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EFFECT OF TIN ADDITION ON THE DEGRADABILITY AND CORROSION PROPERTIES
OF ANEW Zn-1.0 WT.% Mg ALLOY

In this study, to investigate effects of tin addition on the microstructures and corrosion properties, Zn-1Mg-xSn (x = 1.0, 2.0
and 5.0 wt.%) ternary zinc alloys were prepared. The experimental results indicated that the Zn-1Mg-2.0 wt.% Sn alloy has the bet-
ter mechanical properties compared with pure zinc and Zn-1Mg alloy. The tensile strength of the alloy material is 173.2+3.7 MPa,
the yield strength is 120.7+2.4 MPa, the elongation is 5.644+0.08% and the hardness is 76.9+0.8 HV. The average degradation rate
of the alloys immersion in SBF solution for 60 days is 0.16+£0.03 mm/year, and the Zn-1Mg-2.0 wt.% Sn alloy hemolysis rate
is only 0.81+0.02%. It is confirmed that the addition of tin is effective to improve the mechanical properties and degradation of
Zn-1Mg alloy. It may be a candidate of the clinical application requirements of the degradable implant materials in orthopedics.
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1. Introduction

With the development of society, there are millions of
people with fracture problems caused by accidents such as car
accidents or natural disasters every year, and it is showing an up-
ward trend year by year [1]. At present, the most common method
for clinical treatment of fractures is to implant artificial bone
implants, such as titanium alloy, stainless steel, cobalt-chromium
alloy, etc. [2-5]. Since the implantable material cannot exist in
the human body for a long time, a second operation is required
to remove it from the human body, which not only increases the
economic burden, but also increases the postoperative risk of the
patient [6,7]. Therefore, the advantages of biodegradable bio-
medical metal materials have received extensive attention from
academia [8-10]. The biodegradable metal materials currently
studied are mainly divided into three categories: magnesium
alloys, iron alloys and zinc alloys [8,11,12].

In recent years, Zn-Mg alloy has received extensive atten-
tion in the field of biomedicine due to its good mechanical prop-
erties and biocompatibility. Zinc has a hexagonal close-packed
(HCP) structure and is used to make several alloys due to its
galvanizing and sacrificial properties [13]. Galvanic corrosion
was observed in all binary Zn alloys with intermetallic phases.

Zn acted as the anode in Zn-Fe [14], Zn-Cu [15], and Zn-Ag
[16] alloys while Zn was the cathode in other alloys. Tang et al.
[17] added Cu and Mg to pure Zn for alloying treatment, which
improved the mechanical properties of pure Zn, and the corrosion
rate met the requirements of biodegradable biomedical materials,
and at the same time increased the cell proliferation rate. Li et al.
[18] implanted zinc alloy into the bone marrow cavity of mouse
femur. The experimental results showed that zinc alloy meets
the degradation rate requirements of orthopedic repair implant
materials, and an appropriate Zn>" concentration can promote
the formation of new bone. Bowen et al. [19] implanted pure
zinc into the abdominal aorta of mice. The experimental results
showed that Zn can reduce the incidence of cardiovascular ste-
nosis. For zinc alloy research, there are Zn-Mg [20] and Zn-Li
[21-23]. For bone implant zinc alloy research, there are now three
types: Zn-Mg [24], Zn-Ca and Zn-Sr [18] reported. There are
other elements beneficial to bone health as additional elements
for research, such as Mn [25], Fe [14], Cu[15], Ag[16] and so on.

Tin has a low melting point, does not easily react with air
and water at room temperature, has good ductility, has no physi-
ological toxicity, and has a good sterilization effect. At the same
time, the tin element is also an essential trace element for the
human body, participating in the synthesis of protein and nucleic

! MATERIALS SCIENCE AND ENGINEERING, GUILIN UNIVERSITY OF TECHNOLOGY, CHINA
2 GUILIN UNIVERSITY OF TECHNOLOGY, COLLEGE OF MATERIALS SCIENCE AND ENGINEERING /DENTAL CLINIC AND EXPERIMENTAL CENTER OF MEDICAL SCIENCES, 12 JI-

ANGAN ROAD, GUILIN, 541004, GUILIN, CHINA

3 GUILIN MEDICAL UNIVERSITY, EXPERIMENTAL CENTER OF MEDICAL SCIENCES, 26, HUANCHEN ROAD GUILIN, 541002, GUILIN, CHINA

*  Corresponding author: gloujun@glut.edu.cn

RIoE

© 2022. The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCom-
mercial License (CC BY-NC 4.0, https://creativecommons.org/licenses/by-nc/4.0/deed.en which permits the use, redistribution of
the material in any medium or format, transforming and building upon the material, provided that the article is properly cited, the
use is noncommercial, and no modifications or adaptations are made.


