
 

 

 
Trans. Nonferrous Met. Soc. China 22(2012) 2014−2020 

 
 Biocorrosion property and cytocompatibility of 

calcium phosphate coated Mg alloy 
 

XU Li-ping1, ZHANG Er-lin2, YANG Ke3 
 

1. Guangzhou Research Institute of Nonferrous Metals, Guangzhou 510650, China; 
2. Department of Materials Science and Engineering, Jiamusi University, Jiamusi 154007, China; 

3. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China 
 

Received 10 January 2012; accepted 27 June 2012 
                                                                                                  

 
Abstract: Calcium phosphate coated Mg alloy was prepared. The phase constitute and surface morphology were identified and 
observed by X-ray diffractometer (XRD) and SEM. The results show that the coating is composed of flake-like CaHPO4·2H2O 
crystals. The corrosion resistance of the coated Mg alloy was measured by electrochemical polarization and immersion test in 
comparison with uncoated Mg alloy. Cytocompatibility was designed by observing the attachment, growth and proliferation of L929 
cell on both coated and uncoated Mg alloy samples. The results display that the corrosion resistance of the coated Mg alloy is better 
than that of uncoated one. The immersion test also shows that the calcium phosphate coating can mitigate the corrosion of Mg alloy 
substrate, and tends to transform into hydroxyapatite (HA). Compared with uncoated Mg alloy, L929 cells exhibit good adherence, 
growth and proliferation characteristics on the coated Mg alloy, indicating that the cytocompatibility is significantly improved with 
the calcium phosphate coating. 
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1 Introduction 
 

Magnesium alloys have exhibited many excellent 
properties such as low density, high specific strength, 
good biocompatibility and mechanical properties close to 
that of natural bone. Moreover, magnesium alloys can be 
corroded or degraded in chloride-containing solutions [1] 
including human body fluid or blood plasma while 
present clinical metal materials like stainless steel and Ti 
alloys are un-degradable materials. Thus, magnesium 
alloys have attracted extensive attention in developing 
degradable medical metal materials. However, the rapid 
corrosion rate and the release of hydrogen gas during 
corrosion which results in a rapid increase in pH value 
and the subcutaneous gas bubbles limit their clinical 
application [2]. Therefore, it is necessary to improve  
initial corrosion resistance of Mg alloys by means of 
surface modification. 

Concerning the implant materials, surface 
modification has to meet the requirements of both 
corrosion resistance and biocompatibility, meaning that 

the modification layer should be nontoxic and 
biocompatible. Calcium phosphates (Ca−P) contain the 
same chemical composition or structure as the mineral 
composition of natural bone and the release of Ca2+ and 

+3
4PO  during hydrolysis can be utilized in the course of 

forming new bone [3], so Ca−P coatings have been 
applied to the medical Ti alloys in order to improve their 
biocompatibility [4−7]. Recently, Ca−P coatings have 
been tried to prepare on pure Mg, AZ31, Mg−Zn and 
AZ91D by anodization [8], electrophoretic deposition 
[9−11] and biomimetic method [12,13]. And the results 
showed that the Ca−P coatings can improve the corrosion 
resistance of Mg substrates to different extends. While 
there has been limited work on depositing Ca−P on Mg 
alloy in phosphating baths. SINGH et al [14] reported 
that Ca−P coatings deposited through phosphating 
solution containing CaCl2, NaH2PO4 and Na2SiO3 on 
AZ31 and Mg−4Y. Upon drying and visual inspection, 
the substrate appeared to be coated inhomogeneously 
with a white precipitate. The results of FTIR and EDX 
confirmed the deposition of Ca, P and Si on both   
alloys and the coatings consisting of primarily biphasic 
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mixtures of hydroxyapatite and β-TCP. The coating 
decreased the degradation of AZ31 whereas increased the 
degradation of Mg−4Y. MC3T3-E1 mouse osteoblasts 
test showed that silicate substituted CaP coatings were 
observed to increase the cell attachment on AZ31 but did 
not have a great effect on increasing cell attachment of 
Mg−4Y. A previous study has explored the successful 
preparation of a homogeneous Ca−P layer on a 
Mg−Mn−Zn alloy by phosphating treatment [15]. In this 
research, biocorrosion properties and cytocompatibility 
of a calcium phosphate coated Mg alloy in a phosphating 
bath mainly containing calcium dihydro phosphate were 
investigated. 
 
