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Fig. 1 Surface micrograph of magnesium alloy after fluorine

treatment
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Surface micrograph of sample after immersed in

Fig.3 Surface micrographs of coating after electro-depositing
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Table 1 Chemical composition of marked areas in Fig. 3

Mole fraction/%
Area
(6] P Ca F Mg
1 60.05 15.60 24.35
2 37.07 4.34 2143  36.36 0.81
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Fig. 4 SEM image of cross-section(a) and distribution of chemical composition(b) of sample after electro-deposition: (a) SEM

image; (b) Ca; (c) F; (d) P; (¢) O; (f) Mg
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Fig. 5 XRD patterns of samples: (a) AZ31; (b) HF-treated; _
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Fig. 6 EIS plots of MgF,/HA coated samples immersed in
Hank’s solution for different time: (a) Phase-frequencys;

(b)|Z]-frequency

2 FROLBERSHSHE
Table 2 Parameters of equivalent circuit at different immersion time
Time/d  RJ(Q-cm?) 0,/(S"cm™? n Ri/(Q-cm?) 0,/(S"cm™? 1, R /(Q-cm?)
0 89 9.82X107° 0.92 4501 5.13%107° 0.84 9.90X10°
1 89 4.13%x10°° 0.55 2554 5.43%X10°° 0.76 9.81X10°
2 71 8.33X10°° 0.84 2784 6.42X107° 0.46 3.60x 10°
3 134 5.02X107° 0.81 2049 9.14X10°° 0.53 7.19X 10°
5 121 2.14%X10°° 0.43 1904 533%107° 0.70 3.96%X10°
8 157 9.50X10° 0.66 1760 1.31X107° 0.42 7.11x 10*
12 148 321X107° 0.72 3901 4.89X107° 0.64 8.03x10*
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Fig. 7 Equivalent circuits for Alkali-Heat-Treatment surface corrosion in Hank’s solution: (a) Immersion, 1 d, 2 d, 3 d; (b)

Immersion, 5d,84d, 12d
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Fig. 8 Macrographs of alkali-heat-treatment samples before and after immersion in Hank’s solution: (al) Before immersion, 1 d;
(a2) Before immersion, 2 d; (a3) Before immersion, 3 d; (a4) Before immersion, 5 d; (a5) Before immersion, 8 d; (a6) Before
immersion, 12 d; (bl) After immersion, 1 d; (b2) After immersion, 2 d; (b3) After immersion, 3 d; (b4) After immersion, 5 d; (b5)

After immersion, 8 d; (b6) After immersion, 12 d
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JRAR T AR B e b, HE R ARG . ' 1 18.76% Mg(BE/R 7 BO(X 4 2), R 2 WAL 2 %
3 d A S d IRFECLIE 9o Ry i AR AR Ak, SRR 8 d, WRRMAER M, Wi

B9 WRJZ LR Hank’s RSB A RN 6] J5 1) SEM 4
Fig. 9 SEM images of coated specimens after immersion in Hank’s solution for different time: (a)l d; (b) 2 d; (c) 3 d; (d) 5 d; (e), (f)
8d; (g), (h) 12d
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Table 3 Chemical composition of marked areas in Fig.9

Mole fraction/%
Area
(0] F Mg P Ca Cl
1 60.44 13.28 25.28
2 2245 37.11 1876 851 13.17
3 66.03 14.64 18.69 0.18 045
4 77.99 0 0 9.49 10.55
5 74.35 25.65
3 Fig

1) & HF A5, BEA SR I AT ALY
WHALZ, WHALIRZ Ca(OH), WHREI ), ZEREL
BE IR SRR CaF, J2, AL UTR G R ITTE R
e AR IR HA SR 2 . MgFy/HA AR )2 H
F PR IEBE K AT (HA)JZRNR [ 1) 5 L2 4L

2) 7 Hank’s {/ji /BRI FE T, WR)Z IS
BELEC I (1 iy A BT SR /0N, k2 v BEL R L T ]
M BRI 2 5 d B, U STIN, 3R B2 7E Hank’s
T R AR AR B S v S DX 3 A B ik LA
RIE 8 d, BEA SRR A A, AU A PR S el
WEAL P MERUE BURARSGEE . 12 12 d B, CIBiE
PGSR, WRIZERIIER MClL 45 dh . FIId R
W, RTHVARJE AR A AL IR T RN W S PRV, T ek DL A
HhE.
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Degradation behavior of MgF,/HA composite coating on
magnesium alloy in vitro

ZHANG Chun-yan"? ZHANG Shi-yu', LIU Xin-peng', LIU Xue'

(1. School of Materials Science and Engineering, Chongqing University of Technology, Chongqing 400054, China;

2. Chongqing Municipal Engineering Research Center of Institutions of Higher Education for Special Welding Materials
and Technology, Chongqing 400054, China)

Abstract: In order to improve the corrosion resistance and biocompatibility of magnesium alloys, MgF,/HA composite

coatings were prepared on AZ31 magnesium alloy by way of chemical treatment and electrochemical deposition. The

evolution of electrochemical impedance spectroscopy (EIS) behavior, as well as the change of the micrograph and

chemical composition of the MgF,/HA coating in Hank’s solutions were used to study the degradation process. The

results indicate that, during the immersion in Hank’s solutions, the capacitance loop at high frequency decreases

obviously, the resistance of the composite coating reduces. The existence of inductance loop of the 5 d-soaked specimen

indicates the nucleation of corrosion pits is formed on coated AZ31 alloy. Soak to 8 d, the pitting corrosion occurs, the

corrosion products accumulate and form swelling prominence. Soak to 12 d, the Cl permeates to substrate and MgCl,

crystals form on the coating surface. During the soaking, the surface coating does not fall off and the coating has not

obvious dissolved. The degradation happens when the ions in solution permeate to the Mg substrate, and then the

localized pitting corrosion occurs.

Key words: magnesium alloy; MgF,/HA; coating; degradation behavior; biomaterials
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