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W OB ASCKRAMAEEE N (Friction stir processing, FSP) #1477 &3 3EB KA1 (Ca(PO4)s(OH)2, HA) FI4R (Ag) Wi
I AZ3IMg & &2 TIRAK, X AT IR AR T BT ER AL (Micro arc oxidation, MAQ) , k75 1 e EL 3B ok Ry i 44 1
Mg A ERIZE. SREW, FrIRATREU HA BRAEHE T MAC RZRIAEK, om TIRIZEE, NS T2 0 ik
MR, [, FSP HI& TR L, “FIORIAN | um B Ag BORIHE BERCA T 5R42 N 2~10 nm FIZKTRL. 7E5E)5 MAO
MR, gk Ag BOREATIRAR [ Mg & &3 2 RAEHR . BARK) Ag & &K TIRZME R A, 365 TRZ Mk
PEBE. [FRNRZ MBI MEREA R T B AR S, RJENT S8 6 T BR B A K T 1 B e B 2R 0 )ik 1) 99.4%F1 99.96%.
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B (M@) K& Mg & &E T MR, B R
P E . Mg B SR E RN 4 R 32 21
S ok 2 g AN 200 B R e S5  . DRIE, F Mg B4
T ) 4 e LU T A BT B 1 R TR 2 AR i e R )
B EEIRE. B, £ Mg & &0ETRINEIER K
£ (Cay(POu)s(OH), HA) Al Hpr i ik aE™, T
£ Mg & &R E T Rin Ag il s Hpu i tkae.

KT HIEHEA S HA T Ag I Mg 482, K
£ (Micro arc oxidation, MAO) J&—FZ ik B AT &k (K]
BEHISHAL, Mg L, FIH MAO #1148 Ag &2
AR, T R I Ag Y, gk Ag Bk,
CH3COOAGPIAI AgNO;®12% . Ag ik B 1 46 1 LA
HE %, HWMSERMARPRATE, S8 Ag BUhifE
AR BRI P o TR ) AR R BREESIN Ag &1
SPEEBURYIE, S8 Ag kiR AERE, ART S
Ag BT IR, BRI Mg & 43R 2 1B 2 4l

Tk BE4E0 T (Friction stir processing, FSP) 1 A —
T SRR & BORE, Ak HA R Ag LUURE I 58 74 FF
I IIRE A 1E Mg Ee R, MAO BRI ATHE Mg %
M TR BRI BT . Bk, &6 LR R
FARMMR S, KA FSP HARS % H & HA 1 Ag (1 HTIK
i, B JEREAT MAO, 13 8214 th #3850 /0 A 1) HA
1 Ag BRI Mg & 45142 . Rao 2 NI T 2008 £k
¥ FSP HiR 5 MAO HRIKH, KILA MAO HRALRE

D ETIIESECE

JE 1) FSP 456 & R I AFAEABR LR (30~35 pm) HI%AL
YW 2 - Radhika 25 A\ RO 5% & B0, 55 RER (Base metal,
BM) £ MAO AbH 515 2R Z A EL , FSP 4 MAO
AEFRJE 1R B 0 2 RS NS . XM R ECR
H BB 20> 1 B4 (Simulated body fluid,
SBF) X & @ BRIk — 2D I, RELE T N T kR AL
3 E. Bk, A FSP Al MAO MU T2, f8%4%
1 MAO 3 J2 i ik 14 e .

AR FSP #1474 HA A Ag BUkift Mg &4
WERTIRAR, FIFH MAO TEFT k(AR il T HE PR
PPEREAPUR M RER) Mg B &IRIZ, A BT T T IR
FERJE B LR 2R, PRAN T 3 2 RO ok 1 e R B PR R

1 £ I

K H FSP il & MAO i3z 1 3k 4 . 5244 9 AZ31B Mg
HEW . LT A E AZ31B Mg & S 2 i n T
HEAN 25 mm. EE AN 3.8 mm KITHIE L. ¥ Ag
Wik CPEERLR S ~1 pm) A1 HA Bkl CFH 58k R
~F~60 nm) AR R ELEL (0:10. 1:9. 2:8) IREMAT
b (K 1a) . f# ] FSW-LM-BM16-2D % FSP %45 %}
T AT BM #2547 10 SRR FSP. I LB 200
mm/min. %34 800 rpm. FSP J&, #Hin L7 A b EGA
F (B 1b) FEEH MAO M (NHWYDM750-5) ffill %
w2 (F 1o . HEROM 5 mL/L (CH,0H),. 3 g/L
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(NaPOs)s-8 g/ KF.4g/L EDTA-Ca. 1.5 g/L HA #1 0.2 g/L
NaOH ZH ). MAO i H2 H FHAK L s A 1EE 9 450 V, il
A4 3 min.

