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biomagnesium alloy bone screws. Coating was prepared on the surface of bone screws with complex morphology by means of
micro-arc electrophoresis and hydrothermal synthesis. First, electrolytic polishing was used to pretreat the surface of bone
screws. Subsequently, amorphous hydroxyapatite coating was prepared on the surface by virtue of micro-arc electrophoresis.
Finally, the micro-arc electrodeposition coating was sealed by virtue of hydrothermal synthesis to obtain hydroxyapatite
composite coating is with high purity and good crystallinity. Microstructures, morphology and composition of the composite
coating were characterized by XRD, SEM, AFM etc. In vitro immersion test and electrochemical experiment were carried out in
T. Kokubo's stimulated body fluid (SBF) to evaluate the corrosion resistance and the ability to induce the precipitation of cal-
cium orthophosphates of this composite coating. Electrolytic polishing pretreatment was carried out provided with electrolytic
polishing current of 0.14 A and polishing time of 2 min, so as to improve binding strength between the substrate and coating. In
the process of micro-arc electrophoresis, serious tip discharge was observed on surface due to its specific shape of the bone
screws. The addition of glycerol into the micro-arc electrophoresis electrolyte could effectively restrain the electric discharge
phenomena in the tip, and prevent porosity of the film structure, deposition of numerous oxides, exfoliation of the coating and
even ablation of the matrix by adjusting the content of glycerol in the electrolyte and optimizing the micro-arc electrophoresis
process (voltage of 155 V and reaction time of 20 min). Then the micro-arc electrophoresis coating was sealed by optimizing
hydrothermal synthesis parameters (pH 8.5, reaction time of 1.5 h and reaction temperature 393k) to form HA composite coat-
ing. The morphology of micro-arc electrophoresis/hydrothermal synthesis composite coating is cauliflower-like structure as-
sembled by hydroxyapatite nano rods. The coating is uniform, compact and of good crystallinity. The electrochemical corrosion
test shows that, corrosion current density of the bone screws with the composite coating decreases by one order of magnitude,
and morphology of the bone screws is still intact after 6 days of immersion in simulated body fluid, indicating that micro-arc
electrophoresis/hydrothermal composite coating could improve biocompatibility to some extent and especially the corrosion re-
sistance. However, the fretting friction-wear test shows that the wear resistance decreases after hydrothermal composite sealing.
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Fig.1 Macro morphology of magnesium bone screw after
electrolytic polishing pretreatment
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Tab.1 Ion composition and the ion concentration in T. Kokubo's simulated body fluid
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Fig.2 Schematic diagram of specimen and friction pair
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Fig.3 XRD pattern of micro-arc electrodeposition coating
(a) and hydrothermal synthesis of coating(b)
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Fig.4 Surface microtopography of micro-arc electrodeposition coating
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Fig.5 Surface microtopography of hydrothermal synthesis of coating: (a) general view;
(b) tip; (c) bottom; (d) partial enlarged drawing
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Fig.6 3-dimension surface images obtained by the AFM: (a) micro-arc electrodeposition coating,
(b) hydrothermal synthesis of coating
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simulated body fluid
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Tab.2 Corrosion potential and corrosion current
density of bare bone screw and coating
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Fig.8 Surface microtopography after three days and six days immersion in T. Kokubo's simulated body fluid:
(a) micro-arc electrodeposition coating-3d; (b) hydrothermal synthesis of coating-3d; (c) micro-arc
electrodeposition coating-6d; (d) hydrothermal synthesis of coating-6d
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Fig.9 Surface microtopography after six days immersion in T. Kokubo's simulated body fluid:
(a) micro-arc electrodeposition coating; (b) hydrothermal synthesis of coating

2.5 HEIXE

K10 9 #R-E IR ET HIPIRNAS [R) TR 2 A R ETIR I 7
PNEL et R DO A S S L AR DN R &)
H, BRI A E R, =R A b b
AR B, (L Rl 2 . &2
HIRET BB E R A P, KR SRR SR
WA IE AW R 5 KE, BORRIKIRIZ SR ETHr

20
18 |

a: y=2.01x+1.

— = =
N R
T T T

Hydrogen volume/(mL - cm™)

ok
8L
or b: =1.43x+0.79
e
2t .