2 Experimental 
 
2.1 Sample preparation 

Extruded Mg−Mn−Zn alloys were used with the 
composition (mass fraction) of 1.10% Mn, 1.05% Zn, 
0.19% Al, ≤0.005% Ni, ≤0.005 Fe, ≤0.005% Cu and 
balance Mg. Samples with dimensions of 10 mm×10 mm 
×15 mm were cut from the extruded alloy bar. After 
being ground and degreased, samples were embedded in 
epoxy resin with only one exposed side of 10 mm×10 
mm. The sample surfaces were ground up to 1000 grit 
SiC paper, and then ultrasonically cleaned in alcohol for 
use. 

The calcium phosphate coatings were produced 
using the following steps: ground up to 2000 grit SiC 
paper→rinsed with distilled water→degreased in an 
alkaline solution at 63 °C for 15 min→immersed in an 
acid solution→immersed in a treatment solution bath 
based on calcium dihydro phosphate for 15 min→dried 
in air. 
 
2.2 Microstructure and phase composition 

The microstructure of the calcium phosphate 
coating was observed on an SSX−550 SEM. The phase 
composition of the coating was identified by an X-ray 
diffractometer (XRD, D/MAX-RB, Riguka). 
 
2.3 Electrochemical measurement 

Electrochemical polarization tests were carried out 
at 37 °C in 350 mL of 0.9% NaCl using a CHI660A 
electrochemical workstation (CH Instruments Inc. USA). 
A three-electrode cell was used for the tests: the saturated 
calomel as a reference, a platinum electrode as the 
counter and the samples as the working electrode. All the 
tests were measured at a scanning rate of 0.3 mV/s. 
 
2.4 Immersion test 

Both the coated and uncoated samples were 
immersed in simulated body fluid (SBF) at 37 °C for 1, 4, 

7 and 10 d, respectively. The ion concentration of SBF is 
as follows: 142.0 mmol/L Na+, 5.0 mmol/L K+, 1.5 
mmol/L Mg2+, 2.5 mmol/L Ca2+, 147.8 mmol/L Cl−, 4.2 
mmol/L −

3HCO , 1.0 mmol/L −2
4HPO , 0.5 mmol/L 

−2
4SO . The pH value of the SBF was measured before 

and after the immersion by a pH meter to calculate the 
change of the pH value. Before immersion, the pH of the 
SBF was adjusted to be 7.4. 

Before and after 10 d immersion, Fourier transform 
infrared spectrometry (FTIR, Spectrum one, Perkin- 
Elmer) was performed on the calcium phosphate coating. 

After 10 d immersion, the surface morphology of 
the calcium phosphate coated Mg sample was also 
observed by SEM. 
 
2.5 Cell experiment 

Prior to the cell experiment, uncoated and coated 
samples were sterilized. After sterilization, the sample 
was placed into a well of a 48-well plate. L929 cells 
were seeded on the samples at a cell density of 10000 
cell/mL. The plate was placed in a 5% (volume fraction) 
CO2 incubator for 1, 3 and 5d. 

After a certain incubation period, the samples were 
fixed by 4% formaldehyde for 24 h, and then stained by 
means of immunofluorescence. The stained samples 
were observed using a TCS-SP2 laser scanning confocal 
microscope (LSCM). Cell counts were conducted at five 
different locations of each sample surface. A mean and a 
standard deviation were obtained from the 
measurements. 
 
2.6 Statistical analysis 

Statics analyses were performed using SPSS17.0. 
All the measurement results were expressed as the 
mean±SD. Statistical significant was defined as p<0.05. 
 
3 Results and discussion 
 
3.1 Microstructure and phase identification 

The phase composition in the coating was analyzed 
by XRD. And the result is shown in Fig. 1. It can be seen 
that the coating mainly consists of CaHPO4·2H2O. Figure 
2 displays the surface morphology of the coating. Lots of 
regular flake-like crystals can be observed on the coating. 
By combining XRD and SEM results, it can be 
concluded that the coating is mainly composed of 
flake-like CaHPO4·2H2O crystals. 
 