NTETHGE, KA Ag Al HA JR AR A & E
358 0:10. 1:9. 2:8 HIRTIRIARE 4 MAO A3 543
FIEZE 5y BRI FRA MAO-HA-Ag0. MAO-HA-Agl Al
MAO-HA-AQ2 ¥ . ERXTHE, ¥ FSP B Mg
H &4 MAO 513 312 FHF N MAO-BM.

KA B BB (Gemini 300, SEM) 4 #7i )2
RIMARAR TSN . K 5 R I3 S i 7 R 50U8E (Talos
F200X, TEM) 2T a7 IRA AR 2 HA Rl Ag FUki T 3
FGM AT AT X 4O BT RE R4 (KRATOS Ultra DLD,
XPS) Zr iR E I T

A ASTM-G31-72, JEhIEHCRH SBF AL 4
L RS Z Ee oy 20 mLlem?, RIS E A
14 K, T 25 °C FHIEHHT . 12518 SEM M %6
e

KFH Gamry reference 600+ Hi Ak 2 T ARG X RE 5
HEAT AL i P BE AR . 85 1A BN Hanks VAR . 3))
B AL (PDP) Il & L EFHRIEA N 1 mV/s, HX
WN-2 V~-05 V. HALE BTG (BEIS) SiZiaH A
10°~0.01 Hz, #{ETHIREAN 5 mV. JEHER (P)
AT DA 5 e SR b AT FEE e g, T BB AR e R
Hm,

P=315x107%Zi,,,/nfp (1)

Horh Z RFTHE B R T8, icorr 228 1k FLIR S FE,
N ORISR AL, f RS L (96485 Cmol™)
p T4 m IR

FKH K ATE (E. coli) M4 s Mm% BRE (S.
aureus) PP IRIZHIRAMLE M BE . B IRZRESTE 140°
CFU/mL (40 B B h 5597 24 /N BLB it H A A
12, R= (A-B) JAXI00%, A J& o] IR 4 P 3 10 0 1 45
B A& MR i e 20 T

Ae  HA s

Sample extracted Stainless steel FSP composites ¢

Particle Particles method Rotation bath cathode anode
direction i
Processed Shoulder =
o+ : = - ) \
Ag+HA _ region \*7 =
Particles: b o | ! =
> ~ Pin B
= PJ}\ \
Processing  lce water 4 e
S direction coolin AO  Micro-arc oxidation

treatment

K1 Aebin Rz E: @ 79Uk 77 (b SN L,
(a) PIEMIN L.

Fig. 1 Schematic diagram of processing: (a) Punching and powder

power supply

adding method; (b) Friction stir processing; (a) Micro-arc oxidation

processing.
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2.1 MAO BRI ALE LR

K 2a-c iy Ag F HA #5 KR4 5 1) SEM-BSD EI%,
Hh HA 7E SEM R RS EEBARHI Bk K, BB AR R
FERIA RIS (K 2a-c) , Ag MR NZERE R A
Rk, 351 BUHE HA B K (18] 2b-c) o &l 2d 90T
IX{A ) XRD Bl XRD 7 #r KK o-Mg J2& 57 x4k 1)
FEHM, FIA & HA BIRT IR AR #7742 HA 1R, L HA
WS PR 3 P SR AR FEANAR , Ui BH FSP K HA D 454 2|
Mg ZEfRH,  HFTA RTIRMAR 2 (8] HA B8 A [
Y SE, XRD AH B AR AW S22 0A 2 Ag HI0RE 1104
X Ag & BRI

