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Effects of different voltages on physicochemical properties and biocompatibility of micro-arc ox-
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Abstract: Objective To study the physicochemical properties and biocompatibility of micro-arc oxidation (MAO) coating
on AZ31B Mg-alloy and determine the optimal voltage for alloy treatment. Methods We performed MAO treatment of
AZ31B Mg-alloy with 3 voltages using silicate as the electrolyte. The element composition, surface roughness, corrosion
resistance and hydrophilicity of MAO coating were analyzed with scanning electron microscopy, electrochemical
workstation, and a contact angle measurement instrument to determine the optimal voltage for generating surface
topography to allow potential biological implantation of the alloy. The corrosion resistance of the MAO coating and
osteoblast adhesion on the surface of the alloy treated with this voltage was also analyzed. Results The MAO coating on
AZ31B Mg-alloy was composed mainly of Mg, Si and O elements with a rough and porous surface. The increase of voltage
for alloy treatment resulted in rougher MAO coating. The MAO coating generated at the voltage of 440 V showed the best
hydrophilic property and corrosion resistance with a good biocompatibility. Conclusion The MAO coating on AZ31B Mg-
alloy has good physicochemical properties and biocompatibility, and the optimal voltage for MAO coating of this alloy is
440 V.
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R AP RE , R R O A iz e n ™Y HixX
LA AWIFEIR N TC L B, 75 B T IR AR
Wy, 2x3n 8 3 B SR B KU . PRLe , ol AT
T PR 1 AT B A AR AL R [ N M 5 AR B
G B RIFrPUMYERE , 724 PR AT 58 2 A
L B KRR R I R ARl A R —
FRREAE N FHAE I R 7 AT A 4 Jm A b 2 — ) [HEE
G a2z BE TR, TR A W) PR R il B 0 e, i
B R L R AR BE AR ) TR AT, R, TR
PR A 4 E A7 3 1 Ab PR Ok 3G N EE A 4 nY i RS ik
PR W BB G 4 R T 7 kA R AL <
PR 4R fk (Mlicro-are Oxidation, MAO) 45", H:
1 MAO J&— e 4 & R P A AL P B B B
LA BRI, HEaos Je b TH AR AR 35 A0 A

A BN S BT K 4 2 T FAL 3R i h— R AR AT
K JEHTR B B & MO IR it 2
Hhs2 B ) T2 RN DR S LR S L

ARSI VARERRER Jy FEZ ANy , W5 3 ZHANIR]
HUE T AZ31B 85 G Ol AL IR B TERE , X 130T
AR AT AL T, I BE— T A Ik A T
TR A AR B SRS ok e A i

1 MR E7HZE

1.1 EIE##E

SCEGHBE ) AZ3IB BE A A (E XS IR
A AR 1o B8 A A U R LA
B2 em, J5 1 mm B[R 7, ] 804, 180#.320# . 600#
1000# . 200040 ACE AT EMDG . Fir A 1 2 N
LA 0k S min, A= BEER K HBE 75 3% 78 10 min,
S FHZE A e BT R

R1 BESAZIBURERNYIE
Tab.1 Chemical composition list of AZ31B Mg-alloy

Component Si Fe Cu

Mn Zn Al Ni Mg

Mass fraction/% <0.1 <0.005 <0.05

0.2-0.5 0.5-1.5 2.5-3.5  =<0.005 94.34-96.64

1.2 RS RER &

K H WHYH- 100A #Y1% £ (b 50 0w K2z
B )X EER & AT MAO FRIHAL P . A5 84 H At it A

B A3 R Ry AR A BE AR, , (58 A 2108 H) &R

B0 AR S 50 B F AR R ) AR 3 R RS IR 35 C
LR o ol 2% 1w Ak B T 09 R A 2 il 14 /L
Na,SiO; - 9H,0, 4 g/L NaOH, 4 g/L KF 2 i, &b ¥ 1, i
1502 A JREN 75 Hz, A TR [E] )4 20 min, 3 213
1A 3R TR S35 b 440 460,480 V, Fi R N30 V.,
1.3 WEME L BERI AL 51

¥ FH -5 Hitachi S-4800( H 7% A <7 b 234t)
Y 1 48 B 5 $%5% (Scanning Electron Microscope,
SEM) & H 4 1 B8 1t (4 3% 73 M {¢ (Energy Disperse
Spectroscopy, EDS) 43 5il X 5 )2 GOUIE S E 4 7 L5
X2 I 0 28 A BORN B s A TR . R TR A
) XL 2 o5 oI 48 A Ak 8L A 3 1 B ) i 3 R
S WG S TR A L AR T AT SR R . WS T
PR AT 2k VI AR AT EE SO0 20 B &, ik
2w 4 )5, (8 FH SEM WSS E I 5 I W7 48 fh s
SR IE , X HHE AT LA 3 hT
1.4 REEREEREE

