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RESEARCH

Catalyst Design for Heterogeneous (photo-)electrocatalysis

• Water Oxidation Reaction (WOR)
• Oxygen Reduction Reaction (ORR)
• Hydrogen Evolution Reaction (HER)
• Nitrogen Reduction Reaction (NRR)

• Electrocatalytic CO2 Reduction Reaction (e-CO2RR) - from flue-gas to Syngas, 
Ethylene, Formic acid, Methanol, Ethanol, Acetic acid
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ELECTROCATALYTIC CO2 REDUCTION REACTION 

(e-CO2RR)
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CATALYTIC CONVERSION OF CO2 TO VALUE ADDED 

COMPOUNDS 

Chemical 

Conversion

H2O, H2, NH3, etc.

electrons, protons, and photons

• Cyclic Carbonates, Polycarbonates, Carboxylates, Lactones

Carbamates

Urea or isocyanates

Biodegradable polymers

• Fuels

Syngas, methane, etc.

Formic acid, methanol, ethanol, Cn products (n ≥ 2), etc.
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MARKET VALUE

Ethylene = $ 182B 
Ethanoic Acid = $ 77B
Methanol = $ 64B
Methane = $ 45B
Carbon Monoxide = $ 9B
Formic Acid = $ 400M

ELECTROCATALYTIC CONVERSION OF CO2 TO VALUE ADDED FUELS 
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CATALYST DESIGN
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CATALYST DESIGN
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METAL–POLYMER ELECTRODES

prepared by co-electrodeposition. 

Each electrode comprises

a carbon-fibre-paper-based gas diffusion layer (GDL) substrate on which the catalyst is

electrodeposited. 

Cu–Pi electrode is prepared in a plating bath containing e.g. 3 mM CuSO4, 12 μM Pi, 

0.1 M Na2SO4 and 0.5 M H2SO4.

Catalyst +
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Electrochemical properties and ECO2RR performance of Cu2O nanoparticles. e) FE values of the products on F-Cu2O.
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Electrochemical properties and ECO2RR performance of F-Cu2O@ZIF-8. FE values of all products for F-Cu2O@ZIF-8.
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Electrochemical activities of m-Cu NP and c-Cu NP (a) LSV curves of c-Cu and m-Cu nanoparticles. (b) Faradaic efficiencies (FE) of 

the m-Cu NP, and (c) FE of c-Cu NP electrode for different products at the applied V.
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HETEROGENEOUS CO2 ELECTROREDUCTION

 Preparation of the working electrode: drop coating

C-paper 1 x1 cm

effective loading of 0.2 mg cm-2

Co-Corrole modified carbon paper/ Ag/AgCl/ Pt, 0.1 M NaClO4,

phosphate buffer, pH=6, 100 mV s-1

1 cm

1.5 cm

MONTANUNIVERSITÄT LEOBEN, 06.07.2022



TEST FACILITY
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TEST FACILITY

MONTANUNIVERSITÄT LEOBEN, 06.07.2022



Gas trap

Catholyte

Anolyte

Pump 

Flow cell

FLOW CELL SET UP

CO sensor

CO sensor warning
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OPTION 1: FLOW CELL
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OPTION 1: FLOW CELL
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OPTION 1: FLOW CELL
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Full cell stack

CELL STACK TO INCREASE EFFICIENCY
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OPTION 2: ZERO-GAP CELL

ELECTROCATALYTIC REDUCTION OF HUMIDIFIED CO2 GAS
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ANALYTICS: NMR SPECTROSCOPY OF LIQUID SAMPLES
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ANALYTICS: GASCHROMATOGRAPHY OF GASEOUS SAMPLES
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CO2 + 2H+ + 2e-
 CO   + H2O

1 2 1

Purge in Applied Product 

Mole ratio

Amount 
from 
GC

Qtotal: total electric quantity (C)
I: applied current (A)
t: time (s)

QCO

Qtotal= I × t FECO= QCO/Qtotal × 100%

FECO:  faradaic efficiency of CO
QCO: CO consumed electric quantity

FARADAIC EFFICIENCY (FE) CALCULATION

Faraday efficiency (also called faradaic efficiency, faradaic yield, coulombic efficiency

or current efficiency) describes the efficiency with which charge (electrons) are

transferred in a system facilitating an electrochemical reaction.

