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Laser surface micro-treatment refers to the use of appropriate laser energy to induce the surrounding gas and stain-
less steel reaction to produce a film or the use of large laser energy to manufacture micrometer grating. Using the 
principle of thin film interference or grating diffraction, the surface of stainless steel is marked with color, which can 
be used for information storage of metallurgical products. The relationship between laser line scanning and laser 
power is studied experimentally, the range of laser power density with color variation is obtained, and the optimal 
process parameters of uniform color are obtained.
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INTRODUCTION

Laser surface micro-treatment is a special laser sur-
face modification technology. This technology uses la-
ser with low energy density to induce the reaction be-
tween surrounding gas and metal on the metal surface to 
generate colored oxide film or uses long pulse nanosec-
ond laser with appropriate energy density to irradiate 
microscopic molten pool on the metal surface, and 
forms regular grating-like microstructure through line 
scanning of galvanometer or CNC platform. The micro-
structure has directional color change due to grating dif-
fraction phenomenon[1-2]. The research of this tech-
nology has opened a new field in the barcode identifica-
tion of metallurgical products. The two-dimensional 
barcode such as Data Matrix code, PDF417 code and 
QR code has been introduced into the color technology 
scheme to improve the information density and barcode 
capacity, and the visual expression is better [3-4].

EXPERIMENTAL MATERIALS  
AND EQUIPMENT

SUS304 stainless steel was used in the experiment. 
The surface was treated by mirror finished. The size of 
laser colored sample was 10mm×10mm. CT-MF20 fib-
er laser marking machine was selected for the experi-
ment, as shown in Figure 1. The laser output wavelength 
is 1,06 μm, the maximum power is 20 W, the instability 
is less than 3 %, the beam quality factor M2 is less than 
2, the modulation frequency is 20 kHz~100 kHz, the 
pulse width is 100 ns at 20 kHz, the scanning speed is 
0~7000 mm/s, the minimum line width is 0.01 mm. The 
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experimental samples are shown in Figure 2. The pro-
cess parameters of the experiment were sweep line 
spacing and power. The scanning speed is 100 mm/s, 
the repetition rate is 20 kHz, the pulse width is 100 ns, 
and the defocus is -0,6 cm.

Figure 1 Laser marking machine

EXPERIMENTS

In Figure 2, the power in the first column on the left 
is 20 W, and then to the right, the power in each column 
is reduced by 2 W. When the power is reduced to a cer-
tain extent, yellow film will appear. It is composed of 
microfusion fringe, as shown in Figure 3(a). This yel-
low film is the base color of laser surface micro-treat-
ment, on which all coloring is formed, as shown in Fig-
ure 3(b)[5-12].

In Figure 2, the spacing of the first row of line scan-
ning is 0,01 mm, which is successively downward and 
increased by 0,01 mm for each row. The third row to the 
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seventh row and the first column to the sixth column of 
the sample have certain color changes, indicating that 
stable color films are easy to form within the range of 
the process parameters. That is, the scanning line spac-
ing is 0,03 mm-0,07 mm, and the power is 10 W-20 W.

trated in the center of the spot, which is consistent with 
the fact that the laser is a Gaussian beam.

In order to get the diameter of the laser spot, the pa-
per is scanned by the laser line, and the results are 
shown in Figure 5. The laser spot diameter is 180.74μm. 
According to the spot diameter, the average laser energy 
density can be obtained, as shown in Table 2.

Figure 2 Laser marking samples

Figure 3 Laser marking colorization

By testing the line scan width shown in Figure 3, the 
relationship between power and line scan width can be 
obtained as shown in Table 1.

It can be seen from Table 1 that the laser line-scan-
ning width is affected by the laser power. The larger the 
power is, the wider the line-scanning width will be. The 
data in Table 1 are plotted as shown in Figure 4. The 
linear scanning width converges with the decrease of 
laser power, indicating that the laser energy is concen-

Table 1 Laser power and line width

Power /W 10 12 14 16 18 20
Width /μm 19,65 27,51 41,93 66,8 81,21 100,86

Figure 5 Laser spot diameter

Figure 4 Laser line width

Table 2 Laser power and energy density

Power /W 10 12 14 16 18 20
Energy density /(mJ/cm2) 3,9 4,68 5,46 6,24 7,02 7,8

According to the comparison between the data in 
Figure 2 and Table 2, the laser power density has a 
 certain color change in the range of 3,9 mJ/cm2-7,8  
mJ/cm2.

The uneven color of some samples is caused by two 
reasons. First, it is difficult for laser surface micropro-
cessing to produce red film, which is not as stable as 
green and blue film. Another reason is that laser micro-
processing using line scanning method, different line 
scanning width caused by stainless steel surface heat 
dissipation degree is different, have an impact on the 
uniform growth of color film, so the more large sample, 
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the more difficult to get uniform color. In order to solve 
the problem of color uniformity of laser microprocess-
ing, a large number of experimental results were com-
pared, and it was found that the number of repetitive-
ness of laser microprocessing had a certain influence on 
color uniformity, as shown in Figure 6. The process 
parameters of the sample are as follows: defocus of 
-0.5cm, scanning interval 0.02 mm, scanning speed 200 
mm/s, laser power 7 W, and laser repetition rate 20 kHz. 
The laser power density of this process parameter is 
5.94 mJ/cm2, which is just within the range of laser 
power density with color change analyzed above. As 
can be seen from Figure 6, the background color yellow 
sample was obtained after the first laser micro-treat-
ment, and blue film was grown on the background color 
after the second time, green film after the third time, 
and red film after the fourth time. Except for the back-
ground color, the color changes in the 2-4 times were 
consistent with the color direction of the spectrum. Ac-
cording to the principle of film interference, the film 
thickness is gradually increasing, and the repetition 
times of laser microprocessing are helpful to the in-
crease of film thickness uniformity, so the color uni-
formity is better.

Expectation
Multiple marking schemes are helpful for obtaining 

a single color sample, but increase working time, re-
duce productivity and raise production costs. Color het-
erogeneity is caused by temperature instability during 
scanning, and it is possible to avoid this phenomenon if 
an exposed laser light source is used, thus improving 
productivity. After a large number of marking experi-
ments, it is found that generally when the marking times 
are more than 5 times, the sample color is close to the 
saturated state, and the color basically does not change. 
This phenomenon could be used for more.
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Figure 6 Repeated laser sample

CONCLUSIONS

Laser microprocessing technology can be applied to 
color labeling of metallurgical products. The laser line 
scanning width is affected by laser power, and the influ-
ence curve is similar to that of Gaussian beam. The 
power range of laser with color is 3,9 mJ/cm2-7,8 mJ/
cm2. In order to improve the uniformity of color, a mul-
ti-marking scheme was proposed, and the optimal pro-
cess parameters were obtained: defocusing capacity 
-0,5 cm, scanning spacing 0,02 mm, scanning speed 
200 mm/s, laser power 7 W, laser repetition frequency 
20 kHz. The laser power density of this process param-
eter is 5,94 mJ/cm2, which is just within the range of 
laser power density with color variation.
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