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Fig. 1 Composite paint layer on aluminum alloy surface
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Table 1  Chemical composition of 2A12 aluminum alloy

Element Mass fraction /%
Si 0.5
Fe 0.5
Cu 3.8-4.9
Mn 0.3-0.9
Mg 1.2-1.8
Ni 0.1
Zn 0.3
Ti 0.15
Al Balance
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Fig. 2 Schematic of laser cleaning device
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Table 2 Main process parameters of laser cleaning

Main parameter Value
Laser energy density /(] » cm ) 1.78-4.45
Repetition rate /kHz 5
Pulse width /ns 70
Spot size /mm 1.5
Scanning speed /(mm * s~ ") 3-10
Galvanometer scanning speed /(mm * s~ ') 3000

0802013-2



.--.\jz

=495 F S HI/2022 F£ 4 B/hE

3 g R HIHE

PO BRI B A TR O RE 1A 21 3 = 3
F R TR AL R BE B B R 3l 3% B A L AT A
FIRER AR . EHTERZERTREREZ . B
(A8 AL B 2. S RO TS VERCR M SRR I Z
HHER R BOCRE R %% E SHOCHMEE V X
WRCR A B R, HOLRE®E E ol DL&RR
y‘jL?l_

P
X WEEBR L NEBEN A P OoeF4
Ty, h O] UL, 25 ik b A A O BE O A
I, 3 J2= B0 T AR 52 (9 301 RE -5 30O 31 40 R
VBOLRER % E E MU G MK, HitL, AR

E= @)

Energy /keV

2138 Ao BOAE WO R B R O A R R S A
B AT O BR B R T

Sk SR PR S A 2R T S TR S R R
DL K AR S AR 52 2R 4T EDS ST 20 M . 20 B 45 SR
Bl 3 s, HE 3G, mEZ It E N C
O,H CIuRM &I E. MK 3 A, JKERE
TR L, FEILE N C.O M Ti, Ti LR
B4R 5%, mE 3o A, BB A AL 2
T EZLL ALR O S, H O ST M Ik 4
LR A2% , il AR R 3 A] LA & BRI A S R 3
i Tioo R & A 8oy i 2 5, Bk Ti oo
FENERZSIRRZENREITTE . B2 5 HHRE
RREZ TR R Z SRR EH I RRE N ITE
ik 5 B R AP BB 22 v ) R G B, AT A R IR 2
CaME Lk,

Energy /keV

K3 JTREH.

3.1 BAETENBFRESIRNZE

ko3 AT O BB B R X IO TR AR 1 B
W5 WOCH 0 B [ 2 M 5.5 mm/s PEAT I PRI,
TH VR 4k R = A TE A i an 1 4 R IRl 5 T
N HE 4 Ca) ~ (o) T LLE #1078, 2. 22,
2.67 J/cm® MOGRE B E TS R W FAAE
K& TC N oA B KNS — (1 M BT, M BT R Rl
WO e S 5 BE (3G 2 W /) L i B R AT A K
Bk amiE., mE4OATIEE . E 3,11 J/em’
PIBOGRE R % T IE VRS, RN R B, B TE
RO RE R B R SC T DR Z 1 LR, K 4(e)
ATRLE WL FE 3. 56 J/cm® WML EE & % T8 Uk
L REEC Ao LB, REEE AL A6

Energy /keV
(a) T 5 (b)) IR B 5 (o) FHAR S AL B

Fig. 3 Element content. (a) Top-coat; (b) primer; (c) anodic oxide film layer
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Fig. 4 Two-dimensional morphologies of cleaned surface at different laser energy densities. (a) 1.78 J/cm”;

(b) 2.22 J/em®; (¢) 2.67 J/em®; (d) 3.11 J/em®; (e) 3.56 J/em®; (f) 4 J/ecm®; (g) 4.45 ]J/cm’
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Fig. 5 Three-dimensional morphologies of cleaned surface at different laser energy densities. (a) 1.78 J/cm®;

(b) 2.22 J/cm®
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Table 3 Roughness of cleaned surface at different laser

energy densities

Laser energy density /(J « cm ) R,/pm
1.78 1. 436
2.22 1.784
2.67 4. 326
3.11 2.878
3.56 3.606
4. 00 2.651
4.45 1.138
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Fig. 6 Two-dimensional morphologies of cleaned surface at different laser scanning speeds. (a) 10 mm/s; (b) 8 mm/s;

(¢) 6.5 mm/s; (d) 6 mm/s; (e) 5 mm/s; (f) 4 mm/s
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Fig. 7 Three-dimensional morphologies of cleaned surface at different laser scanning speeds. (a) 10 mm/s; (b) 8 mm/s;

(¢) 6.5 mm/s; (d) 6 mm/s; (e) 5 mm/s; () 4 mm/s
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Fig. 9 Cleaning effects under different parameter combinations. (a) 4 J/em”, 6.5 mm/s; (b) 3.56 J/cm®, 6 mm/s
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Fig. 10 Element distribution of cleaned surface and
remaining thickness after cleaning with different

parameter combinations
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Fig. 11 SEM morphologies of anodic oxide film surface. (a) Original anodic oxide film; (b) anodic oxide film cleaned at

parameter combination of 4.45 J/em® and 5.5 mm/s; (c¢) anodic oxide film cleaned at parameter combination of

