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Abstract

Stress shielding and the need for secondary surgery are the two major challenges faced by
permanent metallic implants, and the emerging Ca-Mg-Zn calcium-based bulk amorphous
alloys, with Young's modulus comparable to that of human bone, good biocompatibility, and in
vivo degradation, are highly promising materials for bioimplants. Few studies have been
reported on the glass formation ability (GFA) and corrosion degradation behavior of Ca-Mg-
Zn amorphous alloys in the human body. In this work, we discuss a study on Cas3+xMg20Zn27-
x(x=0,2,4,6,8,10) alloys, focusing on changes in Zn content near eutectic points.and their impact
on microstructure and biological corrosion behavior. A copper mold spray casting method has
been developed to prepare amorphous bar alloys and amorphous crystalline composite bar
alloys with a diameter of 3 mm, which has been.verified by X-ray diffraction, electrochemical
treatment, and immersion tests. The experimental results demonstrated that the CaszZn and
CaZny phases were precipitated in the 3mm bar material Cas3xMgz0Zn27x (x = 0, 2, 4), and
CaszxMgrZna7x (x = 6, 8, 10) was completely amorphous. The CagsMgrZni7 alloy showed
the best glass-forming ability, while the CasoMgzoZn2; alloy exhibited superior corrosion
resistance. Cytotoxicity experiments showed that Ca-Mg-Zn alloys have good biocompatibility
and can be used as biomedical materials.
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1. Introduction

Currently, stress shielding and the need for secondary surgery are the two major challenges
faced by permanent metallic implants. As a new class of biometallic implants with the
advantages of high strength, high ductility, and high corrosion resistance at the same time, bulk
amorphous alloys (Bulk Metallic Glasses, BMGs) have been proposed as a potential solution
to these difficulties. Science is the first report on biomedical metal materials;. significant
progress has been made. For example, Zberg et al. [12], prepared Mgeo+xZn3sxCas (x=0, 3, 6,
7,9, 12, 14, and 15) amorphous strips with a thickness of 50 pm via melt spinning and the as-
obtained amorphous sheets with a thickness of 0.5mm-via copper spray casting. They also
demonstrated that MgeoZn3sCas BMG had excellent biocompatibility as it did not cause
necrosis or inflammatory symptoms when dissolved in animal cells. Xie et al. [11], implanted
cylindrical Mg-Ca-Zn BMGs (©0.7 x5mm) along the axial axis into the distal femorus of 3-
month-old C57BL/6 mice, and weekly X-ray and CT examinations were performed to measure
material degradation and bone changes around the matcrials. After 4 weeks, samples were
collected and examined. The study found that fragmenting materials stimulated new bone
formation around the implant, as Mg-Ca-Zn BMGs degraded in vivo without causing
inflammatory reactions ‘around the implant site. Currently, the majority of reports on
biodegradable medical amorphous alloys focus on Mg-based BMGs. According to reports [4,
8], Mg-based BMGs have been reported to have poorer GFA than Ca-based BMGs. Cao and
his colleagues [1] report explain the limited glass-forming ability (GFA) of Mg-based BMGs
while examining Ca-based biodegradable amorphous alloys as a potential alternative. The TPF
(The Thermoplastic Forming, TPF) of Mg-base alloy is limited to only 20°C, making it difficult
to form and cast thick materials. In contrast, Ca-based BMGs with various compositions (Ca-
Mg-Zn ternary system) have been prepared by copper casting with better glass-forming ability.
The corrosion behavior of these alloys in a minimum necessary medium (MEM) solution was
studied and it was found that the content of Zn strongly influenced the corrosion rate.
Specifically, there was a linear relationship between the mass loss of the sample and the content

of Zn atom, with higher Zn content leading to lower corrosion rates. The critical thicknesses of