https://orcid.org/0000-0002-6450-5548
https://orcid.org/0000-0002-5516-6134
https://orcid.org/0000-0002-6596-4383
mailto:gloujun@glut.edu.cn

1210

acid, and enhancing the internal environment of the human body
the stability. Chen et al. [26] studied the Mg-Sn structure and the
mechanical properties of the alloy, and the results showed that Sn
can significantly refine the grains and improve the mechanical
properties of the alloy. Zhao et al. [27] studied at the corrosion
properties and biocompatibility of Mg-Sn alloy, and experiments
proved that Mg-Sn alloy is expected to become a new orthopedic
implant surgical material. The hardness value of Mg-5Sn [28§]
is only 35.2 HV. Although these studies show that the addition
of Sn can improve the properties of pure Mg, there are still in-
sufficient mechanical properties, and the hardness value is low.
The above research results can show that zinc alloys have good
biocompatibility and suitable corrosion rate, while tin has good
physical properties and biocompatibility, provides a theoretical
basis for the experimental study. By consulting the literature [29],
it is found that Zn-Sn alloy has no solid solution and intermediate
phase, Zn-Mg alloy has Mg,Zn,; phase and MgZn, phase, and
Mg-Sn alloy has Mg,Sn phase. At the same time, it is found that
Zn-1Mg alloy has the best mechanical properties among Zn-Mg
[20] alloys. Admixing is a common practice in Zn-Mg alloys but
to the authors best knowledge there is no investigation in litera-
ture on its effects on the microstructure and corrosion properties
through added trace tin into Zn-Mg alloy. For these reasons, in
this study, we investigated the effects of Sn addition on the me-
chanical properties, corrosion behavior, and blood compatibility
of the as-casted Zn-1Mg-xSn (x = 1.0, 2.0 and 5.0 wt.%) alloys.

2. Experimental

The alloys used in this study had the nominal composition
of Zn-1.0 wt.% Mg-xSn (x = 1.0, 2.0 and 5.0 wt.%). Pure zinc
ingots (purity > 99.95% wt.%), pure magnesium ingots (purity
> 99.98% wt.%) and tin ingots (purity > 99.999% wt.%) were
prepared as raw materials. The melt was held at 650-700°C for
25 minutes and then poured into a pre-heated graphite crucible
mold (diameter 120x30x13 mm). The raw materials are put into
a according to the mass ratio, and the preheating temperature
is 300°C. During the melting process, high-purity argon (Ar)
produced by Guilin Hongrun Gas is introduced to prevent the
added magnesium ingot from being oxidized. The cooled alloy
ingot is wrapped with aluminum foil paper at a temperature of
250-350°C for 5 hours, and then air-cooled to room temperature.

The microstructure of the alloy was observed by optical
microscope (BMM-230BDV Shanghai Batu Instrument Co.,
Ltd.). An X-ray diffraction analyzer (XRD, X Pert PRO, and the
Netherlands Pana analytical Instruments) was used to analyze the
phase composition of the studied alloy using Cu target Ko-ray
radiation. A field emission scanning electron microscope and
its auxiliary energy spectrometer (S-4800, Japanese high-tech
company/Oxford company, UK) were used to observe the ele-
ment distribution of the sample.

A Vickers hardness tester (VH-5, Shanghai Hengyi Preci-
sion Instrument Co., Ltd.) was used to test the hardness of the
sample. The loading load is 100 N, the pressure holding time

is 15 s, and each sample is hit with 9 points, whichever is the
average value is used as the hardness value of the sample. The
tensile test uses an electronic universal tensile testing machine
(DDL200KN, Changchun Machinery Science Research Institute
Co., Ltd.) to test the tensile properties of the sample material at
room temperature, the tensile rate is set to | mm/min, and each
sample takes 3 parallel samples and their average values were
taken as the tensile properties test value of the sample. Scanning
electron microscope (SEM) and energy spectrometer (EDS) were
used to analyze the fracture morphology of the tensile specimen.

