H38% AR 11
2009 11 A

BHEREMBISIE
RARE METAL MATERIALS AND ENGINEERING

Vol.38, No.11
November 2009

ETHY

RRARBE IR € B R B 4 A

7S

N

NG E, KR

CREWFKE, LT KiE 116026)

W OE: ATREENAH T RA M Z K EEER, KA B A3 EORN G 8 R T AT R4 B], JF XS & e
BEAT B ARG o A R A Ay I 3L JT 0 G R Gl R 4 B R ALK ) A O R R AT A AN BR AR SRR M, R
WA [F) 7 VE AT B 4 J R T R B A I VR IR T W a8 o i 2l B DA B3R A/ RS 0 R B 3 2 R PR IR 58 i o 45 2R
KU Piranha ¥R 45 A5 4 ST BB RUHb P2 A AR IR I R SRR ), & FOTS (Perfluorooctyltrichlorosilane) H 412%
O3 T B AL B (W EK 4 SR AR TSP RE 3 5) R KRR R R B MR RE . SisNG Bk FOTS [ 4130y 1 B Ak 23
HRE 1] FR) PR 452 2 00 4 A AR T ) 8 OO 89 DRI K . B8 AN 5 min W7 8042 55 FOTS B 20 653 715 S5O P AL B0 IR

TERRAR B R BN R, SR B A R R AP .
KR AN TI(SAMs); SRANESE, BEE B
FE%ESES: THI117.1; TG146.273 XHEkARIRED

A

XEHS: 1002-185X(2009)11-1978-05

L7 S NN - I 128 = Y I
PERELF AW HA MU SRR AL, AERUE R IR b
T HUBR A= Wy s 2 5 AT A5 Bk 3z I S M . 4%
M, R ZE, XE—ERE LIRS T
RN FH A e 9 A0 Ik Be A AN B 78 o0 R4, BRI
o] vy L BR R AE PR RR LR T OAHOCRIE N )T
AVYA

TSR R R G < PR R AP s R T VR S
BER MR . XL G ARG XML T
BE AR 8 R AP Bk, ot
S L T AR R A 1 1A 4R AR R o B, )
SEAERERAR B A AR TR R AW 63, R
BR R LA 4 I W A T — MR i F BL . Tosatti S5 7
BRI AR ER R T ) 2% T e SR IR Hh A R -1
PREBEIR 2h B A1 7y 7, XPS/rAraR W], fEm Rt
A EIERT 2 7 BUEHES R B A% sy 1R, it B4l
BV IR 1) A T s R ) K Ak Ay, AT R B 4
B0y W) T Ak 22 R 5K s Kanta % 78 4165k
FoAk bl T )\ B B AL Ay T, SRS
AN REURE L AL TR RS B 1 A K O v O B A ke
O TR ES Mani®EWF 5T 7 AR SE 4k b LR
KR B 42 03 1 AT KRR AR RN 4 1F R A e
P, o S A RS I B 4135 0 R AR Y. ki
FIHF I, AR B AR E AR K4 8 ok 4b 3
(100 JBE 52 2 R P PR AT 00 AR ARG
ks HEA: 2008-10-26

EEWHE: HEAS/REIEIIH (50275015)
fEEE&EN: HAEE, 5,

A2 SR A 2 5 R R Al B S T B AT vk Ak
B, 2 DhRE R BUR B HLITSLFOTS B 4137 1
I S A PR PR BR < e 2 T P R SR 1, RIS T
RO S PR BE SR, 5 AR B AL BORAE SR
< P PR B R R S A

X %

SEEG AT A SRR R Tk 2l gk, JERE R 2 mm.
25 5k TH,TH,2H,2H- 45 8 % ke 36 = &Rk ke
(1H,1H,2H,2H-Perfluorooctyltrichlorosilane , 4l & Jy
95%, W H Fluka Ao 2381 /K 2 4l % & (Puric-Z)
Ak, BELE N 16.8 MQ-em. HAMRFARE: ¥
e, NI, CBE, Hhortral.

B a4 @ E K 0.8 cm X 0.8 em [HIE T IE, &
JadE R BRA L (1)% V)L R JE AR AT AL
WG AR O DR R T () N
M £ P AR 2l KR PR S R ARE 2 min DABR Z:3R 11
B s (3) 4 M AE 45 C H W K W OB W
(Na3P0O;3-12H,0. NaOH 5 Na,SiO3;-:nH,0). 90 ‘CHi
7K B Piranha %% (98%H,S04:H,0,=7:3,V/V). &4}
WS LU A, Piranha ¥R 45 & 56 A G IR D7 V200 BK 465 R
FHBEATRRIALN, 4L 1 mL S ¥k b, HM
VRS AN 15 uL Z2 45 (1) FOTS, i il B FOTS % s
GYF RIS JE RN TRCE W, RN 12h )5,
B R B R, R TA . . @ aliK AT H

