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A Ti-6AL-4V RXFEIAT IO AR BE, KA FOGT B
B (NewView 5022, Zygo Corp., USA)IIMIGIRAE R
FFRERE , R MM 0.4040.05 pm. X5 BT EK & 401
P e 2R AR BRI BEFE BB T, YR 2R 10 5 KT T
(I /T 0.01°, LA iRy JBE 5 R B kR e 1)
B4 0.5 mL i VAN om0 K-8 2 Ak s, R v it
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Table 1 Physical properties of the Siz;N4 and Ti-6A1-4V

Property SizNy Ti-6Al1-4V
Density/g-cm™ 33 4.5
Vickers hardness, H,/GPa 14.2 3.5
Young’s modulus, £/GPa 310 115
Poisson’s ratio, v 0.26 0.34
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Fig.3  Variation of friction coefficient and film thickness with
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LK SR AL (] 4a), FTHHBEE (R N 1.43
wm,  JH S Y TR S JEL B T 30 nm, I IR G v R A
AREER 5 KA S R AR T R e, DRI UG BB R BOK, 4K

—0.5 um

B4 AN R RO B R A i B IR AN SR T TR 3
Fig.4 Micrographs of scars on Ti-6Al-4V under different concentrations of lubricating liquid:

(a) 0.25%, (b) 1.00%, (c) 3.00%, and (d) before test
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Table 2 Roughness of Ti-6A1-4V surfaces before and after the friction test in Fig.4

0.25% 1.00% 3.00%
Parameter Before test
After test  Change/% After test Change/% After test Change/%
Runs/pm 0.56+0.20 1.79 +220 0.64 14 0.96 +71
R./um 0.40+0.05 1.43 +233 0.51 19 0.73 +70

GaRMBIHE, KA 1.00%8, B EHHIL
D BEVRFERCR I AL, K™ A B ST X 3 (18] 4b 4r
X)), RMTHBEE K 0.51 pm. WIE N 3.00%I, JE
JRRMH IR Z A, A D RN AR X, #&
TFLRE E 0 0.73 ume. ¥ 3 41 Ti-6A1-4V FUHURE S 53K
565 T FRREL RS 5 56 B (3R 2), B0 J5 2 THDRELRE 5 25 486 K
WRER 0.25%I 22 R RS B R o5 K, WRPEA 1.00%
NIk e R R N T N IO N G B N e
YA IE) ST, ALV AT LU A7 T VA B T R e e
T R A8 4 B PR R, AR R AL RN 3.00%
I, RN AR S XA B AT, BTk, T
TR SRR, WA EZE, ANfe S b 7o 21 B
Mo MR4ELCL LT, J38 LILLF4E R & i ek s ik
AN BE A B R A I A, S R LR AT Y
5 KA A58 1 HE 1 (0.50%~2.00%) A HE T 1 7] 5 1)
e L, SRAT AR A I P B AR
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2.00%) 8 IG JBE J R 245 110 R 52 1] 0] LA R Xt I (1 JBE 88
o WEEH 1.00%0 BEHE RBURAR, EBAKEEBOIRSHF
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DUBAREESE, I H-D R A FE . iR, 2k
FEBE K F 426.0 mm/s I JBE F52 I 7= S, 7= S n 3
RS FPEA R, IKETE LI LT Y Z2 8 B v e
IR, Rtk H-D B ANTE T 8 S SE 27 4 32
TR VA v 2 TR IS PR e R . SR 46.1 A
109.4 mm/s I VRS IL GRS, HEZRHE N 46.1
mm/s I EEHE R F R, T E ol 236.0 mm/s I EE
RN

Bl 7 2 B AR B R E S . ICEEH(46.1 mm/s)
AR ER R I (B 7)™ A2 DR BB, JF H.
W R TT A R AORE IR, BRI ALl 758
umx630 pm (M 2% k=1.20). HIKEE(236.0 mm/s)
TR AR I BE R T (B 7d)H B SO, B
P FRZ) ) 540 pmx452 pm (M % k=1.19), LT
ICE S (46.1 mm/s) R B 453 T A o AT RS 458 1) A 1 141 (]
7o) nl LU B BE IR R i AR AR, RIHRE 410 0.56
wm, TR R AT (] 708, R RDRE
2104 0.16 pm. & 8 JEEKA SR I BE IR TE S0 o IG5 2
RET (46.1 mm/s) WIEKG SR INH LB . fEAE
BE R, b5 R ) A A o, Y TR AR
P L B P A AR A A 3 T 7 AR R I AL ) (4] 8a ALK
o), FHUEEERLOL K BIREEEOIRES T (236.0 mm/s)
AR 4 2R 1H 20 A D> BIR FE ORI ARV, (R SR b
HELK SR AR B X8 (B 8b 40X B, ik
HARL N 65 um. & 8d &M AR AR I I, T A4
T LT 1 (B Ab) . fEE 8c H AT A IAH [H] 1)
ety . DL EgE R, R R R T A S R A
BROE Ak, R AR A T AR ER B R A T AR .l
AT, 5 U 3R R A S ) Ak o A K A
9~12 Ao M A SE LN R B R X, B

