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ABSTRACT: The work aims to prepare Mg-Fe hydrotalcite film on the surface of pure magnesium to improve the corrosion re-
sistance in simulated body fluids. Pure magnesium matrix was pretreated in the Fe*'/CO3 solution, and then placed in an alka-
line solution with a pH of 10, while the sample was used as an anode and the current was applied to assist film formation. The
effect of electric field environment on the quality of the film was studied by controlling the current and formation time. The sur-

face morphology and phase composition of the Mg-Fe hydrotalcite film were characterized by scanning electron microscopy and
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X-ray diffractometric. The electrochemical experiments (potentiodynamic polarization and electrochemical impedance spec-

troscopy) were conducted to study corrosion resistance of Mg-Fe hydrotalcite film. Mg-Fe hydrotalcite film was prepared on

pure magnesium surface under different electric field conditions. As the current increased and the time prolonged, the film qual-

ity and corrosion resistance increased first and then decreased. When the current was 50 mA and the time was 1 h, the prepared

film had the best quality and corrosion resistance. The electric field environment could effectively promote the reaction, greatly

shorten the time and improve the preparation process. The corrosion current density of the sample prepared under the optimum

process conditions was 9.24x107® A/cm?, which was about 1/10 of the pure magnesium matrix (1.09x10™* A/ecm?). The Z

modulus was about 2410 Q-cm?, which was about 4 times that of the substrate (668 Q-cm?). The Mg-Fe hydrotalcite film is

successfully prepared on the surface of pure magnesium by electric field assisted process. The preparation time of the film can

be shortened by this process, and the prepared film layer can effectively improve the corrosion resistance of the pure magnesium

matrix in the simulated body fluid.

KEY WORDS: pure magnesium; hydrotalcite; electric field; surface topography; polarization curve; AC impedance
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Fig.1 XRD patterns of films
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Fig.3 Polarization curve of Mg substrate and coating samples
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Tab.1 Parameters obtained after polarization curve fitting
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Fig.4 Electrochemical impedance spectroscopy of substrate and coating samples
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Tab.2 Related parameters obtained by fitting

Sample RJ(Q-em®)  Yp/(x10°Qem s R/(Q-cm?) Ca/(x10° Frem™?)  R/(Q-cm?)
Substrate 93.6 12.7 387.3
10+1 91.7 2.468 0.8704 816.4 17.72 273.8
50+1 93.3 8.125 0.8235 1788 5.42 468.8
100+1 94.2 10.47 0.8305 862.5 13.49 190.8
50+0.5 92.1 7.474 0.8568 1190 6.41 357
50+4 93.3 6.822 0.8563 1310 6.26 378.1
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Fig.6 Film growth model



Fag 3 2ttt A v B B R SE K A T B i 8 B Tk P A BT 5 75+

3 it

1) ASCRHRIZ R FB, e 28 3R 1 )
15 EZRI MR IK I A A R AR I S AR
75 (A RE )2 T A 2808 e AR TEABEADLAC YA r Ay i ol

2) it A B By R R S A B (R AEAG, JREJE Y
fif b e BT PR AR, MR
50 mA. BFEIZH 1 h B, B2 R0 A il by, 8
PhoHL B BE R 9.24x107° AJem?, 2k 4l BE LK
(1.09x107* A/em?)f¥) 1/10,

3) HLI 4 B S5 AT A R R ROV R T, AH R
W 5E IR (IR E] 20 h ), B K 4E 1 ],
U Tl T2,

SE

[1] LU K. The future of metals[J]. Science, 2010, 328(5976):
319-320.

[2] XU W, BIRBILIS N, SHA G, et al. A high-specific-
strength and corrosion-resistant magnesium alloy[J]. Na-
ture materials, 2015, 14(12): 1229.

[31 NORDLIEN J H, ONO S, MASUKO N, et al. A TEM
investigation of naturally formed oxide films on pure
magnesium[J]. Corrosion science, 1997, 39(8): 1397-
1414.

