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R B /S 7E Troyde's IV F YRS B, TEAr IR Mk aE, o4 FE LA,
HEAFRGEWNEHBE SR EEYEZIRWE—P T RN HRESS.

2 X®HAE

2.1 Ti/TINRKS EHENERSRE

&7 Bulat-6 BB FHE RS EEAAENAHERTITA Ti/TIN gk L B HE.

mE 1R, REAWAD TiARE, SIXRENEEEZETHASE &, ERER

ByE e EEmARE NEKEROSHHBIA T, MEXSALPEAES, U

EiIRARRERAED TIN #E; MERARKEARSH TR, WATFEHAKBE Ti/TiN £ 2
MR, mMERHMKEKOEE, WGEREEEHEILTIILESREER.

REENE A 316L REME K (212mmx3mm), 2F WM EFH LB BRAE S Zd, |B
H 7% 5%x1073 Pa.

B4~ Ti AR K 6 339 2 80A, il BB K K 0.36Pa: 2 il 2 i W 18] Bk Bt [|], ) #%
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1 Bulat-6 e METHRERER

Fig. 1 Diagram of multi-arc ion plating
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RIS ME, £ DMHE2LS RIS K BHMEE T FRNEHEE, AEE™ UMT-2 &
EOGEEERRAANBEHEYERERE.

2.2 P T b R R

B MR, BRARGETLATASRERSIHSL RAEAREANIBREHE
i, (XBEERY lomxlem B TAEE. BRNERERAZSRER, DUEMETRERN
Wik, Pt ERNHBIEE, PFREAENTERR, WEERESEHE 37TL1°C.

BRI E N A FEHETHR: 1) HRAEEEENTFERS, HIAHE Troyde's
RUE W A E 30min J5F, WE HEMBAAEEN; 2) SiARARK, M 60mV/min T8
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Troyde's BRI B A (7 % : NaCl 8.0g/L, KCl 0.35 g/L, NaHCO3 0.006 g/L, KH,PO4
0.0475 g/L, Na;HPOy 1g/L, # % 4E 3.57 g/L. FIBE MR f1 NaOH ¥ W i 7 Troyde's B H4E W &

pH {H.
3 TLBER

3.1 Ti/TiNS BEHENEEH

SRR L E &M T & HEET X HRTH, HEENE2HR BHIZ
AT &8 Ti/TiN gk £ RHERERA TiN fE O (fec) B4, B (220) HAREE N
*, FIRTFEAELD Ti 754, 4r5I% R (100) & (101) B/, XRD ZR B7R# B Ti Al
TiN B 4 48 44 1.

- Substrate 3.2 Ti/TINMAXKZ RN BHNRELRES
2 Themim J=E0 0
-g  I— . B & 30 Ti/TilN 244 2 R M ALAY (45/455
£ { WR) FaEE g, B ) THUMET
% RN PR JE o R T 7 O A B KL,
7 laM[ AT Bt 2 SN TR B 3(b) S T BLN A
1 S R\YA ' HMALERMEETTHELG, MEINW
26 30 40 50 60 70 80 80 100 BEW R AR B RS, o T 5 #et B
26 ) BBE, WEANEEEIHEE BRBI
M 2 Ti/TiN 4% £ E#M XRD &3 P HEBERKEI2E, EEY 1.79m
Fig. 2 XRD pattern of Ti/TiN multilayer films kitE, BHEREECERE Y 56nm.

MU L XRD 5 SEM # LB 458, TLIH ER SHREEN Ti/TIN Ik BEHE, ©
HE4k 316L AEWM—EBMAL T ERREM +Ti/TiN 49K £ Z# B (316L+Ti/TiN) 142
Hx.

Stainless steel

X3Z, A0E A, Sem B3 RT 84083

A 3 Ti/TINIKEZEHETFE () S8E (b) ¥ SEM R 5
Fig. 3 SEM images of plane (a) and cross section (b) of nano-multilayered Ti/TiN films

3.3 Ti/TiNJIXZ EMREI H1EAE

Ti/TiN SR Z B #REOV FERE, REHHREEEE 2mm £5,; #ESEKZ
[ 69 45 6 SR BE Dy 8ON; 55 FRBE B H\34840N/mm?; J 2 (Y BE R R 30 0.18; Bk Jy 2 6B
L&, BIE T TI/TIN AL BN LSS ¥ HRER TIE TiN #H P
3.4 316L+Ti/TiNAX SRR RNEMLFBEM
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316L+ Ti/TiN {& R B St e iz 5 0 (6] 9 AR L i SR W I 4 B 7R . 316L R 4%
BRI S B B AL (Bcorr) 7E 0~1.0h W [E] PUZ 2 K, R RFFIE -230mV £F.
316L+Ti/TiN & R 7E P B UA B F i B Bk A gy AR B AR ], #E I SR RE K,
REE—REELEAHMENSY, 30/30s #E5 45/45s FRE R0 B K e 53 51 52 €
£ 70mV #1 121mV, W E4K 316L RERE HRMAELER. NE4ETUREKS, HEM®
BAMARERTHRMKE, IREBARAERTFSHEILIRASE. LALBERE
B, TiTINZKRZEMERFHBEESRESZSRETUMRFHEIERBEERAREZ
e g R, BRRERRMER, & 3161 FHMAE T Troyde's BB A W+ & L2
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Fig. 4 Changes of the open circuit potential of Fig. 5 Cyclic polarization curves of the systems
different systems by Ti/TiN films modified by Ti/TiN films in simulated bodily fluid
(pH=7.0)

