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Research on the Properties of Laser Transmission Welding of
Transparent-Transparent Polypropylene
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Abstract Transparent-transparent plastic laser transmission welding is one of the toughest difficulties in the field of
plastic laser welding. The key to solve this problem is to use the right absorber. The laser welding of transparent-
transparent polypropylene technology is studied by using three kinds of absorbers: the carbon, the black
polypropylene particles and the black paint. Welds with desirable property are obtained when using black paint as the
absorber. The research also investigates the influence of welding parameters (laser power, welding speed, the
thickness of sample and thickness of black paint layer) on the welding quality. It turns out that the appearances of
welding defects, such as porosities, thermal deformation holes and surface combustions, are related to low purity of
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raw materials and excessive energy input. These defects can be taken into control by using proper welding

parameters and argon gas.
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Table 1 Parameters of PP’s thermal physical properties
Glass Thermal Thermal
) o Fusion ] Density o Specific heat
Material transition e decomposetion J(gfem) conductivity 1k o]
t at : .
temperature /C cmperatire temperature / C grem /(W/m « K) g
PP —15 150~170 336~366 0.9 0. 24 1.93
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Fig. 1 Principle diagram of laser transmission

welding of plastics
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Fig. 2 Temperature measuring principle of

thermocouple
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Fig. 3 Appearances of welding seam. (a) Welding seam of transparent PP; (b) welding seam of black painted PP
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Fig. 4 Fracture appearances. (a) Fracture at welding seam; (b) fracture at the joint
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Table 2 Welding technological parameter

Welding Welding
No. Laser power /W Tension /N Shear strength /MPa
speed /(mm/s) width /mm
1 20 1 1.65 288. 33 4.71
2 30 1 2.47 800 9.25
3 40 1 3. 1156. 67 10.01
4 50 1 3.8 1031. 67 Fracture at the joint
5 70 2 3.42 1158. 33 Fracture at the joint
6 70 2.5 3.08 1226. 67 11. 38
7 70 3 2.99 1071. 67 10. 27
8 70 4 2.98 725 6.7
9 70 5 2. 84 521.67 5.25
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Fig. 5 Effect of laser power on weld width and

tensile strength welding width
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Fig. 6 Thermal cycle curves of low laser power
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Fig. 7 Thermal cycle curves of suitable laser power
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Fig. 8 Thermal cycle curves of high laser power
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Fig. 9 (a) Cross section appearance of fracture and (b) surface appearance of the joint under high laser power
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Fig. 10 Effect of welding speed on welding width

and tensile strength
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Table 3 Welding properties of different thicknesses of PP with different parameters
2 mm PP 3 mm PP 4 mm PP
Laser Welding Shear Laser Welding Shear Laser Welding Shear
pover T st sy ]/l e s
50 2 10. 21 50 1.5 4.08 50 0.5 4. 39
60 2 10. 19 60 2 3.4 60 2 unwelded
60 3 6.63 50 1 8. 11 50 1 unwelded
70 2.5 11. 38 70 1 4.21 60 0.5 4.6
70 3 10. 27 80 3 1.53 70 0.5 5. 79
80 4 9.29 80 2.5 7.11 80 1 2.44
95 5 6.63 95 3 3.12 80 0.6 5. 87
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Table 4 Experimental results of different thicknesses of black paints
Thickness of Laser Welding Welding Shear
Tension /N
black paint power /W speed /(mm/s) width /mm strength /MPa

50 1 2.76 783. 33 8. 11
Monolayer 50 1.5 1.67 238.33 4.08
95 3 1. 86 203. 33 3.12
50 1 3.2 1048. 3 9. 36
Double-layer 50 2.5 2.31 305.0 3.77

95 5 2.93 676.7 6.6
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Fig. 11 Thermal cycle curves of different thicknesses of black paints. (a) Monolayer; (b) double-layer
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Fig. 15 Appearance of welded PP samples produced by different manufactures. (a) Material 1; (b) material 2
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