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Abstract: Mg−5Zn−0.3Ca/nHA biocomposites were prepared from pure Mg, Zn, Ca and nano-hydroxyapatite (nHA) powders by 
powder metallurgy method. The effect of various mass fractions of nHA (1%, 2.5%, 5%) as reinforcement on the corrosion properties 
of Mg−5Zn−0.3Ca alloy was investigated. The corrosion resistance of biocomposite samples was investigated by immersion tests and 
electrochemical techniques in SBF solution. The results showed that the corrosion resistance of Mg alloy was improved by adding 
1% and 2.5% nHA. Bioactive nHA motivated the formation of stable phosphate and carbonate layers on surface and improved 
corrosion resistance of nanocomposites. However, addition of large contents of nHA in Mg alloy as reinforcement increased the 
density of this precipitated layer, so gases produced from localized corrosion were accumulated underneath this layer and   
decreased its adhesiveness and lowered its corrosion resistance. Indirect cytotoxicity evaluation for Mg alloy and its nanocomposites 
also showed that their extraction was not toxic and nanocomposite with 1% nHA indicated almost similar behavior as negative 
control. 
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1 Introduction 
 

Magnesium (Mg) is a metallic biomaterial with 
bioresorbable property [1] which has been chosen as a 
candidate for bone tissue engineering [2]. Good 
biocompatibilities and mechanical properties of Mg 
alloys as temporary biomaterials are the main advantages 
for that [2]. High  degradation rate of Mg is the main 
concern for its implementation as an orthopedic 
biomaterial [3]. Destruction of Mg implant due to 
corrosion occurs prior to a formation of stable tissue 
around it. Therefore, prevention of Mg corrosion is 
significant [4,5]. Several approaches such as alloying 
[2,4,6−8], compositing [9−12] and coating [13,14] were 
investigated for optimizing corrosion resistance and 
mechanical properties of Mg to make it suitable for bone 
tissue repairing. In the present work, both alloying and 
compositing processes were used to fabricate 
Mg−5Zn−0.3Ca/nHA nanocomposites and to consider 
the effect of different contents of nHA on corrosion 
properties of Mg−5Zn−0.3Ca alloy. 

Bioactivity, mechanical and corrosion properties of 
Mg alloys have been improved by compositing with 
bioactive materials such as HA [15]. A few works have 
been published to indicate modification in corrosion 
resistance of Mg alloys by compositing with nano size 
HA (nHA). FENG and HAN [10] prepared magnesium 
alloy matrix composite of ZK60A reinforced with 
ultrafine calcium phosphate and reported that metal 
matrix composite (MMC) had lower corrosion rate than 
Mg alloy. In vitro, the results indicated that nano sized 
HA could significantly improve the bioactivity and 
osteoconductivity [9]. AHMADKHANIHA et al [11] 
reported that addition of nHA particles into Mg by 
friction stir process (FSP) caused the corrosion resistance 
of pure Mg to increase. RAZAVI et al [9] fabricated nano 
composite of AZ91/20% (mass fraction) nano 
fluorapatite (FA) and showed that mechanical properties 
and corrosion resistance of the composites were 
enhanced by adding FA. 

Most of recent studies focus on compositing Mg or 
industrial alloy of Mg (like AZ31, AZ91 and WE43)  
with HA. In this work, a biocompatible alloy of Mg  
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(Mg−5Zn−0.3Ca) was selected as matrix and nano sized 
HA was selected as reinforcement. According to 
literature, alloying elements like Al and some rare earth 
elements in industrial alloys of Mg enhanced corrosion 
resistance but would cause latent toxicity with harmful 
effect on the human body during degradation [2,16]. 
Studies have indicated that elements such as Zn [4],  
Mn [17], Zr [18] and Ca [2] could improve both 
mechanical properties and corrosion resistance of Mg 
without any health problems. In fact, most of these 
elements are essential for body metabolism [6]. In this 
work, a biocompatible Mg alloy with nano sized HA as 
reinforcement was selected and the corrosion resistance 
of Mg−5Zn−0.3Ca/nHA nanocomposite prepared by 
powder metallurgy was investigated. In addition, the 
effect of different contents of nHA on properties of the 
composites was also examined. 
 