K H TR200 2 (At e AR A28 w]) T4 O R

JEE SN A 2 TRDREDRS B2, S S 6 v IR IR 3R
T 114 3 A AN [] b 7 o 000 F AR A B ) S YA SR ik
AR TR A
1.5 BEEM

H b 27 8 b S 0 2 E PAR2273 Hi Ak 2 TR
ARt o FH A 5% 23 W) 58 IR, 2 LE HL R A 6
HoRER, B A 22, TAR AR i, B
“HRARS . TAERAR 0.5 em?, MR Y HL RN
3.5% NaCliA ¥ , DIk B2 o 3 it . S0 50 i e A2y
FHA70 3% {5 ] Origin 8.5 #EA 7424,
1.6 REFKEHRR

R HIE AR R A4 L T BB o0 DataPhy OCA15Pro
(7% ] Dataphysics 7 H ) #0527 42 fi 1) 123
R B FOKAE R R T L i B Al oy o R R i 2%
BRI ARRUR 2 uL, RRiR N AW RS R, S B SR
LG IT RIS B AT FR A0 s A
1.7 iRiAEE

IR 1.3~1.6 LI 25 R AT o3 A Je P 3k Hh By
REFRZE P Z LA AN IR IS (9 AZ31B #EA T4, Frisa:
RAF KRR (MAO L) , DU 35 R e o st , il
R 5 R AT 4 em?/mL, X 208
71 10 min, A TS FERE 8 B, S i = R I #E T
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o TEHE G TR A A B R 3 22 vl
(Phosphate Buffered Saline, PBS) i H , % &), il &
TE37 CHEEAKBF S, 4R 1.7.14 do 4k F
RALE A AR S TR, DL 2 000 1/
min 7% 420 3 min, U FRAA, KN 4% 2 IR IR Y
pH{H , il pH 22 fk it 4 . >k I SPECTRO ARCOS
EOP (74 [ H IR v 7 Hr AR A 7 ) H 8o & 55 2 114
JEF- K 51614 (Inductively Coupled Plasma, ICP ) X
B AR W T Mg B i AT AR, 225 1] Mg BT
., B BRI 75% G A BRIk ZE i K b
e, KT, 2648 & . HRHR &% SEM WL =23 5
AZ3IBEER SRV H . ARSI E HXF IRA ok
Zeid AL BRI AZ31B(FEIAL)
1.8 EWiE

K MC3T3 0B 40 % AZ31B B4 4 AR
FRRE AR A TG PR ARG o IS R A B 10% 1R
AL 1Y a-MEM, 7E 37 °C . & 5% CO. K5 3848 h ik A7
FE A% REBR 2~3 A T4, A & 70%~80% %5 FiE
B, 22 AR TR AL, A AR . B 200 i il e R T
IR CE AR 12408, 4 LA 1> 10Y/mL (4 %%

-

a:440V

PRI R, B 9% 6 h, BT a] S5 FE L R R
W, T PBS 2 s, TR FL A 2.5% % i
W W | AR AT UM [ 2 | J5 F PBS A AR 2
YRR 2 IR, 22 30% . 50% . 70% . 90% . 95% . s 14
R B2 1B /K 4% 30 min, 34 A SR KT, B 4x , SEM L
SR T ARG BEHF 50 o X6 BRZH R R 2t e ihi b
IEE’JAZ31B% G IR Ab BRI

2.1 EMEHIRERNRERSR

B PR 3 O AR A B 1 AZ3 1B, 1
IR IR 22K 1 £ 2L 68, R IADRLRS , HLFf 25
(R R AN, S H Ik 2] 500 VB, iR
IR a, R TE . B2 s T34
AZ31B A AL R IADE S . W] LUE B FEROI
AAb)E AZ31B F1H Y B 1 £ FL IR 2 AL B 2
¥, FLI S Bl g8, FLZ [l i E e X R 4. 7
[] A A AU [ T B 2 FEL S %) P 8, 2 3R T s
Rl e BRI £ | S22 2R 1T A FL R R/ INE B = 184 i
FLBE H iz sl .
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b: 460 V c: 480V

E1 3EBINEEH AZIIB
Fig.1 Micro—arc oxidation of AZ31B AZ31B in three groups

b: 460 V c:480 V

2 3HEET AZ3IB A S RO E LIRRE R SR
Fig.2 Surface morphology of micro—arcoxidation (MAO) coating on AZ31B Mg-alloy at 3 voltages
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FEARIRI A TEI AR T, 4351 FH 440,460,480 V
1 AR BRI AZ3 1B BE A S oM E A I 2 5 B 2031 K
19.0.27.5.30.5 um. A LLE ), i S 40 B R %) T
15, AZ3 1B A AL IR B 1 . MAIET 3 BT

