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Abstract: The Zn-Mg alloys with Mg additions of 35%, 40% and 45%(mass fraction) were prepared by conventional casting method, 
with the aim to develop new biodegradable materials. The effects of cooling rate and composition on the microstructures, hardness 
and corrosion resistance were studied by XRD, SEM, microhardness and corrosion testing techniques. The corrosion behaviors of 
experimental alloys in simulated body fluids were analyzed. The results show that the amount of the petal-like MgZn2 phase 
decreases, as well as the hardness of the alloys, but that of the polygonal MgZn2 phase increases with the increase of Mg content 
when the cooling rate is constant. When the alloy composition is constant, the MgZn2 phase changes easily from petal-like to 
polygon, and the hardness decreases with the decrease of the cooling rate.  
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1 Introduction 
 

In the area of biomaterials, biodegradable implant 
materials have attracted more attention because they can 
be gradually dissolved, absorbed, consumed or excreted 
in the human body[1−2]. Biodegradable materials made 
of polymers can only be used in limited area because of 
their poor mechanical properties[3]. But metallic 
biomaterials are still playing an important role in 
repairing or replacement of bone tissue[4]. Metals are 
more suitable for load-bearing applications compared 
with ceramics or polymeric materials due to their 
combination of high mechanical strength and fracture 
toughness. However, most of metallic biomaterials have 
poor biodegradability and release toxic metallic ions 
and/or particles in the process of corrosion or wear[5−6]. 
So it is important to find an alloy that is non-toxic to 
human bodies and has adjustable corrosion rates. Zinc 
has a high corrosion resistance and is an essential 
micronutrient that plays fundamental housekeeping roles 
in physiology, cellular metabolism and gene 
expression[7]. It’s expected to be developed as 
biodegradable implant material with appropriate 

corrosion rate in simulated body fluids via adding 
appropriate alloy elements. Magnesium is essential to 
human metabolism, it can be easily degraded and 
absorbed[8]. Although a few papers about the 
intermetallic phases of the Zn-Mg alloy have been 
published[9−13], there is little research on the effects of 
cooling rate and alloying composition on the 
microstructure and properties. Especially, the biomedical 
application of Zn-Mg alloy has rarely been reported. The 
main objective of the present work is to try to develop a 
new type of biodegradable material by studying the 
microstructure and properties of Zn-Mg alloys. 
 
2 Experimental 
 

The Zn-xMg(x=35, 40, 45) alloys were prepared by 
melting constituent elements (Zn, 99.995%; Mg, 99.50%) 
in an induction furnace under a gas atmosphere of 
CO2+0.5% SF6. To ensure its chemical homogeneity, the 
melt was mechanically stirred for 6 min, held at 
approximately 700 ℃ for 20 min, and then was cast into 
cylinder steel moulds with different diameters of 50, 25 
and 10 mm. 

The alloys samples were etched with a solution of
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4%(volume fraction) hydrochloric acid and ethyl alcohol. 
Phase identification was carried out via X-ray diffraction 
(XRD) using Rikagu D/max-RB diffractometer. The FEI 
Sirion scanning electron microscope(SEM) equipped 
with energy-dispersive X-ray spectrometer (EDS) was 
used to analyze the microstructure. The microhardness of 
the alloys was examined with hardness instrument 
(HV-1000). Corrosion resistance tests, including 
immersion corrosion and potentiodynamic polarization 
measurement, were carried out in Hanks solutions[14] as 
simulated body fluid(SBF). The treated samples were 
weighed and then immersed in SBF solutions at room 
temperature for a certain time. The pH values of the SBF 
solutions were examined intermittently. The 
electrochemical property of the alloys was tested in 
SI1287 electrochemical testing system at 37 ℃ with 
saturated calomel electrode(SCE) as the reference 
electrode and platinum as auxiliary electrode. The 
scanning rate was 1 mV/s. 
 
3 Results and discussion 
 
3.1 Phase composition 

Fig.1 shows the X-ray diffraction patterns of Zn-Mg 
alloys. It can be seen that there are MgZn2, MgZn, 
Mg2Zn3 and Mg7Zn3 phases in the three alloys. 
 

  
Fig.1 X-ray diffraction patterns of Zn-Mg alloys 

 
3.2 Microstructure of Zn-Mg alloy 
3.2.1 Effect of composition on microstructure 

Fig.2 shows the microstructures of Zn-Mg alloys at 
constant cooling rate; all samples were cut from ingot with 
diameter of 50 mm. It can be seen from Fig.2(a) that there 
are some hexagonal petal-like crystals, and the bigger 
petal-like structure represents a symmetrical hexagonal 
structure with a clear geometrical center. Fig.2(b) shows 
that the amount and dimension of the petal-like crystals 
decrease and some polygonal crystals emerge. It can be 
seen from Fig.2(c) that the petal-like structure disappears 
and the precipitate phases are connected with each other. 

