyed Mg–1.0Zn–0.3Ca and Mg–0.5Zn–0.15Ca alloys. 
Studies on extruded low-alloyed Mg–Zn–Ca alloys are still 
scarce, and current investigations on the extruded Mg–Zn–Ca 
alloys mainly focus on high-alloyed Mg alloys [3–4,11]. 

On the basis of the current status of low-alloyed 
Mg–Zn–Ca alloys, a group of novel low-alloyed Mg–Zn–Ca 
alloys were prepared in this study by controlling the Zn 
content. The effect of Zn on the microstructure, mechanical, 
and corrosion properties of the extruded low-alloyed 
Mg–Zn–Ca alloys is investigated in particular. Also, the 
mechanisms on strengthening and variation of corrosion 
properties in the extruded Mg–Zn–Ca alloys are discussed. 

2. Experimental 

The Mg–xZn–0.2Ca alloy (x = 0, 1.0, 2.0, 3.0, hereafter 
denoted as 0Zn, 1.0Zn, 2.0Zn, and 3.0Zn alloys) were pre-
pared from pure Mg ingots (99.99wt%), pure Zn particles 
(99.99wt%), and Mg–20Ca (with the 20wt% Ca) master al-
loy heated in a high-purity graphite crucible in an electric 
resistance furnace under a mixed atmosphere of 1vol% SF6 
and 99vol% CO2. Then, the crucible was taken out to cool in 
the air. The ingots were homogenized at 400°C for 12 h be-
fore extrusion, and then the ingots that were preheated over 
3 hours were extruded into bars (22 mm in diameter) at 
325°C and a ram speed of 3 mm/s under an extruded ratio of 
30. 

To characterize the microstructure, the specimens were 

prepared by standard metallographic procedures and cut 
along the extruded direction from the extruded bar. A Carl 
Zeiss Axio Imager A2m optical microscopy (OM) and a 
field-emission scanning electron microscope (FE-SEM, Su-
pra 55) equipped with energy dispersive spectrometer (EDS) 
and electron back-scatter diffraction (EBSD) system were 
used to observe the microstructure of the specimens. All the 
specimens were first ground on emery papers to 2000 grit, 
polished for SEM observation, and then etched by 3vol% 
nitric acid alcohol solution for OM observation. The EBSD 
samples were electro-polished in an ACII mixture solution 
at −20°C under a 20 V applied potential. The average grain 
size was estimated by a line intercept technique using the 
OM micrographs. Microstructure examination of the ex-
truded Mg–xZn–0.2Ca alloys was first conducted by X-ray 
diffraction (XRD) using Rigaku S2 X-ray diffractometer with 
Cu Kα radiation. Further investigations of second phases were 
performed by means of transmission electron microscopy 
(TEM) by using Tecnai G2 F20 (200 kV) microscope 
equipped with a high-angle annular dark field scanning 
transmission electron microscopy detector and EDS micro-
analysis, which can provide a detailed intuitive description 
of the types, morphology, and distribution of phases. TEM 
samples were fabricated by using ion thinning technology. 

The tensile specimens, with a gage length of 25.0 mm 
and a diameter of 5.0 mm, were cut from the extruded bar. 
The tensile direction was parallel to the extruded direction, 
and an Instron5569 materials testing machine at a displace-
ment rate of 1 mm/min was used. Immersion tests were 
conducted in simulated body fluid (SBF) using specimens 
with a dimension of 10 mm × 10 mm × 2 mm, which were 
ground on emery papers to 2000 grit, cleaned with alcohol, 
and dried in air. The SBF solution was prepared with deio-
nized water and high-purity chemicals according to the pro-
cedure in Ref. [12]. The solution was maintained at a tem-
perature of 37 ± 0.5°C and refreshed every 48 hours 
throughout the immersion. The samples were removed from 
the solution after being immersed for 168 h and soaked in 
chromic acid to remove only corrosion products instead of 
any amount of Mg base. Subsequently, the specimens were 
cleaned in absolute ethyl alcohol and in distilled water, then 
blow-dried with cold wind to observe the surface morphol-
ogy using SEM. 