4 a-Mg ¢ HA Mao-BM d
MAO-HA-Ag0
MAO-HA-Agl
MAO-HA-Ag2

20 30 40 S0 60 70 80 90
2 Theta (degree)

2 Ag F1 HA ¥ KB4 J5 1) SEM-BSD Elf%: (a) MAO-HA-AQO.
(b) MAO-HA-Agl. (c) MAO-HA-Ag2, LI (d) RiiBRIKLK
XRD Hi2k
Fig 2 SEM-BSD images of Ag and HA powder mixture: (a)
MAO-HA-AgO, (b) MAO-HA-AgL, (c) MAO-HA-Ag2, and (d) XRD

curves of precursors.

K 3a-d &y MAO Ri3k{k SEM AT & 434
ATRAEH, REIN HA FI Ag Bikift Mg &4 BM &5t
FSP Ab¥f )5, 13T N Mg 2k (B 3a) . A HA
F A BURLICT AT 9K A4, Mg FEAR R T3 &) 0 A 5 HA JkL,
TR N O Ca fI P ( 3b-d) . FI, Ag Bikik
AR, YIS or AR TE Mg R (] 3c-d) o« TEM 45
FW, 25t 10 X FSP J&, Ag BRI FEkiA M 1 um
AL E] 2~10 nm (& 3e) . XEEGK Ag Bk B A 10
MR, ARTIRESFRES Ag B TFRIR, M
TR EaE", B ABdRs s cHh N E.



<3 Wity @ AR TR

B x G

3 FSP % B AT IR AR SEM MR r AT H o mEg. (@
MAO-BM. (b) MAO-HA-Ag0. (c) MAO-HA-Agl. (d)
MAO-HA-Ag2 1 (e) MAO-HA-Ag2 It] TEM 44 J
Fig. 3 SEM micrographs and element distribution images of
precursors prepared by FSP. (a) MAO-BM, (b) MAO-HA-AQO0, (c)
MAO-HA-Ag1, (d) MAO-HA-Ag2, and (e) TEM micrograph of
MAO-HA-Ag2.

2.2 MAO REMXIZELR

4 3 MAO AbFEJ5 ()i |2 R i A A SEM T
Pio ATLLEH, BTAIRIZEFE R I 4 A R fFLA D>
BIMEAELL. MILEHT MAO SRR AER E L
0 3o AR VA P T S R B v A3 B ) BB
H T FELAA R VA VR A F I, A R SR A AR AR U 4 = AR
IR A S0, ERE BN, A RERLSH
BikaE (BEFS) MEEZE (aais) Wk. thit,
MAO-BM i ZAAEANIEL B (Kl 4a) o 5 MAO-BM
w2 M Ik, MAO-HA-Ag0 . MAO-HA-Agl #iI
MAO-HA-AQ2 1} 2 E 5 E, HIC i Rk (Kl 4b-d) «
X Mg-HA-AQ FT 9K SRR A7 I HA JIORE TR
7 MAO et i E ", i T MgO s
W, AR T ¥R E R IASIE SRR, 1 B8 T iR
JBRE. FREFREY, KA FSP 1E Mg & 432 /il ik ik
N HA B B T3 5 MAO 42 (1 B A N 3 &

Surface

Section [l

(a) MAO-BM, (b)
(d) MAO-HA-Ag2
Fig. 4 SEM morphology of coating surface and cross section: (a)
MAO-BM, (b) MAO-HA-AQO, (c) MAO-HA-AgL, (d)
MAO-HA-Ag2.