¢ y=0.59x+0.56
0 1 1 1 1 1 1 1
o 1 2 3 4 5 6 71

Time/d

(a) bare bone screw; (b) micro-arc electrodeposition coating;
(c) hydrothermal synthesis of coating

B 10 R IRET AR R 7R 2 IR ET IR 7 R
Brib SRS
Fig.10 The value variation of hydrogen-evolution content after
seven days immersion in T. Kokubo's simulated body fluid

AR L, UL KR 2 © 28 2
%, BB, I RRIZEE SRR xR
SRR TR VR 2 FE AR AR I BE W6 7F — a2 FE B LR SR Sk
(B ol (2 i TR AR KB A B A B T
WiE, XFIREERIER AR, 27 Xa, KAE
BURIENT SR B R AN RO IR 20 13, 9K
PO A VR 2 T LIV 2 65 o o 3 42 o) 78 247 — 114 115
Z N, PRUEE BRET ZEAE A AR Y I Y8 5] i
2.6 HBhEEERNR

I3 BRI Wk IR R UK R SR 2R 3 F
AriatRE , SR ol 0 B 422 B 41 i 4 ML X B 48 R e A il
o TEAFRERKI & T, BEEERILE 50 m B4
J&i . BEIE R BORWIE TAE o i Ik )2 1 2 B
BERECN 0215, KIME GURIZ TR BEERE N
0.248 . 3l i Xt BES R IHA AR, O 2
JERRZE N 3.324x107° mm®/(N-m), KIE 55200
WEN 5.277x107° mm*/(N-m). 2SI ERALH
FE R RS . IR 2 UL R A . AT R
P e — 5 T2 T O Ok U 2 R O RLRS A7
FER AL, 7 B 5 S b oo A AR mT L 2
AL, By ik TR R &AM B—rm R T
TN AR K U 2 A R Ry, AR A AR v AR T R
LS



Fact H3H

ARUEANSE TR B 1 i MR BT 3R M IR UKk K A 5 TR 2 1 il 6 5 P E - 27 -

3 #Hit

1) ARG T4l BH AT LR g B AR R IR A 255
45

azd
[y

2) il X Pk T2 5 ek, B 9 =i
i, EMOTE IR EE 155 V. KW AE] 20 min ()T
SHMET, MINTESE S & B IR ET R 5 R A5 AR
R AR M Uk U 2, 5 B S i B0 6 1 SR AT 1
AR I 2 AR IR 2 o 3 3 7K G RO O F Ok R 2
PEATEL, W& Tai s . 45 LRI I A 2
GZ.

3) BEEWZEFREIESTN ARG, gk
INERAR R B KA A, SIBUE, AR TR
Y A L J2 2 T R R RN A, IR R T IR Z R 4N
AR A

4) PRl P RN UK IR 2 R AL, Rl
TR AR T 8 1l 1E o A KGRt 1T B L
J&, TEAEZZ Rl , AT ROA S iR, B
W rERe ;s S EEERIN PR, K G5
b 3B B RE T R o

S -

[1] BOSTMAN O, PIHLAJAMAKI H. Clinical Biocompati-
bility of Biodegradable Orthopaedic Implants for Internal
Fixation: A Review[J]. Biomaterials, 2000, 21(24): 2615—
2621.

[2] HABIBOVIC Pamela, GROOT Klaas De. Osteoinductive
Biomaterials-properties and Relevance in Bone Repair[J].
Journal of Tissue Engineering and Regenerative Medicine,
2007, 1(1): 25—32.

[3] WITTE F, KAESE V, HAFERKAMP H, et al. In Vivo
Corrosion of Four Magnesium Alloys and the Associated
Bone Response[J]. Biomaterials, 2005, 26(17): 3557—3563.

[4] ULLMANN Berit, REIFENRATH Janin, DZIUBA Dina,
et al. In Vivo Degradation Behavior of the Magnesium Al-
loy LANd442 in Rabbit Tibiae[J]. Materials, 2011, 4(12):
2197—2218.

[5S] WU Guo-song, GONG Li, FENG Kai, et al. Rapid Degra-
dation of Biomedical Magnesium Induced by Zinc Ion Im-
plantation[J]. Materials Letters, 2011, 65(4): 661—663.

[6] WANG Huanxin, GUAN Shaokang, WANG Xiang, et al.
In Vitro Degradation and Mechanical Integrity of Mg-
Zn-Ca Alloy Coated with Ca-deficient Hydroxyapatite by
the Pulse Electrodeposition Process[J]. Acta Biomaterialia,
2010, 6(5): 1743—1748.

