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In order to improve the biodegradation properties of the magnesium alloy, a bioactive hydroxyapatite
(HA) coating wasleposited on AZ60 magnesium alloy by a tstep chemical method, i.e., dicalcium
phosphate dihydrate (DCPD) coating was formed through a phosphating process, and then transforme
to hydroxyapatite coating via alkdlieat treatment. SEM micrographs showttthe HA coating is
compact with the thickness of about 6¢&m. El ec
performance in NaCl solution and simulated body fluid (SBF) and the results reveal that the HA
coatingsignificantly retards the corrogiadate 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 yearfl-5]. Compared with ceramics, polymeric materials and other metal implants, magnesium
alloys exhibit a combination of good mechanical properties, attractive biocompatibilities and
biodegradation propertied, 4, 6] Thus, magnesium and its alloys could bedjcandidates as
lightweight, degradable and load bearing orthopaedic implan®.

However, magnesium and its alloys corrode quickly in chloride containing solutions, e. g. the
human body fluid or blood plasnj@]. So, if magnesium alloy is used ashwpaedic implantis over
rapid corrosion rate woulthake the implant not maintain mechanical integogyorethe bone tissue
has sufficiently healedSeveral possibilities exist to tailor the corrosion rate of magnesium by using
alloying elements and ptective coatings. Compared with the alloying route, appropriate surface
treatment can better match the tissue healing requirement of providing adequate mechanical support it
the initial period of implantation and faster degradation when healing is neaitetmn[9]. Although
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a number of protective coatings, including oxidation cogtiflj, conversion coatinfl1] andstearic
acid coatind12], have been achieved on magnesium and its alloys, these coatings do not satisfy both
the biocompatibility and apppriate corrosion resistance for implant materials. In the aspect of
biocompatible protective coatings, hydroxyapatite (HA;0F0s)s(OH),) is a preferential coating
material, which has similar chemical and structural resemblance to natural bones acdetarate
bone concrescendé3]. There has been some research works about HA coatings on magnesium and
its alloys with different methods, including biomimetic technigiiels 15] chemical depositiofil6,
17] and electrodepositiofilt8-20]. In most studds, pretreatments in either alkaline solutions like
NaOH [14] or acidic solutions of phosphoric adith] or HNO;[16] are required in order to modify
the surface reactivity of the magnesium alloy substrate. Among the various surface treatments,
chemicalconversion deposition is conveniently and simply operated to produce a uniform and well
adhered coating, especially for the compdraped components of the orthopaedic implant. A calcium
phosphate conversion coating was carried out on thE8Nbi alloy by Song et. al. [21] but the
coating was not transformed to the biocompatible HA coating. Additionally, the.iNdjoy is not a
good potential implant material, babmmonly used in aerospace and militapplications and the
formation mechanism of conksgon film on MdLi alloy may be different from that on the
conventional magnesium alloys.

So in the present study, waescribea simple twestep chemical method without external
electrical circuit or any prereatment, to deposit a compact amell adhere 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. %).

5.8~7.2 <1.0 0.15~05 O0. 1 O0.C O0. 0 OO0. 0 Balance

AZ60 die cast magnesium alloy was used as the substrate material; its composition is given in
Table |. The sample size was 12 mml12 mml5 mm.
grit SiC paper followed by socation cleanout in acetone. The cleaned samples were immersed into a
phosphating solution at 37N2AC for 30 min an.
composition of the phosphating solution is given in Table 2, and its pH was adjusted lyy Na@H
to283. 0. The dried samples were then alkal.i tre
final coating.

The phase of the samples with andhwut coatings were characterized byray diffraction
( XRD, Ri gaku Dymax, Japan) with a Cu KU radia
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kvV and 200 mA with the scanning rate and S t
morphologies and theomposition of the coatings were identified by scanning electron microscopy
(SEM, ZEISSEVO018, Germany) equipped with energy dispersi#ay spectrometer (EDS, -X

Max, Oxford Instruments).

Table 2. The composition of the phosphating solution.

Composition Concentration
H3POy(85% V/V) 8 mL/L
CaO 1.2 g/L
Ca(NQGy)AH,0 11 g/L
Na,MoO,A 2.8 0.5 g/L

The corrosion resistances were evaluated by the electrochemical tests in 3.5wt% NaCl solution
(20A Tand SBF (34 , respectively. SBF is composed of 8.0 g/L NaT4 g/L KCI, 0.14 g/L CaG)
0.35 g/L NaHC@Q, 1.0 g/L GHeOs (glucose), 0.2 g/L MgSgad,0, 0.1 g/L KHPOyA,0, 0.06 g/L
NaoHPO»M,0 and pH=7.46]. Electrochemical tests were performed on an Electrochemical Analyser
(Versa STATS3, Princeton Applied Resela)y using a classical three electrodes cell with platinum as
counter electrode, saturated calomel electrode SCE (+0.242 V vs. SHE) as reference electrode and tr
samples as working electrode (0.5 “cexposed area)The scanning rate was 5 mV/s for all
measirements.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 Microstructureand phasecomposition
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Figure 1. XRD patterns ofN ) untreated, if ) phosphate treated, arid ) alkali treated surfaces of
the magnesium alloy.
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Figure 2. The surface and crosectional morpholgies of (ac) phosphate coating and-{dHA
coating. (Insets) EDS results.

Fig. 1 shows the XRD patterns of the untreated, phosphate treated and alkali treated surfaces o
the magnesium alloy. AZ60 magnesium alloy substrate mainly considBVigf solid solution, and
without corrosionorpré r eat ment the b phase was generally
[22]. After phosphating, the magnesium alloy substrate was covered mainly by dicalcium phosphate
dihydrate (CaHP@RH,O, DCPD) and a smalfjuantity of tricalcium phosphate (§RQs),) and
magnesium phosphate (MBO)2), as shown by the XRD pattern Il in Fig.1. After the aHkedat



