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The challenge

Can the plasma phase be used to effectively beat
thermodynamic equilibrium conversions?
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The frontier
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CO, dissociation efficiencies of up to 90%
inspiration for employing plasma phase
for chemical conversions

The mechanism: channeling the energy
to the bond to be broken (rather than to
translation or ionization) = non-
equilibrium

The challenge: demonstration of
economical viability

sustainable energy sources important
driver: electricity & intermittency
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Understanding - relevant molecular physics for CO,
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Van Rooij et al., Faraday Discussions, 2015, DOI: 10.1039/C5FD0O0045A
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Caveat: MW-plasma not inherently promoting v-excitation
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Experiments confirm high gas temperatures
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Rayleigh measurements

Diffuse discharge mode
yields lower temperatures,
contracted mode better
efficiency
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Advancing the frontiers

Improve understanding of vibrational exciation - free
electron laser experiments

Tailor EEDF by additives (low ionization potential alkali
metals)

Optimize vibrational enhanced dissociative excitation:
reactor geometry / pulsed operation



1. Improving understanding with free electron laser

U, eV Perturb intrinsic vibrational distribution to investigate:
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What happens with energy deposited into the vibrational

manifold?
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2. Tailoring EEDF with low ionization potential additives
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CO2 ionization

CO2 effective momentum transfer
CO2 vibrational excitation

CO2 electronic excitation

CO2 dissociative attachment

Na effective momentum

Na excitation

Na ionization

Electron temperature (eV)

Energylo.. ...
=
4
|

10719 |

T T T T T o T T ot T

T .. ~.. ..., F

MR TT sl v S snliruit S iy alirnii e S s B R AT

2.0

10—t
109

G. van Rooij - DIFFER

101 102 103 104
Input Power (W)

0.0
105

Mean energy (eV)



3. Vibrational enhanced dissociative excitation

abs

Shape EEDF through spatio- & temporal electric field control
(emphasizing electronic excitation)
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Impact

Sustainable energy flexibility (intermittency)

| f i

CO, to synthetic fuel (sector integration)

Nitrogen fixation (fertilizers)

Carbon coupling in methane (chemicals)
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