2 Experimental 
 
2.1 Material preparation 

Nanocomposites of Mg−5Zn−0.3Ca/nHA with 
different contents of nHA were synthesized by powder 
metallurgy method. Initially, the pure powders of Mg 
(S5430817 002, Merck), Zn (K39617189 929, Merck) 
and Ca (S5101853 907, Merck) were blended, and then 
nHA powder was added into the mixture in different 
contents of 0, 1%, 2.5% and 5% (mass fraction). The 
nHA powders were synthesized in the size of 70−100 nm 
by precipitation method [19]. Prepared samples were 
classified as MZC, MZC-1nHA, MZC-2.5nHA and 
MZC-5nHA, respectively. Each mixture of powder was 
separately fast-milled for 6 min and then pressed by a 
uniaxial press at 400 MPa into the size of d10 mm ×    
5 mm and heated at a rate of 10 °C/min to reach 550 °C 
in a tube furnace in the argon atmosphere for 2 h. 
 
2.2 Microstructure characterization 

Optical microscopy (OM) was used to characterize 
the microstructure of nanocomposites. The standard 
metallographic procedure was applied for the sample 
preparation. The surface of specimens was first ground 
with abrasive SiC paper from 600 to 2500 grades, and 
then polished with diamond paste (3 and 1 µm) and 
etched with fresh nital solution (2%). 

X-ray diffraction (XRD, JDX−8030, Jeol, Japan) 
with Cu Kα source was used to obtain the diffraction 
patterns for nanocomposites. The identification of all 
reflections was accomplished using the X’Pert software. 
Scanning electron microscopy (SEM, TSCAN-VEGA, 
China) and energy dispersive X-ray spectroscopy (EDS, 
TSCAN-VEGA, China) were used to identify micro 
structure and elemental analyses of nanocomposite 

samples. Morphology and functional groups in the 
corrosion product were also characterized by SEM and 
Fourier transform infrared spectroscopy (FTIR, 8400S, 
SHIMADZU, Japan), respectively. 
 
2.3 Corrosion measurements 

Corrosion properties of nanocomposites were 
evaluated by immersion and electrochemical methods. 
The corrosion tests were carried out in the simulated 
body fluid (SBF) which was prepared according to 
Kokubo’s protocol [20]. The surface of prepared 
specimens were ground with 600−2000 grade SiC 
abrasive paper and then sonicated in the acetone bath for 
3 min before starting the corrosion measurement. 
2.3.1 Electrochemical corrosion tests 

The electrochemical corrosion tests were done by 
conventional three-electrode cell using the sample as 
working electrode, saturated calomel electrode (SCE) as 
reference and platinum mesh as counter. Anodic 
potentiodynamic polarization tests were done employing 
a Metrohm Autolab PGSTAT 30. The potential was 
polarized from −0.2 to +0.5 V with respect to 
open-circuit potential (OCP) at a scan rate of 1 mV/s. 
Corrosion resistance of nanocomposites was determined 
from polarization curves by Tafel extrapolation. 

Electrochemical impedance spectroscopy (EIS) tests 
were also carried out using an AC impedance analyzer 
(Solortron, 1260) after reaching a stable OCP. The 
frequency range was varied from 0.1 Hz to 100 kHz. 
Commercial ZSimpwin software (version 3.4) was used 
to analyze the acquired experimental data and the 
best-fitted equivalent circuit model was found. Each test 
was repeated twice to evaluate the accuracy of the test 
results. 
2.3.2 Immersion tests 

