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Abstract: Titanium alloy has a wide application prospect in many fields due to its excellent comprehensive properties.
However, its poor wear resistance greatly limits the application of titanium alloy in the field of tribology. Therefore, it is
of great research value to promote the tribological properties of titanium alloy, especially using surface engineering
technology to enhance the surface performance of titanium alloy. In this paper, micro-structures were prepared on the

surface of titanium alloy by ultraviolet laser micro-machining technology, and then an environmental-friendly phosphate
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bonding solid lubricant coating was prepared on the surface of textured titanium alloy by spraying process with water as
dispersion medium, tungsten disulfide as solid lubricant, zirconium dioxide as reinforcement phase, and aluminum
dihydrogen phosphate as binder. A preparation method for a composite lubricating structure was proposed. The friction
and wear properties of the coating were investigated at room temperature up to 400 °C, following by exploring the
synergistic friction-reducing and anti-wear mechanism and the influence of surface micro-texture on the wear life of the
coating. The results showed that the smooth surface of titanium alloy had a high and fluctuating friction coefficient at
different temperatures, showing severe adhesive wear. The tungsten disulfide phosphate bonding solid lubricant coating
on the surface of titanium alloy presented superior friction-reducing and wear-resisting performance at elevated
temperatures. More importantly, XPS analysis showed that the contents of tungsten trioxide and zirconium dioxide in the
coating increased with the increase of temperature, which exhibited a cooperative lubrication effect, and then improved
the self-lubrication performance, reduced the wear rate of the coating. At 400 °C, the wear rate of the coating on titanium
alloy surface could be reduced to 1.3x10™" mm’/(N-m), which was 45% lower than that of titanium alloy substrate. The
wear resistance of the coating could be further improved by constructing micro- structures on the surface of titanium
alloy, and the wear life was prolonged at elevated temperatures. When paired with TC4 ball, the friction coefficient of
0.30 or less was obtained, and the wear rate of 1.2x10”° mm’/(N-m) below could be achieved on coated textured titanium
alloy surface at room temperature up to 400 °C. At 400 °C, the much lower and stable friction coefficient (appropriately
0.07) of the textured surface coating was acquired, and the wear rate decreased to 4.6x10 ° mm’/(N-m). This was mainly
ascribed to the reason that the micro-texture existed in the interface between titanium alloy and coating could effectively
improve the adhesion of the coating on the titanium alloy surface by adding the contact area and using “mechanical
interlocking” effect, which prevented the coating from falling off in the friction process. Meanwhile, surface micro-
structures had a reservoir effect, after the surface coating was worn out, the solid Iubricant in the micro-texture could
play the role of “self-compensating lubrication”, which combined with the surface enhancement effect of high
temperature oxidation of titanium alloy. That significantly raised the friction reduction and wear resistance of titanium
alloy. It was expected to provide a new approach for the design of highly reliable and long life lubricating coating, and

provide theoretical guidance and data support for the further application of titanium alloy in the field of friction.
Key words: titanium alloy; surface texture; tungsten disulfide; self-lubricating at elevated temperature; wear mechanism
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Fig. 1 The TG-DSC curve of tungsten disulfide
phosphate solution
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Table 1 Hardness and binding force of tungsten disulfide
phosphate coating added zirconium dioxide

Coating Without Zirconium dioxide ~With Zirconium dioxide
Hardness/HV 423 67.4
Binding force/N 2.1 4.0
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Fig.2 (a) SEM micrograph and (b) local enlarge image, (c) 3D and (d) 2D topography of the textured surface
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Fig. 3 (a) SEM micrograph of cross-section morphology, (b) XRD spectrum, (¢) SEM micrograph and

(d) element distribution of textured surface coating
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Fig. 4 (a) Friction coefficient and (b) wear rates tested from RT to 400 °C of TC4
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Fig. 7 Friction coefficient of coating of textured TC4 surface in long frictional distance at 400 °C
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8 TC4fE(a,a’) RTE (b, b") 400 C T IR LS ISEMER /i SEDS 7t

&, HLIR R, PR A 1 48 70 3R 2 $hE 2 K A AR B B BGEAT 1 04, S R A 9fR, M9
BE N (R2), YL 2 A AR i BRLE, A TR UUA Y, RS BRI Eh TR = £E S R A400 °C
200~400 CHEH A, A A e R 1 B 51 R IR FEAIR. 2% AF T 2 ) R WA R SRS, =R, £

RSB sh IR R B 5N AR AR 2k R AEIERTE, EHLERE T 58 SRR /18
PR B BE R I 45, ELRE G i FE ) T, U2 I 75 i 1B %, 7 T BB REL 5 TR BRI R RE, (R
$EI, IFFEA00 CINFIE B AR, I 2 JE 4 2R 2% 1T R BRI A JZ ARG A, A LA BRSO A P A



476

2

[ ER R

2L
=2

®2 TC4EMFETRERE TERANESE
Table 2 Oxygen content in worn surfaces of TC4 at
different temperatures

300
37.7

400
42.4

20
17.5

100
22.6

200
27.6

Temperature/ °C
Atom fraction of O/%

2T B e R Y, L, B EE TR T
R MR EE U SN AR, 4T B T £2400 TR, I
J2 BB AR T TR B S HBA G T ARV 6 [T IAX
BTN AL, AR T BE AR iy I SE G

2 RAEAH LR IR R TSN, 107, MSEM
HER FR AT DL Y, 400 °C T G ER 11 B8 5 AR 22N T
A AF ), EDSHE BT 7R B B R 1 Ab 5 A S B A
AEETCER, DR IR BRI R BRSO B 2 TR
T A R I e R T

T RFAFIILE T iR 2 R B f5 R T T 3=
2 R 540 22 IR, 0 = R A R A R SR 2
PR I BE R R T R AT T XPSA T, 45 SR B 11 TR,
ATLAVEH, 7£36.1 e VAN =AU B RHIEIE, 7£182.7 eV

Fig. 9 SEM micrographs of wear scars of TC4 surface coating at (a) RT and (b) 400 °C
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Fig. 10 SEM micrographs of wear scars of TC4 balls and corresponding EDS spectrums at (a, a’) RT and (b, b") 400 °C
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Fig. 11  XPS of W 4f and Zr 3d at (a, b) RT and (c, d) 400 °C of wear tracks of textured TC4 surface coating
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Fig. 12 3D non-contact surface mappings, SEM micrographs and EDS analysis of the wear
scars of coating of textured surfaces tested from RT to 400 °C
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