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Analysis of the Laser Ablation Threshold of Aluminum Foil under
Varying Relative Humidity Conditions
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To reduce the use of fossil fuels, the adoption of battery electric vehicles (BEVs) using lithium-ion batteries has been
increasing in internal combustion engine alternatives. Accordingly, significant efforts have been made to improve the
manufacturing process of lithium-ion batteries within electric vehicles. In particular, the cutting process of lithium-ion batteries
has been actively discussed as it is closely related to battery performance. Laser-based cutting enables a more precise
and sustainable manufacturing process. The laser ablation threshold has been investigated in many studies to achieve
high-precision laser processing. While laser parameters and ambient conditions have been examined to determine the laser
ablation threshold, studies focusing on the effect of relative humidity remain insufficient. Thus, this study investigated the
laser ablation threshold of aluminum foil under varying relative humidity conditions. First, a laser interaction chamber was
fabricated to control the relative humidity during experiments. A scanning electron microscope (SEM) was then used to
observe laser ablation craters and analyze the threshold. The variation of the laser ablation threshold with relative humidity
revealed changes in the interaction between the laser and aluminum foil depending on the humidity level.
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Fig. 3 Schematic diagram of the overall laser system

Table 1 Laser experimental parameters

Relative humidity [%)] 4 99
Pulse duration [ns] 8
Pulse repetition rate [kHz] 200
Power [W] 0.4-20 (Interval: 0.4 )
Number of pulses 1000

Laser fluence [J/cm?] 0.14-17.07
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Fig. 4 SEM image of the surface of aluminum foil (a) base (b)
irradiated by laser under 4% relative humidity (c) irradiated by
laser under 99% relative humidity (Laser fluence: 4.67 J/cm?)
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Table 2 Laser ablation threshold depending on relative humidity
Relative humidity [%] 4 99
Laser ablation threshold [J/cm?] 3.55 442
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