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Abstract: This study designed laser engraving, atmospheric pressure plasma spraying and resin pre-coating (RPC)
on aluminum alloy surface to construct quasi-Z-directional "epoxy-pins" for improving bonding strength with

carbon fiber reinforce polymer (CFRP). The laser engraving treatment was used to create pitted structure on the
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aluminum alloy surface, higher wettability was acquired and greater vertical spaces were formed to impregnate

epoxy resin for stronger mechanical interlocking. Atmospheric pressure plasma spraying was then utilized to re-

move surface contaminants of aluminum alloy surface and increase the quantity of adsorbed polar functional

groups. RPC technique was further adopted to guide high-viscosity epoxy resin into pits to minimize defects

between the resin and the substrate and reinforce the mechanical interlocking. The bonding strength of the speci-

men with the combined treatments of L0.08-1 yielded up to 130.5% increment than the base in bonding strength.

The failure modes of composites were changed from adhesive failure of aluminum alloy surface to delamination-

dominated failure of laminated CFRP composites. Simple and effective combined treatment method is expected to

gain application in the development of high performance of heterogeneous material bonding.

Keywords: joints/joining; laser engraving; bonding strength improvement; quasi-Z-directional "epoxy-pins";
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Fig.1 Mechanism of action of atmospheric pressure plasma spraying to improve bonding strength
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Table1 Main raw materials and their relevant properties

Materials Special feature

Origin

Al alloy 6061 T4 aluminum flat bars

Guangdong New Central Asia Aluminum Co., Ltd.

Carbon fiber composite T300; 3K twill weave; Cross-ply [0/90];, carbon fiber plates Carbonwiz Technology Co., Ltd.

Epoxy resin Araldite® AW106 epoxy resin
Hardener HV 953 U hardener (polyurethane type)
Acetone AR (toxic, boiling point around 56 C)

Huntsman Advanced
Chemical Materials (Guangdong) Co., Ltd.
Huntsman Advanced

Chemical Materials (Guangdong) Co., Ltd.
Shanghai Aladdin Biochemical Technology Co., Ltd.
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(a) Schematic diagram of the preparation process of aluminum-CFRP composites
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(b) Appearance images of preparation and single lap shear test

CFRP side (grinding)

Fixture

Al-CFRP composite

Fixture
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arca Bonding Testing
B Universal testing machine
Al alloy side (laser engraving)
Al-CFRP composite 1

B2 8 a-EqREma g (CFRP) S MRHR & T2 Rl o . Bk 0y Ul ey S

Fig.2 Schematic diagram of the preparation process of aluminum-carbon fiber reinforce polymer (CFRP) composites and appearance images of

preparation and single lap shear test
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Table2 Designed aluminum alloy-CFRP composites with various surface treatments and conditions

Specimen 6061 aluminum alloy treating CFRP treating Specimen number
A-C Acetone cleaning Grinding + RPC 5
L0.8-1 Laser engraving once (Diameter 0.8 mm) + Plasma spraying + RPC Grinding + RPC 5
L0.8-2 Laser engraving twice (Diameter 0.8 mm) + Plasma spraying + RPC Grinding + RPC 5
L0.6-1 Laser engraving once (Diameter 0.6 mm) + Plasma spraying + RPC Grinding + RPC 5
L0.6-2 Laser engraving twice (Diameter 0.6 mm) + Plasma spraying + RPC Grinding + RPC 5
L0.4-1 Laser engraving once (Diameter 0.4 mm) + Plasma spraying + RPC Grinding + RPC 5
L0.4-2 Laser engraving twice (Diameter 0.4 mm) + Plasma spraying + RPC Grinding + RPC 5
L0.2-1 Laser engraving once (Diameter 0.2 mm) + Plasma spraying + RPC Grinding + RPC 5
L0.2-2 Laser engraving twice (Diameter 0.2 mm) + Plasma spraying + RPC Grinding + RPC 5
L0.08-1 Laser engraving once (Diameter 0.08 mm) + Plasma spraying + RPC Grinding + RPC 5
L0.08-2 Laser engraving twice (Diameter 0.08 mm) + plasma spraying + RPC Grinding + RPC 5

Note: RPC—Resin pre-coating.
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Fig.3 Cross-section optical microscope images of laser engraved specimens with different pit dimension
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Fig.4 SEM images of aluminum alloy surfaces obtained from different
laser engraving treatment conditions: ((a), (b)) L0.8-1; ((c), (d)) L0.8-2;
((e), (£)) L0.08-2
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Fig.5 GIXRD patterns of aluminums treated with different laser
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Fig.6 Static contact angles of specimens treated by different laser engraving parameters and cleaned by acetone
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Fig.7 (a) Load-displacement curves of aluminum alloy-CFRP adhesive joint; (b) Bonding strength of aluminum alloy-CFRP adhesive joint;

(c) Front optical microscope images of laser engraved aluminum alloy
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Fig.8 SEM images of aluminum alloy surface after bonding failure of aluminum alloy-CFRP composites: (a) Ripped carbon fibers from CFRP;

(b) Failure interface of aluminum alloy-CFRP adhesive joint; (c) Residual epoxy adhesive
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Fig.9 Three failure models for aluminum alloy-CFRP adhesive joints with various conditions: (a) Debonding failure at the aluminum alloy/epoxy

adhesive interface; (b) Cohesive failure of epoxy resin; (c) Delamination failure of CFRP composites
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Fig. 10 Reinforcing mechanisms of the combined treatments to enhance aluminum-CFRP adhesive joints
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