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Fig.1 SEM images of UMAO and coatings with Chinese herbal extract on pure magnesium: (a) UMAO, (b) UMAO/CS,

(¢) UMAO/CS/CA, and (d) UMAO/CS/IC
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Fig.2 XRD patterns of UMAO and coatings with Chinese

herbal extract on pure magnesium
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Fig.3 Infrared spectra of UMAO and coatings with Chinese

herbal extract on pure magnesium
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Fig.4 Contact angles of UMAO and coatings with Chinese herbal extract on pure magnesium: (a) UMAO, (b) UMAO/CS,
(¢) UMAO/CS/CA, and (d) UMAO/CS/IC
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Fig.5 Average roughness values of UMAO and coatings with

Chinese herbal extract on pure magnesium
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Fig.6  Friction coefficient of UMAO and coatings with Chinese

herbal extract on pure magnesium

2.5 EEREBHEE

RIIR V200 72 v J2 5 B A 2 R) 1 45 45 07 W) B 4 n 4%
AT IR, WIESE MRS B WA E
RV SRR, DO 7S R SR T W 2 SR ok . 5
A UMAO B 8 2 42 WU U J2 1) 384y - R 4 it 2k
I 7R R 75 5 1 I8 T 7, UMAOYR 2 Il F 2k
fif 75.05 N. UMAO/CS. UMAO/CS/CAFIUMAO/CS/
TCHR 2 I IR A28 407 23 531 4 9.5+ 9.85F16.3 No w I, #E
FE ARV JE WL TR 5 SRR I A b 2 R IV KR 2
Bt w2 5 AR . g A 52

RPEAEVE T SR KWW 228 i BH 28 1 FU i ot LUK

DUBLIE 2 oty 1 AT B S SRR v 3 I E R R &
WIZ 3y, A B AR & AR IE SR A7 1 R F)Tuiiiémit
AR 2 5 52 JROBE 1) 45 5 J7 A2
JE RS e SRR 2, :zﬁ%m%ﬂ*%%ﬁﬁiiﬁ S
JEEE IR T b 2B I S R T R R R
FRE RS KR Y EDRS A H F Bt 2y
WIEW BB REAR, A4 &R BT g i
UMAOJZ .
2.6 E8FEm M

AEUMAO M P 2 R )V = Tafel it 2 G 1519,
AHRL o B &5 R 1 R . 5 4iMeght BHHEL, UMAO.
UMAO/CS. UMAO/CS/CAFIUMAO/CS/ICER J2 11 65 ik
HI I dcore (EL R /1N, 5 Tl 56 CRABAH B 980/ o 1T DL,
UMAO. UMAO/CS. UMAO/CS/CAFIUMAO/CS/IC
X 4Bl ER 2 A ORL 3 RE B S Ak T o, JL
UMAO/CS/CARIUMAO/CS/ICH: 244 By ity 12 2 )
TUMAO. UMAO/CS¥i )z, 5 2B BEAH L J i 4
B G o 90 L it DR 2 28 2 NP KRR R T A VR R T

lII’ Hb



* 2270

Wi @M RS TR

48 %

600

wn

(=

(=]
T

N
=
S

200 |

Frictional Force/N
W
=)
S

—=—UMAO

—e—UMAO/CS
100 | ——UMAO/CS/CA
——UMAO/CS/IC
0 1 1 1
0 5 10 15 20

Normal Force/N

Bl 7 ZUBEUMAO K h 24 BRI IR 2 34T - E 5 3 h 2
Fig.7 Frictional force vs normal force curves of UMAO and

coatings with Chinese herbal extract on pure magnesium
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Fig.8 Acoustic emission spectra of UMAO and coatings with

Chinese herbal extract on pure magnesium
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Table 1 Results of potentiodynamic polarization curves of
UMAO and coatings with Chinese herbal extract on

pure magnesium

Samples Teorr/ X 10° A-cm? Econ/V CR/mm-a’’
Mg 17.569 -1.691 0.401
UMAO 5.298 -1.538 0.121
UMAO/CS 4.226 -1.592 0.096
UMAO/CS/CA 3.758 -1.710 0.086
UMAO/CS/IC 3.816 -1.537 0.087

CR: Corrosion rate

FNGE R IR IR0, AT R AP KB 1 2558 i
TN CS 24 55k LRk A 2% & 8z,
TE R NS0 45 G T R )2, Hoh L
{1y Fp 2 B T RORY H 30 3 4 B 10 O B A e SRR R R
i3 2 T B0 B oV, IXORE Sl RS O R Ak
R Y BN 320 1R 2 R AR BRI T, 6 58 i M BH
i CIS5— 482 1l es TR N .

