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Effect of Sliding Speed on Anti-aluminium Adhesion Behaviour of TiB;

deposited Titanium Alloy under High Temperature
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Abstract: In the low-pressure compressors of aero-engines, titanium alloy blade tips are prone to
high-speed rubbing against aluminum-based sealing coatings. This rubbing often results in
aluminum-adhesive transfer, which can degrade the performance and lifespan of the aero-engine. To
address this issue, the preparation of TiB coatings on titanium alloy blades has been investigated to
achieve efficient cutting and resistance to aluminum-adhesive transfer. The introduction of TiB; coatings
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could provide a hard, wear-resistant surface that minimizes material transfer and maintains the integrity
of the blade tips. Furthermore, the interactions in the tribological system are significantly influenced by
loads, temperature, and sliding speed. This study investigates the adhesive wear behavior between TiB;
coatings and aluminum at high temperatures under varying sliding speeds, highlighting the mechanisms
and effectiveness of TiB, coatings in resisting aluminum adhesive wear. The dense-structured TiB;
coatings were prepared on TC4 titanium alloy surfaces using pulsed-DC magnetron sputtering. The
sputtering parameters included a pressure of 0.5 Pa, a target-substrate distance of 100 mm, a sputtering
power of 500 W (with a duty cycle of 90% and a frequency of 40 kHz), a substrate bias of -60 V, and a
deposition time of 90 minutes. The as-deposited TiB; coatings had an excess boron chemical ratio (B/Ti
= 3.91) and a thickness of 1.1 um, with hardness and elastic modulus at 34.4 GPa and 431.2 GPa,
respectively. A high-temperature pin-on-disk tribometer was utilized to examine the effect of sliding
speed on the adhesive wear behavior between TiB; coating and aluminum. The surface characteristics
and wear states of the coatings and aluminum pins were analyzed using a scanning electron microscope,
a 3D super-depth optical microscope, and a contact profilometer. The aluminum-adhesive transfer in the
tribological system was quantitatively assessed. At elevated temperatures (300<C), the TiB; coatings
effectively suppressed Al-adhesive transfer. As the sliding speed increased from 0.05 m/s to 0.30 m/s,
the coefficient of friction decreased from 0.55 to 0.14. Simultaneously, the shear removal effect of the
aluminum pin on the TiB; coating's aluminum adhesion transfer layer increased, reducing the extent of
aluminum transfer on the TiB, coating. The morphology of the Al- adhesive transfer layer within the
TiB2 coating's wear tracks transitioned from continuous islands to particulate anchors, decreasing the
average thickness and coverage of the aluminum transfer layer. Plastic smearing and shear tongues were
observed on the edges of the aluminum pin. A normalized anti-adhesive capability coefficient (Ac) was
proposed, based on the degree of Al-adhesive transfer on the TiB, coating and the wear of the pure
aluminum pin, to reflect the influence of sliding speed on the anti-adhesive performance of TiB: coatings.
As the sliding speed increased, the TiB; coatings demonstrated superior resistance to aluminum-adhesive
transfer, with the anti-adhesive capability coefficient decreasing from 0.917 at 0.05 m/s to 0.058 at 0.30
m/s.

Keywords: TiB; coating; Titanium alloy; High temperature friction and wear; Sliding speed; adhesive
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Fig.1 Cross-sectional SEM image of TiB: coating on Si substrate
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Fig.2 SEM images of the TiB, coating wear tracks on the titanium alloy substrate
at different sliding speeds.
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Fig.3 SEM micrographs of wear track on TiB; coating deposited TC4 substrates
with virous slidding speed:a),b) 0.05 m/s, ¢),d) 0.10 m/s, e), f) 0.20 m/s, g), h) 0.30 m/s
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Fig.4 Coverage rate and average thickness of Al-adhesive transfer layer on TiB; coatings
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Fig.5 Adhesion volume factor V of Al-adhesive transfer layer at different sliding speed
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Fig.6 Optical microscope images of the wear scar on the Al pins
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Tablel Anti-adhesive capability coefficient Ac of TiB; coatings with virous sliding speed

Temperature Sliding speed ~ Adhesion volume factor, V.~ AL  Anti-adhesive capability coefficient, A

°C m/s pum
0.05 119.38 130.1 0.917
0.10 44.82 57.2 0.784
300
0.20 6.42 115.2 0.056
0.30 4.69 815 0.058
3 &g

(1) R BRI 7715, TETCARE SR+ B A B R E M AW TIBIRE -
TiBi4 2 BB BML A b, HARFiA34.4 GPa, W EBILAIER /1°41.36 GPa. TiBik/2 5%k
G A FEAR I L 25 A om FEAL S, TR TR B R A L M AR

(2) KA & RMTIBARZ 5880 BRI BT A2 BEEE % Tl e . fEmiE ~, b
TN, N EERIA] EE R R, TiBoik 2R IR 2 RIS R AT E
ANRHRRL S R, TiBoIR 2 R ARG 7 78 2 1078 55 e AP JE SR FEAIK . RN, STiBiRE
Xof EEER A BE B IA 6 R DR TS, T BT U AR AE N B . Y B A R AT TiB IR R R AR K
EHHMZWAM IR, TiBIRZPUEME KL ) B g .

(3) WA SR I TIB2IRZFER G F R F2 BEAN BE T A ER 8y B i &, Je i A — iR =
PORE R REA, HTERA &R M TiBAU AR E BRI . PURE A8 )1 REAHI 45 R
555 2 B SRR EE 4 B BT SR A AR AU R R AP XS B, BE B I B il NI B FEX ER & 4
RIATIBAR ZE PG A RE IR .
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