3.5 316L+Ti/TiNgIXK % B E & RV R fh1E6E

MF A EE M pHEHR 7.2~74, HAXHEAMEAAME, BERNSRBEHEAY
P ki pH (%3] 5.2 2247, 7E 10~15 K5 A T LAWK E &), 25 %8 316L+ Ti/TiN fh &
7= A7 pH 1 Troyde's ML 09 S ML RE R L BEHY -

316L+Ti/TiN fk % 7£ ¥ Troyde's ML W Y AR B KM A 5 FiR, MIE\R 1
iy L2 28, IRMEA S W B B L C>B>A, 45/45s G5 B4R 2 (4 B8 1ok B R85 BE Y
316L REMBEAM 1/8 54 WREGFBMTH, EERNGHFRUARRERE, HKE
< 30s SR BKE K 45s (9 Ti/TiN (R R FRA R ARERA 2 51E 3 FH 5 &%, B
BhFEHBNELX, HPMEBKES0s Y Ti/TIN AREFERBELMIALR. B
Tafel 1 LB ba A /NE K A<B<C. LR REERY, TiTIN AXZEHBENEAR
GMBRGRTYRERED, TES Ti BEHREEXNREE RO EREEBRE MR,
45/45s EEE R EY. YaRBERBGHERAE, RRBREER, B9 5
ES3 Ti/TiN MEEHEZH AR, HAMAFRE (WA 6 Frx).

B 7 %8 316L+ Ti/TiN {& R7EMH: (pH=5.5) Troyde's AR Ll A W o i) FRAR AR ALAT N -
MIER 2 HEMIE, X T 316L REM, AR EBHEMNEBARABEMNES, El
2o g MEIEIR, 5B Hh 316L+Ti/TiN A R M B AR 1 M ERE, fiFaigx,
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Tafel 1 4L by K. A HWEKE, FHER 45/45s EEEK R R BT b E T M
HEVERE. BEMEAY 316L+Ti/TiN A R M B R A BIRB K™ H.
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C-TUTIN(45/458 AIP)
0.6+
g 0.4 4 o
2 024
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B 7 316L-+Ti/TiN &k F RS B P M
B 6 Ti/TiN #ARLE F B i 1S A i s 1 55 e
\ kT 3%
?.fﬁﬁ )  of eroded p— Fig. 7 Cyclic polarization curves of the sys-
Fig. 6 SEM micrograph of eroded pore of T/Ti tcius by Ti/TiN films in simulated bodily fluid
film in neutral simulated bodily fluid (pH=7.0) (pH=5.5)

# 1 SUL+TI/TINGREPHRUS R PHBELEEY
Table 1 Fiectrochemical parameters of Ti/TiN films on 316L stainless steel in neutral
simulated bodily fluid (pH=7.0)

Sample Ecorr/mV fcorr/pA-cm™? Ey/mV ba/V-decade™!

316Lss -142 9.54E-2 268 0.14
Ti/TiN(30/30s) 113 1.75E-2 786 0.79
Ti/TiN(45/45s) 86 1.16E-2 1357 0.87

%2 316L+Ti/TiNG RERMMTGAPHBLELEY
Table 2 Electrochemical parameters of Ti/TiN films on 316L stainless steel in acid
simulated bodily fluid (pH=5.5)

Sample Ecore/mV icorr/ppA-cm ™2 Ey/mV ba/V-decade™*

316Lss -167 3.63E-1 232 0.039
Ti/TiN(30/30s) 7.3 2.11E-2 395 0.085
Ti/TiN(45/45s) -14.4 1.34E-2 445 0.097

Wi EARTRER, 316L+Ti/TiN & R 7 P 584 Tyrode's SRR Yy 1 k2 5
EMEMT MR ARBENER, EPERUARFHREXRENHEE; WHEM
Ti EREEHAELM U LS — B, FHGES 45 W E8ES 30s 9 316+Ti/TiN &
AHMHERENS.