Mg-Zn-Ca BMGs and Ca-Mg-Zn BMGs are shown in Table 1 [4,8,14]. Wang et al. [2]
conducted in vitro corrosion behavior, ion release, biocompatibility and in vivo implantation
tests on CassMgisZn2o BMGs. The results show that CassMgisZn2o BMG is non-toxic and can
stimulate bone tissue healing. When Ca-based BMGs are used as biodegradable bioimplants,
they are the most successful low-density BMGs found to date (~2.0 gec!) and have Young's
modulus values comparable to the modulus of human bone of ~20-30 GPa and shear modulus
of ~8-15 GPa. Currently, the application of using Ca-based BMGs as biodegradable
biomaterials for implantation is still in the primary research stage, and the research and
development of non-toxic, biocompatible, and low-cost alloying element compositions,
composition ratios, and understanding of their degradation behaviors will help to give full play
to their potential as biodegradable implantable materials.

Table 1 Critical thicknesses of Mg-Zn-Ca BMGs and Ca-Mg-Zn BMGs.

Alloys Critical thickness/mm
MgesZn30Cas 2.4
Mge7Zn28Cas 3.0
Mg75Znx0Cas 3.0
Mgs2Zn35Ca;3 2.0
Mge3Zn33Cay 2.0
MgsoZnisCas 3.0
CassMgrsZnoo 1.0
CassMgroZn;s 2.0
CasoMg20Zn20 4.0
CasoMg15Zn2s 6.0

CasoMgi175Zn22 5 10.0

In this work, we propose Cas3xMg20Zn27x (x=0, 2, 4, 6, 8, and 10) near the eutectic point
of the Ca-Mg-Zn ternary phase diagram. 3 mm amorphous or amorphous-crystalline composite
bar alloys via copper spray casting and analyze the glass-forming ability and corrosion

resistance of Ca-Mg-Zn BMGs for different composition ratios and in simulated body fluids



(SBF). We also evaluate the impact of Zn content variation on microstructure and corrosion

properties

2. Materials and Methods

2.1. Materials preparation

Alloy bars with a nominal composition of Cas3+xMg20Zn27.x (x=0, 2, 4, 6, 8, and 10) were
prepared by high purity Mg, Zn, and Ca with the purity of 99.99'wt.%. The alloy ingot was
remelted three times in a quartz tube by induction melting in‘a high purity argon atmosphere to
ensure good composition uniformity, and then the alloy.bars with a diameter of 3 mm and length
of 100 mm were prepared by copper mold spray casting. A small amount of each alloy rod was

taken and lightly ground into fine chips in a grinding bowl for subsequent characterization.

2.2. Materials characterization

DX-2700 X-ray diffractometer with Cu target Ko radiation within a diffraction angle of
10°-80° with a scanning rate of 1°/min and a step size of 0.02° to determine the structure of the
Ca-based BMGs alloy.-The thermal behavior of the alloy was conducted on a NETZSCH
STA449F3 differential scanning calorimeter up to 500 °C with a heating rate of 10 °C/min under
flow-purified argon gas. The thermal field emission scanning electron microscope (SEM,
SIGMA '500). was used to observe the surface corrosion morphology and surface particle
distribution of the materials. Additionally, the energy-dispersive spectrometer (EDS) was used

to analyze the type, content, and distribution of elements on the corroded surface of the sample.

2.3. Electrochemical measurements

The preparation steps for the test samples involved polishing with 2000# sandpaper,
ultrasonic cleaning with aqueous ethanol for 3 minutes, and drying. The alloy sheets were held
using Pt electrode clips during the corrosion process. The corrosion behavior of alloy human

simulated body fluid (SBF) was carried out on a CHI660E electrochemical station at 37 °C. In



the three-electrode system, the saturated calomel electrode was used as the reference electrode,
Pt electrode as the auxiliary electrode, and the as-prepared alloy as the working electrode. The
1000 mL of SBF (8.035g of NaCl, 0.355g of NaHCO3, 0.225g of KCl, 0.231g of KxHPO4-3H>O,
0.311g of MgCl>-6H>0, 0.292g of CaCl,, 0.072g of Na>SO4, and 6.118g of (HOCH>)3:CNH>»)
was used as the electrolyte. The strip sample was immersed in SBF at 37 °C for electrochemical
testing. To measure the open circuit potential (Eocp) of the sample, the scanning potential range

of the Tafel curve was determined to be Eocp + 150 mV with a scanning rate of 5 mV/s.

