(®)
2021 2023

Control of Stress Field at Bonding Interface by Three-Dimensional Nanospace
Structures and its Application to Dissimilar Bonding Technology
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The microstructure of aluminum alloy surfaces was fabricated by laser
machining, anodizing and etching treatment, and the surfaces were then coated with a silane coupling
agent to develop a dissimilar bonding technology that provides high strength and high toughness to
thermoplastic carbon fiber-reinforced plastics. The chemical bonding between the isocyanate silane

coupling agent and the PEEK matrix resin was evaluated experimentally and by quantum chemical
simulations, and it was clarified that hydrogen bonding and molecular entanglement contributed to
the improved bonding properties. The microstructure of the interface also produced nano-bridging
during crack propagation, and the mechanism by which this bridging suppressed the displacement
o?enigg gt the crack tip and significantly improved the bond strength and fracture toughness was
clarified.
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Fig.1 Variation of structure height by laser processing machine.
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(a) Low magnification (b) High magnification

Fig. 2 Nanostructure on A5052 fabricated by anodizing & etching treatment.
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Fig. 3 Relationship between shear strength and Fig. 4 FT-IR spectra at each agitation time.
agitation time of silane coupling agent. (10,110,130min).
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Fig. 5 Comparison of experimental transmittance and molar absorption coefficient from Gaussian16
calculations.

Table 1 IR spectral assignments and peak heights for each frequency per time (10, 110, 130 min)

Agitation time AS5052 PEEK resin
¥ Identified . Hydrogen Entanglement
Frequency cm K . . . Reaction
functional group 10 min 110 min 130 min (:OH) bond (Molecular
(C=0) chains)
About 3,300 -Si-OH High Medium Low 4 - -
About 2,260 -N=C=0 Low Medium High v - -
About 1,630 -NHC(=0)O- High Medium Low - v -
About 960 -Si-O-Si- Low Medium High - - v
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Fig. 6 Fracture Surface of Aluminum alloy with nanostructure
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