E R R R
2020 4 8 H

WREERMBS IR

RARE METAL MATERIALS AND ENGINEERING

Vol.49, No.8
August 2020

KEREWMENE L E+

e b, FRA 2, K

i B BY ) 8 5 FRALE
o

U xsEsm?, Ehsa!

Y

(1. PHEARHE NS, BeVE PE2¢ 710055)
(2. MR IS A IR AR, BV Ph2e 710201)
(3. AW AR A A RHE S My S TR oL, BRVE P2 710201)

B OE: RIHRER SR R g A,

BESRWRIE R, R BOREA (MAO) HOARTE SR 2 1 PRad 1 55 161 %

W5 BB G A2 LR G, JF DL AR I B RO S BN BRIl B . R SEMH+EDS. AFM 7}

A B o) 2 T 2 RO BHOWL S5 K, A IR RASC . B R TR R LRI F A 2 T AR il R AL 2 PR 45 5 AR e

RN

GiREN]: RIZRIE

7o i PR AL TR I T 6 A SR ISR AL 2= P A 8B i 2 15 Ti SR 046 5 705 Ti 25 46/MAO
J2 I BB (D P S AR A PR AR L R s R AR D FLU B ARV, IR SE R dm /s, AR B e O D5 X PR 2 T s

¥

v R A T e B AR S  Ti B/ Ti ST Z /BRI A R 222, R RZMBRG, R BRI 2B ROk
FAZ L TR %, H S EUR A B S 1 AL g B A

e A

ZHim s

KW K PO BRI
FEESEE: TG174.4; TG146.23

PERE

XHRFRIREG: A

XEHS: 1002-185X(2020)08-2875-05

KA S AR K ERE, W WA, e
e T B PR BE TR PR BE 4 LR R A A S
FEMUEHUR « W TR AWy . A0 A AUk
ARAFTZ NN B IR Tl R PR SR B BRI R
J&, RPARTERS R SRR ORI . P, ARk
FORL T 2 P REVR 2, SR IE D 2A TERE L TR 2 458
PERE T ok AE DL D88 VR R 9 SRR (1 45 15 )

MR EERE R A AP AT il . 2@ o 1tk A )
AN, P, . R IS B L%
Ak f BRACRERLCY . H R, Bk 3 T A BRI ) B AR T
BRSO AL A S DUR R B ASAHORR, B AR
AT BB 2%, UIAE R BRI IR A, 32 S IR
gh4 ) 8. Marton ZFMHRE T HI % CN RLIEJZE, b
O B I 5 LR () 45 45 5 Yang P10 BB T Si SigNy
H1Si/SisNg 3 Bl )z, KR FE G 5 T 3R )2 5 Rk
(1454 3% : Zaharia %% T a-Si0,. a-SiC,0,:H.
M a-SiCuH, Sl I =, S m 7 BB B 4 1 45 5 9
J; Bhattacherjee 5" il i & 45 2% LLRR IO I (1) 9 B
F1, BN T RERLLE £ 7. Dai SR AR A B PR TR
RGAE AZ31 BeG &R IMHI& Cr BAmME, nf 35 il

IF= HEA: 2020-01-08
EE&ME: ExXARFFIEETSINE (U1760201)

KA T, PR EPUEBITEGE

AL (MAO) HEARAEER & < 55 R I PRI ] 2
i % Ok R B 4 AR BRI A P, A L)
il AR AR D B, R 7 R A Bl A B T
FRRNEL W] BRAT Bl J2 A+ R ) R A = o g i
RE A BZAE KBS E DLC B B AR 45 15
e Dy 55 e Mol R AR A AR IBE S5 R P S S T 45 15, LAY i
PRI AR T JBE () SCHE S S, IR IL 25 45 105 [,
R FE S MAO BE it 2 B UL A8 A A AR B 45 F R
11 2 FLAFAILE, BT T 10 10 30 ABL A Ry 6 5 T [ AT B T 2
% DLC ZPKRE 53 5= (i Bk Re o Pk, AHETTER
3 Ti HAA/MAO JZ/MRER G BEEAR, JFEd S Ti
FLAR/BRIBEAN Ti HE A/ T ST 2B BEBEAT XL K
FESR AR B 97 VR 2 IR RS (IS B ST RF, k2D
HEDEER ) TARAL N