 

 
Fig.2 Microstructures of Zn-Mg alloys: (a) Zn-35Mg;       
(b) Zn-40Mg; (c) Zn-45Mg 

 
Based on the Zn–Mg phase diagram[9], there are 

five intermetallic phases in the Zn–Mg system, namely 
Mg7Zn3, MgZn, Mg4Zn7, MgZn2 and Mg2Zn11. The 
Mg7Zn3 phase, existing at temperatures above 325 , ℃

has an orthorhombic structure[10]. The crystal structure 
of the MgZn2 phase is hexagonal[11]. The Mg2Zn11 phase 
has a cubic structure[12]. The Mg4Zn7 phase has a 
base-centred monoclinic structure, rather than the 
triclinic structure assumed by Gallot and Graf[13].  

According to the above mention, assisting with EDS 
identification and XRD patterns, the petal-like and 
hexagonal crystals should be MgZn2, the rod and 
needle-like crystals are Mg2Zn3 in Figs.1(a) and (b). The 
flaking gray precipitated phase in Fig.1(c) is Mg2Zn3.  
3.2.2 Effect of cooling rate on microstructure 

Fig.3 shows the microstructures of Zn-35Mg alloy 
at different cooling rates. It can be seen that the slower 
the cooling rate is, the coarser the MgZn2 phase is, and 
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the more easily the morphology evolutes from petal-like 
to polygon. The petal-like morphology of the primary 
and medium-term phases is remained after rapid cooling. 
At the slow cooling rate, the crystals grow sufficiently. 
Exposure in the high-temperature melt for a long time, 
the petal-like structure is broken and grows up into 
polygonal structure under the action of interface-energy. 
 

 
Fig.3 Microstructures of Zn-35Mg samples cut from ingots 
with different diameters: (a) 10 mm; (b) 25 mm; (c) 50 mm  
 
3.3 Microhardness 

Fig.4 shows the influence of the composition and 
cooling rate on microhardness of Zn-Mg alloys. It can be 
seen that the microhardness of alloys increases with the 
increase of cooling rate or the decrease of Mg content. 
The hardness increases because of the refinement of the 
primary phases after rapid cooling. The MgZn2 phase is 
one of the most common strengthening phases in Zn–Mg 
alloys. The quantity of MgZn2 phase decreases with the 
increase of Mg content, so the hardness of alloy is 
falling. 

 

 
Fig.4 Effect of composition and cooling rate on microhardness 
of alloys samples cut from ingots with different diameters  

 
3.4 Corrosion resistance properties 
    Fig.5 shows the pH values of the SBF solutions 
vary with immersion time. Samples were cut from ingot 
with the diameter of 25 mm. The curves indicate that pH 
values of the solution firstly increase rapidly then 
decrease slowly, and then increase again. 
   At the initial stage of immersion, the release of Zn2+ 
and Mg2+ from the samples alkalizes the solution and the 
passivating film forms gradually. After immersion for 90 
h, the passivating film becomes compact, inhibiting 
further corrosion, what reduces the pH value of SBF 
solution. After immersion for 160 h, the passivating film 
is broken, and the Zn2+ and Mg2+ release again, so the pH 
value increases.  
 

 
Fig.5 Varying curves of pH value with soaking time of Zn-Mg 
alloys 

 
Polarization curves of Zn-Mg alloys at a constant 

cooling rate in SBF solution are shown in Fig.6; all 
samples were cut from ingot with diameter of 25 mm. 
The open circuit potentials (Ecorr) of Zn-35Mg, Zn-40Mg 
and Zn-45Mg alloys are −1.250 V, −1.215 V and −1.405 
V, respectively. Moreover, these alloys are almost equal 
in the corrosion current densities (Jcorr). Zn-40Mg alloy 
has the best corrosion resistance among the three alloys. 
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Fig.6 Polarization curves of Zn-Mg alloys 

 

4 Conclusions 
     

1) The cooling rate and the alloy composition have 
a great influence on the microstructures and properties of 
Zn-Mg alloys. At a constant cooling rate, with the 
increasing of Mg content, the amount of petal-like 
MgZn2 phase decreases gradually, and the polygonal 
MgZn2 phase increases. For the same alloy, the slower 
the cooling rate is, the coarser the MgZn2 phase is, and 
the more easily the morphology evolutes from petal-like 
to polygon. At the same time, the hardness of the alloys 
decreases with the increase of cooling rate or the 
decrease of Mg content. 

2) During the immersion of Zn-Mg alloys in the 
SBF, firstly the pH values of solution increase rapidly 
then decrease slowly, and then increase again. 

3) The result of potentiodynamic polarization 
measurement reveals that the corrosion resistance of 
Zn-40Mg is the best among the three alloys.  
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