Z T LAE B AZ31B O E AL 22 £ 5
Mg . Si Fll O JEE A AL, Mg TC R FEBE A & FEAR T (0 &5
B TR EALIEZ , O ST & & Sio R 17 &
BT A SRR F L E MK L R E MO SAAL N 1
AR &

! ! ! ! ! ! 1 1
0 50 100 150 200 250 300 0 100 200

Distance/um Distance/um

L L . 1 1 ! !
300 400 500 0 100 200 300 400 500
Distance/um

a:440vV b: 460 V c: 480 V

3 3HAET AZ3IBH A ERHOINELIE EDS Y Lk
Tab.3 Energy disperse spectroscopy (EDS) spectrum of MAO coating on AZ31B Mg-alloy at 3 voltages

2.3 ERENIRE R E

3ZHHLJE R (440,460,480 V) AZ3 1B B A4 10K
A A S 3% 1T KRS B (Ra) 43 51 o4 1,096, 1.840,2.070
wm, B IR AR R A TR ST B P R A 3 34
i, BIFE 440 V HL AT eS0T A0 J5 4 R RS
FEf /N TS HL IR 3 500 VI, AR E B 7%
IS
2.4 BALZEMMERE

&l 402 3 4 i s T A AL b 31 5 19 AZ3 1B B
B 4 7E 3.5% NaCl %9 1 1Y Nyquist &, & 2551910
FRA/NGE M RAHYICR . A 5
PEATH, B PUIRAARERA , J8 h ME RRR A, MK 4
ATLLVE Y ARSI A B NHES R : 440 V > 460 V>
480 Vo MZEIRTT DL B A S th7E 440 VLR R
AZ31B RS AR it 5 Tob P A X B
2.5 REFEKMEIXE

5 7R i 2 3 20 GO S TR 1 2% 1T SR K
440,460,480 V LT T BT 15 Gl s 40 B 35 1 25 125+
7K B 4 ik £ 43 93l SR 73.00° . 86.85° . 89.10°, A Ab R
AZ31B R LB TR fm A )& 94.35°, HILE
2 T AR A A B A IR R R A B R T B A
AR . 3N IE] FE FRAL A 440 VLR TR
JIr A ) S A I SR THT SR /K

25 LR 7E 3 CIR A, 440 V LR T BT R
SIS A 2 HELRE 32 S5 /N, 8 b P R sk M dee e, 78
I AR AR ELAT A 1R T 5 o St —

35000

—=— 440V
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Z'": Real part of impedance; Z": Imaginary part of impedance
4 3AMINE KALIREH AZ31B i Nyquist
Fig.4 Nyquist plots of 3 groups of MAO coating on AZ31B Mg-alloy

AT A T BZ ARG HERE
2.6 R
FETE 440 V HLE T AL B TS iR U 7 PBS 4%
PP IR R , 2 R AL AL B B AZ3 1B BE &
4 (MAO A1) FR & A B B JE Tl IR | i AR 2 Ab PR
FA 4 (SRR ) FR 10T IR [R] R B2 % JB8 ok, 6 g A2
o, AN R RN 1l IR 14 d I BE S 3K
FT R B/ NN SE R T o X S ELG E H OIUAA A
BT A A B T ARG Ry E T . BB R
FRAANRE L I AR TR B[] J5 B SR TR 30, & I RLK
EALIEZFE LI AR /N, R 0A DURIE AL, AR
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a: 440V

b: 460 V

c:480V

d: Uncoated AZ31B Mg-alloy

El5 3LABET AZ3IB H A MM E LR R EARE FKIEM
Tab.5 Surface hydrophilicity test of uncoated AZ31B Mg-alloy and AZ31B Mg-alloy with MAO coating generated at 3 voltages

[l B 2R, LBl A 12 SR (] R 3G K il /N R S0s
W 2%, B2 R R RIS AT LUE Y BEE ER
A P B, HARM FE5H Mg.0.Si.P, R IEH]
LT O LR S Mgt R & AL, RGO LK &
HIHE R T Mg L&,

P 62 MAO ZH K FEAA 20 32 30 ) (6] 9= J % PHL(EL
FIAS ALl 2 1 . R AT LU Y R R 41 78 PBS H
TR UHY pH {1 2Z AT 89 7.3 155 8.5 224 , MAO 4H fY
pH A 1 Z R0 7.3 58] 7.6 22 4, i HLAE 2 5 268
TR B i BARE R pH A s T
MAO 4 R pHAE . 4n1& 6b 7w : SEIAR 12 i
WP R 2 T MAO H BT B, 28 B
B, O EAL BT AZ3 1B EEA & 3R IR R, 1R
T AZ31BEER A WA A e
2.7 EWiEHE

