55 48 % 5510 Mok T Vol.48  No. 10
2020 45 10 H %5 141—147 10 Journal of Materials Engineering Oct. 2020 pp. 141—147

TCIl Sk & RERIPIEEE
SULERTE R RAEH

Formation and function of protective tribo-oxide
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Abstract: Dry sliding wear tests and specially designed double sliding wear tests of TCI1 titanium
alloys were carried out at sliding velocities of 2. 68 m/s and 4 m/s by using a MPX-2000 type pin-on-
disc wear tester. The phase, composition and morphology of worn surfaces and tribo-layers were
analyzed in detail by X-ray diffractometer, scanning electron microscope and energy dispersive
spectrometer. The microhardness distribution from tribo-layers to the matrix was measured by using a
digital microhardness tester. The results show that tribo-layers are always found to be formed on the
worn surface of TC11 titanium alloy at different sliding rates. The phase, state and property of the
tribo-layer vary with the sliding conditions. Tribo-layers can be divided into tribo-oxide layer and no-
oxide tribo-layer. Through 4 m/s &. 2. 68 m/s double sliding wear test, the tribo-oxide layer formed
in the dry sliding wear process of TC11 titanium alloy is proved to possess good wear-reducing effect.
The wear mechanism of TC11 titanium alloy is delamination wear at 2. 68 m/s, and oxidative wear at
4 m/s and 4 m/s & 2.68 m/s.

Key words: titanium alloy; dry sliding; tribo-layer;double sliding; wear mechanism
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Fig. 1 Wear rates of TC11 titanium alloys under

different sliding conditions
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Fig. 2 XRD analysis results for worn surfaces of TCI11 titanium alloy under different sliding conditions

(a)signal sliding wear; (b)double sliding wear
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Fig. 3 Micromorphologies for worn surfaces and EDS analysis for wear debris of TC11 titanium alloy under different sliding conditions
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Fig. 4 Cross-section morphologies of worn surfaces of TC11 titanium alloy under different sliding conditions

(a)2.68 m/s,50 N3;(b)4d m/s.50 N3 ()4 m/s,30 N & 2,68 m/s,50 N;(d)4 m/s,50 N & 2,68 m/s,50 N

(a) - 1(-)' (b) — '8
T Fe —Fe

1 r‘hi‘vlul i AM A A0 AALAM A AL
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Distance from surface/um Distance from surface/um
—Ti d —i
(0) o (d) ol
- Fe ——Fe

'nll‘mu.‘l‘l THW bl o “.thwulm B m
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Distance from surface/pm Distance from surface/um

Bl 5 TCLL kG S AE AR M 3 5 18 T B4 2 L 1l 43 A
(a)2. 68 m/s,50 N;(b)4 m/s,50 N;(c)4 m/s,30 N & 2.68 m/s,50 N;(d)4 m/s,50 N & 2.68 m/s,50 N
Fig. 5 X-ray energy dispersive line scanning analysis of tribo-layers of TC11 titanium alloy under different sliding conditions
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Fig. 6 Microhardness distribution of the cross-sectional worn

surfaces of TCI1 titanium alloy under different sliding conditions
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