Fat ESM
2016 4F 8 A

wHEERMMSIRE
RARE METAL MATERIALS AND ENGINEERING

REHEFEREN K E € EEF RN

E O, EHE EEE , KRE

(CREWHE KR, LT KiE 116026)

O AR SRS SRR, RABOEIN LERTE Ti6AI4V & &R T 7 744 2 (A §E 9 100 F1 300 pm 14 R4 A1
JRRE TR 5 K S102 GNAKL T U5 782 75 T 45 1 b ) 4% TRl 8 o T 43 ik o 00 8 S0 2 e £ 2 T 426 Mok Ay VR 30 A1 T LEXT
OLS4000 3D ot It 3 A & St S AT R TR S AN B R R AL, SR 2 Dh e AR BE IR UL (UMT) BEAT BB 2 P e Ik 45
REW, BAMAMEIRTR & Wenzel AR HBHKELM, R4E SiO BA MINEE H IR REFT & Cassie RSB K
R . MAMIAER 100 pm B9 ATERK M98 T 300 pm, POMS R MG YESR T B BRI GKVEREAIIG 05, B IRIREE
ARk fE 50 mN Hf5F T, ¥RAL SiO 2R M I B R L HOE N LRI Y 0.6 £, WM 3R M ) BE 4R R 2008 miFE Y

Vol.45, No.8
August 2016

0.8 ff. 7E 5N A5k T, ¥RAE SO, /N EEHE 2 B ih 2R 9 B Bl ik

EBIE: kA E; KM B
FEESES: TG146.2°3 THERFRIRED: A

X E4S: 1002-185X(2016)08-2182-07

R e RN RS, TP, Rl
FEH AT B R PUEMhEE . Ik, BR& &
YRR — RO F O AT R, CERTPRSE R L ¥ AR 52
ey B E . EHSRESTEAS) Z R AN,
SR, ARG S AP AR B AR K, PR B B A 3]
BES AR R B, T B 2E, AR IR S BRI S AR
K et g A, T B 0 G (1) 2 A vE R AT REVE, AR
RHFR G TR A SR . Bk, k&R
AR g 24 i ] P A A B R Y. e G 1) 3R T e
ARAFAEEZ W E, Bl FENEZE TEANGEN
2y, SRR BT3Bk, BAE RS ER
Ak 3R SR R, B2 8 B A A AR T A Bk s FABER 2
P JR AL G S5 A T L5 2 A% F) 45 5 5 B R X AR
ARG RBEA B S & IR s & . 0L R
PERARRBOCEA S &R MBS S 17, TR
HIR AR R AR L B . Rh T R
AR N AR FRE Ty S i R R R b R R
T AT S 0, WOLR I SUE SR Sl 2 B 2
A S B AN, EEORBOREE . WOt
FEMBOCIERESA -

JEE 455 2 ) RO 2 A ) A A 3o v T M D ) R
—, WRAEVIEREE, RROR IR A X L gAY
LIRS AT T ORE KB BRR LR 7T, N N Eh P R

It HEA: 2015-08-15

W A7 AR ARG S5 A, B URE . F FE RN B 5 T R
T IX — JFE B U 00 AR HE AR AR AL R B
(i vk E P e O R B ULR O i T R AE AL SR
R R N T 2 M AR e b, kAT TR
BEHRLS . BER ORI, &k O as f b 2 5 A R
ST 2R T B P M R L T AR TR EH R . R
7 A% B e O N AR AR R T 4% T B R 2y
A I U 2% S0 DL S A S5 B T AR I 5 AR TR B, FR I 9T
H BRI Re . 45 R R, R0 R AR i B
PEROEH RIS S 1 A7 0L B 2R YeiE R F Tk
Tl P el vy AR KT () P /N, L B 1 e R AT
X2 T OB T BT Rk AH Y T /e B B3N T 7
2o it s, LB R A B A R R B 1, e
EmPUETE. FR, BT R EA 7S S A
fifs 17 2% $2 A 50 B v S AR 3R B 0 17 /N BV S A
FIWY, [RIh, TR A EE R e

Z. Bhushan U0V 52 7 2 Rl R T, QA i A
TR A B K REE AR, X
P 5 L 3R T b 22 21 o R 22 RS 45 R L [R) v e
(). M. Shafiei ZEUULf M OMRNR, SR FH G IR 27 4
Sl TR BT A G & T BA
fap IF R TH BN R TR SR R R 1T . B AU R I, 15K
B RR M EKYE, BB R EEK; 285 E