3.2 Electrochemical polarization test 

In order to assess the biocorrosion resistance of the 
calcium phosphate coated Mg alloy, electrochemical 
polarization tests in 0.9% NaCl were conducted on both 
uncoated and coated Mg alloy samples. The results   
are shown in Fig. 3. The electrochemical parameters 
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Fig. 1 XRD pattern of coating 
 

 
Fig. 2 SEM surface morphology of calcium phosphate coating 
 

 
Fig. 3 Electrochemical polarization curves of Mg alloy samples 
with and without calcium phosphate coating 
 
obtained from Fig. 3 are summarized in Table 1. 
Compared with uncoated Mg alloy, corrosion potential 
(φcorr) of coated Mg alloy moves to more noble position, 
as shown in  Fig. 3. The value of φcorr increases by 104 
mV. Meanwhile, in comparison of uncoated Mg alloy, 
the corrosion current density (Jcorr) and corrosion 
resistance (Rp) of coated Mg alloy decrease and increases 
greatly, respectively, as shown in Table 1. Therefore, the 
noble φcorr, the low Jcorr and the high Rp obtained from the 

electrochemical test suggest that the calcium phosphate 
coating provides effective protection for the Mg alloy 
substrate and the calcium phosphate coated Mg shows 
better corrosion resistance than uncoated one. 
 
Table 1 Parameters of electrochemical polarization tests on Mg 
alloys in 0.9% NaCl solution 

Sample Jcorr/(μA·cm−2) φcorr/V Rp/Ω 

Uncoated Mg alloy 32.51 −1.574 553 

Coated Mg alloy 9.23 −1.470 1514

 
3.3 Immersion test in SBF 

In order to further evaluate the biocorrosion 
resistance, the uncoated and coated Mg alloys were 
immersed in SBF for different periods. Figure 4 exhibits 
the pH value of the SBF with uncoated or coated Mg 
alloy against the immersion time. The pH value of the 
SBF with uncoated Mg alloy has the same tendency to 
SBF with coated Mg alloy: the pH value increases with 
the immersion time. However, the pH value of SBF with 
coated Mg alloy is lower than that of SBF with uncoated 
Mg alloy during the immersion. After 1 d immersion, the 
pH value of SBF with uncoated Mg alloy changes from 
initial value of 7.40 to 8.18 while the pH value of SBF 
with coated Mg alloy is about 8.01. In the following 
immersion, the difference in pH between the SBF with 
uncoated Mg alloy and coated Mg alloy is about 0.50. 
 

 
Fig. 4 Change in pH value of SBF solutions containing Mg 
alloy with and without calcium phosphate coating 
 

Mg is a relatively reactive metal. When Mg is 
contacted with aqueous solution like SBF, Mg will react 
with water to produce Mg(OH)2 and H2 gas. Chloride 
ions can transform the Mg(OH)2 into more soluble 
MgCl2 and release OH− [16−18]. The more severely the 
Mg corrodes, the more the OH− releases and the higher 
the pH value of the solution is. Thus, from the pH change 
shown in Fig. 4, it can be concluded that coated Mg 
releases less OH− than uncoated Mg during the 
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immersion, and thus slows down the increase in pH 
value of the SBF. This also confirms that the coated Mg 
alloy shows better corrosion resistance than uncoated Mg 
alloy, and retards the corrosion of Mg alloy substrate. 

Figure 5 illustrates the surface morphology of the 
calcium phosphate coated Mg alloy after 10 d immersion 
in SBF. No obvious difference in the surface morphology 
was observed by SEM compared with that before 
immersion (Fig. 2). 

Figure 6 displays the FTIR spectra of the calcium 
phosphate coating before and after immersion in SBF for 
10 d. According to Refs. [19−27], the FTIR spectrum of  
 

 
 
Fig. 5 SEM surface morphology of calcium phosphate coated 
Mg alloy immersed in SBF for 10 d 
 

 
Fig. 6 FTIR analysis of calcium phosphate coating before and 
after immersion in SBF for 10 d 

calcium phosphate coating before immersion is in 
accordance with the standard FTIR spectrum of 
CaHPO4·2H2O. The absorbance bands of 3543 cm−1 and 
3478 cm−1 can be assigned to crystal water of 
CaHPO4·2H2O. The peak at 2382 cm−1 is related to 

−2
4HPO  and the peak at 1650 cm−1 is the characteristics 

of H—O—H. The presence of bands at 1135 and   
1217 cm−1 is related to the P=O stretching modes and the 
band at 1062 cm−1 is due to the P=O bending vibrations. 
The peaks at 987, 875 and 794 cm−1 can be attributed to 
P—O—P asymmetrical stretching modes. The peaks at 
651, 577 and 527 cm−1 are related to (H—O—)P=O. 

After 10 d immersion, many peaks related to the 
crystallized water of CaHPO4·2H2O and −2

4HPO  cannot 
be observed such as the peaks at 3543, 3478 and 2383 
cm−1. Several peaks between 1500 and 500 cm−1 also 
disappear. Two obvious peaks appear at 566 and 602 
cm−1. Two peaks at 1044 and 1090 cm−1 can also be seen 
which are corresponding to the vibrations of −3

4PO . In 
addition, two peaks at 630 and 3570 cm−1 can be found 
which can be attributed to the bending vibrations and 
stretching mode of OH− of HA. Based on the above 
analysis, it can be deduced that CaHPO4·2H2O tends to 
be transformed into HA phase after immersion in SBF 
for 10 d. 
 
