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Why do we need supercapacitors?

John B. Goodenough, Chemistry Nobel Prize (2019) for Li-ion batteries
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Why do we need supercapacitors?

John B. Goodenough, Chemistry Nobel Prize (2019) for Li-ion batteries

… Because batteries are not good enough! 
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High energy density (up to 270 Wh/kg [1])

Low cyclability (< 3 000 cycles [1])

Why do we need supercapacitors?

vs

Low power density (< 680 W/kg [1]) High power density (up to 80 kW/kg) [2]

High cyclability (> 1 million cycles [2] )

Low energy density, 𝐸´ (< 10 Wh/kg) [2]
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Main Challenge for Supercapacitors
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Laser Scribing Activated Carbon Electrodes
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Hardly accessible region

✓ Higher accessibility to 
inner parts of electrode

✓ Low-cost process

I didn’t even get there and 
you already want me to 

move back?!? 
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Laser Scribing Activated Carbon Electrodes
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Laser Scribing Activated Carbon Electrodes

Tunable processing parameters:

• Raster speed (𝒗)

• Number of pulses per second (𝑁𝑝𝑝𝑠) 

• Average power (𝑷𝒂𝒗𝒈)

• Wave Form

• 𝑑 should be as small as possible

• 𝑟 should be as small as possible

• 𝑧 should be as large as possible

impact on mechanical stability?

must be smaller than electrode thickness

beam size is ca. 42 µm

𝐷 =
𝑣

𝑁pps
𝑫 = {100; 120; 140} µm

𝐸𝑝𝑢𝑙𝑠𝑒 =
𝑃𝑎𝑣𝑔

𝑁pps
𝑬𝒑𝒖𝒍𝒔𝒆 = {257; 314; 371} µJ
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(Δ𝑡𝑝𝑢𝑙𝑠𝑒 = 220 𝑛𝑠; 𝑃𝑝𝑒𝑎𝑘 = 8kW)
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What we did

𝐷 = {100; 120; 140} µm
𝐸𝑝𝑢𝑙𝑠𝑒 = {257; 314; 371} µJ

9 conditions for each thickness

10

Screen printing x2 and x3

Profilometry



Results

What we thought we had… What we actually had
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Results

NLSAC 2L (257 µJ, 100 µm), 2L (371 µJ, 100 µm), 2L (371 µJ, 120 µm), 2L (371 µJ, 140 µm), 2L

NLSAC 3L (257 µJ, 100 µm), 3L (371 µJ, 100 µm), 3L (371 µJ, 120 µm), 3L (371 µJ, 140 µm), 3L
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Results

• For the 2-layered electrodes, most of the laser-processed ones seem to 
have an RMS roughness very similar to that of the non-laser scribed 
electrodes

• The 3-layered electrodes seem to have a lower RMS than the 2-layered
electrodes but laser-processing seems to increase its value.

• For a 120 µm and a 140 µm spacing, the RMS increases with power; the
opposite happens for 100 µm (possibly due to the collapse of the walls
separating the holes)
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Results
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E= -8.3 P + 5.3

E = -4.1 P + 2.9
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Results
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50% mass

E = -4.1 P + 5.7

E = -4.1 P + 2.9

E= -8.3 P + 5.3 The mass of the electrodes changes the 
absolute values of the energy and power 
densities, but not the slope of the Ragone plot!



Results

17Ionic diffusion in laser-modified carbon-based porous supercapacitor electrodes

2 Layers



Results
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3 Layers



Results

All laser-processed electrodes had a smaller slope than the references The slopes of the  laser-processed electrodes are either similar or larger 
than the references

257 µJ 314 µJ 371 µJ

100 µm -19.8 -13.5 -15.6

120 µm -19.3 -13.8 -20.2

140 µm -15.9 -17.8 -20.2

257 µJ 314 µJ 371 µJ

100 µm -6.8 -4.2 -4.7

120 µm -5.0 -6.9 -6.3

140 µm -4.1 -5.7 -6.0
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Discussion and Future Work
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• The assessment of the actual energy and power densities of laser-processed electrodes depends on the 
correct quantification of their masses

• The effect of the laser-scribing on the electrochemical performance was partially masked by the pattern 
induced by screen-printing

• All the 2-layered laser-scribed electrodes had a smaller Ragone plot’s slope than the non-laser scribed ones, 
suggesting that ionic diffusion had been improved at high rates

• For these electrodes, the most promising laser-scribing condition seems to be 140 µm at 257 µJ and the 
least favourable, 120 µm at 314 µJ 

• For the 3-layered electrodes, the slopes of the  laser-processed electrodes are either similar or even larger 
than those of the non-laser processed ones



Discussion and Future Work
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3 layers

Before laser scribing?

2 layers

Before laser scribing?

After laser scribing? After laser scribing?



Discussion and Future Work

After solving the previous issues, Probe Beam Deflection (PBD) will be used to study the ionic diffusion within the laser-
-processed electrodes:
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