2.4 Immersion test

The test samples were ultrasonically cleaned with acetone, ethanol, and deionized water.
Then, a bar sample with a length of 20 mm was cut and embedded on the surface of the epoxy
resin. The ratio of the exposed surface area to_the SBF volume in contact was 1 cm?:13 mL.

The sample was placed in the SBF at 37 °C; and the corrosion time'was 270 min.

3. Results

3.1. Microstructure analysis

Figure 1 displays the XRD pattern of a ®3mm Cas3MgrZn27x (x=0, 2, 4, 6, 8, and 10)
alloy bar that was prepared using copper spray casting. The XRD pattern of Casz+xMg20Zn27-x
(x=0, 2, and 4) alloy bar exhibits typical crystal characteristic peaks, and the precipitation
phases are mainly CasZn and CaZn,. This indicates that the 3 mm of Cas3+xMgzo0Zn27x (x=0, 2,
4) alloy bar is a crystalline material [8]. It is observed that as the Zn content decreases, there
are no crystal phases present in the XRD pattern. Only a wide diffraction peak can be noticed,
indicating the complete amorphousness of the material. Figure 2 displays the TEM pattern of a
®d3mm Cas3+xMgrZna7x (x=6, 8, and 10). The TEM pattern of Cas3+xMgroZnz7x (x=6, 8, and
10) clearly shows that there is no crystal precipitation in the alloy bar, which is complete
amorphousness of the material.

The DSC curve in Figure 3 provides valuable insights into the thermal behavior of different

Ca-Mg-Zn alloys. It appears that the CassMg20Zn»7 alloy has a lower amorphous content, which



indicates that most bars in this case have a crystalline structure. However, CassMgx0Zn»s and
Cas7sMgroZna3 alloys contain an amorphous phase, as evident from the obvious glass transition
process seen in those alloys. The exothermic reaction caused by crystallization followed by the
endothermic reaction caused by melting in these alloys confirms the presence of the amorphous
phase, which is indicated by the endothermic peak. In Figure 3(b), the alloys CasoMgr0Zna1,
Cas1MgroZnig, and CassMgroZni7 exhibit one, two, and three exothermic peaks, respectively,
indicating that they underwent one, two, and three-phase crystallizations. The temperature
values corresponding to these events are specified in Figure 3, T, refers to the glass transition
temperature of the alloy, Tx is the temperature at which the alloy begins to crystallize, Tr, is the
temperature at which the alloy begins melting, and T; is the temperature at which the alloy
begins to liquefy (Detailed numerical values are presented in Table 2). In this table, ATx (ATx
= Tx-Tg) refers to the width of the subcooled liquid zone, and T (Trg = T¢/T1) denotes the
transition temperature of the reduced glass. The Ty, of the Cas3xMg20Zn27x(x=0, 2, 4, 6, 8, and
10) alloy increases from 0.241 for CassMgz0Znas to 0.255 for CaszsMgr0Zn;7, indicating that
when Mg is held constant, the glass-formingability (GFA) of Cas3+xMg20Zn27.x(x=0,2,4,6,8,10)
is improved with the decrease’of Zn content and the increase of Ca content. The CaszsMgr0Zn17
alloy exhibits the best GFA. For amorphous alloys, the transition from a high-energy amorphous
state to a stable crystal.state typically corresponds to a significant peak in the heat released
during crystallization. According to the DSC curve, the larger the exothermic peak area, the
stronger the GFA of the alloy [10]. This is because more heat is released during the transition
to an amorphous state, indicating a larger enthalpy of crystallization. Among the
CaszxMgr0Zny7x alloys; CassMgooZni7 has the largest exothermic peak area and the best GFA,

which is in line with Ty, results.
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Fig. 1 XRD spectrum of alloy bar with diameter.of 3mm Cas3+xMg20Zn27-x(x=0,2,4,6,8,10)