The mass loss tests for the specimens were carried 
out according to ASTM G31−72 [21]. The cleaned 
specimens in the size of 10 mm in diameter and 5 mm in 
thickness were weighted with 0.0001 g in accuracy and 
then each one was immersed in 15 mL SBF for different 
time periods of 6, 24, 48, 72, 168 and 336 h under the 
physiological condition of 5% CO2 at 37 °C. After each 
immersion time, samples were rinsed with distilled water 
and dried at room temperature. The surface corrosion 
product of samples was cleaned using chromic acid [22] 
before mass measurement. The corrosion rate (CR) of 
nanocomposites was calculated as follows: 
 

R
KW

C
DAt

                                   (1) 

 
where K is a constant value of 3.45×106, W is mass loss 
in g, D is density in g/cm3, A is the initial surface area in 
cm2 and t is immersion time in h. The morphology of 
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precipitated layers on the surface of samples after 
immersing in SBF for 72 h was also investigated by 
SEM. After each immersion time, the concentration of 
Mg ions in SBF was also measured by atomic absorption 
spectroscopy (AAS, SHIMADZU, Japan). In addition, 
the volume of emitted hydrogen related to magnesium 
dissolution was assessed for nanocomposites in SBF. The 
setup of a typical evo

2H  experiment was used [23,24]. 
First, nanocomposites were submerged in SBF and then 
an inverted funnel and burette which was filled with SBF 
was placed directly above them to capture H2 gas. 
 
2.4 MTT assay 

Indirect contact method in compliance with ISO 
10993−12 [25] was selected to investigate the toxicity of 
nanocomposites by MTT (3-(4,5-dimethylthiazol- 
2-yl)–2,5–diphenyltetrazolium bromide) assay. The 
nanocomposite specimens were sterilized by autoclave 
and each specimen was separately incubated in Roswell 
Park Memorial Institute medium (RPMI/1640) 
containing 10% fetal bovine serum (FBS; Gibco) with 
the ratio of 3 mL/cm2 area of samples in order to get the 
extraction media. The extraction media were collected at 
3, 5 and 7 days after incubation. The MG63 cells were 
seeded in each well of a 48-well plate for 24 h, and then 
the cell media were replaced with the sample extract 
media and incubated at 37 °C with 5% CO2. The MG63 
cultured wells with no replacing media were used as 
negative controls. After 24 h, the medium of each well 
was removed and 10 µL of MTT (Sigma, USA) was 
added to each well and incubated again for 5 h. After that, 
the MTT solution was removed and 100 µL/well of 
isopropanol (Sigma, Milwaukee, USA) was added to 
dissolve the formazan crystals and again incubated for  
10 min. Finally, the plate was placed in a cold room for 
15 min prior to absorbance measurements. A multi-well 
microplate reader (ICN, Switzerland) at 570 nm was 
used to record the optical density (OD, O) of wells. The 
cell relative growth rate (RGR, G) was calculated by 
 
G=(Osample/Ocontrol)×100%                      (2) 
 

The accuracy of results was ascertained by 
repetition of each test for five times. The significant 
differences of RGR in MTT assay were analyzed by the 
analysis of variance (ANOVA) technique in SPSS 
software (Ver 20.0) when the statistical significance 
value (p) was defined as 0.05. 
 
3 Results and discussion 
 
3.1 Microstructure 

The XRD patterns for MZC, MZC-1nHA, 
MZC-2.5nHA and MZC-5nHA samples are shown in  
Fig. 1. Characteristic diffraction of HA was revealed in 

XRD pattern for nanocomposites in Figs. 1(b−d). The 
X-ray diffraction patterns of MZC and other 
nanocomposites showed peaks of intermetallic phases of 
MgZn2, MgZn5.31, Mg2Ca and Ca2Mg6Zn3, and thus 
eutectic transformations happened in sintering process. 
These intermetallic phases could improve corrosion 
resistance of Mg [2,4]. ZHANG et al [7] fabricated the 
Mg−Zn alloy in different contents of Zn by casting 
method, and MgZn phase patterns were detected for the 
alloys with Zn mass fraction more than 5%. The 
presence of Ca2Mg6Zn3 phase was also detected in 
Mg−5.12%Zn−0.32%Ca (mass fraction) alloy prepared 
by casting method [26]. Figure 1 also revealed that there 
was no significant difference between X-ray diffraction 
patterns for nanocomposites with different content of 
nHA. It seemed that there was no obvious reaction 
between the nHA and metal matrix in the sintering 
process. 
 