The electrochemical corrosion experiment uses an electro-
chemical workstation (CHI-760, Beijing Huaputian Technology
Co., Ltd.) for testing. A standard three-electrode electrochemi-
cal system is adopted, with pure zinc and Zn-1.0 wt.% Mg-xSn
(x=1.0, 2.0 and 5.0 wt.%) as the working electrode (WE), the
saturated calomel electrode as the reference electrode (RE), the
platinum electrode as the counter electrode (CE), and the cor-
rosive medium is 80 ml 37°C SBF [30] solution. The working
area of the sample is 1010 mm?, the open circuit potential
method (OCP + 0.6) V is used as the polarization curve to scan
test range, and the scan rate is 1 mV/s, repeat the test three times
and take the average value as the final test result.

The simulated body fluid immersion experiment is tested in
SBF solution at 37°C, using ASTMG31-72 standard. The immer-
sion test time is 7 days, 15 days, 30 days and 60 days respectively.
The corrosion products on the sample surface were cleaned with
200 g/L CrOj solution, and the samples after cleaning and drying
were weighed with a 1/10000 electronic balance (CP114, Shang-
hai Oehouse Instrument Co., Ltd.) to calculate the corrosion rate
ofthe samples. The corrosion morphology of the soaked samples
was observed by scanning electron microscopy (SEM).

The blood compatibility experiment was carried out accord-
ing to the ISO-10993-4:2017 standard. The optical density (Dt
value) of the sample supernatant was measured with a grating
type continuous wavelength microplate reader (infinite M200
PRO, Swiss TECAN), the test wavelength was 541 nm. The
platelet rich plasma (PRP) material prepared from the blood of
New Zealand white rabbits was taken, and the prepared platelet
rich plasma (PRP) material was added to the surface of the
sample, and its distribution and adhesion state were observed
with a scanning electron microscope.

3. Result and discussion

Fig. 1 shows the XRD patterns of the as-casted Zn-1Mg-
xSn alloys (x = 1.0, 2.0 and 5.0 wt.%). The XRD pattern showed
a strong peak on the Zn phase. Peaks also observed there is no
intermediate phase between Zn and Sn. There are also find that
a small amount of MgZn, and Mg,Zn;; phase are found to exist
stably in the zinc rich ternary system [20]. Peaks also find there
is Mg,Sn intermediate phase present and with the increase of
Sn content the diffraction peaks of Mg,Sn phase are increasing.
For the peak area of the Mg,Sn phase, Zn-Mg-5.0 wt.% Sn is
2.5 times that of Zn-1Mg-1.0 wt.% Sn, and there is not much
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difference between Zn-1Mg-1.0 wt.% Sn and Zn-1Mg-2.0 wt.%
Sn. Therefore, it can be concluded that the prepared ternary alloy
does not produce ternary solid solution.

Fig. 2 shows the optical microscope (OM) image and
(EDS) image of the as-cast pure Zn and Zn-1Mg-xSn alloys.
It can be seen from the figure that the grains of Zn-1Mg-xSn
alloys are more obvious than those of pure zinc, and the grains
are refined to a certain extent. The Zn-1Mg-xSn alloys sample
was attached to the scanning electron microscope through the
EDS energy spectrum analyzer of the Zn-1Mg-xSn alloys grain
boundary. The experimental results show that the elements inside
the crystal grains are Zn and Mg, indicating that Mg enters the
crystal grains in the form of solid solution. The main elements
at the grain boundaries are Zn, Mg and Sn. According to the
analysis of OM, EDS and XRD patterns and conjunction with
the literature [20], the precipitation of Mg,Zn;; and MgSn,
phases at the grain boundaries hinders the grain growth process
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Fig. 2. As-cast metallographic microstructure and EDS: (a) Pure Zn; (b) Zn-1Mg-1.0 wt.% Sn; (¢) Zn-1Mg-2.0 wt.% Sn; (d) Zn-1Mg-5.0 wt.% Sn
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and refines the grains. Compared with pure zinc and Zn-1Mg,
the metallographic structure of the Zn-1Mg-xSn alloys have
been improved, and the grain size has been refined, because
the Mg,Zn;; phase and Mg,Sn phase precipitated at the grain
boundary hinder the solidification process the crystal grains
grow, thereby increasing the number of crystal nucleation sites
and benefited to alloys strengthener.