Fig.2 TEM of alloy bar with diameter of 3mm Cas3+xMg20Zn27-x(x=6,8,and 10)
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Fig. 3 (a) DSC curve of Cas3+xMg20Zn27-x(x=0,2,4) alloy bar with diameter of 3mm

(b) DSC curve of Cas3+«Mga0Zn27.x(x=6,8,10) alloy bar with diameter of 3mm



Table 2 Thermodynamic data of Cas3+xMg20Zn27-x(x=0,2,4,6,8,10) alloy bar with diameter of 3mm

Sample Te°C) Tx(°C) Tm(®C) Ti°C) ATx(°C) Tw(°C/°C) AH(J/g)

CassMgroZn2y / / 347.4 469.8 / / /

CassMgaoZnas 113.1 148.6 346.3 469.1 35.5 0.241 41.2
Cas7Mga0Zna3 114.9 144.7 346.2 473.1 29.7 0.243 46.0
CasoMgroZno) 112.1 146.1 345.8 453.1 34.0 0.247 52.6
CasiMgaZnig 111.8 140.2 333.6 449.4 28.4 0.248 72.5
CagsMgooZn17 111.1 135.1 333.1 434.5 24.0 0.255 83.0

3.2. Polarization curve measurements

The polarization curve reflects the dynamie interaction between the material and the
corrosion system. When the open-circuit potential reaches stability, the corrosion rate can be
quantified by the corrosion current density, with lower values indicating slower corrosion rates.
Figure 4 shows the dynamic potential polarization curve of both crystalline and amorphous 3
mm Cas3+xMg20Zn27x (x= 0, 2, and 4) composite alloy bars in a human simulated body fluid
(SBF) at 37 °C, with the results summarized in Table 3. The open-circuit potential (Eocp) of the
Cas3+xMgroZn27x (x=0, 2, and 4) alloy in the SBF at 37 °C showed no significant change,
indicating equal’ corrosion tendencies across all three compositions from a thermodynamic
perspective. However, kinetic analysis showed that the self-corrosion current density (jeoor) of
CaszxMgrZna7x (x= 0,2, and 4) composite alloy bars decrease with decreasing Zn content
from 6.96x10*A-em? to 4.55x10*A-cm™, and the self-corrosion potential (Ecoor) shifting from
-1.40V to -1.39V. Thus, the corrosion resistance of the Casz+xMgroZn27x (x= 0, 2, and 4)
composite alloy bars increased with decreasing Zn content. During the electrode reaction
process, metal ions in the solution act as charge carriers, responsible for charge transport to the
electrode surface. Ca alloy dissolves into metal cations in the cathode region, but the high
concentration of metal ions can hinder the charge exchange process, forming an ion cloud
obstacle to the electrode. It is generally believed that the larger Rp of the metal, the more
effectively the ion cloud on the electrode surface can hinder charge exchange [10]. The Rp of

Cas3sMgooZn27 is the smallest, while that of CassMg0Znas is the largest, indicating an increase



in the corrosion resistance of Cas3xMgzoZn27x (x= 0, 2, and 4) composite alloy bars with

decreasing Zn content.
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Fig. 4 Polarization curve of Cas3+xMg20Zn27-x(x=0,2,4) composite alloy bar with diameter of 3mm in 37 °C simulated body

fluid

Table 3 Cas3+xMg20Zn27x(x=0,2,4) composite alloy bars with a diameter of 3mm Corrosion results in simulated body fluid at

