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alloy due to their high hardness, good chemical inertness and excellent friction properties. The physical vapor deposition (PVD)

technology used to prepare DLC films was compared with the traditional surface modification techniques of aluminum alloy.
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The latest research achievements for improving the mechanical and tribological properties of aluminum alloy by DLC protecting

films were summarized. Meanwhile, the obstacles in the harsh applications such as poor resistance to plastic deformation and

low adhesion between the film and substrate were generalized. By analyzing the unfavorable factors of high-performance DLC

film deposited on aluminum alloy substrate, it was found that the low interface chemical bonding strength, high residual stress

and the structural system limitation of soft matrix/hard film were the main causes of the above problems. On the basis of this,

the measures taken by the domestic and foreign researchers to improve the adhesion between DLC film and aluminum alloy and

corresponding results were presented, including surface treatment for strengthening mechanical properties and reducing surface

defects, preparing single-layer or multi-layer interlayers to reduce the difference of the structure and properties between DLC

film and aluminum alloy matrix by PVD or other surface modifying methods, and reducing the residual stress by controlling the

composition and structure of DLC film. Finally, the future development trends of DLC protective film on aluminum alloy

substrate are proposed.

KEY WORDS: aluminum alloy; surface treatment; diamond-like carbon; physical vapor deposition; wear resistance; adhesion
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Fig.1 Critical load of DLC films deposited on A5052 (a) and A2017 (b) aluminum alloys?>

B2 Ti vEASIE &M FE-SEM [, GAXRD 3§ [ K AN 76 38 3 Bk VA3 4 A ] 19253
Fig.2 (a) FE-SEM image of cross-section of Ti-implanted aluminum; (b) Depth profiles of Al, Ti, O and

C in Ti-implanted aluminum; (¢) GAXRD spectrum of Ti-implanted aluminum

[32-33]
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Tab.1 Effect of PVD transition layer on adhesion strength and friction efficientof DLC prepared on aluminum alloy

[42-50]

Sample  Preparation process Film

Critical load/N

Friction coefficient(dry conditions) References

7A04 UBMS + RF-PIII&D Si/DLC 0.023(nanoscratch) ~0.6(Load 0.49 N) [42]

7A04 UBMS + ECR-PECVD TiN/DLC 0.023(nanoscratch) [43]

A2024  Sputtering +PECVD Ti/DLC 14.3 0.15(Load 5 N) [44]

A2024 PECVD Si-DLC/DLC 13.7 0.18(Load 5 N) [44]
0.06~0.07(Load 2 N)

LYI12 UBMP Cr/Cr-C/GLC 17.6 0.06~0.07(Load 8 N) [45]
0.06~0.07(Load 2 N)

LY12 UBMP Al/Al-Cr-C/GLC 35 0.07~0.08(Load 8 N) [45]

Al alloys Arc ion plating Ti/TiN/Si/(TiC/a-C:H) >20 0.16(Load 5 N) [47]

A2024 PECVD [Si-DLC/DLC]y 15.2 ~0.15(Load 5 N) [50]
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Fig.3 Cross-section TEM image of composite coating and SAEDP of interface between sublayer and Al-based alloy™*®

Wk B SRS 2R R A B RS SIS A 4 R M % Ti/TiN/Si/(TiC/a-C:H)
P, BEs S EN AT SR ZIRErE ek SR MR, WK 4—5 Fran, )2 ro e R
o M FESTPEENIRI A RS 745 (Arcion plating)  Z5FEETT, SCPR T BRI RE Y 5 8, B4R fiE

Pl 4 Ti/TiN/Si/(TiC/a-C:H)H K EDS T 5 5 1 K% 107 14 e 24 B i SEM &1 7]
Fig.4 EDS depth profile of the Ti/TiN/Si/(TiC/a-C:H) coatings (a) and corresponding SEM micrographs of the fracture cross-sections (b)[47]

S BRI 50 B A i S B K R A A e )

Fig.5 Aluminum alloy samples coated by DLC-based multilayer (a) and gradient distribution of nano-hardness of coatings (b))
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Tab.2 Effect of gradient composite transition layer on adhesion strength and friction

coefficient of DLC prepared on aluminum alloy

[53-55]

Sample Preparation process Film Critical load/N Friction coefficient References
Electroless depositiont+ . 0.12 (Load 2 N)
Lyl Sputtering+PECVD NiP/CrC/DLC 33 0.1 (Load 5 N) 53]
AW-7022 HOVF+Sputtering+PECVD Cr;C,-NiCr/DLC 25 0.1 (Load 5 N) [54]
A5052 Plasma spray+PECVD WC/DLC >60 [55]
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Fig.6 Critical load and hardness of gradient Ti/TiC/a-C:H-1,
Ti/TiC/a-C:H-2, Ti/TiC/a-C:H-3 coatings deposited on 7075
alloy for different bias voltage (150 V, 300 V and 600 V)
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