Vol.44 No.05
May 2023 FOUNDRY TECHNOLOGY 449 -

DOI:10.16410/j.issn1000-8365.2023.2336

1 1 1 1 1,2 1,2
(1. 211167 2.
211167)
, ZK60
(SH) ., X (XRD)., (SEM) ,
(Ca[CH,(CH,),,CO01,) (MgMn,(OH),CO; - 4H,0).,
, 152.5°,
(4.73%x107 A-cm?) (6.53x10° A-cm?) 2 , (SBF)
: TG113.23+1 (A :1000-8365(2023)05-0449-07

Research on the Preparation and Corrosion Resistance of Mg—Mn
Superhydrophobic Layered Double Hydroxide Films Assisted by an Electric Field

ZHANG Zhaoyu', HUANG Yu', WANG Yan', SUN Tianyi', WANG Yongmin'?, BA Zhixin'?

(1. School of Materials Science and Engineering, Nanjing Institute of Technology, Nanjing 211167, China; 2. Jiangsu Province
Advanced Structural Materials and Application Technology Laboratory, Nanjing 211167, China)

Abstract: To further improve the clinical application of magnesium alloys as biomedical materials, a superhydrophobic
(SH) layered double hydroxide (LDH) film was prepared on the surface of a ZK60 magnesium alloy by an electric
field-assisted method to improve the corrosion resistance. The surface composition and morphology of the film were
analysed by X-ray diffraction (XRD) and scanning electron microscopy (SEM). The experimental results show that the
main components of the film surface are calcium myristate (Ca[CH;(CH,),,COO],) and Mg-Mn LDH (MgsMn,(OH),CO;-
4H,0). The corrosion resistance of the film was characterized by electrochemical and contact angle tests. Under the optimal
preparation process, the contact angle of the superhydrophobic film sample reaches 152.5°, and the corrosion current
density decreases by approximately 2 orders of magnitude compared with the substrate, significantly slowing the
degradation rate of the magnesium alloy substrate in simulated body fluid (SBF).
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Tab.1 Chemical composition of SBF solution -SH
Composition Content/(g+L") R ,
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Na,HPO,- 12H,0 0.06 ’ ’
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1 Mg-Mn LDHs

SEM  :(a) Mg-Mn LDHs, (b) 10 min-SH, (c¢) 20 min-SH,

(d) 30 min-SH
Fig.1 SEM images of Mg-Mn LDHs and superhydrophobic layer double hydroxide film formed at different electric field assisted time:
(a) Mg-Mn LDHs, (b) 10 min-SH, (c¢) 20 min-SH, (d) 30 min-SH

2 Mg-Mn LDHs

Fig.2 Contact angle variation curve of Mg-Mn LDHs and
superhydrophobic film at different electrodeposition time
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3 XRD
Fig.3 XRD patterns of LDH andel ectric field-assisted
superhydrophobic layer double hydroxide film
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Fig.4 Polarization curves of the ZK60 magnesium substrate,
layer double hydroxide film and superhydrophobic film at
different electrodeposition times in SBF

2

Tab.2 Corrosion current density and corrosion potential
based on polarization curve fitting of different samples

Sample EenlV Lo/ (A - c1?)
ZK60 -1.60 6.53x10*
LDHs -1.47 5.97x10°
10 min-SH -1.45 3.10x10°
20 min-SH -1.40 4.73x107
30 min-SH -1.43 1.10x10°
EIS SBF
, 5~6 Nyquist
Bode , s
o Nyquist
, - SH
ZK60 LDHs ,
|Z|(=0.1 Hz) , Cr
20 min-SH(65 000 {2 -cm?) ZK60(2 500 € -cm?)