 

Fig. 1 XRD patterns of MZC (a), MZC-1nHA (b), 

MZC-2.5nHA (c) and MZC-5nHA (d) 

 
Metallographic microstructures of nanocomposites 

after sintering process are shown in Fig. 2. The results 
indicated that the grain size for the nanocomposites was 
reduced by increasing nHA content. The nano sized 
particles might attach to the metal particle through 
mixing in fast mill and pined grain boundaries  and 
prevented from grain growth in sintering process [27]. 
Therefore, the nano composites with higher contents of 
nHA had smaller grain sizes. 

The SEM micrographs of MZC and nanocomposites 
are illustrated in Fig. 3. It can be seen that the lamellar 
second phases formed along the grain boundaries and 
their triple junction. The EDS results of marked points in 
Fig. 3 are listed in Table 1. The EDS results showed that 
there were Mg, Zn, Ca and P elements in second phases 
in grain boundaries in nanocomposites and only Mg and 
Zn presented in matrix. 
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Fig. 2 Optical images of nanocomposites sintered at 550 °C for 2 h: (a) MZC; (b) MZC-1nHA; (c) MZC-2.5nHA; (d) MZC-5nHA 

 

 
Fig. 3 SEM micrographs of nanocomposites: (a−c) MZC; (d−f) MZC-1nHA; (g−i) MZC-2.5nHA; (j−l) MZC-5nHA 
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Table 1 Compositions of marked points in Fig. 3 for MZC, MZC-1nHA, MZC-2.5nHA and MZC-5nHA nanocomposites (mass 

fraction, %) 

Sample 
Point 1 Point 2 

Mg Zn Ca P Mg Zn Ca P 

MZC 91.39 8.44 0.14 − 95.53 4.47 − − 

MZC-1nHA 92.77 6.87 0.22 0.14 95.72 4.28 − − 

MZC-2.5nHA 90.17 3.51 3.9 2.42 95.03 4.97 − − 

MZC-5nHA 82.55 7.12 6.32 4.01 95.95 4.05 − − 

 

3.2 In vitro corrosion measurements 
Figure 4 illustrates the electrochemical polarization 

curves for nanocomposites. As shown, corrosion 
potential (φcorr) and corrosion current density (Jcorr) of 
MZC were improved by adding HA nano particles as 
reinforcement. The φcorr and Jcorr values of MZC were 
changed from −1.72 V and 66 µA/cm2 to −1.64 V and  
30 µA/cm2, respectively, by compositing with 1% (mass 
fraction) nHA. The electrochemical parameters of 
samples acquired from polarization curves are listed   
in Table 2. Corrosion current densities increased in   
the order of Jcorr(MZC-1nHA) < Jcor(MZC-2.5nHA) < 
Jcorr(MZC) < Jcorr(MZC-5nHA). In fact, adding nHA into 
MZC up to 2.5% nHA had a positive effect and caused 
Jcorr to decrease but higher than 2.5% nHA caused Jcorr 

value to increase. 
 

 

Fig. 4 Electrochemical anodic potentiodynamic polarization 

curves for samples in SBF solution in ambient conditions 

 

Nyquist, bode and phase angle plots obtained for 
nanocomposites in SBF are shown in Figs. 5(a−c). The 
Nyquist plots for MZC alloy consisted of two loops: one 
capacitance loop in high−medium frequency and the 
other one, an inductive loop in medium−low frequency. 
A similar Nyquist plot was reported for Mg−Zn alloy by 
YAN et al [15]. The Inductive loop in low frequency 
indicated the inductive behavior for the working 
electrode [11]. The Nyquist plots for nanocomposites 
presented two capacitive loops: one in high frequencies 
related to charge transfer and the other one in low  