4 Tk

MERMELBER, Ti/TIN HKRESEHBETUAEYIER 316L RENEF SR
Troyde's AR LAY = 8 of A P BB, TERIUVEHMA R B RN EMR, BRMB A GFER
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R K b EHRE. EEREY Troyde's BAEE S, HTRINES HY WEH,
X R 7 A P 2E o b B R B AL BRAL BB, AT (s T R Ay B A S B, Bk Ti/TiN ¥
R 200 4 W o B RO AR AR XTS5 4L

To ik B B R R 54 TiN MRS R — YRR, A2 5@ MR 19, (H7E TIN %R g
B, BTFETRTG. BERESFEESBEBEFERK. & TFRENTFE, BEEME R
FHBEEAZ N TEERB LA, LHEBRBAGEY, HEEH®4E U 3t Ti/TiN
MAZEHETE, 4 Ti B UAKME TIN BEEREHHEK, Z38I R ENERSE
HIATEL, WA SREEERS BV RE AR ER, RN
i 3h TAERTEI Y, BB A EARATRAES, REFEEAMRE, RHEBRRER
A 316L RGHE Ti/TIN Ik RHERE . 45/45s $E2 1 30/30s R Z i B g
ER, RUEENAKREZEEWERTTHRESE, RO TARESEREANHEARAHE
MEREARTH AT, ARMEIAERA4E. WE 3G TURENEETERZER
HERFMES FE—d2EE RENEEESEFE L TAMRE LA RERATY.

FEFAR AR AL 3 P, 316L+ Ti/TiN 4 & X B 55 6FH1 %t Troyde’s A #4478 1 BE 7
1E T SR IR R, b /NN S A<B<C, EER AT ik RESDMAR
AR AR RO, MR T A THAR R AR B X AT LA L el R B Y PR S BIERA. M
WARAL T B, B E AT AR B R, BRI BN, H A RIEKES 30s 9 Ti/TiN
WERGFE SN RS, MAKEYL Ti EREEHK, FENERRMRKEEHL, —
FHEEATFHXRELESHNEEBUEHERE T ARG L SRR, B—HHE, A&
Ti Bf TIN Z B & A B mhet, Ti FMER, TIN AHEK, Tif@S5EE0IHE
1. R kTR AR AR B R S R A AR B A K AT BER H AR Y AR R P 2 A1
A 12 @it XRD 204, ATLABH, 45/45s R MIFR R R 1 K494 2.95GPa, 1l H R H 45
AR BE A 8ON, T 82 TiN M P Erhscie R4 pH=7.0 B}, 45/45s R o F oL
BETS5EZE, WEAFGWERNRPERETHE. BN WXEEEMNFEETEH
M G R T R A AR, A T IR AR A UK 5 A B AR ] e (B A e (19) i e, SRR Y
T EsahEE . B 5. 7TREHEHRK/ANK C>B>A, Hrp 3161+ Ti/TiN & F AR {b th &gy @13
FEABERY, EEWUEFE AEEEIRE, SHBRERENEEL, AHER 3161
FEMBHME, MEZSZIBEEWHFEMNRE, RAEERERERET (WE 6 B
)

B, BINE T4 316L+ Ti/TIN A X R HESWEEENEEEEET: 1) HMTF
B TiN R, Ti/TiIN Ak ZEEEPRENRERD ., SRR THRE, RRES
B/ R SRERMAK, AR R EET BB EWEE, AENEER
Bkl 2) b T 90K 2 G077 FE R A B0 82 by R BUR AR R, WA T FRLAR K B0RE 5 1R Y
A BB Ay &k, WSREEE AT B AR . T HA Ti BMFETUREEEG S haE
#.

5 ik

FARAEFERIREEAARNERET UM Ti/TIN 20k 2 BHE, HERABEGN
X R, BEESARER. BB lERRy, £ TY/TIN Kk REBEBERN
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R REPHES BN Troyde's AR PR AL EREHRE S EAE RS, R TEBTE
B B 1] Xof B o 6 JOR Aokt BB — ESU R, 45/45s SRR RIEPTRE WO B9 T ZF AL I 1
B R 24, ke R E Rk 1/8 5 1/3, BB MEARK A R e gURE, R
TERENH .
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Electrochemical Corrosion of Nano-multilayered Ti/TilN Films on 316L
Stainless Steel in the Simulated Bodily Fluid

LIU Cheng-Long"?, LIN Guo-Qiang?, YANG Da-Zhi"?, ZHAO Yan-Hui?, DENG Xin-Lu?

(1. State Key Laboratory of Materials Modification by Laser, Ion and Electron Beams; 2. Department of
Materials Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Nano-multilayered Ti/TiN films were synthesized on biomedical 316L stainless steel
through the Bulat-6 arc ion plating system. The anti-corrosion performances of different films were
studied elementarily in Troyde's simulated bodily fluid. The results show that it is about 5 and 2
times, for the breakdown potential of 316L+Ti/TiN in neutral and acidic Troyde’s simulated bodily
fluid, higher than that of 316L stainless steel, and one eighth and one third of the corrosion current
density of the substrate, respectively, which indicates that the sensitivity of local corrosion for the
substrate is depressed greatly. However, the delay in reverse cathodic scanning is caused by the
worse self-repairable property of Ti/TiN film. The anti-corrosion performance of 316L+Ti/TiN, in
Troyde's simulated bodily fluid, is improved effectively by the existence of the nano-multilayered

structure and pure titanium layer.

Key words nano-multilayered Ti/TiN film; corrosion-resistance; medical stainless steel; simu-
lated bodily fluid