1 % &I

%
ARSI R F B EEAR I RL K 7 2 By R ROl A B
AN A AFEH) @15 mmx6 mm FIEKHEERS . 5256 1 X 1)
U ERAE AT HT B . PO RE DR, HR KK, BT
TR R 4% . BL 20 o/L ik R B 1 b S AR AL H AR

TEERIN: MR, 9, 1982 4, 4, WP TR, M@ mRhs K%, Bii i< 710055, HiG: 029-86966199, E-mail:

yangxiaokang2000@163.com



* 2876

GE AR R

49 35

SR FH R i B I A A PO P i s A 0t R R AR R AT
AbEE, HLRBEE K 400 V, SRR 500 Hz, Al
8%, ALFIN Ay 6 min. Ti i 2 5% FH G2 I 5 B R
PAF, WAEE N Ar &S TR, RUAIRES 40
mL/min, WA 2 A, # A E H-100 V, JIH
IFIR] 2 30 mine A FHZ 1 B 7 R AR AL )= Ti 4T
B )2 LA B BR AR 2 1 23 TR e B, s Ak AR L L
) 2.66x10° Pa YIRS, itk FHIEA CH,, Ak
JE R 20 mL/min, DHFRLREFLE 240 W, HLRCE A
0.2 A, JURANAI R 40 min, 235755 Ti KEA4/m5 5
Ti FEAR/Ti $7 82/ R Ti BEAR/MAO J2/BR B 3 Tl i
SR

KR F 1 BB (B AIST-NT). 3 K S 14
FBS+HBEIG I (EDS) (Z4-5 S-4800) X i 2 AT oM
N B RIIRAL, DAL 56 4 30 AR B0 Y. F Il
FLEAT Le3 SRVPN & AR R NG A Ty AR D e 21
T K2 A FEWER I A= 85 M-2000 BRAE 308 H1R
50 BUAF 0 B A 2R (1) R B AT Ny o LI ATl 6 N,
EERLE1E 4 5 em; K Autolab Pgstat302 HiAk 2% T 4F
S, RS A E AR R BEAT A Ak I 2 DA, Fo s v A
3.5%NaCl (FiE%0, WARHAAL N 0.5 cm®,

2 HREDR

2.1 AREBREARNBMERAE

K AFM 5 Si 1 bl 26 (0 5 B 1 2 T T 30 R
REEEREAT T 3RAE, W 1a iR SRR SR 2
CORUE”, KRG R, %04 1.82 nm. FFA SEM X ik 5
BB bW, wE b Pk BREEREL N
400 nm, ZEMECEOLI. AL, BRI, A
A, A G SRR PR .

AN AR R B R T e S & 2 FroR . il Ti B4k
IMAO JZ /T HE (1 5 5 4 R R TS T UG 21, LA
BT, ARGEJEAEAE, RUIBRIBORHE, I &A H R
A P AL A 25 fE Ti SEHA/BRIEAR R,
FH R A R Bk JBE ) B A 22 K, TR AR Y T K
HARA BRI, B AR B A K R IR R i e 4 7
DABCR K 8B 2a BITE S Ti FEAK/Ti HT 62 /35 i A
A, HTAHKMEEZ, BIRTHRRNT), Frilfd
BT SEREAIBRIBE, AP I A7 AR — LE B

Wit EDS 23 B A5 21 1A A 8 5S4k 2R 3R i 22
JLEAMN G EWE 1 Pron. WTULAEH, E Ti 4TI
T RS 2 /0 % P R A4 2R RT T R A/ JBE ) i 6 4 & v
T EBICEHA C Ti, Horb, TiBE A/ B A R I
AR PRI Z RS R Ti SEAA/Ti 4T 62 M0 B 1) i I
WRBERI, M CICHESEH RN, X&HT Ti