Table 2 Electrochemical parameters obtained from Fig. 4 

Sample 

Anodic 
slop, 
βa/ 

(mv·dec−1)

Cathodic 
slop, 
−βc/ 

(mV·dec−1) 

Corrosion 
potential,
φcorr (vs 
SCE)/V 

Current 
density,

Jcorr/ 
(µA·cm−2)

MZC 75 74.6 −1.72 66 

MZC-1nHA 47.78 56.9 −1.64 30 

MZC-2.5nHA 67.9 73.8 −1.68 43 

MZC-5nHA 88.4 70.3 −1.72 78 

 
frequencies related to surface protective film effect [28], 
and one inductive loop was also seen in very low 
frequency. 

The equivalent circuit acquired from EIS data 
indicated the corrosion behavior of nanocomposites. The 
proposed equivalent circuit for nanocomposites is shown 
in Fig. 5(d). In this model, a constant phase element 
(CPE) was used instead of capacitive element, which 
described a non-ideal capacitive behavior [29]. The 
electrolyte resistance was shown by Rs and high−medium 
frequency capacitive loop was shown by R1 and CPE1. R1 
represented the charge transfer resistance associated with 
the micro-galvanic events, which was paralleled to an 
electric double layer at the interface of electrolyte 
solution and magnesium matrix (CPE1). The medium− 
low frequency capacitive loop was shown by R2 and 
CPE2. R2 and CPE2 indicated the resistance and 
capacitance of the protective film layer on surface of 
samples. The inductive element was designated by L. 

The fitting results are listed in Table 3. The R1 of 
MZC was about 18 Ω·cm2, whereas it was increased to 
about 46 Ω·cm2 for MZC-1nHA. In fact, compositing of 
MZC with bioactive nanoparticles of nHA motivated the 
formation of film layer on the surface in SBF solution, 
which provided an improved protection for MZC matrix. 

Corrosion rate of nanocomposites determined by 
mass loss test is shown in Fig. 6(a). Calculated corrosion 
rates for all samples were high during the first 24 h of 
test and after that they decreased slightly until 72 h. The 
corrosion rate for nanocomposites changed in all 
immersion times as shown below: MZC-1nHA < 
MZC-2.5nHA < MZC < MZC-5nHA. This was in good 
agreement with the polarization test results. 
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Fig. 5 Nyquist (a), Bode (b), phase angle plots (c), and schematic equivalent circuit (d) for alloy and biocomposite samples in SBF 

 

Table 3 Kinetic parameters obtained from EIS plots for biocomposite samples 

Sample Rs/(Ω·cm2) CPE1/(µF·cm−2) n1 R1/(Ω·cm2) CPE2/(µF·cm−2) n2 R2/(Ω·cm2)

MZC 36.52 1.28×10−5 0.86 18.4052    

MZC-1nHA 36.52 1.19×10−3 0.86 46.2 6.16×10−6 0.88 42.0816 

MZC-2.5nHA 36.52 1.01×10−3 0.87 13.5916 6.16×10−6 0.89 40.3348 

MZC-5nHA 36.52 2.33×10−3 0.75 28.6968 7.48×10−6 0.88 33.3828 

 
According to Eq. (3), the degradation rate of 

magnesium was also monitored by the evolved hydrogen 
volume and the released Mg ions. In fact, 1 mol of H2 
gas (22.4 L) is directly related to the dissolution of 1 mol 
of Mg (24.31 g) [23]: 
 
Mg+2H2O=Mg2++2OH−+H2↑                 (3) 
 

Figures 6(b) and (c) present the results of the 
hydrogen evolution and amount of Mg ion in SBF as a 
function of immersion time for nanocomposites, 
respectively. In accordance with mass loss results, the 
volume of H2 gas and the amount of released Mg ions 
were high during the first 24 h of test. This could be 
related to the formation of precipitated layer on samples 
after 24 h [30]. When the samples were exposed to the 
SBF, chemical dissolution on the entire surface led to fast 

degradation and after precipitation of corrosion product it 
decreased gradually. Furthermore, the above 
investigation showed that corrosion resistance of MZC 
was improved by addition of appropriate content of nHA. 
The role of nHA in blocking the grain growth of   
matrix [11] and its bioactivity [9] might influence the 
corrosion mechanism of Mg alloy. 

