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Abstract

This Ph.D. thesis investigates some of the challenges in electrochemical
CO, Electrolysis (CO2E), a promising technology allowing a sustainable
production of hydrocarbons such as ethylene (C;Hy). The primary focus
has been on the cathode reactions, and includes an attempt of up scaling
an aqueous synthesis method for {100} faceted Cu Nano Particles (NP).

The work also included the design and construction of a setup for el-
evated temperature and pressurised experiments. These experiments
show that the selectivity for CO is increases at high temperature. Pres-
surised CO,E experiments at 5 bar did not show a large increase in selec-
tivity for CoHy.

The thesis further covers a range of galvanostatic Wide Angle X-ray Scat-
tering (WAXS) operando experiments investigating the cathode Gas Dif-
fusion Electrode (GDE). Crystalline salt precipitations and electrolyte
flooding was detected in the GDE. Salt precipitations were seen to cor-
relate with oscillating behaviour in both potential and selectivity, and is
explained by salt precipitations blocking the pores of the GDE. A fol-
lowing temporary flooding was seen to dissolve the salt precipitation
and blockage, causing the oscillating behaviour. Experiments with CO
electrolysis did not show similar oscillations and salt precipitation.

Finally, it is investigated if an ohmic resistance in the cathode GDE causes
a drag of cations away from the membrane, and thereby worsening the
salt precipitation, but this was inconclusive.

These findings and the better understanding of how salt precipitations in
the GDE causes instability can be important in the further development
of CO;E as a technology.



Resumé

Denne ph.d. afhandling underseger nogle af de udfordringer der er i
elektrokemisk CO»-elektrolyse, en lovende teknologi, der muligger en
beeredygtig produktion af kulbrinter sdsom ethylen (CoHy). Det primeere
fokus har veeret pd katodereaktionerne og omfatter et forseg pa at op-
skalere en vandig syntesemetode for {100} facetteret Cu nanopartikler.

Arbejdet omfattede ogsa designet og konstruktion af et setup, der mulig-
gjorde eksperimenter ved oget temperatur og tryk. Disse eksperimenter
viste, at selektiviteten mod CO stiger ved hgj temperatur. Eksperimenter
ved 5 bar viste ikke en synderlig stigning i selektiviteten for CoHy.

Athandlingen omhandler desuden en reekke operando rengten spred-
nins forseg ved galvanostatisk, hvori katode gas-diffusions-elektroden
undersgges under galvanostatisk elektrolyse. Krystallinske saltudfaeld-
ninger og elektrolytoversvemmelser i gas-diffusions-elektroden blev ob-
serveret. Saltudfaeldningerne korrelere med oscillationer i bade potentia-
le og selektivitet, og forklares ved at salt blokerer porerne i gas-diffusions-
elektroden hvilket forhindrer CO; diffusion til katalysatoren. En efterfel-
gende kortvarig oversvemmelse af elektroden blev observeret, hvilket
opleser saltet og dermed blokeringen. Dette forklarer oscillationerne i
potentiale og selektivitet. CO-elektrolyse eksperimenter viste ikke tegn
pé lignende oscillationer eller saltudfeeldning.

Til sidst undersoges det, om en ohmsk modstand i katode gas-diffusion-
elektroden forarsager et treek af kationer vaek fra membranen, og derved
forveerrer udfeeldningen af salt, resultatet var ikke entydigt.

De samlede fund, og den bedre forstaelse af hvordan saltudfeeldninger
i gas-diffusions-elektroden fordrsager en ustabilitet, kan veere vigtige i
den videre teknologiske udvikling af CO,-elektrolyse.
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