100 pm

Bl 1 7R Si Fr bl & iR i 3R
Fig.1 AFM (a) and SEM cross-sectional (b) morphologies of

carbon films prepared on Si wafers

AR T 1) P AR R IR I RE 25 5 s/, B RAE AR K
Y5 A% I ) A3 S0R JBE 38 3 1, 2 1t Jr) 8 DX Sl 0 A
W5 478 36 T S BN &5 B . 78 Ti FEK/MAO J2 /85 5 1)
IR R h R I EZEICHEN Cy Siv Tie Hrpiroos
SRR, RuRRZ, RSN, &lTEANEDT
BUT WIS, BT B, 46 EDS fEis bl LR I
A JZE T T, BLECK B TR P T3 Sis
2.2 TEREEXRRENEEHERE

DAAS [i] LG A4 22065 12 1) I S 48 i vl il 3 i
o A K, RS E Ok T L
B, B DT R AR R, T R P s
PEAHZE R, FrAEmmR RN T, S BN, A
5.6 N; SEHERAESREAAR M — Ti FTR)Z, B2
SRR G A TR, O 16.6 N, 3X 2 AR 38 i
A B TR RO S e AR N g, AT I TR
SEE 7 s HE AR NS 2 1) (e 9 )23 50Ok I AR A IS
JEIELE A BERTE, N 30N, BEERANSHE. K
FORB, RO Z SRRSO R &4 G, AHER
M2 LA B T3 S &4, Fr, Sz
MIAFAE K B M5 15 B AR I &5 45 A A8 Oy 5 vy il 11 4
Ak &, AT B A B2 I 254 36 .
2.3 AREREKRRIIMEMERIE

Bl 4k Ti FEAR/BRIE . Ti FEAK/Ti 3762 /MR . Ti
FEAR/MAO J2/Bi X 3 A [v) 55 56 A R 1) B 6 3 A bt



PR REas: B M AL 2+ BB 1) 4% 5 RAT

° 2877 -

50 um

B2 3 Bl AR R R B 3

Fig.2 Surface morphologies of three film-based systems: (a) Ti substrate/carbon film, (b) Ti substrate/Ti interlayer/carbon film,

and (c) Ti substrate/MAO coating/carbon film
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Table 1 EDS results of the surface for the three film-based
systems (at%)
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Fil t
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Fig.3 Binding force of three film-based systems
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Fig.4 Change of friction coefficient of different film-

based systems with time
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Fig.5 SEM morphologies of wear scars of three film-based systems: (a) Ti substrate/carbon film, (b) Ti substrate/Ti interlayer/carbon

film, and (c¢) Ti substrate/MAO coating/carbon film
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Table 2 EDS results of the surface for the three film-based
systems after wear test (at%)
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Fig.6 Electrochemical corrosion curves of different film-based

systems
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Table 3 Corrosion potential and corrosion current density of
different film-based systems
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Preparation and Characterization of Micro-Arc Oxidation Coating
and Carbon Film on Titanium

Yang Xiaokang'*”, Luo Binli**, Cai Jun', Shuang Yixiang’, Wang Kuaishe'
(1. Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2. Xi’an Saite Simai Titanium Industry Co. Ltd, Xi’an 710201, China)

(3. National and Local Joint Engineering Research Center for Biomedical Titanium Alloy Materials, Xi’an 710201, China)

Abstract: To increase the binding force between titanium substrate and carbon film and enhance the protective properties of the coatings,
a titanium oxide coating structure with metallurgical bonding for the substrate was prepared using micro-arc oxidation (MAO) technique,
and then a carbon film was deposited using ion beam deposition combined magnetron sputtering technique on the titanium oxide coating to
obtain a duplex coating. Microstructure and properties of the film-based systems were comparatively studied by SEM equipped with EDS,
AFM, wear test and electrochemical experiment. Results show that the surface carbon film could not completely cover the micropores of the
MAO coating, and the MAO titanium oxide coating on Ti substrate has porous features, which effectively increases the binding force between
the top carbon film and the Ti substrate. The Ti substrate/MAO coating/carbon film system has the lowest friction coefficient, the lightest
fluctuation and the smallest width of wear scar in the process of friction, showing the excellent tribological performance. However, the
corrosion resistance of the newly designed composite coating is worse than that of the Ti substrate/Ti interlayer/carbon film. This is related to
a thin carbon film and porous characteristics of MAO coating of the composite coating, because the corrosion medium easily enters the
interface between the carbon film and MAO coating through the micropores, thus reducing the resistance corrosion.

Key words: titanium; micro-arc oxidation; carbon film; binding force; properties
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