𝐹. 𝐸. =
𝑧𝐹

𝑖
∙ 𝑥𝑝𝑟𝑜𝑑 ∙

𝑝𝐹𝑣
𝑅𝑇

∙ 100 %

𝐹. 𝐸𝑖 . =
𝑧 ∙ 𝐹 ∙ 𝑛𝑖
𝑖 ∙ 𝑡

∙ 100%

𝑥𝑝𝑟𝑜𝑑 = 𝑥𝑚𝑒𝑎𝑠 ∙
𝑥𝐴𝑟,𝑖𝑛𝑝𝑢𝑡

𝑥𝐴𝑟,𝑜𝑢𝑝𝑢𝑡
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1H NMR SPECTRUM OF LIQUID PRODUCTS: 

4 HOURS ELECTROCATALYSIS 

Methanol DMSO (reference)
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S. Gonglach, S. Paul, M. Haas, F. Pillwein, S. S. Sreekumar, S. Barman, R. De, S. Müllegger, P. Gerschel, U.-P. Apfel, H.
Coskun, A. Aljabour, P. Stadler, W. Schöfberger*, and S. Roy*, Nat. Commun. 2019, 3864.

https://doi.org/10.1038/s41467-019-11868-5

RESULTS: COBALT CORROLE
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R. De, S. Gonglach, S. Paul, M. Haas, F. Pillwein, S. S. Sreekumar, P. Gerschel, U.-P. Apfel, H. Vuong, J. 
Rabeah, S. Roy*, and W. Schöfberger*, Angew. Chem. 2020, 59, 26, 10527-10534.

https://doi.org/10.1002/anie.202000601

RESULTS: MANGANESE CORROLE
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RESULTS: Cu AND Ag BIANS IN ZERO-GAP CELLS

• Electrode Fabrication

1mg ml-1 ENSACO 250G

2 mg ml-1 BIAN Catalyst

10 μL ml-1 Nafion117

 Ultrasonication of 30 min

 Constant stirring of solution

1) Ink

2) Processing
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3) Spray coat



Ag-BIANs in Zero-gap Cells

• Cell

Ni-Foam Anode

Sustainion 50 μm 

Ag-BIAN GDE

o Conditions

o All RT – 100% wetted CO2

o 1M KOH Anolyte

o BIAN GDE – BIAN loading of 0.4 mg cm-2

o 100 mA cm-2
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BIANs in Zero-gap Cells

• BIANs in Zero-gap Cells

Conditions: Zero Gap Electrode | Ag-BIAN| 0.4 mg cm-2 | 100 mA cm-2 | 1h | RT | 1 M KOH

Differences in cell voltage between metal centers not so significant
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BIANs in Zero-gap Cells

Conditions: Zero Gap Electrode | Ag-BIAN| 0.1-0.4 mg cm-2 | 100 - 500 mA cm-2 | 1-72 hrs | RT | 1 M KOH

o Electrode & Material properties affect the GDE performance

o BIAN-Electrodes show stable cell voltage during electrolysis
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EXPERIMENTS WITH GAS MIXTURE (GM) 

TO MIMIC FLUE-GAS CONVERSION 

GM Contents (Vol.%)

N2 71.8

O2 11

CO 0.11

NOx 0.035

SO2 0.001

CO2/N2 

additional 

17

Gas composition 
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ELECTROLYSIS IN CO2 GAS MIXTURE

4 HOURS ELECTROCATALYSIS 

Experimental Parameters H2

FE %

CO

FE %

Liquid

FE %

ORR

Cat. CO2 GM 20 mA 10 mL/min 30 15 - 55

Cat. CO2 GM 40 mA 10 mL/min 30 60 - 10

Cat. C CO2 GM 60 mA 100 mL/min 20 45 0.5 (after 4h)

methanol

24.5

Syngas production! 
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DEVELOPMENT AND CONSTRUCTION OF A LABORATORY SYSTEM FOR ACTIVATION AND 

ELECTROCATALYTIC REDUCTION FROM CARBON DIOXIDE TO C1 AND C2 PRODUCTS (AKTUROS)

WORK IN PROGRESS
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THANK YOU! 
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