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Study on the effect and mechanisms of defocusing on laser

cleaning of CFRP surface painting
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Abstract: Carbon fiber—reinforced polymer (CFRP) composites are usually covered with paint in practical
applications. To achieve the nondestructive removal of the surface paint on CFRP and improve the recycling
rate of CFRP, this study investigated the cleaning effect and mechanism of infrared high-repetition-rate
pulsed lasers on the surface paint of CFRP under different defocus distances. First, when the defocus dis-
tance was 40 mm, the surface paint of CFRP was cleaned by adjusting the power and scanning speed, and the
cleaning effect was observed to obtain relatively optimized process parameters. On this basis, the paint was
treated by varying the defocus distance. Finally, the cleaned samples were characterized and analyzed in
terms of surface morphology, elemental composition and contact angle, so as to obtain the cleaning effect, the
contact angle variation law and the cleaning process under different defocus distances. The results show that
with an increase in the defocus distance, the cleaning process transforms from vaporization to a heat accumu-
lation effect, and proper heat accumulation contributes to the complete removal of paint and resin. When the
power, scanning speed and defocus distance are 25 W, 720 mm/s and 40 mm respectively, the paint can be
completely removed without damaging the carbon fibers, while effectively improving the surface wettability

of the substrate.
Key words: laser cleaning; defocus distance; carbon fiber composite materials; surface morphology; clean-

ing mechanism
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Fig. 1 (a) Schematic diagram of the plain weave structure of CFRP; (b) Cross-sectional morphology of the sample under an
optical microscope; (¢) Schematic diagram of the cross-section; (d) Sample image before painting; (¢) Sample image

after painting
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Characteristics Symbols Values Units
Focal length A 500 mm
Focal spot diameter Dy 30 pm
Input laser beam diameter dy 2.155 mm
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Characteristics Symbols Values Units
Pulse width T 200 ns
Pulse frequency f 1000 kHz
Scanning track interval h 0.05 mm
Cleaning times N 1
Power P 20-35, step 5 W
Scanning speed v 600-960, step 120  mm/s
Defocus distance L 0-100, step 20 mm
Defocus spot diameter D 30-455,step 85 pm
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Fig. 5 Microscopic morphology of CFRP surface after cleaning with different powers. (a) 20 W; (b) 25 W; (c) 30 W; (d)
35W

Fig. 6 Microscopic morphology of CFRP surface after cleaning with different scanning speeds. (a) 600 mm/s; (b) 720 mm/s;

(c) 840 mm/s; (d) 960 mm/s
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Fig. 9 SEM morphology of the cleaned sample surface (Defocus distance: 0—40 mm). (a) and (b) 0 mm; (c) and (d) 20 mm;

(e) and (f) 40 mm. The first and second rows are fibers in the 0° and 90° directions, respectively.
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80 mm; (e) and (f) 100 mm. The first and second rows are fibers in the 0° and 90° directions, respectively.
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Fig. 13 Element distribution on the surface of the cleaned sample (Defocus distance: 60-100 mm). (a) 60 mm; (b) 80 mm; (c)
100 mm
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Tab.3 Prominent constituents on the sample surface
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(at%)

Defocus distance C O Si Ti
0 mm 83.9 15.6 0.3 0.2

20 mm 98.0 1.8 0.0 0.1

40 mm 99.9 0.0 0.1 0.0

60 mm 92.6 4.5 2.7 0.2

80 mm 873 11.9 0.6 0.2

100 mm 81.1 17.7 0.9 0.3
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