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In order to improve the biodegradation properties of the magnesium alloy, a bioactive hydroxyapatite 

(HA) coating was deposited on AZ60 magnesium alloy by a two-step chemical method, i.e., dicalcium 

phosphate dihydrate (DCPD) coating was formed through a phosphating process, and then transformed 

to hydroxyapatite coating via alkali-heat treatment. SEM micrographs show that the HA coating is 

compact with the thickness of about 6ɛm. Electrochemical tests were used to examine the corrosion 

performance in NaCl solution and simulated body fluid (SBF) and the results reveal that the HA 

coating significantly retards the corrosion rate of AZ60 alloy in both solutions. 
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1. INTRODUCTION  

Magnesium and its alloys have attracted considerable attention as potential implant materials in 

recent years [1-5]. Compared with ceramics, polymeric materials and other metal implants, magnesium 

alloys exhibit a combination of good mechanical properties, attractive biocompatibilities and 

biodegradation properties [1, 4, 6]. Thus, magnesium and its alloys could be good candidates as 

lightweight, degradable and load bearing orthopaedic implants [4, 7]. 

However, magnesium and its alloys corrode quickly in chloride containing solutions, e. g. the 

human body fluid or blood plasma [8]. So, if magnesium alloy is used as orthopaedic implant, its over-

rapid corrosion rate would make the implant not maintain mechanical integrity before the bone tissue 

has sufficiently healed. Several possibilities exist to tailor the corrosion rate of magnesium by using 

alloying elements and protective coatings. Compared with the alloying route, appropriate surface 

treatment can better match the tissue healing requirement of providing adequate mechanical support in 

the initial period of implantation and faster degradation when healing is near completion [9]. Although 
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a number of protective coatings, including oxidation coating [10], conversion coating [11] and stearic 

acid coating [12], have been achieved on magnesium and its alloys, these coatings do not satisfy both 

the biocompatibility and appropriate corrosion resistance for implant materials. In the aspect of 

biocompatible protective coatings, hydroxyapatite (HA, Ca10(PO4)6(OH)2) is a preferential coating 

material, which has similar chemical and structural resemblance to natural bones and can accelerate 

bone concrescence [13]. There has been some research works about HA coatings on magnesium and 

its alloys with different methods, including biomimetic techniques [14, 15], chemical deposition [16, 

17] and electrodeposition [18-20]. In most studies, pre-treatments in either alkaline solutions like 

NaOH [14] or acidic solutions of phosphoric acid [15] or HNO3 [16] are required in order to modify 

the surface reactivity of the magnesium alloy substrate. Among the various surface treatments, 

chemical conversion deposition is conveniently and simply operated to produce a uniform and well 

adhered coating, especially for the complex-shaped components of the orthopaedic implant. A calcium 

phosphate conversion coating was carried out on the Mgï8.8Li alloy by Song et. al. [21], but the 

coating was not transformed to the biocompatible HA coating. Additionally, the MgïLi alloy is not a 

good potential implant material, but commonly used in aerospace and military applications, and the 

formation mechanism of conversion film on MgïLi alloy may be different from that on the 

conventional magnesium alloys. 

So in the present study, we describe a simple two-step chemical method without external 

electrical circuit or any pre-treatment, to deposit a compact and well adhered HA coating on AZ60 

alloy. The deposition mechanism of the coating was analysed; and the corrosion behaviour was 

investigated by the polarisation measurements in 3.5wt% NaCl solution and simulated body fluid 

(SBF). 

 

 

 

2. EXPERIMENTAL PROCEDURE  

Table 1. The composition of AZ60 magnesium alloy (wt. %). 

 

Al  Zn Mn Si Cu Ni Fe Mg 

5.8~7.2 <1.0 0.15~0.5 Ò0.10 Ò0.05 Ò0.005 Ò0.005 Balance 

 

AZ60 die cast magnesium alloy was used as the substrate material; its composition is given in 

Table l. The sample size was 12 mmĬ12 mmĬ5 mm. The sample surface was polished with up to 2000 

grit SiC paper followed by sonication cleanout in acetone. The cleaned samples were immersed into a 

phosphating solution at 37Ñ2ÁC for 30 min and were then dried in an attemperator at 60ÁC. The 

composition of the phosphating solution is given in Table 2, and its pH was adjusted by adding NaOH 

to 2.8-3.0. The dried samples were then alkali treated in 1M NaOH solution at 80ÁC for 2h to form the 

final coating. 

The phase of the samples with and without coatings were characterized by X-ray diffraction 

(XRD, Rigaku Dymax, Japan) with a Cu KŬ radiation (ɚ=0.154178 nm) and a monochromator at 40 
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kV and 200 mA with the scanning rate and step being 4Á/min and 0.02Á, respectively. The 

morphologies and the composition of the coatings were identified by scanning electron microscopy 

(SEM, ZEISS EV018, Germany) equipped with energy dispersive X-ray spectrometer (EDS, X-

Max, Oxford Instruments). 

 

Table 2. The composition of the phosphating solution. 

 

Composition Concentration 

H3PO4(85% V/V) 

CaO 

Ca(NO3)2Å4H2O 

Na2MoO4Å2H2O 

8 mL/L 

1.2 g/L 

11 g/L 

0.5 g/L 

 

The corrosion resistances were evaluated by the electrochemical tests in 3.5wt% NaCl solution 

(20ÁC) and SBF (37ÁC), respectively. SBF is composed of 8.0 g/L NaCl, 0.4 g/L KCl, 0.14 g/L CaCl2, 

0.35 g/L NaHCO3, 1.0 g/L C6H6O6 (glucose), 0.2 g/L MgSO4ĀH2O, 0.1 g/L KH2PO4ĀH2O, 0.06 g/L 

Na2HPO4ĀH2O and pH=7.4 [6]. Electrochemical tests were performed on an Electrochemical Analyser 

(Versa STAT3, Princeton Applied Research) using a classical three electrodes cell with platinum as 

counter electrode, saturated calomel electrode SCE (+0.242 V vs. SHE) as reference electrode and the 

samples as working electrode (0.5 cm
2
 exposed area). The scanning rate was 5 mV/s for all 

measurements. The data for potentiodynamic polarisation curves were analysed using the CorrView 

software developed by Scribner Associates, Inc. The surface morphologies of the three kinds of 

samples after the polarisation measurements were observed with SEM. 

 

 

3. RESULTS AND DISCUSSION  

3.1 Microstructure and phase composition  

 
 

Figure 1. XRD patterns of (Ň) untreated, (ň) phosphate treated, and (ŉ) alkali treated surfaces of 

the magnesium alloy. 
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Figure 2. The surface and cross-sectional morphologies of (a-c) phosphate coating and (d-f) HA 

coating. (Insets) EDS results. 

 

Fig. 1 shows the XRD patterns of the untreated, phosphate treated and alkali treated surfaces of 

the magnesium alloy. AZ60 magnesium alloy substrate mainly consists of �D-Mg solid solution, and 

without corrosion or pre-treatment the ɓ phase was generally less detectable due to its small quantity 

[22]. After phosphating, the magnesium alloy substrate was covered mainly by dicalcium phosphate 

dihydrate (CaHPO4Ā2H2O, DCPD) and a small quantity of tricalcium phosphate (Ca3(PO4)2) and 

magnesium phosphate (Mg3(PO4)2), as shown by the XRD pattern II in Fig.1. After the alkali-heat 