37°C
Sample Rp(Q-cm?) Eocr (V) Ecorr (V) jeorr (A-cm™)
CassMg20Zny7 63.5 -1.38 -1.40 6.96x10*
CassMg20Zngs 63.7 -1.38 -1.39 6.17x10*
CassMgz0Zn23 64.5 -1.37 -1.39 4.55x10*

Figure 5 shows the polarization curves of BMGs bars of ®3mm in diameter with
CaszxMgrZna7x (x=6, 8, and 10) compositions. Polarization curve reacts to the kinetic
behavior between the material and the corrosion system, in the case of stable open circuit
potential, the size of the corrosion current density can reflect the corrosion rate of the faster, the
smaller the current density of the alloy corrosion rate is slower. The results of corrosion research

are presented in Table 4. The open circuit potential (Eocp) of Cas3xMg20Zn27x (x=6, 8, and 10)



increased from -1.50 V to -1.40 V at 37 °C, and the most negative Eocp was observed for
CassMgroZni7, whereas CasoMgz0Zn21 had the most positive Eocp. Thermodynamic analysis
revealed that CasoMgz0Zn21 had a small tendency to corrode, while CagsMg20Zni7 was more
prone to corrosion. Kinetic analysis indicated that the self-corrosion current density of the alloy
decreased in the order CasoMgr0Zn21 < CasiMgaoZnio < CassMgroZni7, suggesting that as the
Zn content decreases in human simulated body fluid (SBF), the corrosion resistance of
CaszxMgroZna7x (x=6, 8, and 10) BMGs bars deteriorate gradually. Therefore, it can be
concluded that the corrosion mechanism of amorphous alloys differs from that of amorphous-

crystal composite alloys.
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Fig. 5 Polarization Curve of Cas3+xMg20Zn27x (x=6,8,10) Amorphous Alloy Bar at 37 °C SBF

Table 4 Corrosion Results of CaszxMgz0Zn27-x (x=6,8,10) Amorphous Bar with a Diameter of 3mm in 37 °C Simulated Body

Fluid
Sample Rp(Q-cm?) Eocr (V) Ecorr (V) jeorr (A-cm™?)
CasoMgz0Zns 64.1 -1.40 -1.37 4.68x10™
CagiMg20Znio 49.2 -1.44 -1.41 7.62x10*

Ca63MgzoZn17 23.4 -1.50 -1.49 1.92><10'3




3.3 Immersion test

Among the completely amorphous alloys, CasoMg>0Zn21 with the slowest degradation rate
and CaszsMgr0Zn;7 with the fastest degradation rate were subjected to corrosion in human
simulated body fluid (SBF) at 37 °C for 270 minutes. The surface morphology and element
aggregation state of the surface corrosion morphology of CasoMgr0Znyi alloy bar were
characterized and are depicted in Figure 6. The SEM image shows a relatively flat and uniform
layer of small particles formed on the surface of the alloy matrix (indicated by the red arrow in
the figure) that helped delay the corrosion process and prevent the rapid degradation of the alloy.
The corrosion product on the alloy surface appears as-irregularly shaped agglomerated
polyhedral particles. The parallel shallow gully of about 45° in Figure 6(a) was caused by the
sample pretreatment, while the large V-shaped crack was due to dehydration after drying [10].
Figure 6(c) is an enlarged image of region a inFigure 6(a), and the overall topography is similar
to that of Figure 6(a). Figure 6(b) displays the local corrosion pits found on the surface of alloy
bars, indicating that amorphous Ca-based.-BMG starts corroding from the local area of the
surface and diffuses around because there is no'grain boundary for preferential corrosion.
Furthermore, EDS analysis revealed the corrosion product of an irregularly aggregated
polyhedron particle in Figure 6(a) (point B in Figure 6(c)), and the results are depicted in Figure
6(d). The corrosion products of polyhedral particles were found to contain relatively high
amounts of the elements Ca-16.06 at.%, 0-69.36 at.% and P-10.87 at.%, while the elements
Zn-1.86 at:%, Mg-1.36 at.% and Cl-0.50 at.% were found to contain very little. The Ca/P ratio
of the corrosion product, which is 1.47, is similar to the Ca/P ratio of 1.66 of the primary
constituent hydroxyapatite (Caio(POs)s(OH)2) in human bones. Therefore, the corrosion

product at point B can be inferred to be (Caio(PO4)s(OH)»).