2

Current Density/A-cm
=)

—=—Mg
—e— UMAO
107k ——UMAO/CS
F ——UMAO/CS/CA
10°F ——UMAO/CS/IC

-1.8 -16 -14 -1.2 -1.0
Potential/V

K9 aiBkUMAO L 25 3R BU vk = A db h 2
Fig.9  Potentiodynamic polarization curves of UMAO and

coatings with Chinese herbal extract on pure magnesium
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WA E s . X Nyquist EURHAH BV 1) 55 20 i 4790
EIGHIEE T2 2. B 10 A%, 2B A4 5 bl S 1
Nyquist & 2 NI 1 AP B, 15 40X
(1) 22 UIIR 713 8 b A ot 2 Jok 46 2 18 14D g e 7 40 )2 1)
HLBH (Rep) FMHLZE, TR R 2 PT 7n A% far HUBH (R
RFLTH B AR J2 HL A, AT DX BT I e 1 4l 6 3R T 11
5 sk 0 P R B B 7« SR UMAO ¥R )2 A2 1 14N
BRI PUIRT 1 AR B, B X R AT R oR
JE A TR UMAO 3 Z AL P (Rymao) FIH
25, AIRBIX (P P INEE B Uk )25 PR TR i o 49 D T
UMAO/CS ¥ )z 2 H 2 DMEDUIAT 1 ARSI %,
EAIX PR AL CS JZMIHP (Rea) FIHLZE,
B PR R I UMAO J2 1 Hi BELRT HL 2, A0 X
(R SRR T IR B R 2 PR DA B B P (0 R T . UMLAO AT
UMAO/CS ¥ J2EARMAS L T %Ptk Siuiix 2 Fh
WIE B Y e g = . D 25 5
UMAO/CS/CA A1 UMAO/CS/IC ¥ J2 #B S rh v vh A i) 2
AFPUIMI B 2 Flrw J2 i B DX (9 25 e aIon) B %% ik
CS/CA 1 CS/IC JZ I BRI HL 2%, R AT X [ A LR o
71t UMAO JZ2 (1 HUBH AN HL 2%, ML iR v h 80 2 v
JE RN R B G BRI VE R . i3 2 W LLE
UMAO/CS. UMAO/CS/CA Fil UMAO/CS/IC /)21
Reoa [T R F A ILAR Ry fHFI UMAO )2 1)
Rumao 1, XUEW 5 UMAO % Z#M L UMAO/CS.
UMAO/CS/CA F1 UMAO/CS/IC )2 BE 5 fof Hu {5 47 4L
B 4k, UMAO/CS/CA F1 UMAO/CS/IC ik )2
UMAO/CS ¥RJZAH Rea (A PTG I WL, H13K
25 B i n] 4 e R SR B AR B OR A
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Fig.10 Nyquist plots of UMAO and coatings with Chinese

herbal extract on pure magnesium
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Table 2 Fitting results of Nyquist plots of UMAO and coatings

with Chinese herbal extract on pure magnesium

Samples R/ , ch]/2 1§com/ s Rumaoé R/ ,
Q-cm Q-cm x10"Q-cm” Q-cm”  Q-cm
Mg 147.1 1.813x107 - - 5038
UMAO 372.7 - - 7223 1.332x10*
UMAQ/CS 334 - 2.076 8353 -
UMAO/CS/CA 180.3 - 2.823 6082 -
UMAO/CS/IC 601.5 - 2.31 5020 -

Kl 11 F 48 UMAO K g 2532 iU i )2 (1) Bode
KA B aiBE AR S 1) Bode BT 2 ANET(A]
TR RS [R) R O kA o 2 ok G R T S
W PR S, AR A [ R B0 A R T Ak 2 FR
ML . UMAO ¥RJZ Bode EIH AT 2 NI, 4 5
R ORI AR, B F) 5 202 UMAO W2 1)
IS, ARG AT HE B PR B[] i 50 ok 4l % 3 T LAk 2 R
Wi N . UMAO/CS ¥4)2 Bode B 3 AR %, &
M1 AT T CS ¥R 2. UMAO JZ2 R4l £ 26 1 v fk 24
RN . UMAO/CS/CA Al UMAO/CS/IC )2 B
AL BODE K, 2 B JZ MR 2 AN ) 3 4L
I A ATAEAR AR (107 ~10 Hz) R 45i(10~10* Hz) o 40
N[ 15 H5 2 UMAO 3 2 R Wi I, s 400 UL ) I 1] 3 48
JE CS/CA JZF1 CS/IC JZ B I o 47 28 rh 24 5 IV 1 v
J2 YA I 3R T Ak A e AR AR Y, B A
WOR A AR B B A,y HLIC BE TR 3 v T Al Ak
Mo WL, B TH 2R IR 2 B AR BIAR B 1R B
PHEH .