(7] wEnE, RESEA:. BR BG4 558 TR AR KR
JERFFE]. FORHALEHA, 2011, 32(1): 109—113.
GAO Yali, XIONG Dangsheng. Study on Plasma Sprayed
Hydroxyapatite Coating on Magnesium Alloy[J]. Transac-
tions Materials and Heat Treatment, 2011, 32(1): 109—113.

[8] HAHN Byung-Dong, PARK Dong-Soo, CHOI Jong-Jin, et al.

Aerosol Deposition of Hydroxyapatite-Chitosan Composite
Coatings on Biodegradable Magnesium Alloy[J]. Surface
and Coatings Technology, 2011, 205(8/9): 3112—3118

[9] TOMOZAWA Masanari, HIROMOTO Sachiko, HARADA
Yoshitomo. Microstructure of Hydroxyapatite-coated Mag-
nesium Prepared in Aqueous Solution[J]. Surface and
Coatings Technology, 2010, 204(20): 3243—3247.

[10] LIN Xiao, YANG Xiaoming, TAN Lili, et al. In Vitro De-
gradation and Biocompatibility of a Strontium-containing
Micro-arc Oxidation Coating on the Biodegradable ZK60
Magnesium Alloy[J]. Applied Surface Science, 2014,
288(2): 718—726.

[11] GAO Junheng, GUAN Shaokang, CHEN Jun, et al. Fabrica-
tion and Characterization of Rod-like Nano-hydroxyapatite on
MAO Coating Supported on Mg-Zn-Ca Alloy[J]. Applied
Surface Science, 2011, 257(6): 2231—2237.

[12] MA Xun, ZHU Shijie, WANG Liguo, et al. Synthesis and
Properties of a Bio-composite Coating Formed on Magnesium
Alloy by One-step Method of Micro-arc Oxidation[J]. Journal
of Alloys and Compounds, 2014, 590: 247—253.

[13] ZHU Yanying, ZHAO Qing, ZHANG Yunhong, et al.
Hydrothermal Synthesis of Protective Coating on Magne-
sium Alloy Using De-ionized Water[J]. Surface and Coat-
ings Technology, 2012, 206(11): 2961—2966.

[14] %3, WP, MRICH, &5 & TEROMATX
TR BRI, T EAEEE, 2014, 33(4): 244—253.
XU Ling, HUANG Yanfei, XU Jiazhuang, et al. The Re-
search Progress of Ultra High Molecular Weight Polye-
thylene for Artificial Joint[J]. Materials China, 2014,
33(4): 244—253.

[15] FZAE. 90K HA/Mgy(PO4), &4 JZ Rl # K i ik

REAANIAR A HEDFIE[D]. M FBMIKE, 2011,
GAO Junheng. Study on Fabrication of HA/Mg;(POy),
Composite Coating and Its Anticorrosion and Cellular
Biocompatibility[D]. Zhengzhou: Zhengzhou University,
2011.

[16] BETLE, A2k, XIEH, 55, BEERE KA IRIZ S5

R X HCAE A DAY ) AR A S v P R 1) 5 T [C /7285 L i 6
BRI BT 23 R AR /U 2 PR AR 25 IR S04 2R
g [HICE AT 2004,
XUE Weichang, ZHENG Xuebin, LIU Xuanyong, et al.
Crystallinity of Hydroxyapatite Coating on the Properties
of its Degradation and Osteogenesis in the Vivo[C]// Pro-
ceedings of the 7th International Hot Spraying Workshop
and Annual Meeting of the Eighth National Thermal
Spraying. Zhuhai: [s. n.], 2004.

[17] LORD Megan S, FOSS Morten, BESENBACHER Flem-
ming. Influence of Nanoscale Surface Topography on
Protein Adsorption and Cellular Response[J]. Nano Today,
2010, 5(1): 66—78.

[18] #A33C, THLhd, MEB, . kG &RMmMIE SN

ofs YRR P PR A P A PR BT 5T (D). R4~ 4l, 2001,
21(3): 167—171.
JIANG Shuwen, YIN Guangfu, ZHENG Changgiong, et
al. Friction and Wear Behavior of DLC Gradient Film on
Ti6Al4V Alloy Substrate in Sliding Against Ultra-high
Molecular Weight Polyethylene[J]. Tribology, 2001, 21(3):
167—171.



