Electrochemical CO2 Reduction
Product Distribution Screening on Cu-Co Thin Film Composition Spread

Samples by Coupling of a Scanning Flow Cell to OLEMS

Max-Planck-Institut
fur Eisenforschung GmbH

Department of Interface Chemistry and Surface Engineering
Electrocatalysis Group
Dusseldorf, Germany

Jan—Philipp Grote, Aleksandar R. Zeradjanin, Serhiy Cherevko,
Karl J.J. Mayrhofer

E-mail: grote@mpie.de

DEMS Workshop, Patras 26.10.2015

Scanning Flow Cell

SFC

Max-Planck-Institut fur Eisenforschung GmbH, Germany DEMS Workshop, Patras 26.10.2015

4/11/2016



4/11/2016

Online Electrochemical Mass Spectrometer
SFC-OLEMS
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* Good sensitivity

* Flexibility in electrode choice

A. H. Wonders, T. H. M. Housmans, V. Rosca, and M. T. M. Koper, J. Appl. Electrochem., 36, 1215-1221 (2006)
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SFC-Online Electrochemical Mass Spectrometer

SFC-OLEMS
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SFC-OLEMS

SFC-OLEMS
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SFC-OLEMS

SFC-OLEMS

fused silica capillary
Inner diameter: 530um
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H, Evolution/Calibration

SFC-OLEMS
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Reproducibility / CO, Reduction

SFC-OLEMS

Reproducibility CO, Reduction
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Summary SFC-OLEMS \

* Combination of product analysis ability of OLEMS with screening
capability of SFC

* Flexibility in choice of electrodes: Bulk samples, thin films, high
surface area catalysts

Mags

\r\‘clmmclw
* Semi-quantitative results F l
foree
» Sufficient response time (= 2-3 sec) Wf\[ \ I . L
. CE [ I ]
and sensitivity : |

* Tested for CO, reduction, Mg
corrosion, carbon corrosion and
isotope labled OER
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CO2 reduction on Cu-Co thin films

Electrochemical CO, Reduction on Cu-Co
Thin Film Composition Spread Samples
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CO, Reduction

CO2 reduction on Cu-Co thin films
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Scaling Relations

CO2 reduction on Cu-Co thin films
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Scaling Relations

CO2 reduction on Cu-Co thin films
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Breaking Scaling Relations

CO2 reduction on Cu-Co thin films
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Figure 4. Suggested decoupling strategies exploiting the geometric
differences between adsorbed CHO and adsorbed CO.

Peterson, A. A., & Ngrskov, J. K. (2012). Activity Descriptors for CO 2 Electroreduction to Methane on Transition-Metal Catalysts. The Journal of Physical Chemistry Letters,
3(2), 251-258. doi:10.1021/j2201461p
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SFC - Fast Screening of Alloys

CO2 reduction on Cu-Co thin films
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SFC - Fast Screening of Alloys

CO2 reduction on Cu-Co thin films
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Fragments
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Fragments

CO2 reduction on Cu-Co thin films
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Measurement Procedure

CO2 reduction on Cu-Co thin films

0,35 a) 96 b) 0,35
+ Cs1 - Cs1

0,304 . loan 0,30
S 025 e 025 5
© 464 © ©
N 0201 3 B L L020 &
£ . {43 — &
> 0154 Pt 2 0,15 E
H Joe 8 - 5
§ 010 3 et = » el to10 2
= 3 3 g - g

o T TP R L - . Loos =

0,004 L s " 00 o . T e e e e e e 4. 0,00

0 20 40 60 80 0 20 40 60 80
time /s time/s
0,35 c) d) 0,35
Cs1 - Cs1

0,30 J H . Cs2 [030
3 025 — L © G830 5
L) o
Y 020 1 H 020 &
N &
E 0,15 1 £
P -
2 o010 LR £
2 A - - 1 S
E - £

0,05 4 3 J =

4
0,004 s o il TR
0 20 40 60 80
time /s time /s

Max-Planck-Institut fur Eisenforschung GmbH, Ger DEMS Workshop, Patras 26.10.2015

Galvanostatic product distribution

CO2 reduction on Cu-Co thin films
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Potentiostatic product distribution

CO2 reduction on Cu-Co thin films

: : ! - - —0.02
0.44a) b) + -1.0VRHE
¢ 0.0l Average load -1.2V RHE _—0.00
= . **m,,  transferred during potential step ‘:’_
T 0.4 S0 e r-0.02 3
c sBmape " - A, o
§ -0.84 30s T2 ) ) L-0.04
1.2 .
175+ ——) . ‘ . ‘ — 006 |
o 15019 time miz=2 |d) miz=15 [4 e
= 1 Hydrogen Methane | 3 N
« 1254 _E
E3 75 - -
£ & 501 o §=
2 ; 1 T ' ! ’ ’ T ' ! ' r T y 8 @
58 16{e) miz=26 |f) 4 miz=31 1012 & <
2o >
25 1.24 & Ethylene Alcohols o5
g2 d » t0.08 €8
'§§ 0.8 % g
'Té 0.4 +0.04 E
g 0.0/ s - oo  ©
100 80 60 40 20 0 100 8 60 40 20 0
Cu concentration / at.% Cu concentration / at.%

Max-Planck-Institut fur Eisenforschung GmbH, Germany DEMS Workshop, Patras 26.10.2015

Cyclic voltammetry

CO2 reduction on Cu-Co thin films
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Change in reaction mechanism?

CO2 reduction on Cu-Co thin films
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e 1§ e Change from CHO to COH intermediate

//— * Improved CO-CO dimer formation
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Summary

Summary Cu-Co \

* Mixing Cu with Co can shift selectivity towards C2 products while
overpotential is slightly reduced

* Change in intermediate product from CHO to COH or improved CO-
CO dimer formation might lead to shif towards C, products

¢ Tranfer of the results to
nanstructured surfaces of GDE

@
8
o
S
S
[
a3
J

* Influence of cobalt on pre oxidized
and electrochemical reduced
electrodes
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