
Introduction
With 11 years left to avoid catastrophic climate change through 2° C of global warming and the setting off of cascade warming reactions, we desperately need to employ 

carbon capture worldwide. However, carbon capture is expensive and there are very few financial incentives to employ this technology. We are working on the conversion of 

carbon dioxide to higher value products such as ethylene, ethanol and propanol. In this work we employ a finely textured copper foam made in the presence of hydrochloric 

acid. At a low overpotential carbon dioxide is reduced to a variety of products and we believe that its unique morphology promotes the formation of carbon-carbon bonds.
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Abstract

• This work investigates the effect of adding urea to a finely textured copper foam made in the presence of hydrochloric acid. 

• The addition of urea to the copper foam doubles the current density of ethanol and n-propanol formation from carbon dioxide.  
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Experimental
In order to develop an efficient copper foam catalyst two variables were at play – the HCl 
concentration and the urea concentration. Preliminary experiments were carried out to 
find the optimum HCl and urea concentrations – they were found to be 18 mM HCl and 100 
mM urea. 
The two catalysts were then tested at the potential range -0.70 to -1.05 V vs RHE.

Conclusions
• Both catalysts perform well at a low over-potential for carbon dioxide reduction to n-propanol. 
• The addition of urea to the copper foam results in a twofold increase in the partial current density for the reduction of CO2 to n-propanol at -0.82 V vs RHE. It also results in an increase of faradaic 

efficiency for n-propanol production from 3.3% (no urea) to 4.9 % (with urea).  
• Further work will involve moderations to the morphology of the copper foam to further increase the partial current density for n-propanol production. 

Copper Foams: Electrodeposited onto a copper disc from 0.2 M CuSO4, 1.5 M H2SO4

and 50 mM HCl at 3 Acm-2 for 15 s. The quantity of added urea was varied between 
5 and 100 mM.
CO2 Electrolysis: 0.1 M KHCO3 solution saturated with CO2 at room temperature. Two-
compartment cell separated by a Nafion membrane. A leak free Ag/AgCl reference 
electrode was used but potentials have been converted to RHE to correct for ohmic 
drop. The counter-electrode was platinum mesh. 

Electrocatalysis

Characterisation Using Scanning Electron Microscopy 

Depth profile study of CF-18H-100U, displaying the different structures in the top, 
middle and bottom of the pore. 

SEM images of CF-18H at higher magnifications. a) x300 b) x15,000 c) x35,000 
magnification. These images are taken of the top of the foam. Bar chart depicting the product distribution from CO2 reduction at different electrocatalytic reduction potentials 

comparing CF-18H (denoted H) and CF-18H-100U (denoted urea). **Notation changed due to lack of space on axis. 

Faradaic efficiencies of a) hydrogen b) carbon-based gas products and c) liquid products versus 

potential, corrected to RHE, for copper foams CF-18H and CF-18H-100U. 

a) b)

c)

XPS spectra of the a) nitrogen 1s signal from samples of CF-18H-DCU (top, dotted blue trace) 

and CF-18H-100U (bottom, dotted red trace), with fittings in green and purple.  

b) copper 2p signal from CF-18H (black), CF-18H-100U(red), CF-18H-DCU urea(blue). 

c) copper Auger LMM peak from sample of CF-18H