Different redox potential between Mg (−2.37 V (vs 
SCE)) [31] and eutectic phases Mg2Ca (−1.54V (vs SCE)) 
and MgZn2 (−0.76 V (vs SCE)) created galvanic 
corrosion on MZC surface in SBF [2]. The galvanic 
corrosion would accelerate the degradation of Mg alloy 
and led to a localized corrosion attack on surface. Most 
of the corrosion products such as Mg(OH)2 are not stable 
in the presence of chloride ions in SBF solution and 
transformed into soluble components like MgCl2 and did 
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Fig. 6 Variation in corrosion rate (a), content of Mg ion (b) and 

H2 evolution (c) for MZC, MZC-1nHA, MZC-2.5nHA and 

MZC-5nHA after immersing in SBF solution for different  

time 

 
not avoid the corrosion of MZC. SEM micrograph of 
MZC immersed in SBF for 72 h are shown in Fig. 7(a) 
which confirmed the presence of some cracks on the 
surface and revealed that precipitated layers could not 
cover all the surface and some parts of alloy were 
directly in contact with the medium. 

Two mechanisms may be suggested for describing 

the effect of HA particles on corrosion properties of Mg 
and its alloys: 1) HA particles as reinforcement, motivate 
the formation of chemically-stable layers on surface [9]. 
This layer may prevent access of media to the surface 
and protect the Mg composites. 2) Addition of HA 
particles into Mg alloy as reinforcement makes its 
microstructure refined and this fine microstructure 
increases corrosion resistance of nanocomposites through 
three approaches: acceleration in formation of oxide film 
on surface, increasing adhesiveness of oxide film at grain 
boundaries and a decrease in galvanic couple between 
grain interior and grain boundaries [11]. 

In this work, the OM images of samples showed an 
increase in the amounts of nHA, which restricted the 
growth of grain in sintering process and decreased the 
grain size of nanocomposites. The SEM micrographs for 
nanocomposites immersed in SBF for 72 h is shown in 
Figs. 7(c−d), indicating a surface covered with a 
protective precipitated layer. FTIR spectrum for this 
layer on MZC-1nHA illustrated that phosphate, 
carbonate and hydroxide components were precipitated 
on the surface (see Fig. 8). Phosphate and carbonate 
components like calcium phosphate and calcium 
carbonate were stable, which might limit the corrosion of 
nanocomposites. Therefore, the presence of bioactive 
nHA in Mg structure accelerated the formation of 
chemically-stable layers on surface, which limited the 
access of solution at surface and improved the corrosion 
rate of MZC. Therefore, according to both theories, it is 
expected that corrosion resistance of nanocomposites 
could be increased by increasing the contents of nHA. 
However, the results of electrochemical and emission 
tests revealed that the nanocomposite with 1% (mass 
fraction) nHA had the best corrosion resistance among 
the others. AHMADKHANIHA et al [11] and GU     
et al [32] investigated the corrosion properties of Mg/HA 
composite and reported that the presence of interface 
between HA and Mg breaking the continuity of Mg 
matrix created preferential locations for corrosion attacks. 
As a result, increasing the contents of nHA in 
nanocomposites, from one aspect increased the localized 
corrosion in interfaces with matrix and from other aspect 
proliferated the density of precipitated layer. The SEM 
images of the precipitation layer in Figs. 7(b−d) revealed 
that an increase in nHA content increased the density of 
the layer. At the early stage of corrosion, the gas products 
from localized corrosion (like H2) were accumulated 
under the dense precipitated layer and caused the layer to 
swell and as a result its adhesiveness to surface was 
reduced. Figure 7(d) shows this swollen layer on 
MZC-5nHA surface. The anodic branch of polarization 
curve for MZC-5nHA in Fig. 4 showed a break-down  
in potential which was an indication of a rupture in 
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Fig. 7 SEM photomicrographs of MZC (a), MZC-1nHA (b), MZC-2.5nHA (c) and MZC-5nHA (d) after 72 h of immersion in SBF 

under physiological condition of 5% CO2 at 37 °C 

 