TABLE 1 shows the comprehensive mechanical proper-
ties of pure zinc, Zn-1Mg [31] and as-cast Zn-1Mg-xSn alloys.
Compared with pure zinc and Zn-1Mg, the tensile strength (TS),
yield strength (YS), microscopic hardness and elongation of Zn-
1Mg-xSn alloys have been improved. The overall mechanical

properties of Zn-1Mg-xSn alloys are on the rise, but with the
increase of Sn content, the mechanical properties of the alloys
first increase and then decrease. The improvement of mechani-
cal properties of Zn-1Mg-xSn alloys is due to the presence of
Mg,Sn, MgZn, and Mg,Zn,; phases in the alloy crystal, which
leads to lattice distortion, impeding dislocation movement, in-
creasing the difficulty of crystal slip, and improving the strength,
toughness and hardness of the alloy. Meanwhile, Mg,Sn phase
is brittle phase. With the increase of Sn content, the elongation
of Zn-Mg-xSn alloys has little change. Various mechanical
properties show that the comprehensive mechanical properties
of Zn-Mg-xSn alloys are good. Fig. 3 shows the tensile fracture

TABLE 1
Mechanical properties of pure zinc, Zn-1Mg-1.0 wt.% Sn, Zn-1Mg-2.0 wt.% Sn, Zn-1Mg-5.0 wt.% Sn
Materials (wt.%) Tensile strength (MPa) Yield strength (MPa) Elongation (%) Hardness (HV)

Pure Zn 31.5£1.0 22.4+0.5 0.87+0.02 28.0+0.2
Zn-1Mg-1.0 wt.% Sn 167.943.2 122.242.7 4.23+0.05 75.5+0.7
Zn-1Mg-2.0 wt.% Sn 173.2+3.7 120.742.4 5.64+0.08 76.9+0.8
Zn-1Mg-5.0 wt.% Sn 163.8+3.5 119.8+£2.2 5.81+0.10 64.0+£0.5

Zn-1Mg [31] 145.04£3.0 95.0+2.0 1.50+0.03 65.0+£0.5

Fig. 3. SEM image of tensile fracture morphology: (a) pure zinc; (b) Zn-1Mg-1.0 wt.% Sn; (¢) Zn-1Mg-2.0 wt.% Sn and (d) Zn-1Mg-5.0 wt.%

Sn; (e)Zn-1Mg



morphology of pure zinc, Zn-1Mg [32] and as-cast Zn-Mg-xSn
alloys. It can be seen from the figure that pure Zn is a typical
brittle fracture, and the fractures of Zn-1Mg and Zn-1Mg-xSn
alloys have obvious dimples, showing typical ductile fracture
characteristics, of which Zn-1Mg-2.0 wt.% Sn alloy dimples
pass through the crack interface and are relatively uniform and
obvious. Therefore, the tensile properties of Zn-1Mg-2.0 wt.%
Sn alloy are better than other metal alloys.

Fig. 4 shows the electrochemical polarization curves of
pure zinc and as-cast Zn-1Mg-xSn alloys in SBF solution at
37°C. TABLE 2 shows the electrochemical corrosion properties
of pure zinc, Zn-1Mg [6] and as-cast Zn-1Mg-xSn alloys. As
the Sn content increases, E.,,, moves in the negative direction.
Both I, and CR show a trend of rising first and then falling.
R;, shows a trend of falling first and then rising. This is because
the standard electrode potential of Sn (-0.14 V) is higher than
the standard electrode potential of Zn (-0.76 V) and the standard
electrode potential of Mg (-2.37 V). Mg,Zn;; and MgZn, is an
intermediate compound formed of Mg and Zn in the Zn-Mg-xSn
alloys. The Mg,Zn;; phase contains higher Zn, and the corrosion
rate is close to pure zinc, which inhibits the formation of galvanic
cells, thereby improving the resistance of the corroded alloy; with
the increase of Sn content, the corrosion rate first increases and
then decreases. This is because the Mg,Sn phase and a certain
amount of Sn element precipitate at the grain boundaries. Since
the standard electrode potential of Sn is higher than that of Zn
and Mg, it further increases the occurrence of corrosion and
reduces the corrosion resistance of the alloy to a certain extent.
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Fig. 5 shows the corrosion rate of pure zinc and as-cast
Zn-1Mg-xSn alloys immersed in SBF solution at 37°C for
60 days. It can be seen from the data in the figure that the cor-
rosion rate is not very different when immersed for 7 days.
Among them, the corrosion rate of Zn-1Mg-1.0 wt.% Sn is the
slowest, and the corrosion rate of pure zinc is the fastest; when
immersed for 15 days, the corrosion of Zn-1Mg-2.0 wt.% Sn the
rate basically did not change much. The corrosion rate of pure
zinc and other metal alloys increased; after 30 days of immer-
sion, the corrosion rate of the immersed sample began to slow
down. Among them, the corrosion rate of Zn-1Mg-2.0 wt.% Sn
was the smallest, and that of pure zinc and Zn-1Mg-5.0 wt.%
Sn has the closest corrosion rate and the largest corrosion rate;
after 60 days of immersion, the corrosion rate of the immersed
sample increases slightly, among which the corrosion rate of pure
zinc and Zn-1Mg-2.0 wt.% Sn are basically the same, and the
corrosion rate of Zn-1Mg-5.0 wt.% Sn is the highest.

