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Degradation process of fluorine conversion coating on
magnesium alloy by electrochemical impedance spectroscopy
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Abstract: Fluorine conversion film was synthesized on AZ31 magnesium alloy to improve its corrosion resistance as
degradable implant material. The degradable process was studied by electrochemical impedance spectroscopy (EIS) in
Hank’s solution for different immersion times. The formation mechanism and the degradation behavior of fluorine
conversion film in Hank’s solution were discussed by investigating the variation of surface morphology and chemical
composition. The results indicate that MgF, conversion film forms on AZ31 alloy through the fluoride treatment. The
evolution of hydrogen results in the formation of a very small amount of blind micro-pores in the film. With increasing
the immersion period in Hank’s solution, the corrosion resistance of MgF, conversion coating decreases gradually.
During this process, magnesium hydroxide forms with the slow dissolution of MgF, layer, and Ca®', HPO,* and PO,
ions deposit on the surface of the sample. The existence of micro-pore on MgF, conversion coating leads to the initiation
of pitting corrosion after immersion for 15 min. After immersion for 7 d, MgF, layer suffers more serious corrosion
damage due to the self-accelerated corrosion at the micro-pores. After immersion for 15 d, the pitting corrosion damage
becomes more obvious. The in-leakage of a great amount of Cl ions enhances the localized corrosion of AZ31 substrate
through the micro-pores in the film, where the accumulation of corrosion products results in the formation of some
cystiform protuberance.
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Fig. 1 SEM image(a) and EDS analysis(b) of surface on
AZ31 sample treated with HF
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Fig. 2 SEM image(a) and EDS analysis(b) of cross section of
sample treated with HF
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Fig. 3 XRD pattern of powder of fluoride conversion coating
on AZ31 alloy
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Fig. 4 Nyquist(a) and Bode(b) plots of sample immersed in
Hank’s solution for different times
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Fig. 5 Equivalent circuits for electrode surface corrosion in
Hank’s solution: (a) 15 min, 2 d; (b) 7d, 15d
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Table 1 Parameters of equivalent circuit

Immersion Ry o/ Ry
time (@em?)  (WFem?) M (kQ-cm?)
15min  26.70 51.7 0.89 453
2d 91.39 13.6 0.80 58.9
7d 39.23 40.5 0.84 414
15d 25.22 243 0.86 6.7
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Fig. 6 Surface morphologies of sample immersed in Hank’s solution for different times: (a) 15 min; (b) 2 d; (¢)7 d ((c1) Crack and

pore; (c2) Pit corrosion)); (d) 15 d ((d1) Pit corrosion; (d2) Film))
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Table 2 EDS analysis of sample surface during immersion as shown in Fig. 6

Mole fraction/%
Position

F (0] Mg Al P Ca Cl Na
A 57.38 6.85 35.77
B 49.99 11.43 35.15 1.26 1.34 0.82
C 47.67 18.88 30.79 1.52 1.14
D 63.97 26.78 0.57 4.76 3.92
E 67.40 28.43 6.17
F 42.86 29.22 23.43 2.67 1.43
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