Fig. 6 (a) SEM diagram of surface corrosion morphology of CassMgzoZn21 alloy bar after corrosion in SBF, (b
)Local corrosion pits on the surface of alloy bars, (c) Enlarged view of area A, (d) EDS analysis diagram of point B

Pitting and uneven corrosion are the most common phenomena observed during the
corrosion of magnesium alloys, particularly when exposed to chloride ion-containing solutions
[5]. Figure 7 shows the surface corrosion morphology of a CassMg20Zn;7 alloy bar as analyzed
by SEM and EDS. After 270 minutes of corresion in asimulated human body fluid (SBF) at
37 °C, a large number of spiral and oblate spherical corrosion products accumulated on the
surface of the alloy bar, as shown in points A and B in Figure 7(a). Underneath the majority of
the corrosion products is a protective film, which is visible in Figure 7(a) (indicated by the red
arrow). It is hypothesized that this initial defensive layer gradually decomposes under the
influence of Cl-, resulting in the formation of additional corrosion layers over time, as
confirmed by the electrochemical test results. Figure 7(b) displays an enlarged image of region
C in Figure 7(a) showing two different corrosion morphologies. EDS analysis was conducted
on this region, and the results are shown in Figure 7(1-8): the main elements on the surface of
the alloy are O-51.44 at.%, C-20.52 at.%, Ca-11.89 at.%, P-6.08 at.%, CI-3.21 at.%, Zn-3.73
at.%, and Mg-3.01 at.%, as seen in Figures 7(3) and 7(7).



Fig. 7 (a) SEM of surface corrosion morphology of CassMgz0Zn17 alloy bar after corrosion in'SBF, (b) Enlarged view of

area C, (1-8) EDS clement analysis in area C

3.4 Biocompatibility test

Compliance with biosafety standards is the minimum requirement for determining whether
a material can be used as a biological implant material. The cytotoxicity of materials refers to
cell death caused by material factors, excluding normal cell metabolism and apoptosis [6]. In
vitro studies on MgesoCasZnss, Mgzm€aiaZnis, and Mge3CaisZnos alloys using MC3T3-E1 cells
were conducted by Paul et al. [3] to evaluate their biocompatibility. The results indicated that
the cells proliferated in all the alloy extraction media, and after 48 hours of culture, the
absorbance (OD) of the cells was similar to that of the control group. Therefore, all the alloys
were deemed non-cytotoxic. Figure 8 shows the absorbance value (OD) of MC3T3-E1 cells
cultured in Cas3xMg20Zn27x (x=0, 2, 4, 6, 8, and 10) alloy extract for 24 h, 72 h, and 120 h.
There was no significant difference in the absorbance value of cells at 24 h, 72 h, and 120 h.
However, more live cells were observed growing on the alloy from 24 h to 120 h, and the overall
absorbance increased significantly. This finding proved that Ca-Mg-Zn alloy was non-toxic to

MC3T3-E1 cells and exhibited good biocompatibility [13].
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4. Discussion

