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Selection of Absorption Films and Its Application in
Infrared Laser Treatments of Metallic Materials
CHEN Qing-hua
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Abstract  Absorption of CO, laser on the surface film-metallic substrate was discussed. The relation between absorptivity
and electromagnetic properties as well as optical properties of thin film have been established via the resolution of the
electromagnetic wave equations. The criteria and the optimal range of selection of high absorptivity films were given.
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Table 1 Optical constants of different substances with respect to CO, laser radiation > °
10.6 pm Fe Cu Al Ni Ti Cast iron Glass Graphite Ceramic
n 7 10 28 9 4 13 1.0~2.0 2.0~3.0 1.0~3.0
K 29 57 97 37 20 24 0.2~1.2 1.0~2.0 0.2~2.0
R=1-A41]0.936 | 0.988 | 0.989 | 0.975 | 0.962 0.933 0.01~0.23 0.2~0.4 0.01~0.4
a 1/pm 34.36 67.5 114.9 43.8 23.7 28.4 0.237~1.422 | 1.185~2.370 | 0.237~2.370
1/a nm 29.1 14.8 8.7 22.8 42.2 35.2 4219 ~ 703 844 ~ 422 4219 ~ 422
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Fig.1 Schema of absorption of laser radiation on

the surface



11

1025

dreyd/A =5 ~ 10

ng - n? -« 1? 1.5 0.2<#x;<0.5
“longen 2eetl T d/x = 0.39 ~ 0.8/k, 3
2n0k 2 1% ~ 0.01%
ng + ny >+ k3 3 3

-G.D 0.5 1.

1.3

[
djA

film thickness /wave lenght

2

tittt

] 1.5 2

=4

ANV

bredtit
'

film thickness/wave lenght

film thickness/wave lenght

Fig.2 Variation of absorptivity versus film thickness on the surface of iron covered with

a glass or ceramic film «; = 0.05 ~ 2.0

an =13 b n =15 ¢ n =17 d n =20 e n; =3.0

<n <1.50.2 <«
3
0.1l <k, <0.5
K1
10.6 pm

bl
=

nyp = 30 K1 = 2.0

60%
<0.5 1.0 80%
10.6 pm
n;<2.0
ng -
5~10 pm
55%
w r =3.6 mm

ny =

70%

2.0 K1 =

80%

CILAS CI4000

XC55

70%

P =1050



1026 29

90% 95% °©

—
-
e

3 v =7 mm/s
a b - c
Fig.3 Photograph of quenched zones with different films and same laser treatment conditions

a graphite film b sol-gel film ¢ ceramic film

2 *
Table 2 Experimental results with different absorption films * signifies melt of the surface
Expel;ienslgﬁéa nm Graphite film Sol-gel film Ceramic film
Scan velocity/mm/s Quenched width| Quenched depth| Quenched width| Quenched depth| Quenched width| Quenched depth
2.5 6 0.9° 7 1.4% 8 1.87
4 5 0.8 7 1.5 7 1.67
7 4 0.55 6 1.0 5 1.0
16 3 0.05 4 0.4 3 0.3
1.3~2.0 0.1 < x <
0.5
np K1
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