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Schematic view for individualized and 

controlled laser beam pre-treatment process

 Fiber reinforced plastics (FRP) cannot be 

bonded without pre-treatment due to low 

surface energy and poor wetting behaviour

 Production-related residues (release agent, 

fingerprints, dust) on the surface reduce the 

adhesive bonding quality significantly

 With the laser beam pre-treatment, these 

impurities can be removed and the surface 

can be chemically activated to achieve 

improved adhesion properties

 Laser: Nd:YAG 1064 nm wavelength, 

100 ns pulse length, 64 µm spot diameter

 Substrate: Polyamide 6 with 30 % glass fiber 

reinforcement (PA6-GF30)

 Contaminations:

 Release agent

Frekote C-200 by Henkel AG & Co. KGaA,

water based emulsion with silanes

 Glass dust, glass bubbles S32 

by 3M Deutschland GmbH

average diameter of particles 40 µm,

80 vol.-% of particles are between 20 µm 
and 75 µm diameter

 Artificial contamination with release agent and 

glass dust emulsion to achieve a defined and 

reproducible contamination

 SEM investigations to determine amount of 

particles on the surface

 Mechanical testing to expose the influence of 

the contaminations on the adhesion properties 

and evaluate the treatment: 

 roller peel test (DIN EN 1464)

3M 425 tape, acrylate based

100 mm/min traverse speed

 tensile shear test (DIN EN 1465)

Adhesive: 3M SW DP609, 2C-PUR

1.5 mm/min traverse speed

Nominal 

Power [%]

Laser Output 

Power [W]

Pulse fluence 

[J/cm²]

10 0.53 0.173

20 1.05 0.343

30 2.70 0.882

40 4.57 1.492

50 6.44 2.103

Conversion table 

for laser power

Laser cleaning parameters have to be defined in order 

to remove the contaminations without damaging the 

substrate but further improve the adhesion ideally 

Many contaminations do not hold good absorption 

properties for common laser sources

High laser powers ablate the matrix and can damage 

the fibers

Damage of the FRP‘s surface can weaken the substrate 

and corrupt its adhesion properties

Ablation of those contamination can only occur indirectly 

by stimulation of the substrate

Glass dust
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SEM images of 

glass dust 

(white 

particles) 

contaminated 

surfaces before 

and after laser 

treatment

Number of particles decreases rapidly 

until 0.882 J/cm² (30 %) from which 

point on the number remains almost 

constant
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 Glass dust significantly 

decreases peel resistance

 Laser pre-treatment 

marginally improves peel 

resistance (uncontaminated)

 Laser cleaning improves 

peel resistance, but does not 

re-establish the initial, 

uncontaminated condition

 Single transit cleaning yields 

better results

 Best parameter between 

1.492 and 2.103 J/cm² 

(40 % to 50 %)

 Glass dust slightly decreases 

tensile shear strength

 Laser pre-treatment greatly 

improves tensile shear 

strength to over 8 MPa at 

0.882 J/cm² (30 %)

 Laser cleaning improves 

tensile shear strength to 

values above the initial 

uncontaminated condition

 Triple transit leads to better 

results than single transit
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Release agent

 Release agent significantly 

decreases the tensile shear 

strength

 Laser pre-treatment greatly 

improves tensile shear strength 

 Laser cleaning improves tensile 

shear strength to values above 

the initial uncontaminated 

condition

 Repetitions do not improve the 

result

 Best parameters for the cleaning 

process at 2.103 J/cm² (50 %)

 Release agent significantly 

decreases peel resistance

 Laser pre-treatment marginally 

improves peel resistance 

(uncontaminated)

 Laser cleaning improves peel 

resistance, and can achieve 

values as high as 

uncontaminated, treated samples

 Single transit cleaning yields 

better results

 Best cleaning parameter at 2.103 

J/cm² (50 %)

Contamination Laser Power Repetitions

Glass dust 0 % … 50 % 1

Glass dust 0 % … 50 % 3

Release agent 0 % … 50 % 1

Release agent 0 % … 50 % 3

Uncontaminated 0 % … 50 % 1

Test series

For the different contaminations 

the laser power and number of 

transits is varied. The results are 

compared to uncontaminated, 

pre-treated samples
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 Optical transmission and reflection are

measured and the resulting absorption is

calculated

 Both contaminations show no significant

absorption in the investigated wavelength

spectrum

UV-Vis Spectroscopy

PA6-GF30 sample

Poster 6 AB21_64