1979 44, fRiiliL, KEEEF RN TR R, LT K% 116026, E-mail: cgsun@newmail.dlmu.edu.cn



511

INEESE: T BARBOR S AR P Bk 5 1 B R SR VE T T

* 1979 -

FUEE, JFREA Ny T (6)K 4 Lr R T
WA, T 90 CHEIE AL 30 min; (7)E T4
P HEAT A 7] B T ) HE S b 3L

F 4 [l 7= Easy-Drop 4 $firh ff1 0 & 43000 o 25 5 1
IKAE IR 2 T 16 4 fuk fy OR3-S R T RE . A S5 E DI
7w il 3% 1) Nanoscope Illa 7 J5i -1 J) 2 B (AFM) XS
WFEREATRAE, (EHISECh: BIER 0V, HEE
FoH2Hz, FIVEHE K 5 um, S PR 100 nm,
AR R H Contact B3, A8 H IIEREFAEL R Si3Ny,
JLRE S RECH 0.06 N/m. SR CETR UMT-2 %1
JEE R BRI MLAE mN B R AR AR o 1) B R 22
PE, RHEE WS, REEEA S mm, BEEMEER
#3 mm [ SisNg 3K, WIS B R =i AN R
40%~45%

2 HR5WR

2.1 HEEMEBEEL

e 5 R M A 2 E I RIRESNEES
e, AR RIIAL TR eI, BRIl
V)2 B R i SR TR R AL B AR A, RBAR U b B B 4 3¢
OF VR A N BRI T . R 1 AR
RIMZ 4 MOTIEFRFALJG R # b M MR T Re . AT LLE
R BRRR JEEA TH)  TH 2 ke oy RN 2 T e A K KA
b, X2 TR A E M AR IR, S B R B
o H R K o Piranha YRR 54 Ak B 2 T 42 ik £y
PN, FRAEAR R, FLAR BRI TR) e, e fi £ B/
FIMBEMOK, EHUWE R Ak 27 30 e IR 6 3%
HTE BN, RIEHILHTE . SRR RS %
1, B RS R 38, e AR, IR K,
A REURE BF TR) I8 21 15 min J5, 2 fid ) 0 2 00 BEAS 15 AR
AL, X R RE R 1 % A O . T T Y
Piranha ¥ ¥ 45 & S84 U 10 7 5 0 B A0 80U R a0 4%
filif1 4 10.6°, BHA REFHE KM
2.2 WIEEREMRE

NGNS NG ORe W e s s S L e N i
M 5 I AS[R] (1) 4 fik f1 RER TRTRE(] 1): FOTS H 4144y
TSP AL B G AR G JE SR TH  E A EARR, R
TREAZ /N, S0 RAF Bk Pk s 2 fuk A i S SRS F (1)
SR, 0 E 5 min N, B L AN
(PR GG, el /B W oK, RIHBERFE, 42 5 min
I 5L I HE e A B K P, T i B A SR A SRS IS [R] (4
K, Fefb s TARAZ /N, RIMBEL K, % 13 min B, L
PEER 4 8 & 1H HH i /K AL 56K, U] FOTS H 2 3¢
Oy F B I B R A 17 min B, SoPE AL HE K
o Je 2R THI P 422 fid A R 3R T BB T T AR TR K 4 B R

x1 FRAZRENKEEREMKEMAIITEREAEE
Table 1 Water contact angle and calculated surface energy

for Ti surface hydroxylated by different methods

Contact Surface
Method .
Angle/(°) Energy/mN-m
Bare Titanium 50.5 53.5
Alkali solution (15 min) 47.5 54.98
Piranha solution (1 min) 45.8 56.17
Piranha solution (5 min) 23.6 67.35
Piranha solution (10 min) 12.3 71.17
UV (5 min) 44.2 57.04
UV (12 min) 33.4 62.80
UV (15 min) 33.3 62.89
Piranha solution §3 min) & UV 10.6 71.60
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Fig.1 Variation of contact angle (a) and surface energy (b) with

radiation time
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Table 2 Surface roughness parameters of titanium substrate,

modified titanium and UV radiated modified

titanium
Sample Ry/nm R./nm Riax/nm
Titanium substrate 3.972 2.992 37.259
Modified titanium 2.906 2.311 22.358
UV Radiated modified titanium  1.535 1.177 17.671

B2 Rl () BhHE R AT 5t Ak B % B A IR P Bh < 2R T R AFML 1 4R
Fig.2 AFM images of (a)titanium substrate, (b) modified titanium, and (c)UV radiated modified titanium
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Fig.3 Variation of friction coefficient with wear time under different loads
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Fig.4 Variation of friction coefficient with wear time under different sliding velocities
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Tribological Properties of Modified Titanium Based on Self-Assembled Technique

Sun Changguo, Zhang Huichen

(Dalian Maritime University, Dalian 116026, China)
Abstract: In order to use titanium in frictional pair with relative motion, titanium surfaces were modified by self-assembled method and
the prepared samples were irradiated by ultraviolet radiation/ozone photochemical process. The characterization and tribological properties
of samples were conducted by contact angle measuring meter, atomic force microscopy and microtribometer, and the hydroxylation of
titanium surfaces by different methods was explored. The effects of load, sliding velocity and ultraviolet radiation on the tribological
properties of samples were analyzed. The results show that the combining Piranha solution with ultraviolet radiation/ozone photochemical
process can prove the effect of titanium surfaces hydroxylation. The titanium surface modified by FOTS SAMs is uniform and exhibits
good hydrophobic and tribological properties. The friction coefficient between Si;Ny balls and sample surfaces modified by FOTS SAMs
increases with load and sliding velocity increasing. The effect of modification treated by FOTS SAMs can be improved by an ultraviolet
radiation/ozone photochemical process for 5 min. The durability of friction pairs is retained in the case of reduction of coefficient of
friction for the modified titanium surfaces.

Key words: self-assembled monolayers(SAMs); ultraviolet radiation; friction; wear
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