’ ’

7 ZsimpWin

Fig.6 Bode diagram of SH at different electrodeposition time

7 ZK60 LDHs SH
(a) ZK60, (b) LDHs, (c) SH
Fig.7 Equivalent circuits of ZK60, LDHs and SH in the
electrochemical impedance test: (a) ZK60, (b) LDHs, (c) SH

s 3 o

, C
CPE to Ry
3 EIS

Tab.3 EIS parameters of different samples based on
equivalent circuit model fitting

Sample ZK60 LDHs 10 min-SH 20 min-SH 30 min-SH

RJ(Q-cm’) 9865 1069 352 157 152
Ro/(Q-em?) 1706 2152 4247 5034 3578
Co/(F-em?) 4.03x10° 5.05x10* 3.14x107  1.54x107  1.45x107
RJ(Q-cm?) 3849 6058 2579 4033 3343
Ro/(Q-emd) - - 2124 252 178.9
/% - 3648 85.07 90.46 88.49
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Fig.8 Corrosion mechanism of superhydrophobic film
, , ,2021.
LICB. Study on the preparation and properties of AZ31 mag-
: nesium alloy superhydrophobic surface[D]. Jilin: Jilin University,
3 2021.
[S5] SHI L T, HU J, LIN X D, et al. A robust superhydrophobic
(1) s PPS-PTFE/SiO, composite coating on AZ31 Mg alloy with excel-
(Ca [CHS(CHz)uCOO]z) lent wear and corrosion resistance properties[J]. Journal of Alloys
(Mgan (OH)|(,CO3 . 4H20) and Compounds, 2017, 721: 157-163.
[6] LIN X, TAN L L, WANG Q, et al. In vivo degradation and tissue
° compatibility of ZK60 magnesium alloy with micro-arc oxidation
© coating in a transcortical model [J]. Materials Science and Engi-
(2)SH 20 min, neering: C, 2013, 33(7): 3881-3888.
(152.5+3.4)°, (4.73x [71 JINWH, WU G S, FENG H Q, et al. Improvement of corrosion re-
107 A - Cm-l) 7K60 2 , sistance and biocompatibility of rare-earth WE43 magnesium alloy
) SH by neodymium self-ion implantation[J]. Corrosion Science, 2015,
94: 142-155.
N ° [8] GAO L L, ZHANG C H, ZHANG M L, et al. Phytic acid conver-
sion coating on Mg-Li alloy[J]. Journal of Alloys and Compounds,
2009, 485(1-2): 789-793.
[1] JAVAID A, CZERWINSKI F. Progress in twin roll casting of mag- [9] , , , .LDHs
nesium alloys: A review [J]. Journal of Magnesium and Alloys, [J]. ,2022, 42(2): 51-59.
2021, 9(2): 362-391. LUO X P, YOU S H, LIU C M, et al. Research progress on treat-
[2] SUN Y, HELMHOLZ H, WILLUMEIT-ROMER R. Preclinical in ment of heavy metal wastewaterby layered double hydroxides and
vivo research of magnesium-based implants for fracture treatment: their composites[J]. Industrial Water Treatment, 2022, 42(2): 51-
A systematic review of animal model selection and study design 59.
[J]. Journal of Magnesium and Alloys, 2021, 9(2): 351-361. [10] s , ,
[31 SEZERN, EVIS Z, KOC M. Additive manufacturing of biodegrad- [J7. ,2019, 48(3): 69-75.
able magnesium implants and scaffolds: Review of the recent ad- LIZ Z, BA Z X, WANG T, et al. Fabrication and corrosion resis-
vances and research trends[J]. Journal of Magnesium and Alloys, tance of Mg-Fe layered double hydroxide films on pure Mg sub-
2021, 9(2): 392-415. strates by electric field[J]. Surface Technology, 2019,48(3): 69-75.
[4] . AZ31 [D]. [11] WU F X, LIANG J, PENG Z J, et al. Electrochemical deposition

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



(

$05/2023 )

.455.

and characterization of Zn-Al layered double hydroxides (LDHs)
films on magnesium alloy[J]. Applied Surface Science, 2014, 313:
834-840.