[ JPure Zn

W7 Zn-1Mg-1.0 wt.% Sn
n-1Mg-2.0 wt.% Sn
Zn-1Mg-5.0 wt.% Sn

Corrosion rate(mm/year)

7D 15D 30D 60D
Immersion time(day)

Fig. 5. Corrosion rate of pure zinc and Zn-1Mg-xSn alloys in SBF
solution at 37°C

Fig. 6 shows the corrosion morphology of pure zinc and
Zn-Mg-xSn alloys immersed in SBF solution at 37°C for
7 days, 15 days, 30 days and 60 days. When immersed for
7 days, the samples were mainly pitted. The pure zinc and
Zn-1Mg-1.0 wt.% Sn samples have relatively uniform corrosion
pits on the surface, and the corrosion is relatively light. The
corrosion of Zn-1Mg-2.0 wt.% Sn and Zn-1Mg-5.0 wt.% Sn is
more serious. Corrosion cracks appear; after 15 days of immer-

TABLE 2
Electrochemical corrosion parameters of pure zinc and Zn-1Mg-xSn alloys in SBF solution at 37°C
Materials (wt.%) Ecorr (V) Leore (RA-cm™?) R, (kQ-cm?) Corrosion rate (mm/year)

Pure Zn —1.062+0.015 26.57+0.05 0.778+0.007 0.322+0.006
Zn-1Mg-1.0 wt.% Sn —1.145+0.027 53.68+0.08 0.706+0.005 0.652+0.009
Zn-1Mg-2.0 wt.% Sn —1.176+0.021 10.32+0.03 1.966+0.012 0.126+0.005
Zn-1Mg-5.0 wt.% Sn —1.2134+0.024 22.19+0.05 0.854+0.009 0.279+0.007

Zn-1Mg [18] —-0.999+0.005 9.94+0.02 1.349+0.006 0.151+0.003
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Fig. 6. Corrosion morphology of pure zinc and Zn-1Mg-xSn alloys immersed in SBF solution at 37°C for 7 days: (a) pure zinc;
(b) Zn-1Mg-1.0 wt.% Sn; (c) Zn-1Mg-2.0 wt.% Sn and (d) Zn-1Mg-5.0 wt.% Sn; corrosion morphology after immersion for 15 days: (e) pure zinc;
(f) Zn-1Mg-1.0 wt.% Sn; (g) Zn-1Mg-2.0 wt.% Sn and (h) Zn-1Mg-5.0 wt.% Sn; corrosion morphology after immersion for 30 days:
(1) pure zinc; (j) Zn-1Mg-1.0 wt.% Sn; (k) Zn-1Mg-2.0 wt.% Sn and (1) Zn-1Mg-5.0 wt.% Sn; corrosion morphology after immersion for 60 days:
(m) Pure zinc; (n) Zn-1Mg-1.0 wt.% Sn; (0) Zn-1Mg-2.0 wt.% Sn and (p) Zn-1Mg-5.0 wt.% Sn

sion, the surface of pure zinc is still relatively smooth, without
corrosion cracks and deep corrosion pits. Increased corrosion
for Zn-1Mg-1.0 wt.% Sn compared to pure Zn, but overall it is
relatively smoother. There are deeper corrosion pits in the alloy,
and the corrosion is more serious. After 30 days of immersion,
the surface corrosion of pure zinc increased, and the pitting cor-
rosion continued to expand and turned into surface corrosion. The
corrosion degree of Zn-1Mg-1.0 wt.% Sn deepens, and corrosion
cracks appear, and the corrosion of Zn-1Mg-2.0 wt.% Sn is deep-
ened, corrosion cracks appear, the corrosion area is enlarged, and
the corrosion surface has many larger corrosion pits and particles.
The corrosion of Zn-1Mg-5.0 wt.% Sn is the most serious, and
some of the alloy matrix appears loose and peeled. After 60 days

of immersion, corrosion cracks even appeared on the surface
of pure zinc, and Zn-1Mg-1.0 wt.% Sn was corroded, and the
cracks became corroded surfaces, and the corrosion was further
intensified. Zn-1Mg-2.0 wt.% Sn further aggravated the corrosion
along the corrosion cracks, and the surface part of the substrate
seemed to fall off. The surface corrosion of Zn-1Mg-5.0 wt.%
Sn is further intensified, the base alloy is severely peeled off, and
the good corrosion morphology cannot be maintained.