3. Results 

3.1. As-extruded microstructure and textures 

Figs. 1 and 2 showing the microstructure of the samples 
sectioned perpendicular to the extruded direction of 
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Mg–xZn–0.2Ca alloys obtained by OM and EBSD, respec-
tively. The mean size of the dynamically recrystallized 
grains is refined from 5.67 to 3.12 μm with an increase in 
Zn content from 0wt% to 2wt%. However, with further ad-

dition of 3wt% Zn, the grain size increased to 4.71 μm again. 
Second-phase precipitates increased with an increase in Zn 
content. The secondary phase in 3.0Zn alloy grew larger 
than that in 0Zn and 1.0Zn, as shown in Fig. 3. 

 

Fig. 1.  Microstructure of extruded Mg–xZn–0.2Ca alloys observed by OM perpendicular to the extruded direction: (a) 0Zn; (b) 
1.0Zn; (c) 2.0Zn; (d) 3.0Zn. 

 

Fig. 2.  Microstructure of extruded Mg–xZn–0.2Ca alloys observed by EBSD perpendicular to the extruded direction: (a) 0Zn; (b) 
1.0Zn; (c) 2.0Zn; (d) 3.0Zn. 



Y.Z. Ma et al., Microstructure, mechanical, and corrosion properties of extruded low-alloyed Mg–xZn–0.2Ca alloys 1277 

 

 

Fig. 3.  Microstructure of extruded Mg–xZn–0.2Ca alloys observed by SEM perpendicular to the extruded direction: (a) 0Zn; (b) 
1.0Zn; (c) 2.0Zn; (d) 3.0Zn. 

The XRD patterns of the extruded alloys are shown in 
Fig. 4. The alloys mainly consist of α-Mg and Ca2Mg6Zn3 

ternary phase for the 1.0Zn, 2.0Zn, and 3.0Zn alloys, whe-
reas only α-Mg matrix and a small amount of Mg2Ca phases 
are present in the 0Zn alloy. As a result of the low alloying 
content, characterizing second phases by using XRD pat-
terns only is difficult. The final confirmation of the second 
phases precipitated in the alloys can be achieved by further 
TEM analysis. 

 

Fig. 4.  XRD patterns of the extruded Mg–xZn–0.2Ca speci-
mens.  

Fig. 5 exhibits the TEM bright-field images of the ex-

truded 0Zn alloy and corresponding selected area diffraction 
patterns (SADPs). The alloy matrix is α-Mg solid solution 
as identified by SADPs, taken along the [ 1216 ] zone axis 
shown in Fig. 5(b). The second phase with triangular gra-
nules shown in Fig. 5(a) is Mg2Ca, identified by SADPs in 
Fig. 5(c) (zone axis [0112] ). The EDS results show that 
the second phase contains 81.8at% Mg and 18.2at% Ca, 
confirming that the 0Zn alloy consists of α-Mg and Mg2Ca 
from both XRD and TEM results. 

Fig. 6 demonstrates the TEM bright-field images and 
corresponding SADPs of the extruded 1.0Zn alloy. The 
second phase taken along the [2423]  zone axis located at 
the triple junction grain boundary contains 54.2at% Mg, 
10.8at% Ca, and 34.9at% Zn, which is speculated to be the 
ternary Ca2Mg6Zn3 phase with a triangular shape and a 
small size of about 0.5 μm. 

Fig. 7 shows the TEM bright-field images and the cor-
responding SADPs of the extruded 2.0Zn alloy. The 2.0Zn 
alloys are mainly composed of α-Mg solid solution and the 
ternary Ca2Mg6Zn3 phases, which exhibit different mor-
phologies such as granule, long-stripe, and long-triangle 
shape containing 49.6at% Mg, 16.2at% Ca, and 34.2at% Zn; 
49.2at% Mg, 15.1at% Ca, and 35.7at% Zn; and 52.7at% Mg, 
17.4at% Ca, and 29.9at% Zn, respectively. The correspond-
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ing calibration results are shown in Fig. 7. In contrast to the 
1.0Zn alloy, the ternary Ca2Mg6Zn3 phase in the 2.0Zn alloy 
becomes larger and exhibits various morphologies. In addi-
tion, the Mg2Ca phase observed in the 0Zn alloy is not ob-
served in the 2.0Zn alloy, which is consistent with the XRD 
pattern shown in Fig. 4. 