[12] LINJ K, HSIA C L, UAN J Y. Characterization of Mg, Al-hydro-

talcite conversion film on Mg alloy and CI" and CO j anion-ex-

changeability of the film in a corrosive environment [J]. Scripta
Materialia, 2007, 56(11): 927-930.

[13] PENG F, LI H, WANG D H, et al. Enhanced corrosion resistance

[14]

and biocompatibility of magnesium alloy by Mg-Al-Layered dou-
ble hydroxide[J]. ACS Applied Materials & Interfaces, 2016, 8
(51): 35033-35044.

WITTE F. The history of biodegradable magnesium implants: A
review[J]. Acta Biomaterialia, 2010, 6(5): 1680-1692.

[15] PSEAUD-SHARMA D, MEGORON A. Biodegradable magnesium

[16]

alloys: A review of material development and applications [J].
Journal of Biomimetics, Biomaterials and Tissue Engineering,
2012, 12: 25-39.

BIGI A, BRACCI B, CUISINIER F, et al. Human osteoblast re-
sponse to pulsed laser deposited calcium phosphate coatings [J].
Biomaterials, 2005, 26(15): 2381-2389.

[17] ZHU Y J, SUNF L, QIAN H J, et al. A biomimetic spherical cactus

(18]

superhydrophobic coating with durable and multiple anti-corrosion
effects[J]. Chemical Engineering Journal, 2018, 338: 670-679.

[J]. ,2021,49(7): 39-41, 51.

PENG H Q, SHI T, XUE S, et al. Research progress on superhy-
drophobic material for oil-water separation[J]. New Chemical Ma-

terials, 2021, 49(7): 39-41, 51.

[19] LIUY H, LIU ZL, LIU Y P, et al. One-step modification of fabrics

[20]

with bioinspired polydopamine@octadecylamine nanocapsules for
robust and healable self-cleaning performance[J]. Small, 2015, 11
(4): 426-431.

B 5

[J]. ,2018, 32(1): 102-109.

[21]

[22]

(23]

[24]

[25]

QIAN Z Q, WU Z J, WANG S D. Research progress in preparation
of superhydrophobic coatings on magnesium alloys and its appli-
cation[J]. Materials Reports, 2018, 32(1): 102-109.
GAO R, LIU Q, WANG J, et al. Fabrication of fibrous szaibelyite
with hierarchical structure superhydrophobic coating on AZ31
magnesium alloy for corrosion protection[J]. Chemical Engineer-
ing Journal, 2014, 241: 352-359.

[J]. ,2021, 42(6): 527-534.
WANG Y M, CHEN X, DING Y P, et al. Research progress on
preparation and properties of hydrotalcite film onmagnesium alloy
[J]. Foundry Technology, 2021, 42(6): 527-534.

s , , [J1.

,2021, 32(6): 541-547.
LIN Z F, TIAN M N, WU W P, et al. Research progress of super-
hydrophobic coatings on magnesium alloys[J]. Chemical Research,
2021, 32(6): 541-547.
[J]. ,2001, 17(3): 286-288.
LIU H, WU M, WU H J, et al. Photocatalytic activity and electro-
chemical impedance spectroscopy of TiO, the rmally treated by hy-
drogen[J]. Acta Physico-Chimica Sinica, 2001, 17(3): 286-288.
[D].
,2007.

YAO W J. Characterization and application to the design of am-
perometric biosensor of layered double hydroxides[D]. Yangzhou:
Yangzhou University, 2007.

[26] JANET C M, VISWANATHAN B, VISWANATH R P, et al. Char-

acterization and photoluminescence properties of MgO microtubes
synthesized from hydromagnesite flowers[J]. Journal of Physical
Chemistry C, 2007, 111(28): 10267-10272.

[27] WANG P, ZHANG D, QIU R. Liquid/solid contact mode of super-

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

hydrophobic film in aqueous solution and its effect on corrosion

resistance[J]. Corrosion Science, 2012, 54: 77-84.

http://www.cnki.net