Kl 4 ¥R)Z R IR 9 SEM TES:
MAO-HA-Ag0, (¢) MAO-HA-Agl,

SR ERE— D RAER I, R E M B RN MgO.
HA DL RIfR N 2~10 nm (1) Ag Witk (B 5a) . iREH
HA JIORE [ IR AN LA B : 1) /£ MAO 2,
ARV Hh 7 U oK HA BURLAE FEL 7 7 T B B RN UR
JZU8 2) Mg-Ag-HA IR FF R B i (K HA Bk 72
MAO HiL KRR 45 1 T P B o i 220 A0 0 A0 AU
HEIEIH, BEEE A E MAO 2N, M
&, 75 MAO I fEH, R IRAR A 1) Ag BRI Mg JE 14 i)
BERRETHERE (K 5a) , HLL Mgo 3 Ag Wik
AR BN Ag-MgO KRR (1) T 2R EFE SR E X AT g
ZHTE MAO N i, Ag SHARH Mg 4=k
THRZ ) AR R F S B MgO P e AR 3 1T R g
Ag FIRLEHAT A KoK Ag BURLELEE, X W] RERTE SEM Al
XRD THELATIN EI 5 Ag AH I BITSOUL L SN AR B 43 (1)
JE .m0 Ag 3d 1 XPS Kt BoR T AT S &
fit:374.3 eV F1 368.2 eV(& 5b F1 5¢), 4 AT . Ag 3d3p,
F1AQ 3ds,, IXEELEA R HHELT Ag A Ag & DTk 1)
02 %% 8. MAO-HA-Agl fll MAO-HA-Ag2 ¥4 )2 1)
Ag FE D FFYIK Ag BRI E LR (Ag,0) 9K BTk
PR RIEE . Hd Ag,0 197745 MAO fin Lt f
Ag BURLAE R i G B R B8R 0%, B SR AT R Ak
76 MAO I i FE AR A A, BHAR R IH BT 7K 2
TERBECR A T RAERE, FERT (HD MEE

T (0% (X2, HIMa&H Ag kTR
BEF (AgH (X3, AgTEERSENIEEY, W55
OF e bk LR (Ag0) (R4, MMz 5
Fise
H,0=2H+0" (2)
Ag=Ag’+e (3)
2Ag"+0*=Ag,0 4
Ag+H,0=Ag,O+H, (5)

P 5d fi1 5e NFFHE Ag 1 MAO #)2  O1s ] XPS
Hizk, 4T 530.2eV, 531.2eV Fl532.2 eV [ =AMt
ZELRE S HINT R MO, OH I PO Y, ix 5 TEM 437
g3
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538 535 533 530 528
Binding Energy (eV)

5 (a) MAO-HA-AQ2 [f] TEM BTG R /0 4ii; Ag3d #£ (b)
MAO-HA-Agl 1 (¢) MAO-HA-Ag2 i -] XPS J:i; Ols 7F
(d) MAO-HA-Agl fl (e) MAO-HA-Ag2 £Ifi F[f) XPS i
Fig. 5: (@) TEM morphology and element distribution of
MAO-HA-Ag2; XPS spectra of Ag3d on the surface of (b)
MAO-HA-Ag1 and (c) MAO-HA-Ag2; XPS spectra of O1s on the
surface of (d) MAO-HA-Ag1 and (e) MAO-HA-Ag2.

2.3 MAO & Em i 5E
6 AIRZE SBF BURME IR 14d J5 1 Y
. WEFRTTLLE Y, A REfGMSRELREDR
SERMIHIL T ANFEFREE K, MAO-BM Al MAO-HA-A
g0 FEMMIE AT NS & Ag IRZEMAT AATE, MAO
-BM Fil MAO-HA-AQO ¥ )2 bR BUtR i, A& Ag
WE S SR R IS . X RS 1R I R
ALV ERZE T Ag FIAEER K AE 2.2 /N PR E
TR LI RAE R I T 12 Ag B MgO B2 1 31
%, RIHEN Ag BiKIZE MAO I Lid Frh Al #8y MgO
M AR T IAZAT 2, T Ry R Ao 2H 23 45
1, R EERIEE T, FSIRZET1 Ag Bk 4k
THABE M. BT Ag BURLTERZ H o A BN 5,
URAERAE S AR S Ag 1R Z H B T 3 50 Tl ) 5
TRAT N . XS 5] SR kT U 6 b giAs B FR A, M
MBI FUE MR ER FTREE, 51R8 KGR ZEE
IRAE R PR AT R AL BT Ag SR, RENR
LS E B . B2 MAO-HA-AQ2 &2 K451
BEARGERE, KR KINRES Ag B TIHRHCGHFE T SBF
I CLET, FHIE TiRZ M — 0.