BE&WBE: MXARMEESRIIE (50975036); i T4 TAkH K it4 (2012220006); o i 5 3 A AL Ml 55 B % 01 % <

(3132014303)

fEE®: & g, 2, 1965 4, WL, HR, RERFRLZEIZMR S SR TR R, L7 KE 116026, Hif: 0411-

84723319, E-mail: lianfeng1357@163.com



%5 8

B RS X k& S BV RIS IR

+ 2183 -

fik (PEPE)IL A8 MM f5 , 211 5 I B B /K AL, 2 fl
fiF Ik 156 BEHR R B — DK . Y. Wan ZE0F]
2 2 ok T3 3 43 ) A B RV R TR N S5 0, SRS
T 6 R TR VI DA SR B B K, 0 b3 A B ) R
4 2 T EL A S P BE AN R BE AR k. S. L. Ren 20103
WA E Tk 5 min, fFEEBREEMAEL, 2K
REREBMG, H% BB KERER . SHeERE
THIAF LY, 8 B 7K BE R 3 T P 286 B 0 R B 488 g S 0N o

ZE ERTIR, WOGHARIER KA SRR
BABERS . ERAEOUN THARE S SR E M
T ARG, FEAR T T s ) TR B0 K 4 PR 4
PEBE R W BIF 0 R WL R 3 o T4 S0 n T4 46 i F 4k,
G U 50 R T A 4 Ol o K G P R A
RE IO BF 78 10 08 25 11 . A BF 78 SR R O I T4 R 78
Ti6AIAV & 4 32 [H 43 7 ] 2% 8] #E 4 100 F1 300 pm ) £
BRI R R S 4 o SR VA R - e 228 S10, 4KpE 7
WHEESBOLIN TG SRE, 80 R 1H 1
N o R, & B KRG &R . KHZ Ik
JEE 5 P T I B WL AR T Tl 4 A IR TR 30 LAl S HORn R T
T M X BE B A MR R R, D9 v K B G I R R 2
PERE R AL BT (10 7 IR R SRR

1 5 I

WEEM BN EE 1.5 mm [ TiAI4V H- A, F A
LAVEIHLYIE L 20 mm>20 mm R FE . K 2 AE R 400
#. 800 #A11 1000 #H> 40K B o SR J5 # FAK BN P i
LMK P BAEER 2 min, EREMmA,
HE N KT o SR HGL-LSY50F #0641 kR HL(E Y
e TWOE TRA R 5T A 7 38 ) 1R 2% 1102 417
eI, BWOLMEK A 1064 nm, HKBEOGH 1D E N
50 W, BGHEN 3. 14 kHz, 1A A P 1 LI 25
913 Ao L HI PR SRR R, TR)EE 4300 9 100
H1'300 pm. WOGIN LT, FUCKER & el FE AR TR
NI OB ZE KA BT 2 min, XBRE
AT, B G Ny T,

Y T 1) %) B S0 I VT (170 50 miL R i 43 ) i
2.5 mL FREM R 0.5 mL JEEE I AR Bk 50, B
JEEIN 0.1 mL {23k (2, 4, 6-= — HI & Jk F L5y,
95%) iE ik T R A e Mt R m, JFHFF=ETIT
30 min. KR I EUR IR VE I AR IR R 0.165 mol/L
SiO, 73 B (14 0.25 g 44K SO (Kift 20 nm) ¥ fif 7£
50 mL B JGK 2B, M 0.25 mL BB (a- N
R Z AR, 97T%), HASEL3h), FET
TIRAE T 5 h, THRAMIREE N 100 C . B IFR IR
KSR TH BBV VR CHF 0. 5 mL (1 1H, 1H, 2H, 2H-4 5 & 5

= LRSS (PFO, 97%)3% T 50 mL Jo7K 2B H 4%
PE)), BETTEMF 5h, TEAEE N 100 C.

K H 2 T R BE 45 B 45 S50 HL(UMT) 1R 4T7 P8 5 2 1
Ae W, STOIR BN =R, IR ARSI N 40%~45% .
K Easy-Drop B4z filt £ I &2 00 78 25 25 1 28 T /K AE
TRE 2 TH] ) FE il A MR B A - R A LEXT OLS4000 3D
WOt 3R A B AUB AT 3R T SR B IR R AE

2 HFER5R

2.1 TMEFIHR

BRI 2 2 Sl H T TRDBE A 100 pwm (380 i T
FRTE B o T P Al 5 ) 2 T A1) 5% % J2 1 % R a5 A ol
LERIR = 4EES . SR LEXT OLS4000 3D #otit®
FE BT B I KO A B, 40 A = G T 3
A AR THT 114 6 80 W TO0 282 R 0 B0 4% i 4% 2 W) PO B
o KA BRIV A i 2R T (R 0 6 A K v B Ry L, L4
RHTH 3.

