CO2-based electrosynthesis
of Ethylene oXIDE
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 Duration:

Horizon2020

This project has received funding from the European Union’s Horizon 2020

research and innovation programme under grant agreement No 768789.
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Ten partners in six countries
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CO,-Capture 28080

CO, capture costs Biogenic CO, in Europe [tons/year]

400

350

300

250

200

150

100 +—

50 +— =

biomass / bioethanol directair chemical refinery iron&steel cement fossil § f i
wastewater plant capture  industry industry  industry power 9 A conversion of the blogemc exhaust gas of EuroPe

treatment plant could meet the annual demand worldwide.



“CO.EXIDEY

Europe’s renewable electricity
production is growing
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Central Innovations

* Simultaneous catalysis

* Integrated conversion

* Development of electrochemical catalysts and electrodes
* PEM-Cell
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Impact of the CO,EXIDE-Technology

1. Mitigating climate change by CO,-utilization

2. Generating renewable resources

3. Inline with renewable energies

The electrochemical synthesis could save up to 100% of GHG emissions
and at least 25% of the energy demand related to the conventional
production of ethylene oxide and hydrogen peroxide



Partner in Latvia .'°C02EX;|®

Cathode, catalyst modified multi-layer graphene stacks,
theoretical calculations, electrolysis half-cell with gas
monitoring, Polymer SPEEK / ionic liquid composite

Present days

In 2001 - Excellence Centre of Advanced Material Research

and Technology (CAMART). an EU project developed by the
= ISSP UL with mission to promote research and disseminate

knowledge of modern functional materials and technologies.

In 2017 - CAMART?2 — Centre of Advanced Materials
Research and Technology Transfer. Consortium partners —
KTH Royal Institute of Technology and Acreo Swedish ICT.
Horizon 2020 financial support up to 15 MEU’. “Strategy
ISSP UL 2016 — 2026™ - research, development and

mnovations at the World level: world-class scientists. Open
Access Laboratories etc.



Participants in project from ISSP

JK group — Laboratory of Materials for Energu
Harvesting and Storage (Janis Kleperis)

www.CO?2
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Conception of cathode material '-tozEXﬁ[a
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of graphite using a variety of
M) Washing, splitting electrolytes and a pulsed
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- A novel pulse modulation
circuit is being created.
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Coating GSS on CP with copper
XRD, SEM investigation of deposited Copper structures on Cu foil

a) Copper crystals before electrolysis

b) Copper crystals after electrolysis




ISSP — Cu/Cu, O catalyst layer — electrochemical pulse . E/
deposition on Fr-GDE in 1.25M CuSO, |

Cu/Cu,0 catalyst layer — Impact of pulse length on coating coverage density
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Cathode tests in FLEXCELL GDE/GSS/Cu tests

(1) for gas removal
A (2) for filling with electrolyte
(3) for removal of excess air

adskatel cell;

Electrolyte: 0.5M KHCO;;

Anode: Platinum;

Cathode: Carbon paper impregnated with
GSS and electrodeposited copper

FUMAPEM membrane
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ISSP — Cu/Cu,0 catalyst layer — electrochemical pulse
deposition on Fr-GDE in 1.25M CuSO,

Cu/Cu,O catalyst layer —tests in 1M KHCO;; 150 mA/cm?; 30 min

Two tests 30 min with
different CO, flows: =20
and 200 ml/min

20 C,H,
ml/min

Vol.% 17.5 197
FE, % =27 =27

200 C,H,
ml/min

Change of cathode potential

4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 658 61 64
miz Log every scan 3/50

Vol.% 37.6 2.75

For the first time, such a pronounced C,H, spectrum
was observed FE, % =41 =11

This project has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant
agreement No 768789.



Summary of generated gas:

Current,
mA

150 0.512% | 0.140% 64.88%
200 0.273% | 0.144% 65.21%

summary:
SEM inspection of electrode after tests was performed. A

it is seen from next pictures, GSS sheets are fully coated
with copper. In some places GSS with copper falls off
carbon paper, possible reason - GSS sheets are not tightly
inserted in structure of carbon paper; deposition process

could be improved. o M ARG e
www.CO2EXIDE.eu

FECH, | FEC,H, | FEH,




Adhesion increase of copper catalyst on N-GSS : E/

NaN, electrochemical
exfoliation produces N-
doped carbon nanoparticles.
XPS verify the presence of C-
N bond.