Kl 6 /R4 SBF MU PRI 14d J5 IR TESR: ()
MAO-BM; (b) MAO-HA-Ag0; (c) MAO-HA-Agl; (d
MAO-HA-Ag2
Fig. 6 Corrosion morphology of coatings after immersion in SBF
simulated body fluid for 14 days: (a) MAO-BM; (b) MAO-HA-AQO;
(c) MAO-HA-Ag1; (d) MAO-HA-Ag2.

7 8 MAO REMRAITZ . "TLUEH, MAO-
BM. MAO-HA-Ag0. MAO-HA-Agl #I MAO-HA-Ag2
WRIEME AL (Ecor) RUETRAIRZEE (o) HHZER
/N, IXRE MAO MREH Ag FIURE A7 LEXT 6 M R IR
SN (EAERRZ, & HA R Ag 32 1 FHIR %
R AEE B B LI, T MAO-BM IR 28tk
XEN, JET-121 V bR HIL T fivhffr, X 3%
SR MAO-HA-AG0. MAO-HA-Agl Al MAO-HA-Ag2
WEEERR (EF 4, 5 Mg A BEA RIFHRTEE
b

-0.4} — MAO-BM

06l — MAO-HA-Ag)
'l —— MAO-HA-Agl

-0.8+ MAO-HA-Ag2

Pitting potential
(-1.21V)

Potential(V,SCE)

I
e A S I =
R e e

208 W
-0 -9 -8 -7 6 -5 -4 3 -2
Logi(A/cm?)

Kl 7 MAO )2 13l FA R A 25

Fig. 7: Potentiodynamic polarization curves of MAO coatings.

A 1 AT LA, MAO-HA-AQL KR 5 8 i v i 2%
FEfR/IN, N 6.157x10° Alem?, FiAd1ig: 2 KE i L O
R HIA T F — B . K S s
EIEEE Py JE, AT LRI 4 Fhig 2 BRI ik B
Gl F 55 & K
MAO-HA-Ag1>MAO-HA-Ag0>MAO-BM>MAO-HA-Ag
2.

R 1 MAO RBEH RSB AR S BIE
Table 1 Fitting data of the potentiodynamic polarization curve

of MAO coating samples

Samples Ecorr (V) ( Ai;g;;qz) Pi (mm/y)
MAO-BM -1.418  7.137x10% 1.583x10°
MAO-HA-Ag0  -1.435  5322x10%  1.18x10°
MAO-HA-Agl  -1455  6.157x10° 1.366%10™
MAO-HA-Ag2  -1.386  9.095x10® 2.017x107
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Kl 8a Jy EIS FHATIE i BB & 5 431 Bode K.
ATCAMEI G, BT TR 2 R il B AT A ALK S50 i L
Rtk EAERRE, XFT Bode K 4 FiiRZFE M X
R 2R R AR G, ATLLE ., BEEIRET Ag HER
i, H Bode HIZKMIRIFALE, XFRIRZEM A
SO BERCNE, B BT I v e . MAO-HA-Ag2
W BINE A B2 I P e R, H R R o 2 1 A2 1k
BRI, 11 MAO-BM 1) Bode il 2% 76 H AT X
B R EIFHARE, KR RNANHEHERT
MAO-HA-Ag2, HPFHFTHEFLHIET MAO-HA-AgG2.
MAO-HA-AQO 1A% 5 MAO-BM #ilt, Xl TiRZ
HOAG HIEI NS AE LR 2 00 50 i 26 A T e e
FH—20 1K — mA] LU b S0 H (38 9 5 ok S 6 1y 45 SR o
S BENIE, B MAO-BM il MAO-HA-AQO ¥ 5t iR 2
BifA 2 2 RBORE R, S Ag IRE MAO-HA-Agl
T MAO-HA-AQ2 IR f i3 i A J2 1R ¥ 2 X3 1)
AT