The properties of materials are closely related to their structural organization. As in
CazxMg12Zn33YbisxBx  (x=1,2,3 at.%) alloys, the Ca3;xMgi2Zn3sYbisB2 was completely
amorphous, while a few nanocrystalline grains appeared in Ca3zxMgi2Zn3sYbi7B1 and
Ca;xMg12Zn33Yb1sBs, and the amount of hydrogen precipitation of CazxMgi2Zn3sYbigxBx
(x=1,2,3 at.%) alloys was 0.7, 1.5 and 0.9 ml-cm™, after 720 h in Ringer's solution [9]. The
electrochemical results presented above demonstrate that the corrosion performance of ®3mm
Cas7Mgr0Zn23 composite bar, containing a small amount of crystal phase, is better than that of
a completely amorphous CasoMgz0Zn2; bar. This indicates that the corrosion performance of
the alloy is not reduced by the precipitation of a small amount of crystal phase. However, the
further increase of the crystal phase leads to reduced corrosion performance [15]. The reason
behind this phenomenon is that the volume fraction of crystal phase precipitation is very small,
and the crystal phase is surrounded by the amorphous phase. As a result, the corrosion is mainly

concentrated in the crystal phase. The crystal phase, acting as the anode, is preferentially



corroded, and the cathode (amorphous matrix) is protected by sacrificing the anode (crystal
phase). With further corrosion, the crystal phase is completely corroded off, and more
amorphous matrix phases are exposed. The corrosion potential difference between the crystal
phase and the substrate disappears, and the galvanic corrosion decreases or disappears.
Consequently, the corrosion rate of the alloy decreases, indicating good corrosion resistance.
However, when the volume fraction of the precipitated crystal phase is large, the crystal phase
in the alloy sample surrounds the amorphous matrix. As the corrosion proceeds, the crystal
phase gradually dissolves. This results in the loss of the amorphous‘matrix and the formation
of corrosion pits. Moreover, more alloy is exposed to the corrosive liquid, which further
aggravates the corrosion and reduces the corrosion performance of the sample [15].

In a 37°C human simulated body fluid corrosion experiment, the corrosion rate of the
completely amorphous CagzsMgr0Zni7 alloy is faster than that of the CasoMg20Zn»; alloy, as the
chemical composition has a significant effect on the corrosion behavior of a completely
amorphous alloy [7]. This can be observed in the corrosion behavior of both CasoMg»0Zn»1 and
CagzsMgo0Zn17 samples. The corrosion rate of the low-zinc alloy CagsMgz0Zn17 is faster, while
the corrosion rate of the zine=rich alloy CasoMgr0Zns; is slower. The difference in corrosion
behavior of the CasoMgaZna1 and CaszMgaoZni7 alloys can be attributed to the zinc
concentration, wherea lower zinc content results in worse corrosion resistance. This is the same
result as Gao [1] et al in their study of Ca-Mg-Zn BMGs, where the increase in Zn content

helped to enhance the corrosion resistance of the alloy.

5. Conclusions

(1) The Cas3+xMg20Zn27x (x=10, 2, 4, 6, 8, and 10) alloy bars with ®3 mm are comprised
of both crystalline and amorphous composites, where Cas3+xMg20Zn27.x (x=0, 2, and 4) are
crystalline while Cas3+xMgx0Zn27x (x=6, 8, and 10) are completely amorphous.

(2) At constant Mg, the GFA of Cas3+xMgxZna7«x (x=6, 8, and 10) increased with the

decrease of Zn content, indicating an increase in Ca content. The CagsMg20Zn17 alloy had



the best GFA.

(3) In simulated body fluid (SBF) at 37 °C, the corrosion resistance of Cas3+xMgx0Zn27x
(x=0, 2, and 4) composite alloy bars increase with the decrease of Zn content, while the
corrosion resistance of Cas3+Mg20Zn27x (x=6, 8, and 10) BMGs bars decrease with the
decrease of Zn content. The corrosion performance of CassMgr0Zn23 composite bar is
better than that of the completely amorphous CasoMgz0Zn>1 amorphous bar, because a
small amount of crystal phase in the amorphous bar acts as anode, protecting the
amorphous matrix and improving the corrosion resistance of the system.

(4) The cytotoxicity test shows that Ca-Mg-Zn alloy has good biocompatibility and can

be utilized as a biomedical material.
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