Fig. 7 is a graph of the hemolysis rate of pure zinc and
Zn-1Mg-xSn alloys. Experimental results show that the hemoly-
sis rate of pure zinc and Zn-1Mg-xSn alloys are lower than the
safety threshold (5%), indicating that pure zinc and Zn-1Mg-xSn
alloys will not damage red blood cells during the degradation



process, leaded to severe hemolysis. Compared with pure zinc,
the hemolysis rate of Zn-1Mg-1.0 wt.% Sn and Zn-1Mg-2.0
wt.% Sn alloy is significantly reduced and less than the safety
threshold (5%) [25], while the hemolysis rate of Zn-1Mg-5.0
wt.% Sn alloy is not much different than that of pure zinc, but is
better than that of pure zinc. The hemolysis rate increased with
the increase of tin content. This indicates that the precipitation
of Mg?" in Zn-1Mg-xSn alloys increases the pH value of the
culture dish and destroys the RBC, resulting in an increased
hemolysis rate.
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Fig. 7. Hemolysis rate of pure zinc and Zn-1Mg-xSn alloys
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Fig. 8 is platelet adhesion morphology between pure zinc,
Zn-1Mg [18] and Zn-1Mg-xSn alloys. It is showed that the
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platelets attached to the surface of pure zinc and Zn-1Mg alloy.
Observation indicated no pseudopodia are formed and only
a small number of platelets are broken. The number of platelets
attached to the surface of Zn-1Mg-1.0 wt.% Sn is very small, and
there is no aggregation phenomenon. The number of platelets on
the surface of Zn-1Mg-2.0 wt.% Sn is small, there is no aggrega-
tion, there is no obvious prosthetic foot, but some platelets are
broken. There is no aggregation on the surface of Zn-1Mg-5.0
wt.% Sn, the platelets are in an isolated state, and the morphol-
ogy changes greatly, but the number of platelets on the surface
is very small. The reason is that the precipitation of Mg*" in the
Zn-1Mg-xSn alloys result in a significant change in the local
pH of the petri dish, resulting in red blood cells due to internal
and external cells. Osmotic pressure rises and rupture occurs,
leading to hemolysis. It can be seen from the platelet adhesion
morphology that with the increase of Sn content, the number of
platelets adhering to the surface of the sample increases, and
the morphology changes from spherical to dendritic from the
beginning. It has found that the number of platelet adhesion is
small and no cell ruptures. It has the better blood compatibility
and a good hemolysis rate. This may have potential applications
in vascular stent materials.

4. Conclusions

In this research, the developed new Zn-1Mg-xSn (x = 0,
1.0,2.0, 5.0 wt.%) alloys have potential biomedical application.
Following conclusions can be drawn:

1. Compared with pure zinc and Zn-1.0 wt.% Mg, the
comprehensive mechanical properties of Zn-1Mg-xSn
alloys are significantly improved, and with the increase

Zn-1Mg

Fig. 8. Platelet adhesion morphology of pure Zn, Zn-1Mg and Zn-1Mg-xSn: (a) Pure Zn; (b) Zn-1Mg-1.0 wt.% Sn; (c) Zn-1Mg-2.0 wt.% Sn;

(d) Zn-Mg-5.0 wt.% Sn; (e) Zn-1Mg
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of Sn content, the elongation of the alloy increases, and
the tensile strength, yield strength and hardness all show
a trend of first increasing and then decreasing among them,
Zn-1Mg-2.0 wt. % Sn alloy has the best comprehensive
mechanical properties. The alloy material has a tensile
strength (UTS) of 173.2 +3.7 MPa, the yield strength (YS)
0f 120.7 = 2.4 MPa, an elongation (c) of 5.64 = 0.08 % and
a hardness of 76.9 = 0.8 HV.

The Zn-1Mg-xSn alloys maintain the ideal degradation rate
compared with pure Zn. Platelet adhesion test confirms that
the Zn-1Mg-2.0 wt. % Sn alloy hemolysis of rate is only
0.81+ 0.02%. It indicates that the Zn-1Mg-xSn alloys has
good haemocompatibility.
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