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Laser Coloring of Stainless Steel
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Abstract It is well known that different combinations of laser parameters can produce the same color on the surface of
stainless steel. Therefore, a master oscillator power amplifier (MOPA) fiber laser with a wavelength of 1064 nm and
maximum output power of 20 W was selected for experiments in this study to explore the qualitative relationship between
parameters and color. The color and visible spectrum of color samples were determined and analyzed using a
spectrophotometer. The oxide film thickness and surface morphology of the color samples were measured using a scanning
electron microscope. The results show that the laser scanning speed, laser repetition rate, and laser power are proportional
to change simultaneously, indicating that similar color and oxide films can be formed on stainless steel surfaces. This study
is valuable in guiding the practical application of laser color marking.
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Table 1 Basic parameters of experimental materials

Material Roughness /nm

Surface reflectance

Density /(kg-m™?) Melting point /K

304 stainless steel 2.6

0.7 7800 1723
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Fig. 1 Laser coloring equipment
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Fig. 2 Laser scanning path
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Fig. 3 Color block sample chart with different repetition frequencies. (a) 200 kHz sample; (b) 300 kHz sample; (c) 400 kHz sample

T O ) 2R BOHH TR A RS 21 A 4L AR (1 B 4L R
i HEAT RIS, (0 25 18 B % T 38 T8 RS 1 I 45 AR U
Eb A5 ) i 1, o8 T A O SO L, R T RE MG
AR SCXE IR O S B AT T I YR R AR AN
B 22, AEATE AT LA 78 o0 PR B LA . A 4 RN B 21 454l
# 3AFESL il FH MOPA Y6 £F 80 %5 IR 5 1E 304 A6
e b, S XSk K /N 7 mm X 7 mm 1Y 3 TR
A= =R BN/ Rl RER &I N8 =T N D SN [ B -
S BOR G G @A 25 5L 55 2 TR, #2200 kHz

R S R 2306 I 0 AL 45 4 % S O b o B d , Hofb R
ST BB AR S RE A B |l ) AE R AR AN TR
WOt 28 2 1) 7= A B A AR U

NFE R EE AT LU, G AR E B AL, B
WOt B Rz A4 A M B HAE CIE LAB Bi (o 23 [a] o
122 5 AE 3, HEER /N e /ME R 0. 56 /NF IR T BE 43
PR AE,, = 1, 5 KA 2. 62 11378 8 3 2 IR T
Aed Z ML AE, <7, BEEEEWEMNE K, AE,
A2 R R A, LR IR 35 Ol R A

0916001-3



£ 605 FIH/2023FE5 A/HMAESBFFHE

F2 HMSBEOE

Table 2 Sample parameters and colors

Sample  Pulse repetition ~ Average laser ~ Scanning speed / CIE coordinates A I
No. frequency /kHz ~ power /W (mm-s ') - x T “ e
Al 200 1.75 90 52.50 9.39 4.59 — (200:1.75:90.0)
A2 300 2.46 140 52.36 9.85 4. 30 0.56 (200:1.64:93.3)
A3 400 3.40 170 53.94 9.05 6.45 2.38 (200:1.75:85.0)
Bl 200 1.82 75 46. 05 5.00 —9.24 — (200:1.82:75.0)
B2 300 2.50 115 45.46 6.02 —10. 02 1.41 (200:1.67:77.0)
B3 400 3.75 127 47.14 4.65 —6. 88 2.62 (200:1.87:63.5)
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Fig. 5 Relative deviation diagram of reflection spectrum. (a) Relative deviation between samples A2, A3 and sample Al; (b) relative
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Table 3 Oxide film thickness and surface roughness of samples

Sample No. Thickness /nm Roughness /nm
Al 233 119
A2 235 120
A3 241 130
Bl 297 154
B2 299 145
B3 303 153
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Fig. 6 Surface morphology diagrams. (a) 200 kHz sample A1; (b) 300 kHz sample A2; (c) 400 kHz sample A3; (d) 200 kHz sample
B1; (e) 300 kHz sample B2; (f) 400 kHz sample B3

3.4 HMAXBITHREZR

G JE TR AR AT )Tz 1Y S B I
K 7R T 4RI B BOE S 808 2 70 AR 8 R
AT RO R B RS AR TR OITEL, #
JER T TR I 58 5 2 1 ST A B e e 4 1 B
Tobt & A5 2 AH DT FE 1) 806 2 80, 2805 RS TR i 2 5

BIRTEA MR IEATH O, NS B R AR 0K
Fo FMPIAEG B B B BRONEAES
FELE, SR OERA 2D EOES RS Z X0, il A
TE B4 0 A X 80 2 B0 A7 4 TR e B, RT LAAE B ik A
T A B T RS AT R v T

VAR IEINEE N (]
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