Fig. 8 shows the TEM bright-field images and corres-
ponding SADPs of the extruded 3.0Zn alloy. Apart from 

granular and long-stripe shapes, the phase with a rectan-
gular shape can be observed in Fig. 8(c). The phase shown 
in Fig. 8(a) contains 51.27at% Mg, 15.10at% Ca, and 
33.63at% Zn. Combined with SADP analysis, the phases 
are determined to be Ca2Mg6Zn3. The SADPs are not 
shown here due to similarity to those of the 2.0Zn alloy. 
Similarly, Mg2Ca is not found in the TEM bright-field im-
ages. 

 

 

Fig. 6.  (a) TEM bright-field images of the extruded Mg–1.0Zn–0.2Ca alloy and (b) the corresponding SADP for second phase 
shown in (a). 

Fig. 5.  TEM bright-field images of the ex-
truded Mg–0.2Ca alloy and the corres-
ponding SADPs: (a) TEM bright-field im-
ages (A: Mg2Ca second phase); (b) SADP
for α-Mg matrix shown in (a); (c) SADP for
Mg2Ca second phase shown in (a).  
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Fig. 7.  TEM bright-field images of the extruded Mg–2.0Zn–0.2Ca alloy and the corresponding SADPs: (a–c) TEM bright-field 
images; (d) SADP for Ca2Mg6Zn3 second phase shown in (a).  

 
Fig. 8.  TEM bright-field images of the extruded Mg–3.0Zn–0.2Ca alloy: (a–c) TEM bright-field images; (d) SADP for Ca2Mg6Zn3 

second phase shown in (c). 
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Fig. 9 shows the {0002} pole figures of the extruded al-
loys, manifesting the effect of textures. The 0Zn alloy has a 
maximum intensity (6.27) and exhibits basal fiber textures 
distributed relatively randomly. Then, the poles begin to 
align parallel to the transverse direction. Three alloys (1.0Zn, 
2.0Zn, 3.0Zn) exhibit similar extruded texture and basal 
poles that have a lower angle distribution away from the 
transverse direction compared with the 0Zn alloy. This basal 
fiber texture is the common type found in Mg alloys after 
extrusion. The basal texture intensity of 1.0Zn decreases to 
4.36, which might result from the corresponding dynami-
cally recrystallized process shown in Fig. 2, and is repre-

sentative of a dispersive texture with the {0002} planet in-
clining to extruded direction from 0° to 40°. The 2.0Zn alloy 
exhibits strong basal texture with the highest intensity (6.46) 
among the four alloys. However, when the Zn content in-
creases to 3wt%, the maximum intensity of textures is wea-
kened from 6.46 to 5.69 with an increase in angle distribu-
tion from 25° to 35°. 

The fiber textures of four extruded alloys are shown in 
Fig. 10 in the form of inverse pole figures. The 0Zn alloy 
exhibits a fiber texture with [1010] orientation parallel to the 
ED and another relatively strong texture between[2111]and 
[2112] . With the addition of Zn elements, the fiber  

 

Fig. 9.  Pole figure results of Mg–xZn-0.2Ca alloys observed by EBSD: (a) 0Zn; (b) 1.0Zn; (c) 2.0Zn; (d) 3.0Zn. 

 

Fig. 10.  Inverse pole figure results of Mg–xZn–0.2Ca alloys observed by EBSD: (a) 0Zn; (b) 1.0Zn; (c) 2.0Zn; (d) 3.0Zn. 
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component is weakened from 2.33 to 2.05 and a typical 
(0001) fiber texture appears, which was not observed in the 
0Zn alloy before. Notably, the Zn element altered the fiber 
texture orientation visibly. The poles are distributed almost 
in reverse, as seen from the inverse pole figures, thereby in-
dicating that some crystals are tilted away from the ED. The 
texture intensities of the alloys increase from 2.05 to 4.12 
with the increase in Zn content from 1.0wt% to 3.0wt%, 
thereby indicating that the addition of Zn contributes to the 
formation of some strong textures. 

