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Study on Effect of Ultraviolet Nanosecond Laser Treatment on Bonding Strength of Carbon
Fiber Reinforced Polymer

WANG Ben', LI Qing’, LIU Wenbin’, ZHANG Dongliang', ZHANG Chen', ZHAO Lian’, GUO Yuchen’,
ZHAO Zhen’
(1. AVIC Composite Corporation Ltd., Beijing 101300, China;
2. Ji Hua Laboratory, Foshan 528200, China)

[ABSTRACT] The ultraviolet nanosecond laser surface treatment of carbon fiber-reinforced polymer was studied to
optimize surface morphology and enhance bonding strength. The samples were treated with various laser powers and pulse
frequencies, and the effects were evaluated using contact angle measurements, surface energy analysis, and mechanical
testing. The synergistic mechanisms of photochemical and photothermal effects were revealed, and the influence of energy
density on surface morphology was analyzed. The results show that an appropriate energy density (160—203 mJ/cm’)
effectively removes epoxy resin, exposes intact carbon fiber surfaces, and significantly improves surface energy and
wettability. The water contact angle decreases from 82.7° to 69.7°, and the single lap shear strength increases from 23.6
MPa to 26.7 MPa, with an improvement of 13.1%. However, energy density exceeding 235 mJ/cm’ leads to carbon fiber
breakage, reducing mechanical performance. This study demonstrates the effectiveness of ultraviolet nanosecond laser
treatment in enhancing sample bonding performance, offering an efficient surface treatment solution for applications in
aerospace and other demanding fields.
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Fig.1 Schematic of laser processing
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Fig.2 Initial surface wettability characterization
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Fig.3 Effect of different laser energy densities on epoxy resin
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