 

Fig. 8 FTIR spectrum for corrosion product for MZC-1nHA 

after 72 h of immersion in SBF 

 

precipitated layer. Break-down in the layer allowed the 
solution to penetrate to the surface and caused the 
corrosion rate of MZC-5nHA to increase. A fluctuation 
in calculated corrosion rate for MZC-5nHA in Fig. 6 at 
48 h could confirm this mater. 
 
3.3 MTT assay 

The RGR of cells in extracted solutions for 
nanocomposites is shown in Fig. 9. The RGR results for 

control and specimens revealed that there was no toxicity 
in three-day extracted solutions. A comparison between 
the RGR for extracted solution of MZC with that of 
nanocomposites showed that adding nHA as 
reinforcement into MZC might increase the RGR of  
cells. The RGR for 5- and 7-day extractions of MZC 
showed about 42%−45% reduction in comparison with 
that of control. This might be due to the pH of extraction 
 

 

Fig. 9 RGR of MG63 cells in extracted solutions of 

nanocomposites after incubating in RPMI for 3, 5 and 7 days 

(*p < 0.05) 
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which was increased as a result of Mg corrosion [33]. 
The pH values for 7-day extractions of MZC, 
MZC-1nHA, MZC-2.5nHA and MZC-5nHA 
nanocomposites were (11.02±0.11), (10.21±0.12), 
(10.42±0.16) and (10.83±0.13), respectively. High pH 
was not an appropriate condition for cell to grow [34]. 
The highest relative growth rate for MG63 cells was 
acquired in MZC-1nHA extraction solutions which 
showed the lowest corrosion rate. The RGR of cells 
decreased with an increase in nHA content of 
nanocomposites. 
 
4 Conclusions 
 

1) Addition of bioactive nHA to Mg alloy affected 
the corrosion rate of Mg alloy in SBF by motivating the 
formation of stable phosphate and carbonate layers on 
surface. 

2) Addition of large contents of nHA in Mg alloy as 
reinforcements introduced some corroded sites at 
interface with Mg alloy. In addition, an increase in the 
density of precipitated layer was observed after 
immersing in SBF. 

3) Gases produced from localized corrosion were 
accumulated underneath the precipitated layer and 
decreased its adhesiveness and lowered its corrosion 
resistance. 

4) MTT assay showed that nanocomposite 
extraction medium did not induce toxicity for MG63 
cells and the extraction media for MZC-1nHA showed 
almost similar behavior as negative control. 
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摘  要：采用纯 Mg、Zn、Ca 粉末和纳米羟基磷灰石(nHA) 粉末，通过粉末冶金方法制备 Mg−5Zn−0.3Ca/nHA 生

物复合材料，研究不同 nHA 增强相含量 (1%、2.5%和 5%，质量分数) 对 Mg−5Zn−0.3Ca 合金腐蚀性能的影响。

通过模拟体液浸泡试验和电化学技术测试其耐腐蚀性。结果显示，添加 1%和 2.5% 的 nHA 提高镁合金的耐腐蚀

性，这是因为生物活性 nHA 促进稳定的磷酸盐和碳酸盐表面沉积层的形成，从而提高纳米复合材料的耐蚀性。

然而，在镁合金中添加更高含量的 nHA 作为增强相时，表面沉积层的密度增加，导致局部腐蚀产生的气体无法

及时排出而聚集在沉积层下，减小层与基体的粘着力，导致耐腐蚀性能下降。对镁合金及其纳米复合材料的间接

细胞毒性评价表明其浸提液无细胞毒性，添加 1% nHA 的纳米复合材料的测试结果与阴性对照组几乎相似。 
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