3.2. Mechanical and corrosion properties 

Fig. 11(a) illustrates the mechanical properties of 
Mg–xZn–0.2Ca alloys; the corresponding stress–strain 
curves are given in Fig. 11(b). The YS and the UTS in-
creased obviously with increasing Zn content from 0 to 
2wt%. The peak of the YS (230 MPa) and UTS (278 MPa) 
are obtained for the 2.0Zn alloy, and the YS of the 3.0Zn al-
loy decreases again. Meanwhile, the elongation decreases 
from 27.9% to 20.2% for the 0Zn alloy to 2.0Zn alloy and 
then increases to 21.8% for the 3.0Zn alloy.  

 

Fig. 11.  Mechanical properties (a) and stress–strain curves (b) of the extruded Mg–xZn–0.2Ca alloys. 

To evaluate the corrosion properties of Mg–xZn–0.2Ca 
alloys, corresponding investigations were performed in this 
study. Fig. 12(a) shows the macrographs without removing 
the surface corrosion products immersed in SBF solution 
for 168 h. Serious corrosion behavior occurred in the 
2.0Zn alloy and 3.0Zn alloy. In the local areas, corrosion 
pits even penetrated the entire samples. For the 0Zn alloy, 
the samples are still intact, being wrapped with a layer of 
white corrosion products on the surface. The 1.0Zn alloy 
exhibits a lower corrosion rate than the 0Zn alloy, as evi-

denced by the fewer white corrosion products on the sur-
face. To quantitatively determine the corrosion resistance 
of each alloy, the samples were weighed before and after 
the corrosion products were cleaned. The weight loss of 
samples immersed in SBF for 168 h was calculated pre-
ciously. Fig. 12(b) shows that the weight loss curve first 
declines and then increases with an increase in Zn content 
from 0wt% to 3wt%. The minimum weight loss corresponds 
to 1.0Zn alloy, which is consistent with corrosion morphol-
ogies. 

 

Fig. 12.  The surface macrograph without removing the surface corrosion products (a) and the curve of the corrosion rate (b) of 
Mg–xZn–0.2Ca alloys after being immersed in SBF solution for 168 h at 37°C. 
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Fig. 13 exhibits the surface morphologies of Mg–xZn–0.2Ca 
samples after the corrosion products are removed. A mass of 
corrosion holes is distributed unevenly and a long deep cor-
rosion zone can be observed in some areas of the 0Zn alloy. 
Compared with the 0Zn alloy, the pitting holes distribute 
more evenly and shallowly for the 1.0Zn alloy. With an in-

crease in Zn content, the corrosion holes are interconnected 
and some deeper cavities are even developed throughout the 
whole sample, especially for the 3.0Zn alloy, which indi-
cates that the corrosion extent is promoted further. The cor-
rosion cavities lead to some parts of exfoliation for the 
2.0Zn and 3.0Zn alloys, as seen in Fig. 12(a). 

 

Fig. 13.  SEM micrographs of the surface morphology of samples without corrosion products for Mg–xZn–0.2Ca (x = 0, 1.0, 2.0, 3.0) 
alloys: (a) 0Zn; (b) 1.0Zn; (c) 2.0Zn; (d) 3.0Zn. 

4. Discussion 

The XRD and TEM results shown in Figs. 4–8 indicate 
that 1.0Zn alloy, 2.0Zn alloy and 3.0Zn alloy are both com-
posed of α-Mg phase and Ca2Mg6Zn3 phase except 0Zn al-
loy is composed of α-Mg phase and Mg2Ca phase. Accord-
ing to the preceding study [13], the phase composition in the 
Mg–Zn–Ca alloy mainly depends on the ratio of Zn to Ca. 
The phase is mainly composed of α-Mg, Mg2Ca, and 
Ca2Mg6Zn3 phases when the ratio of Zn to Ca is less than 
1.2, while it is mainly composed of α-Mg and Ca2Mg6Zn3 
phase when the ratio of Zn to Ca is more than 1.2 [14]. The 
ratio of Zn to Ca for 1.0Zn (3.08), 2.0Zn (6.23), and 3.0Zn 
(9.24) alloys is larger than 1.2, indicating Ca2Mg6Zn3 rather 
than Mg2Ca can be precipitated in these alloys. Another in-
vestigation found that the mixing enthalpy of Mg–Zn (−4 
kJ/mol) and Mg–Ca (−6 kJ/mol) is much less than that of 
Zn–Ca (−22 kJ/mol.) [15], thus indicating that the Ca ele-