R,=0.56 iM  Rpme=22.79 pm

WAAREAT, KA S B AR ERAE T A B A
BR A 4 AR T BT A B S, AR T8 OK G T
HARBL 3 VE R o T8 R A3 35S BEL 1 k™ 5 Ak
TR LA Ak, SRAF IR R AL
2.4 BIREERSHEEOYRAR

TEBLA B, R R 58 AR BT I T, R
REUBK . WG, 75 B A B B T v AN B 4
BT B B R I, BRI b A AT AR AT L PR
X LEARTE YRR BE IR < T VB IS R B IR DA AR 4 A4 11
R ICE A, LIIRITFE LI T Y 25 A0 A BE 5 P 1)
YER . A8 PRI ARk 2 i RS I R R, B IR A
WAT T AL EE, PR L5 L WK 9a firn. EDS e kR
Tiv Al V3 MOCERANERIL C JLFEM O JuFE . M EDS
[ 14 T U 3 C R O 76 B8 R 3K 11 49 A LL IR 3840 o ¥
BEIR =PI ve 2 SR AT AR, 53R 9b fron. A
EDS fi¢ i i LLE 2 C JLE N O JC B MR A7 ELi 9 4],
B2 2 Fhoe & A B b . iy, BRI R
TR SR A Y F P A AE B IR SR TH, T TR 5 e LA
Y F MEEBER B . B 9c AT IR R & 43
WEIMAR 25 H . Hig U E ik g B &3, EDS
RE T B 7C 2 1 20 A1 JL AR [, FU e 1% P b A
SUCE . UEZR R BRI R T 5 i T VUK AR A 2 A
FF=HE A, 1 AR BT IR K& SR T AT
o MR LL RN, FEEEEL R R LA Y
WP FE B IR SR T, T e 8 A A I R 5 K 4B
B9, I AR S SR e B A B T A .

¥ VB IR 5 VR B R SR W B4 R B2l
SHTINRSS KA 10 Fios. RIGUERIEEIRAE 2897,
2446, 1587 A1 1450 cm™ IR AE U, 43 51%) % CHO.
CH. Z%¥A 1 CH, 4 FhBE[], DL L 4 FPAE 2 ds 44T

Sliding direction
—_—
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Fig.7 Micrographs of scars on SizNy balls at different linear speeds: (a, b) 46.1 mm/s, (d, €) 236.0 mm/s;

(c, ) cross-sectional view (roughness)
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Fig.8 Micrographs of scars on Ti-6Al1-4V plates at different linear speeds
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Fig.9 SEM micrographs and EDS spectra-EDS mapping of not cleaned scars (a), cleaned scars (b), and Ti-6A1-4V substrate (c)
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AR MR A SR . Qiu SFWIWIFRIL, £ #IRNCh TiO,.
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Tribological Properties of Titanium Alloy in Water-based
Lubricating Process of Hydroxyethyl Cellulose

Sheng Dezun, Zhang Huichen
(Dalian Maritime University, Dalian 116026, China)

Abstract: HEC solutions with varying concentrations were used as lubricants, which were introduced into the friction pairs of Ti-6Al-4V
plates and Si3Ny4 balls. Optical surface profiler and 3D measuring laser microscope were used to measure the surface of plates and balls,
respectively. EDS and Raman spectroscopy were used to analyze the chemical composition of the resulting wear scars. The friction tests
for the effect of linear speed and solution concentration on the tribology properties of Ti-6Al-4V were carried out on a UMT-2 friction and
wear tester. The results show that a super-low friction state (4~0.005) is achieved after a long running-in stage. The coefficient of friction
(COF) decreases with the increasing linear speed (46.1~362.7 mm/s). The water will evaporate at high speed (>362.7 mm/s) owing to the
heat generated by the friction. In addition, the COF decreases with the increasing concentration (0.25%~2.00%). However, the kinematic
viscosity of the lubricant has a significantly negative effect on the COF when the concentration is larger than 2.00%. The surfaces of
Ti-6Al1-4V are worn with smoothed flats at appropriate speeds and concentrations, which is conducive for forming lubricating films. TiO,
is detected on the scar by Raman spectrum. On the basis of these experimental results, a lubrication model was proposed.
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