Electrode deposition at 150 mA for
2,5h , used CuSO,, N-GSS solution,
with N—GSS 5ml, 20ml Cu/N-GSS
and HNO; — pH=2.7
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Partial coverage/homogenity present.
Reactivity, morphology, CO,
reduction is specified.
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This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 768789.



Adhesion increase of copper catalyst on GDE — ISSP X E/

Selected results from large scale theoretical calculations of CO, reduction process on Cu/N-
graphene suggested to chose nitrogenation of GDL:

Cu cluster is physisorbed and Cu-C, . cne
bond quite weak, bond population = 80 me
(mili-electrons)

N atoms at graphene support allows for
stronger chemisorption of Cu cluster, bond
population of Cu-N =303 me and N-C, . 1 .cne
= 344 me

Top view of CO, adsorbed on Cu nanocluster
deposited atop N-saturated graphene
monolayer



Adhesion increase of copper catalyst on GDE — ISSP

Summary

Selected results from large scale theoretical calculations of CO2 reduction process on Cu/N-
graphene suggested to chose nitrogenation of GDL.

The adhesion of Cu films on C substrates can be improved by RF—N,—plasma pre-treatment
of the C substrate, what leads to a significant increase of the adhesion of the Cu coating by
catalyzing an intermixing zone of Cu and C.

Hence, plasma treatment is a powerful tool to modify the interface in metal/carbon
composites to achieve a better mechanical connection between two materials.

It is supported by literature: C.Schrank et al. Influence of thermal treatment on the adhesion of copper coatings
on carbon substrates. Vacuum 80 (2005) 122-127:

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 768789.



DFT: CO, adsorption on Cu,@graphene
nanostruture

AG, = 1.55 eV

* CO, can be electrochemically reduced to hydrocarbons such as ethylene and methane via 2CO, + 12e~ + 8H,0 - C,H, + 120H" and
CO, + 8e™ + 6H,0 - CH, + 80OH"

* CO, adsorption is the rate-determining step in CO, reduction reaction, and thus it is desirable to find/design catalyst sites that bonds
CO, stronger than H adsorption (AG,4 = 2.93 eV)

* The stronger binding of CO, to the Cu, nanocluster we explain by the presence of wide <111> grain boundaries region on the Cu,
nanocluster with respect to Cu (111) surface. Experimentally measured enhancement in Faraday efficiency of generating multi-carbon
hydrocarbons is correlated with the density of the Cu catalyst grain boundary areas™. The adsorption properties of neighboring Cu
sites are significantly perturbed by the presence of nearest C, and the stronger Cu-O bonding is formed on the catalyst surface, which
also can enhance H,C=CH, evolution. * X. Feng, K. Jiang, S. Fan and M. W. Kanan, ACS Cent. Sci., 2016, 2, 169-174.

This project has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant 23
agreement No 768789.



DFT: CH, dimerization on Cu,@graphene
nanostruture

AG,y =197 eV
AG,,=0.71 eV

AG, 4, = 2.05 eV NG,y =2.31eV
AGd,m 0.69 eV NG, =0.54 eV
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The most probable pathways for C,H, formation is that one that shares an intermediate with the
pathway to CH,.

The *CH, dimerization is a crucial step for the final C,H, production (“carbene” mechanism).

The lowest dimerization barrier is predicted for the pristine graphene due do lowest free adsorption
energy

This project has received funding from the European Union’s Horizon 2020

research and innovation programme under grant agreement No 768789. 24



DFT: Conclusions

e Cu cluster at graphene reproduce the facets of the most stable Cu(111) surface. In agreement with
recent experimental observations, we predict the stronger binding of CO, to the Cu, nanocluster due
the presence of wide <111> grain boundaries region on the Cu, nanocluster with respect to Cu (111)
surface. Based on this we predict the larger is the length of grain boundaries of the Cu_ nanocluster
deposited at graphene the more selective to the C,H, could be the catalyst

* The lowest dimerization barrier is predicted for the pristine graphene due do lowest free adsorption
energy, meaning that the whole CO, reduction reaction taking place at the grain boundary of
Cu,@graphene nanocluster may lead to improved selectivity to ethylene.

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 768789. 25
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Thank You for attention!

Further Information:

Contact Project coordination/management
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www.CO2EXIDE.eu