[4] BA Z, DONG Q, YIN J, et al. Surface properties of
Mg-Gd-Zn-Zr alloy modified by Sn ion implantation[J].
Materials letters, 2017, 190: 90-94.

[5S1] ARRABAL R, PARDO A, MERINO M C, et al. Corro-
sion of magnesium-aluminum alloys with Al-11Si/ SiC
thermal spray composite coatings in chloride solution[J].
Journal of thermal spray technology, 2011, 20(3): 569-579.

[6] HU R G, ZHANG S, BU J F, et al. Recent progress in
corrosion protection of magnesium alloys by organic
coatings[J]. Progress in organic coatings, 2012, 73(2-3):
129-141.

[77 SANKARA-NARAYANAN T SN, PARK IS, LEEM H.
Strategies to improve the corrosion resistance of microarc
oxidation (MAQO) coated magnesium alloys for degrad-
able implants: Prospects and challenges[J]. Progress in
materials science, 2014, 60: 1-71.

[8] TERRY P A. Characterization of Cr ion exchange with
hydrotalcite[J]. Chemosphere, 2004, 57(7): 541-546.

[9] FRANCIS R C, ANDREAS L, UDO W, et al. Intercalation

[10]

[12]

[13]

[15]

[17]

[18]

[19]

of Mg-Al layered double hydroxide by anionic surfac-
tants: Preparation and characterization[J]. Applied clay
science, 2008, 38(3-4): 153-164.

LIN J K, HSIA C L, UAN J Y. Characterization of Mg-
Al-hydrotalcite conversion film on Mg alloy and Cl" and
CO3 ™ anion-exchangeability of the film in a corrosive en-
vironment[J]. Scripta materialia, 2007, 56(11): 927- 930.
LIN J K, UAN J Y. Formation of Mg, Al-hydrotalcite
conversion coating on Mg alloy in aqueous HCO5 /CO5>,
and corresponding protection against corrosion by the
coating[J]. Corrosion science, 2009, 51(5): 1181-1188.
CHEN J, SONG Y W, SHAN D Y, et al. Study of the in
situ growth mechanism of Mg-Al hydrotalcite conversion
film on AZ31 magnesium alloy[J]. Corrosion science,
2012, 63(5): 148-158.

CHEN J, SONG Y, SHAN D, et al. Study of the in situ
growth mechanism of Mg-Al hydrotalcite conversion film
on AZ31 magnesium alloy[J]. Corrosion science, 2012,
63(5): 148-158.

BA Z X, DONG Q S, KONG S X, et al. Formation and
corrosion resistance of Mg-Al hydrotalcite film on
Mg-Gd-Zn alloy[J]. Surface review and letters, 2017,
24(1): 1750003.

ZENG R, LIU Z, ZHANG F, et al. Corrosion resistance of
in-situ Mg-Al hydrotalcite conversion film on AZ31
magnesium alloy by one-step formation[J]. Transactions
of nonferrous metals society of China, 2015, 25(6): 1917-
1925.

ZHANG G, WU L, TANG A, et al. Sealing of anodized
magnesium alloy AZ31 with MgAl layered double hy-
droxides layers[J]. RSC advances, 2018, 8(5): 2248-
2259.

WU L, YANG D, ZHANG G, et al. Fabrication and char-
acterization of Mg-M layered double hydroxide films on
anodized magnesium alloy AZ31[J]. Applied surface sci-
ence, 2018, 431: 177-186.

LIN J K, UANJ Y, WU C P, et al. Direct growth of ori-
ented Mg-Fe layered double hydroxide (LDH) on pure
Mg substrates and in vitro corrosion and cell adhesion
testing of LDH-coated Mg samples[J]. Journal of materi-
als chemistry, 2011, 21(13): 5011-5020.

BA Z X, ZHANG X B, WANG Z Z, et al. Electric field
assisted chemical conversion process of AZ91D magnes-
ium alloy in HCO3/CO3 solution[J]. Transactions of non-
ferrous metals society of China, 2014, 24(12): 3818-
3824.