4 J/em® and 5 mm/s; (d) anodic oxide film cleaned at parameter combination of 3.56 J/cm”® and 4.5 mm/s
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Fig. 12 EDS analysis of anodic oxide film cleaned at different parameter combinations. (a) 4.45 J/cm®, 5.5 mm/s;
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Laser Cleaning Technology of 2A12 Aluminum Alloy Composite
Paint Layer

Liu Weijun, Zhao Ziming, Li Qiang , Wang Wei, Bian Hongyou, Zhang Dong
School of Mechanical Engineering, Shenyang University of Technology, Shenyang, Liaoning 110870, China

Abstract

Objective A paint layer can be applied to metals to enhance their surface characteristics and service life. To detect
the internal defects of key structural components or repaint the damaged paint layer, the original paint layer needs to
be removed from the metal surface. Compared with traditional technologies, such as mechanical or chemical
cleaning, laser cleaning technology has the advantages of being environmentally friendly and highly efficient, thus
attracts immense attention in the recent years. The influence of different parameters on the cleaning effect was
discussed in the published literature, including the effect of laser power on the cleaning efficiency and the state of the
metal surface after cleaning. In this study, the effects of different laser energy densities and scanning speeds on the
cleaning effect of the composite paint layer on the surface of 2A12 aluminum alloy were studied. The effects of
different combinations of laser process parameters on layer-by-layer cleaning and post-cleaning damage were
explored, and the results can help in understanding the feasibility of layer-by-layer cleaning via laser.

Methods In this work, the 2A12 aluminum alloy was anodized, followed by the paint layers of epoxy primer and
acrylic polyurethane top-coat. The pulsed laser exhibited the wavelength, pulse width, and laser scanning
galvanometer speed of 1064 nm, 70 ns, 3000 mm/s, respectively. A laser paint-cleaning test was conducted using a
single pulsed laser with the laser energy density between 1.78 and 4.45 J/cm®, and the laser scanning speed of
3—10 mm/s. In the experiment, the side length of the square spot was about 1.5 mm. The cleaning process is
completely automatic, and the schematic diagram of the cleaning device is shown in Figure 2. The surface
roughness, two-dimensional and three-dimensional topographies of the sample were observed using the laser confocal
microscope after experiment. Scanning electron microscope was used to observe the microscopic morphology. The
microscopic morphology, surface element content after cleaning, and residual thickness were detected by scanning
electron microscope, energy spectrum analyzer, and portable eddy current thickness gage, respectively.

Results and Discussions Laser cleaning can remove the composite paint layer-by-layer. The quality of laser
cleaning gradually increases with an increase in the laser energy density (Fig. 4, Fig. 5), and the surface roughness
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first increases and then decreases (Table 3). The quality of laser cleaning gradually increases with the decrease of
the laser scanning speed, but too low scanning speed will lead to an increase in the time of laser acting on the surface
of the paint layer. Conversely, if the impact energy generated by the laser is too much, it will leads to excessive
cleaning, with net cracks appearing on the surface (Fig. 6, Fig. 7). In the cleaning process, it can be found that the
top-coat is gradually removed to expose the primer, which is then gradually removed to expose the metal substrate.
Different laser energy densities lead to different degrees of sample surface roughness. The surface roughness first
decreases, then increases, and finally decreases with the increase in the laser scanning speed (Fig. 8). Comparing
the elements of the cleaned surface and the original paint layer, it is found that under different parameter
combinations, the three-dimensional morphology of the primer after complete top-coat removal is different (Fig. 9),
with the thickness of the primer layer well retained (Fig. 10). Compared with the original anodic oxide film, the
anodic oxide film is well preserved after cleaning, but there is an oxide film damage (Fig. 11). The element content
analysis shows that the anodic oxide film on the surface after cleaning has no paint residue (Fig. 12).

Conclusions Both the laser energy density and scanning speed have a greater impact on the cleaning quality. The
cleaning quality of the laser gradually becomes better with an increase in the laser energy density or decrease in the
laser scanning speed. When the laser energy density and scanning speed are 4.45 J/cm® and 8 mm/s, respectively,
the top-coat can be completely removed and the primer remains intact, with the effect closest to the original
thickness of the paint layer. When the laser energy density and laser scanning speed are 4.45 J/cm” and 5.5 mm/s,
respectively, the composite coating can be completely removed with the perfect microstructure of the anodic oxide
film. Similar to those of the original anodic oxide film, the oxygen content of about 40 % and the surface roughness
R, =1.138 um are observed. When the parameter combination is 3.56 J/cm” and 6 mm/s, the top-coat can also be
completely removed, with the primer retained well. When the laser energy density and scanning speed are 4 J/cm’
and 5 mm/s, respectively, the composite paint layer can be completely removed, and the oxygen content of the
anodic oxide film is about 34 % . When the combination of parameters is 3.56 J/cm” and 4.5 mm/s, the anodic oxide
film produces elastic vibration stripping.

Key words laser technique; laser cleaning; aluminum alloy; composite paint layer; surface morphology; process
parameters
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