HE L. B2 B3 AL, MRS H R TH K R,
fE B KT A5 R, AR 100 pm A9 1 Ry {8 K T 1A B
300 um, il &REME Ry EFE—BHR, HNMERMEE
R Ry A KE =T S WA, R
A 38 I O B S TR A, B 3 R A A T

Bl1 Pk =4E50
Fig.1 3D topography of grid: (a) laser processing and (b) with
SiO;



- 2184 -

WA ERMES TR

i 45 %

o X pm

K2 mfE=4E50
Fig.2 3D topography of dot: (a) laser processing and (b) with
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Table 1 Contact angle of specimens (9

Laser processing Low surface energy With SiO,

Samples

100 pum 300 pum 100 pm 300 um 100 pum 300 pm

Grid <5 <5 149.3 147.8 158.4 153.3

Dot <5 <5 148.1 144.6 155.3 151.9

F2 WENRA
Table 2 Rolling angle of specimens (9

Laser processing Low surface energy With SiO,

Samples

100 um 300 pm 100 um 300 um 100 pm 300 pm

Grid - - - - 3.6 8.3

Dot - - - - 5.2 9.4

)
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Fig.4 Friction coefficients of specimens with space 100 um (50

mN): (2) grid and (b) dot
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Table 3  Friction coefficient of specimens

Laser processing Low surface energy With SiO,

Samples

100 um 300 um 100 pum 300 um 100 pum 300 pm

Grid 0233 0.298 0.168 0.233  0.139 0.186
Dot 0.290 0.375 0.201 0.304 0.175 0.211
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Fig.6  Grinding crack pictures of specimens with space 100 um
(50 mN): (a) grid of laser processing, (b) grid of low
surface energy, (c) grid with SiO,, (d) dot of laser
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Fig.8 Friction coefficients of specimens with space 300 um(5 N):
(a) grid and (b) dot

9 100 wm FIRFE R B IR B
Fig.9 Grinding crack pictures of specimens with space 100 pm
(5 N): (a) grid of laser processing, (b) grid of low surface
energy, (c) grid with SiO,, (d) dot of laser processing,
(e) dot of low surface energy, and (f) dot with SiO,

x4 AHENBRRE
Table 4 Wearing depth of specimens (pm)

Laser processing Low surface energy ~ With SiO,

100 pm 300 pm 100 pm 300 pm 100 pum 300 pm
Grid 35022 35.270 24.944 31.695 19.453 24.552
Dot 40.818 40.285 28.214 35.007 20.764 28.088
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Impacts of the Surface Pattern and Wettability on Tribological Properties of Ti Alloy

Lian Feng, Ren Hongmei, Guan Shankun, Zhang Huichen
(Dalian Maritime University, Dalian 116026, China)

Abstract: In order to improve the tribological properties of titanium alloy, laser processing was used to build grid and dot micro-structure
with spacing of 100 and 300 um on Ti6Al4V alloy surface. Nano-SiO, powders were coated on the micro-structures to build micro-nano
structures. The contact angles and roll angles were measured by contact angle measurement. The micrograph and wear tracks were
investigated by LEXT OLS4000 3D microscope. Tribological performance was evaluated by CETR Universal Micro-Tribometer (UMT).
The results show that the micro structure surface is in hydrophobic state that is in accordance with the Wenzel model, while the surface
with the micro-nano structure formed by coating the nano-SiO; is in super hydrophobic state that is in accordance with the Cassie model.
The hydrophobic performance of micro-structure surface with spacing of 100 pum is stronger than that of 300 um, and the hydrophobic
performance of grid surface is stronger than that of dot surface. As the hydrophobic performance improves, the depth of the grinding crack
becomes shallower. When the load is 50 mN, the friction coefficient of the surface coated with SiO-is about 0.6 times of that of laser
processing surface, and the friction coefficient of the grid surface is about 0.8 times of that of dot surface. When the load is 5 N, coating
SiO; can reduce the volatility of the friction coefficient curve.

Key words: Ti alloy; surface pattern; wettability
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