Synthesis of carbon nanotube forests on metallic
substrates for supercapacitor electrodes
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\V N2Ee “Flexible production technologies and equipment

based on atmospheric pressure plasma processing
nano o propucTion for 3D nano structured surfaces”

Impact areas: _ _
Supercapacitors with 3d nanostructured

electrodes and enhanced performance for
automotive applications

1. Photovoltaics

Infection control
- Materials and process development

2
3. Enerqgy storage
4

Durable adhesion - Equipment development
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Energy storage: Supercapacitors using vertical-aligne d
Carbon Nanotubes (VA-CNT)

substrate
with VA-CNTs
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Slower diffusion
In active carbon
high specific surface area (high energy density)
directed pore structure (fast ion diffusion) (high power density)
high electrical conductivity (high power density) Seite 4
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CVD of vertical aligned CNT
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particle

catalyst film A networke CH, CxH, C,H,
woww g wwonands = U

when carbon-catalyst solution is supersaturated: carbon ,cap“is formed

particle diameter  CNT diameter

Most studied system:

Transfer to metallic substrates and

m barrier film: Al ,0, (PVD) scalable deposition processes
substrate: Si-wafer

[1] K. Hata, D.N. Futaba et al., Science 306, 1362 (2004).
[2] D.N. Futaba et al., Nature Materials, 5, 987 (2006).
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Scalable deposition methods for VA-CNT coatings on metal

substrates
CSD-
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CNT forest on steel foll

F6203 (CSD) -

AlLO, (CSD)

steel foll
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CNT forest on Ni foll

Fe,O, (CSD)

Al,O, (CSD) -
d

Ni foll
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Disadvantage of CSD: Poor wettability of metallic subs trates

CVD process 1 |
| bwi
~o, I

Improved wettability
by developed
precursor chemistry
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Influence of catalyst precursor on CNT film structure (

NI substrate)

Catalyst 1. dense forest Catalyst 2: bundles
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Growth kinetics of CNT forest on Ni foll
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Diffusion dependent on film
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Influence of temperature on height of CNT forest on Ni foil
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Influence of water content on CNT morphology

0 sccm (~11 ppm) 10 sccm (56 ppm)

20 sccm (84 ppm)

30 sccm (111 ppm) 40 sccm (136 ppm) 50 sccm (166 ppm)
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Structural characterization (TEM and Raman)
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Conclusion

wetchemical (scalable) processes for barrier and catalyst films
developed

CNT growth on metallic substrates demonstrated

electrochemical characterization and optimization is in
progress
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Thank you for your attention!
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