ment reacts more easily with the Zn element than the Mg 
element. Kubok et al. [16] claimed that the ternary 
Ca2Mg6Zn3 coexists with the binary Mg–Zn phase in the 
as-cast 3.0Zn alloy. In our previous work, however, 
Ca2Mg6Zn3 rather than Mg–Zn intermetallic compounds 
formed with higher Ca concentration around the α-Mg ma-
trix during the precipitation process; this phenomenon was 
also reported by other researchers [17–18]. Previous studies 
reported that the second-phase strengthening effect is the 
most important reason for the increase of the tensile strength 
in as-cast alloy [19], and the Ca2Mg6Zn3 phase dispersed in 
the alloy has a strengthening effect [8]. However, the Mg2Ca 
phase, which is a brittle phase dispersed along grain boun-
daries, may easily serve as crack sources, which can propa-
gate and induce brittle fracture, thereby contributing to the 
decline of tensile strength [8]. Therefore with the addition of 
Zn element from 0wt% to 2.0wt%, the ternary Ca2Mg6Zn3 
phase appears and produces a dominant strengthening effect. 
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Therefore, the 2.0Zn alloy attains the maximum tensile 
strength. The tensile strength decreases slightly with the 
further addition of Zn content to 3.0wt% due to the larger 
mean grain size, which offsets the effect of second-phase 
precipitation strengthening. 

The mechanical properties are also significantly influ-
enced not only by the grain size but also by the textures. The 
basal slip system played a crucial part in the deformation 
behavior of magnesium alloys. Texture transformation has a 
strong effect with the addition of Zn from 0wt% to 1.0wt%, 
as shown in Figs. 9–10. This finding confirms the existence 
of a competitive mechanism among the grain refinement, 
strengthening effect, and texture weakening effect. Some 
new orientation fiber textures form with the increase in the 
Zn content from 0wt% to 1.0wt%, as shown in Fig. 10, and 
the intensity of the basal texture decreases from 6.27 to 4.36, 
as seen in Fig. 9. This condition results in a slight increase 
of UTS (229 MPa to 230 MPa) and a slight decrease of YS 
(171 MPa to 167 MPa), as shown in Fig. 11 for the 1.0Zn 
alloy, because the precipitation amount of ternary 
Ca2Mg6Zn3 phase is lower and its strengthening effect is 
weak. For the addition of 2wt% Zn, the mechanical proper-
ties obtain a synergistic effect, contributing to both texture 
and second-phase strengthening. At 2.0wt% to 3.0wt% Zn 
content, the texture weakening shown in Fig. 9(d) offsets the 
strengthening effect so that the YS tends to decrease. 

Generally, the texture modification in magnesium alloys 
is often ascribed to the solid solubility of the respective ele-
ment and the particle-stimulated nucleation of recrystalliza-
tion. Thus, the mechanism of texture modification can be 
described as follows: First, from the 0Zn alloy to the 1.0Zn 
alloy, the solid solution of Zn in Mg alloy may change the 
axial ratio (c/a) or stacking fault energy, thereby influencing 
the mechanical properties, dislocation cross slip, and dy-
namic recrystallization. This phenomenon results in the 
weakening and concentrating distribution along the TD of 
the textures, as shown in Fig. 9(b). Increased precipitation of 
Ca2Mg6Zn3 phases in the 2.0Zn alloy blocks dislocation mo-
tion and refines the grains, thereby leading to stimulated 
nucleation of recrystallization during hot extrusion. Thus, 
the textures strengthen from 1.0Zn to 2.0Zn alloy, as shown 
in Fig. 9(c). However, further addition of Zn will induce a 
larger mean grain size and retard dynamic recrystallization, 
thereby decreasing the intensity of textures. Simply put, Zn 
can apparently affect the modification of textures by solid 
solution and nucleation of recrystallization. 

