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Abstract — Surface preparation is a critical step in maintenance repainting of steel bridges because it governs the adhesion and
durability of subsequent coatings. In this study, the coating removal behavior and surface characteristics of a conventional
heavy-duty urethane coating system on SS275 steel were experimentally evaluated under varying laser power, frequency, scan
speed, scan width, number of passes, and pulse width. The removed coating thickness generally increased with increasing
power, pulse width, and number of passes, but decreased with increasing scan speed and scan width. Frequency showed a
non-monotonic trend, reaching a maximum removal thickness around 100 kHz and then decreasing. After laser irradiation, gloss
retention decreased markedly and color difference increased under all conditions, indicating substantial changes in surface
appearance. Surface observations confirmed both selective topcoat removal and removal extending to the intermediate coat
depending on the laser conditions. In addition, a coating removal parameter (CRP) was proposed to represent the combined
effects of the laser parameters, and a strong sigmoidal relationship was identified between CRP and the removed coating
thickness.
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Fig. 1. Comparison of CW and Pulsed Laser Emission EZ Clean P-500 &3 A& #olA 24 FA]

+ °1557 2] 400 mmo] F AFO|A] 2 FSHF o,
Table 1. Laser specifications 0|4 &£ = 5 mm/s—50 mm/s HYo| A AT £ Q1
Manufacturer Dongil laser tech. 7HE 3 o] LASHA FAIH =S sH. oA &
Laser model EZ clean P-500 H|9] £Q AFFE Table 10] AAI5FR L, DA #o]A
Laser source JPT A A" 3 ZAF A= Fig. 20 Yer9ich o7 A
Lens F-254 Table 19] scanning speed™= #|°o] A H o] A {25
Laser power 500 W oJu|st, o]& A% Wia AR} scan speed= A8
Laser wavelength 1064 nm -
Pulse widthg 30 ns—500 ns "ol F28 AT AHolA9] 015w S Anie.
Frequency 1 kHz—4000 kHz
Scan width 10 mm-160 mm 22 AW A
Maximum pulse energy 50 mJ _ o

scanning speed depending on scan width 2 A ARSE ATEHEE $5275 JAE 150 mmx70

mmx6 mm 37|82 A3 & SSPC-SP 10 7]Z0]
w2t ESGAE AYsiqirt. 12al EEAIYA(KCS
14 31 40)!"l0f| T2 FrzEE vt FHH4] LA
S ASE 485t = AlFHE AlA ST =
Ae 571484 st o EAA S ‘3—!

TutE 80| 7ot s AL, 35 ] Sl A=
02 Ao 2 EAskeith A-8H ZAA Q] Al R AR
I AZR Z9HREA 574 A= Table 20] A|ASHA L
o, AIZHY oA RAF AT thE 2|32 Fig. 39

(a) Pulsed laser system (b) Laser irradiation device

Fig. 2. Pulsed laser system and laser irradiation device

ey gt
Table 2. Coating specifications and dimensions of the specimens
Surface Coating Coating layer (ym) Designed dry Dimensions
diti film thickness
condition system Bottom coat | Intermediate coat | Top coat (;m) (mm)
Inorganic Zinc . .
. high solid epox Urethane
S T:isrtri:eclns Urethane Coating Primer £ poxy 255 150*70*6
P 75 100 80
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(a) Before laser irradiation (b) After laser irradiation

Fig. 3. Coating system and representative photographs of the
urethane-coated SS275 specimens

(d) VR-5000
3D optical profiler

(c) Dry film thickness gauge

Fig. 4. Measuring equipment
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Table 3. National Bureau of Standards(NBS) ratingsm]

NBS units Critical remarks of color difference
0.0-0.5 Trace Extremely slight change
0.5-1.5 Slight Slight change
1.5-3.0 Noticeable Perceivable change
3.0-6.0 Appreciable Marked change

6.0-12.0 Much Extremely marked change
12.0 or more Very much Change to other color
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Table 4. Laser irradiation conditions according to the main experimental variables

Main variable Power Frequency Scan speed Scan width Number of passes |  Pulse width
W) (kHz) (mm/s) (mm) N) (ns)
50, 75, 100, 125,
Frequency 103’0%02’0%00’ 150, 175, 200, 10 40 1 500
’ 250, 300
100, 200, 300, 5,10, 15,20
Scan speed 400, 500 100 25.30, 35, 40 40 1 500
. 100, 200, 300, 20, 30, 40, 50
Scan width 400, 500 100 10 60, 70. 80. 90 1 500
100, 200, 300,
Passes 400, 500 100 10 40 1,2,4,6 500
. 100, 200, 300, 100, 200, 300,
Pulse width 400, 500 100 10 40 1 400, 500

300 W, 100 kHz 300 W, 125 kHz

1 rilm

300 W, 10 mm/s 300 W, 15 mm/s 300 W, 20 mm/s

300 W, 30 mm 300 W, 40 mm 300 W, 50 mm

300 W, 1 pass 300 W, 2 passes 300 W, 6 passes

300 W, 100 ns 300 W, 200 ns 300 W, 300 ns 300 W, 400 ns

Fig. 5. Representative close-up image of the surface

154 =7dzote] =24 Al38d A4 2(Ed A203%) 20261 84



Table 5. Gloss retention, color difference, and NBS classification
under representative laser irradiation conditions

Gloss
Representative retention . Sl NBS
Parameter .. after difference . .
conditions . .. classification
irradiation (AE)
(%)
100 W,
50 kHiz 0.74 7.82 Much
100 W,
Frequency 100 kHz 0.19 10.89 Much
100 W,
125 Kz 0.32 9.55 Much
200 W, Very
S mm/s 0.04 23.07 Much
Scan 200 W, Very
speed 10 mm/s 0.03 13.69 Much
200 W, Very
20 mm/s 0.06 12.44 Much
300 W, Very
20 mm 0.02 34.27 Much
Scan 300 W, Very
width 40 mm 0.03 14.18 Much
300 W, Very
50 mm 0.03 14.35 Much
400 W, 0.02 33.94 Very
Number 1 pass Much
u
of 400 W, 0.06 50.75 very
4 passes Much
passes
400 W, 0.13 45.85 Very
6 passes ’ ’ Much
500 W, Very
100 ns 0.03 16.50 Much
Pulse 500 W, Very
width 300 ns 0.02 3232 Much
500 W, Very
400 ns 0.02 33.02 Much
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Fig. 6. Surface roughness (Rz) as a function of
laser irradiation parameters
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