17 SR 44 R 5 L5 B 20 R TR O A b Ak B
Je EE A 4 AZ31B Il B AR R 4 1595 6 h )
PRGBS AR 1O, 2 BRI 4 A P 28 Ao 3 T ML RS 2 FL AT
I 240 P 00 BT, i 00 A 2 1T TR A AN
W, KRZ 2RI, AV 2586, 200 5 e 55 R
Ao MG A EATERE SR W iR i WAL 3 e 1
PR, R T R R T AR DL BT T% Y B 2 RS

Rt , 4% 1 1B BR 2L 23, 0 BH R 28 o AR S Ak % T b B Y
BEA 4R IE H AR, T 40 MPO Zb BRI BE & 4
AZ31BAEYEYE,

34t 8

MAO NP5 8 TR, B T AR, A=
R X IRBETE YN AR A AR B A A, B
N JE— AR, (T4 G & R AL B )T
B, ARSI EEA 4 AZ3 1B AERERRER AR R T 225
MAO 435 , RFTE K — 2 2L MG L)Z X Fh £
FLZE A 2 0 il S A B AR A JIT & T B P TG
FEAL Y JE AT 2 0 , 1 28 2 oh ' R AL W ME RO
B TR AR 32 20 MgO Fll Mg:SiO.. MgO
IR AT 1 Mg R A 1) O™ e BB %, J
WA Mg +0"—MgO, 1Ak, Mg, SiOJE AR 52 b 2
H : Si0,42MgO—Mg,SiO., 1% W A 1] BE & Az AE HLAR
G EEN A o 1)) R TR S S

A oM A At B 57 Z2 R R 152, W H
ff R SR AT 1A IR SRR R IS A
AL ) — R R, RO 2
FL 0 2% B T B, G o e RO SO AR i AR ) R
MR R ARSI ER ISR T 3 41 R T R A



5 i A, 25 . ANTR] L R 86 B SO A PR RE e AR Wi P R 2 - 507 -

9.2
—&— Uncoated
9.0 —e— MAO

8.8 -

8.6 -

8.4 -
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Immersion period/d

a

s Il Uncoated
MAO

w w N
S o o

Mg concentration/Mg * mL"'

N
a

20

immersion period/d

b

6 AZ31B A& MAOBASEMERIRE pH EMZLHILZE (a) 5 Mg " HH 2 (b)
Fig.6 pH variation of PBS immersed with MAO and uncoated AZ31B (a) and Mg concentration in PBS immersed with MAO and
uncoated AZ31B (b)

a: MAO

\ N b U
20.0kv 15.0mm X3.00Kk8SE(U) N 10.0um

b: Uncoated AZ31B Mg-alloy

7 AZ3IB RGN E IR R E KA RE B AAEIETF 6 h HEHHER
Tab.7 Morphology of the cells cultured for 6 h on AZ31B Mg-alloy with MAO coating and on
uncoated AZ31B Mg-alloy

PR BAL PERE . BRIISEBIFST T R B R B
SIEZ AR RIEEHR R, & REE fL R A T
1o, PRI AR T IR = 1 T RO JEE 389 0, o i ek
i, IR DR BOR o X BB 25 IR 5 ARSI B A e 2
RIEAR — T HARSLE IR PE— BT T B & oI
AN ZARAE , A

Ea A LE R A BT T A Y B T T
I 1 5 AU AU o 0 e i 8 B 5 < e
AT R, BE5 A A WA W R A B BB
JEA RERT B ORIRE . AR ST FL A2 P S R H =
HLH R GE , Fo I 223 1 1Y) Nyquist X2 1) T8 ol
HEAT T 00T, Nyquist B BHATELSE S5 BRI C R,
A FRL BEL DAy BELATE A 150 A28, 2 A A ] 45 s P, L
R R A P ELER 8 RT3 S EE, I L P v >
58 2 A2 R DA — 7 75 S T A R kel e/
PUBMPEBGR . FATMEERATLIE 2, 3 4 251

H1440 VLR T BRSO IR B B2 RO
Rl 440 V Z&F T TR IR A0 RS Sk PE AR X 5047

Pl SRR 3 S SAL TR T 5
THT ALV S AR 5 [T SE Fe Z [RI e S, S
PEREAY L, R R RN T [ ) B~ P fE
AARF R AR RN S
TR 5 KA 17K 53 AR R Y 5L i
VR F2 2R B E A R S /K PR T, AP RER R 2R
PEAST , RS T IR AR AR, Al 7E ML REA Y
PRI R B 455 SRS, 3R T Rl AR 4 s 2h
RS RS | HURE 440 VR IS BRI R AR I
ey Fre )N, UK VRS

Ma 557 SR HI OISR A AL BES B AR SR IR 7 40
JHL, ARG I 22 5ok Ak S R B A i A SRR
W, e WO AR R B B A s iiAS 5
IS DN 6 < TR SR P B A 3 P ) D 125 S i
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