K] 8b v EIS BHELIE HHAH AL f 5 4% 1) Bode . 1]
CUE H, XTBTA IR ERE S, AR AAL A #23E 0
FE, RN LT A AL, XA
2 S N A EH LSRRI IR, A AT AR 4230 90
FN HL AR AL (A AEAR KIARA 22, X B A H Ak
SRS B R BRI o T AR A B R ) BT 2R3
HEL T A IR S AR A T T R (R TR U, X AR T
HLAL 2 S B 2R L1484k, MAO-BM 7E 0.01 Hz-10 Hz [
T AR AR R AR R, SRR, X BHTE 0.01
Hz-10 Hz JEH I MAO-BM FF ity & 2E [ 2 HE i A2 33
(YRR IRSE, 3K ol g W 2R TR Hp v 1) A e 0o R R
W AT I E TR, RRE RE AR R
T, TLE 10 Hz 2 ) i DX oA 7 1 th 26 I RE 2R 18 K f5
SN T BT 2 IR R e, 5 W R XA AR S L
MAO-BM FF: it i A= IR 2 i A% 146 0 8 1) FELAL 2 IROBE, 7
W UEH TR =R A B . 5 AR AR S AR AL A
AL, MAO-BM FEML 1) “ R a4 X #3),
XEWRERZWN M. S TFHRES Ag SEER,
FLAE AL BAE AL A A, R T iR 2 IR AE Ak H
2 S N [ By 3 25 P H IR 1 A8 AR P AR PR AT
XATRE IR E T SV RR LT Ag TTHRIAE

100
a —+— MAO-BM b

80|~ MAO-HA-Ag0

)
S
=

—s— MAO-HA-Agl
+— MAO-HA-Ag2

g
o< D
g ge0
= z
£ 10k = 40
= =
) E
N —e—MAO-BM 2 20
+~ MAO-HA-Ag0 g
1k | —=-MAO-HA-Agl Y0 ;
+— MAO-HA-Ag2 :
100m 1 10 100 1k 10k 100k 1M -Zl(())om 1 10 100 l‘k 10k 100k 1M

Frequency (Hz) Frequency (Hz)

Kl 8 EISFH#ti%: (a) Bode FHHTELAEE;  (b) Bode AHA A&
Fig. 8 EIS impedance spectrum: (a) Bode impedance modulus

diagram; (b) Bode phase angle diagram.

B9 9= T Hanks i Hh ) EIS BEATIEU & FL IS
AN R(CR(QR(QRY))), A A HLEEH, RANR TAEH
A5 50 FELRR 2 ) BRIV VL REL s CPE AR Tl W 2 A He
A Re AREM R Qu BB MRS
WIRZ B R A Ry NIEE )R SR IEZ 0
I A6 FERH s Quip 9T 5 AT A4 2 1) R XFEL I P
> R NIRJZ 5 AT YR 8] (0 FLr e A2 L PH . X LG
TIPS, X T, TR AE EIS FHATHE
TR o S P AR AN B AT BR AR, DRI OXT T AT 5
JIvii] 2 B E AR, R SR R Tl A rh ik 2 R
B ReEEESIEM, B ReBUK, JEIh 4= 0 A Fe 52
HLBHBROR, IR BMERE I k. EIS G R Ik 2 s,
I RA A K/INTT LUK 4 FORE i R R b 1k BEREAT HE 51
Bl MAO-HA-Ag1>MAO-HA-Ag0>MAO-BM>MAQO-HA-
AQ2, X5 it SeIn s 2R v i e R EAR A .

Kl 9 EIS L4 L
Fig. 9 EIS fitting circuit.

2 EISEIAHE
Table 2 EIS fitting data.

MAO-HA MAO-HA MAO-HA
Samples MAO-BM -AgO -Agl -Ag2
Ry/Q €m? 1.06x102  2.13x10°  5.68x10*  7.24x10™
/Qc.lp f;;?;.l 150107  1.49x10%° 159x10%° 9.85x10"
Ry/Q-cm? 1.18x10°  9.70x10*  1.71x10°  7.69x10*
/é%gaﬁgl 6.26x107  4.26x10° 1.98x10%  1.39x107
Quu~n 562x107  6.67x107  7.43x10"  6.25x10"
Rai/Q €m? 559x10>°  1.12x10°  1.95x10°  9.13x10?
/5%53931 1455107 11307  2.30x0° 1.25x10°
Quiz~n 8.41x10"  6.52x10° 1 8.63x10™"
Ra/Q €m? 3.96x10°  8.79x107  2.69x10°  2.71x10°
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24 MAO #REImEM&E