3.4 Cytocompatibility 

Cytocompatibility is one of the important biological 
evaluations of biomaterials which can reflect the 
cell/biomaterial interactions. Figure 7 presents the 
morphology of the L929 cells cultured for 1, 3 and 5 d on 
both uncoated and coated Mg alloy by observation under 
LSCM. After 1 d culture, attached cells can be found on 
both uncoated and coated Mg alloys. A small number of 
round cells randomly distribute on uncoated Mg alloy 
(Fig. 7(a)), while more cells can be found on the coated 
Mg alloy and some cells are spindle-like or sail-like and 
contact with each other (Fig. 7(b)). After 3 d cultures, 
more cells can be observed on the uncoated Mg alloy. No 
obvious change in the cell morphology can be found (Fig. 
7(c)). For coated Mg alloy, more cells can also be seen 
and the cells become big, meaning that the cells are 
spreading on the coated Mg alloy (Fig. 7(d)). After 5 d 
culture, no obvious change in the cell amount, 
morphology and distribution can be found on the 
uncoated Mg (Fig. 7(e)), while there are a large number 
of sail-like cells spreading on the coated Mg alloy (Fig. 
7(f)). 

Figure 8 shows the number of L929 cells attached to 
the Mg alloy samples against the culture time. For both 
uncoated and coated Mg alloys, the number of cells 
increases with the culture time. However, the number  
of cells on the coated Mg alloy is significantly (p<0.05)   
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Fig. 7 Morphologies of L929 cells observed by LSCM after incubation for 1 d (a, b), 3 d (c, d), 5 d (e, f) on Mg alloy samples with 
and without calcium phosphate coating: (a), (c), (e) Without coating; (b), (d), (f) With calcium phosphate coating 
 

 

Fig. 8 Growth of L929 cells versus culturing time on Mg alloy 
samples with and without calcium phosphate coating, *p<0.05 

larger than that on the uncoated Mg alloy, meaning that 
the surface of coated Mg alloy is better for cell 
attachment, growth and proliferation. 

The cellular responses to a material, such as 
attachment, proliferation and differentiation have a close 
relation to the chemical composition of the material [28]. 
For the coated Mg alloy, CaHPO4·2H2O can provide lots 
of Ca2+ which do good to absorbance of protein like 
fibronectin and vimentin which have a positive effect on 
cell adhesion and spreading [29]. Moreover, calcium 
phosphate coating can protect Mg alloy substrate from 
rapid corrosion to some extent and decrease the rapid 
increase of pH value of solutions, thus alkalescent 
conditions suitable to cell growth are kept. As a 
consequence, coated Mg alloy exhibits better 
cytocompatibility. 
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4 Conclusions 
 

1) Calcium phosphate coated Mg alloy shows better 
corrosion resistance in both 0.9%NaCl solution and SBF 
in comparison with uncoated Mg alloy. 

2) The CaHPO4·2H2O coating tends to be transform 
into HA phase after immersion of 10 d. 

3) The cell culture test shows that coated Mg alloy 
has better cytocompatibility than uncoated Mg alloy. 
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磷酸钙表面改性镁合金的生物腐蚀性能及细胞相容性 
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摘  要：在镁合金表面制备磷酸钙涂层，利用 X 射线衍射仪确定涂层的相组成。用扫描电镜观察涂层的微观形貌。

结果表明，涂层由板条状的 CaHPO4·2H2O 晶体组成。采用电化学测试和浸泡实验研究磷酸钙改性镁合金的生物

腐蚀性能，并与未改性合金进行对比。通过观察 L929 细胞在材料表面的粘附生长状况来评价材料的生物相容性。

电化学测试结果表明，磷酸钙改性镁合金比未改性合金显示出更好的耐腐蚀性能。浸泡实验表明，磷酸钙涂层可

以减缓合金的腐蚀，且在浸泡过程中磷酸钙涂层发生了向羟基磷灰石（HA）的转变。与未改性合金相比，L929

细胞在磷酸钙改性镁合金表面显示出良好的粘附、生长和分化特征，表明磷酸钙改性能明显提高基体合金的细胞

相容性。 

关键词：生物可降解镁；表面改性；腐蚀；细胞相容性 
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