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Abstract: A high frequency pulsed ultraviolet (UV) laser (A=355 nm) was used to strip the carbon fiber/epoxy resin plastics
ply-by-ply. The interaction between the laser power, scanning speed and spot filling distance and the stripped depth was
analyzed by response surface method. Scanning electron microscopy (SEM), 3D profiler, contact angle measurement, X-ray
photoelectron spectroscopy (XPS) were used to analyze the morphology and physical and chemical properties of the surface of
samples, and to study the interface shear strength of the sample after different surface treatments. Results show that the
morphology of laser processing is good, and the stripped depth #=389 pum under the parameters of p=13 W, d=0.02 mm and
v=1000 mm/s. Compared with sandpaper grinding, the carbon fiber skeleton will not be damaged when the materials are
stripped ply-by-ply by UV laser. The surface roughness of the samples after UV laser stripped is about 7.9 times higher than
that of the original surface, which is also higher than that after sandpaper grinding. The surface roughness of the samples are
about 2.4 to 4.4 times and the surface activity of the material is improved and the number of oxygen-containing functional
groups increases after the UV laser stripped. The interface shear strength obviously increases after the laser ablation treatment,
which is 48.5% and 17.9% higher than that of the sand paper and the untreated surface, respectively.
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Table 1 Factors and levels

Coded values and levels

Factor

-1 0 1
P/W 10 13 16
v/ (mm-s™") 1000 1500 2000
d/ mm 0.02 0.03 0.04
100
Composite laminate Repair patch
Adhesive layer \,L_| N
25

Clamp part

25

(Unit: mm)
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Fig.4 Geometric parameters of the tensile shear test piece
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Table 2 Box-Behnken design and experimental result

Procedure P/W v/ (mm-s™) d/ mm h/pm
Ul 10 1000 0.03 232
U2 13 1500 0.03 216
U3 13 1000 0.02 389
U4 13 1000 0.04 237
Us 16 1500 0.04 200
U6 10 1500 0.04 100
u7 10 2000 0.03 76
Us 16 1000 0.03 319
U9 13 1500 0.03 213
ulo 13 1500 0.03 210
Ull 16 2000 0.03 178
Ul2 13 2000 0.04 97
uUl3 13 2000 0.02 189
ul4 13 1500 0.03 204
Ul5 10 1500 0.02 245
ule6 13 1500 0.03 225
ul7 16 1500 0.02 285
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Table 3 Model ANOVA of laser ablation depth of /

Source Sum of squares df Mean square F-value p-value Prob > F Remarks
Model 95764.93 9 10 640.55 93.46 <0.0001 Significant
A-P 13 530.12 1 13 530.12 118.84 <0.0001
B-v 50 721.13 1 50 721.13 44551 <0.0001
C-d 28 084.50 1 28 084.50 246.68 <0.0001
AB 56.25 1 56.25 0.49 0.5048
AC 900.00 1 900.00 7.91 0.0261
BC 900.00 1 900.00 791 0.0261
h
A? 1135.92 1 1135.92 9.98 0.0160
B’ 69.92 1 69.92 0.61 0.4589
c? 448.87 1 448.87 3.94 0.0875
Residual 796.95 7 113.85
Lack of fit 555.75 3 185.25 3.07 0.1533 No significant
Pure error 241.20 4 60.30
Cor total 96 561.8 16
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Fig.5 Normal plot of residuals for laser stripped depth Fig.6 Residuals vs. predicted of laser stripped depth
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Fig.7 Effects of laser power and hatch distance on stripped depth
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(a)P=16 W, d=0.02 mm, v= 1000 mm/s

(b) P=13 W,d=0.02 mm, v=1000 mm/s
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Fig.8 Surface images of CFRP after laser stripped with different parameters
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Fig.9 Surface images of CFRP after different surface treatment
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(c) Sandpaper (W38)
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(d) UV laser treated
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Fig.10 Surface 3D profits after different surface treatment
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Fig.11 Roughness of specimens after different surface treatment
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Fig.12 Cls fitting figures of the XPS spectra of the composite plate
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Table 4 Proportion of oxygen and carbon components on the
sample surface

Different treatment

0, 0,
methods Cls Ols Cl1s%/01s%
Untreated 69.1% 15.9% 23.1%
UV laser treated 59.5% 21.3% 35.8%
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Table 5 Contact angles of samples treated by different methods
Testliquid RS B(150um) Us Uz Us Ui U

Distilled
water

Glycerol  58.9° 51.2° 22.1° 15.8° 16.7° 15.8° 14.1°

68.8° 55.2° 26.7° 20.8° 18.7° 21.1° 15.4°

242 i A mRETHE
WARH R TET F R AR -5 L3 % DI AR O
JEPRIAS B ) L EEAED T, B Owens %5,
0 3 2 i R T 5 38 XU 2 T P 2 08 KR H il )
Hefah, SRS B A R A RE
Young Jr R IITHEAZ N -

v (1+cos0) =2 \[yeyl +2/yiy4 )

Vs =Vh+75 3)

Horbr, oy s v o3 B R i i
HIAE. HBPE > A @, HXRAY A i AE
SR 6 PR, X O B HOT LUK H B
MRy, v 4o

Fo EiEKk, HHNBEHESH

Table 6 Free energy parameters of distilled water and ethylene
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- P d
Test liquid YL 043 v
Distilled water 72.8 21.8 51
Ethylene glycol 64 34 30
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Table 7 Surface free energy of samples after different surface

treatment (mJ-m?)

RS W38 Us Uiz Us U U;
36.96 44.95 65.64 68.69 70.07 65.52 71.45
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Free energy
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Fig.13 Load and displacement curves for composite bonding
interface after different surface treatment
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Table 8 Analysis of tensile shear properties of samples after
different surface treatment

Sandpaper

Surface treatment Untreated Laser strip

sanding (W38)
Average shear
strength/MPa 20.145 25.358 29.908
Standard deviation 0.124 0.244 0.163
Discrete coefficient/% 0.62 0.96 0.54
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