Fig. 12(b) shows that the weight loss first decreases and 
then increases with Zn content from 0wt% to 3.0wt%. The 
minimum weight loss is obtained in the 1.0Zn alloy, which 

indicates that the 1.0Zn alloy has the best corrosion resis-
tance among the four investigated alloys with different Zn 
contents. According to previous reports, the order of the 
standard electrode potentials of the phases in Mg–xZn–0.2Ca 
alloys is Mg2Ca < Mg < Ca2Mg6Zn3. For the Mg–0.2Ca al-
loy, the Mg2Ca phase acted as an anode and the Mg matrix 
acted as a cathode when the alloy samples are immersed in 
SBF [14]. Therefore, the pit can appear on the surface of al-
loy due to rapid dissolution of the Mg2Ca phase anode, 
which can increase the contact area between the surface of 
alloy and the solution so that the process accelerates the 
corrosion reaction. From the 0Zn alloy to the 1.0Zn alloy, 
the second phase, the Ca2Mg6Zn3 phase, is precipitated in-
stead of Mg2Ca. We can infer that the 1.0Zn alloy has a 
lower corrosion speed because the addition of Zn as a solu-
tion element in α-Mg matrix enhances the standard electrode 
potential of Mg and the second phase is also changed. The 
standard electrode potentials of Ca2Mg6Zn3 is more positive 
than that of the α-Mg and Mg2Ca phase; thus, the ternary 
Ca2Mg6Zn3 phase is more difficult to degrade than the 
Mg2Ca phase. However, from the 1.0Zn alloy to 3.0Zn al-
loys, the volume fractions of second phase Ca2Mg6Zn3 and 
the grain boundaries increase gradually, which may lead to 
more galvanic corrosion reaction. In the 1.0Zn, 2.0Zn and 
3.0Zn alloy, the Ca2Mg6Zn3 phase acted as a cathode while 
the α-Mg matrix acted as an anode, thereby inducing the Mg 
matrix to corrode first, especially around the ternary 
Ca2Mg6Zn3 phase. Gradually, the Ca2Mg6Zn3 phase lost 
support from the Mg matrix and fell off naturally. As a result, 
corrosion holes and even cavities formed. Increased preci-
pitation of the Ca2Mg6Zn3 phase resulted in the formation of 
additional corrosion pits. The presence of corrosion pits ac-
celerates the corrosion reactions, thereby explaining why the 
2.0Zn and 3.0Zn alloys have a more undesirable corrosion 
resistance than the 1.0Zn alloy. 

5. Conclusion 

In the extruded Mg–xZn–0.2Ca alloys, the grain size is 
refined with the increase in the Zn contents due to fully dy-
namic recrystallization. The addition of Zn element signifi-
cantly influences the quantity of the second phase, the tex-
tures, the mechanical properties, and the corrosion proper-
ties in the Mg–xZn–Ca alloys. The following conclusions 
were derived: 

(1) The addition of Zn can lead to the formation of the 
ternary Ca2Mg6Zn3 phase instead of Mg2Ca. In addition, the 
precipitation amounts of the secondary phase increase with 
high Zn concentration. 
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(2) For the 2.0Zn alloy, the maximum UTS (278 MPa) 
and YS (230 MPa) are attained because of the more refined 
grain size and the strengthening effect of the second phase. 

(3) The addition of Zn has a strong effect on altering the 
orientation and intensity of the textures, thereby influencing 
the mechanical properties. 

(4) With the increase in Zn content, the corrosion rate 
first decreases and then increases from 1.0Zn alloy to 3.0Zn 
alloy. A minimum corrosion rate can be attained for the 
1.0Zn alloy, which can be speculated as the difference of the 
quantity and electrochemical characteristics of diverse pre-
cipitated phases. 
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