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Abstract: This paper systematically reviews four primary technological pathways for enhancing the tribological
performance of titanium alloys: surface coating technology significantly improves friction-reduction by constructing
high-performance overlayers; surface modification technology enhances wear resistance by altering the chemical
composition and microstructure of the substrate surface layer; lubricant addition technology directly reduces friction
through the formation of interfacial films; surface texturing technology regulates the interfacial state by designing
micro/nano topography. While all four approaches effectively reduce the coefficient of friction and wear rate, they face
challenges such as insufficient coating adhesion, limited thickness of the modified layer, difficulties in sustained
lubricant supply, and complexities in optimizing texture parameters. Current development focuses on the integration of
multiple technologies and intelligent synergistic design. Future efforts should prioritize the development of novel
material systems, in-depth investigation of interfacial mechanisms, and the advancement of efficient, green
manufacturing processes to meet the stringent demands for high reliability and long service life of titanium alloy
components in high-end fields such as aerospace and biomedical applications.
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Fig.1 Friction properties of cladding layers with different B4C contents: (a) friction coefficient; (b) wear amount
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Table 1 Friction coefficient and wear amount of laser cladding

layers on the surface of TC4 titanium alloy

Material Friction Wear
coefficient amount/mg
TC4 0.73 65.5
Ni60+Cu+Ti 0.33 2.5
Ni60+Cu+Ti+8%B4C 0.28 1.8
Ni60+Cu+Ti+8%B4C+3%CeO, 0.25 1.2
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Fig.2  Friction coefficient (a, b), average friction coefficient (c), and wear rate (d) of TC4, Si-DLC, and SiN-DLC coating specimens
during sliding against Al,O; balls in SBF solution and SBF+BSA solution
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Table 2 Comparative analysis of friction-reduction technologies for titanium alloys
Technol Perf P o . L
L _eriormance rocess Advantages Limitations Suitable applications
category improvement cost
Friction coefficient: Significant performance High requirement for Heavy load, abrasive
Surface 0.1-0.3; Wear rate: Hieh enhancement; adhesion; Risk of wear, and applications
i
coating reduced by 1-2 orders & Flexible design; delamination; Limited for requiring specific
of magnitude Multi-functionality complex geometries functions
.. .. No risk of interfacial Modified layer is thin with Complex-shaped parts,
Friction coefficient: . o . . . .
Surface 0.2-0.4: W ‘ Medium delamination; Integral limited load-bearing adhesive-dominated wear,
.2-0.4; Wear rate: . . . . . . .
modification to high with substrate; Suitable  capacity; High-temperature scenarios requiring

reduced by 60%—90%

for complex parts

process may affect substrate substrate toughness
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Technolo, Performance Process . . L
categor}{gy improvement cost Advantages Limitations Suitable applications
Hiehlv flexibl Requires continuous Machini
i exible; . achining processes,
. Friction coefficient: .g Y R supply/replenishment; EP .
Lubricant 0.1-0.3: W ¢ Low to Adjustable cooling/ Potential . tal enclosed lubrication
.1-0.3; Wear rate: . T ; otential environmenta . .
addition medium lubrication; Immediate X . systems, bio-medical
reduced by >80% pollution; Prone to failure at .
effect X interfaces
high temperatures
As a performance Active interf trol Limited effectiveness when Synergistic use with
ctive interface control; . .
Surf: enhancer, can further Debris/oil . used alone; Complex coatings/lubricants for
urface . . ebris/oil reservoir; L. .
texturi reduce friction by Medium Enh d i parameter optimization; high-speed, starved
exturin . nhanced coatin . C ..
& 30%-50% in dhesi & May introduce stress lubrication, or precision
o adhesion . . .
synergistic systems concentration tribo-pairs
6 4t ‘5 sliding against Ti and Al alloy counterbodies for aerospace
Zm Tm
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