Kl 10 94 Bt & BRI A R i S ik = R i 3k
BRENAEKRRSAREEEE®E. 5 MAO-BM 1 M
AO-HA-AQO 2L, MAO-HA-Agl 1 MAO-HA-Ag
2 IR E N 4 (] A ER B R K AT T P R 40 A 3

(3]

(4]

97%#1 99% LA £, S OHAREMLL, IREX K 6l
FFE R A IR I, X5 Salim 28 PR 4t
KB JUH MAO-HA-AQ2 RERINLFLAMEE (6]
IR REEFETHRZETIK Ag BURIO A 140
HfEH . MAO-BM IRZ 1P HE % =T MAO-HA-AQO, [7]
KR REE T MAO-BM iR Z M i tERe e 2, 5
AR 1 TR IR T ) Mg T S BURBRYER X il (8]
MK A T Ve P, g5 E, PSP il 4 BT IR iAo A2
W, OEREAK Ag BURITE MAO WREHR R AR, 1 (9]
BT m iR R BT R
40— 140 —— [10]
< 120f 120
zloo fng—
< 80y < 80
£ o0f 2 60 [11]
2 40 2 40
% 20 = 20
0 oo™ _\\P\_;\&?\\A_;\@\_\\P\,M—"— 4 oo™ _\“\_;\@_ “[\,;\g‘\\h_;\g’—
WA ANOH RO (nO MATROTAROF AN [12]
10 REX (a) G EEEIREM (b) KT EitiE e &
Fig. 10 Quantitative antibacterial activity of coatings against (a) S. [13]
aureus and (b) E. coli.
[14]
3 & it 5
ASCHUAHA FSP il 73R HA Ml Ag Hthifr)
MAO & &R Z ATk (A . 76 FSP i, SFIkife N 1 [16]
um 1] Ag BURLHBLRE T BIkiA2 00 2~10 nm H4K
Ki. fEfEE MAO RAEHT, 49K Ag Bkl TRk mdR  [17]
R AR . AR PN HA R B TR = m
4 MAO WRERIBIEME. HA fFfEftm VIRERIN M [18]
P, AT IR AT Ag B KA A HA IR L 1:9)
I )% iR EAE DR FRL A UM R RE B A, % TIRE 9]
(I ke RE . A2, SRFH FSP A MAO WU T 25 0] LA
2o HOEL JEE T e AP RR R B Mg & iR E [20]
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A new antibacterial and corrosion resistance coating on the AZ31
magnesium alloy prepared via friction stir processing combined with micro
arc oxidation
Zilu Liu'?, Peng Han?, Wen Wang*?, Qiang Liu*?, Fengming Qiang“?, Hairui Xie *?, Kuaishe Wang 2
(1.Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2.School of Metallurgical Engineering, National and Local Joint Engineering Research Center for Functional Materials Processing, Xi’an
710055, China)

Abstract: In this paper, the AZ31 magnesium (Mg) alloy coating with antibacterial properties and corrosion resistance was successfully obtained
through friction stir processing (FSP) combined with micro arc oxidation (MAO). FSP was firstly utilized to introduce hydroxyapatite (HA) and
silver (Ag) particles and prepare the precursor of AZ31 Mg alloy coating. Subsequently, MAO was employed to transfer HA and Ag particles into
the surface of Mg alloy, then forming the coating. It is shown that the dispersed HA particles in the precursor promoted the coating growth in the
MAO process and increased the thickness of the coatings, improving in the corrosion resistance. The Ag particles with an average size of 2-10 nm
refined by FSP were easily to be transferred from the precursors to the Mg alloy coatings during the MAO process, the lower Ag content reduces
the corrosion current density of the coating and improves its corrosion resistance. At the same time, the antibacterial performance of the coating
has been significantly improved, and the coatings exhibited excellent antibacterial properties with the highest rates of against Staphylococcus
aureus and Escherichia coli reaching to 99.4% and 99.6%, respectively.

Key words: Magnesium; Friction stir processing; Micro arc oxidation; Antibacterial coating; Corrosion
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