12 MHFRIALE: UMAO Kb 253 Ui
J2 BRBURE AR P 25 30 L o TEARAE £ TG CPE HRIUA

—Mg m Mg ]
——UMAO auMao g
—UMAOCS & UMAO/CS |

—UMAO/CS/CA » UMAO/CS/CA
-40000 - ——UMAOCSAC  * UMAO/CS/iCT ™40

0.1 1 10 100 1000 10000
Frequency/Hz

-20000

K1 giBk UMAO R rh 23R IR Z Bode
Fig.11 Bode plots of UMAO and coatings with Chinese herbal

extract on pure magnesium
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Fig.12 Equivalent circuit model of UMAO and coatings with
Chinese herbal extract on pure magnesium: (a) Mg;
(b) UMAO; (c) UMAO/CS; (d) UMAO/CS/CA and
UMAO/ CS/IC

RPERE. AR LAk 22 BRI ] 12a BT 1R 25 2k v i
PG, BT R EVEWIEIH, CPEqy A1 R A2 J A
JO Tk B SR T R Tl ) 2 S AT BE,  Cy AR
JEHEE, Ry AT L. UMAO )2 1 k2% BH
PriHE 126 Frosi 5005, CPEymao M Rymao /&
P IR 2 I FE SR IR . 1B 12¢ RSS20 PR g AR Y
H T4 UMAO/CS )= ML PHBTIE . CPEq M
Reow 18 CS ZHIHL M HLBH . UMAO/CS/CA Fl
UMAO/CS/IC ¥ =i TS H I 12d Prosi s
LRI G, CPEcou M1 Reoa 183 CS/CA JZF1 CS/IC )22
(1) FEL 25 R FL B o
277 EEFRBIRINEMEN

13 2408 UMAO J# b 2552 iR )= 46 SBF
Wiy 21 dJ5 [ XRD % & . UMAO/CS . UMAO/CS/CA
A1 UMAO/CS/IC ¥ )24 SBF HiRid 21 d J5 8%
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Fig.13 XRD patterns of UMAO and coatings with Chinese

herbal extract on pure magnesium immersed in SBF for

21d

I K AT (Cao(POs)s(OH),, HA) F1 CO;*-HA
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UMAO ¥R JZ AR 21 d J5 38 WA AR ) 58 42 78 55 .
aitk UMAO K #2432 4E SBF il 21 d
JE ARSI E 14 froR. 78 476, 569 Fl 1049 cm™
Ab B PO IS HE WL o #E 1643 cm™ A iR 2K
5 KBr 54 17K (R AE RS0 o #F 3452 em™ Kb HE B
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Ll 48, SEI
et ¢ s
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Fig.14 Infrared spectra of UMAO and coatings with Chinese
herbal extract on pure magnesium immersed in SBF for

21d
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MR, 7RI IR COs™-HA k.

gk UMAO M P 23R IR =45 SBF iR ity
21 d J5 ¥ SEM JEZ WK 15 Fix. UMAO W& 2T Y
BAREHER, EHRZXEAEES, 5 XRD
SINTEERANTE, WZERMIEH MO M. il 3 41
WIE NI TES, B2 2 H AP HA R HCA 1R G
VIR

18 48 SEI

18 48 SEI

15 28 UMAO S 25 5 UV J=AE SBF iRl 21 d [f) SEM JESL
Fig.15 SEM morphologies of UMAO and coatings with Chinese herbal extract on pure magnesium immersed in SBF for 21 d:
(a) UMAO, (b) UMAO/CS, (¢) UMAO/CS/CA, and (d) UMAO/CS/IC
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Effect of Chinese Herbal Extract on Properties of Composite Coatings
on Pure Magnesium

Wang Jingyan, Li Muqin, Zhang Deqiu, Peng Shuhao, Zeng Qun
(Key Biomedical Materials Laboratory of Colleges and Universities in Heilongjiang Province,

Jiamusi University, Jiamusi 154007, China)

Abstract: The chitosan interlayer was formed on ultrasonic micro-arc oxidation (UMAO) coating of pure magnesium by electrophoretic
deposition technique, on which we employed an immersion method to make coatings carry Chinese herbal extract. Influence of Chinese
herbal extract on microstructure, tribological properties, corrosion resistance and biological activity of the composite coatings was
investigated. The results show that UMAO coating is sealed by coatings with Chinese herbal extract. The corrosion resistance of the
coatings with Chinese herbal extract is improved with appropriate surface condition. The binding force and tribological properties of the
coating with Chinese herbal extract are improved under chemical binding. The coatings with Chinese herbal extract also show better
biological activity in vitro.
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