
ECS Meeting Abstracts
     

Comparison of Novel Anode Materials for the
Production of Hydrogen Using CuCl/HCl
Electrolyzers
To cite this article: Patrick Stanley Richardson Edge and E. Bradley Easton 2013 Meet. Abstr.
MA2013-01 451

 

View the article online for updates and enhancements.

You may also like
Understanding Structure/Composition-
Activity Relationships of Novel
Electrocatalyts towards Energy Storage
and Conversion
Yi Liu, Hector Abruña and Daniel Nocera

-

On the non-chiral intermediate long wave
equation: II. Periodic case
Bjorn K Berntson, Edwin Langmann and
Jonatan Lenells

-

Endohedral structures
Aleksandr V Eletskii

-

This content was downloaded from IP address 3.145.202.123 on 21/05/2024 at 15:10

https://doi.org/10.1149/MA2013-01/8/451
https://iopscience.iop.org/article/10.1149/MA2010-02/6/382
https://iopscience.iop.org/article/10.1149/MA2010-02/6/382
https://iopscience.iop.org/article/10.1149/MA2010-02/6/382
https://iopscience.iop.org/article/10.1149/MA2010-02/6/382
https://iopscience.iop.org/article/10.1088/1361-6544/ac45e9
https://iopscience.iop.org/article/10.1088/1361-6544/ac45e9
https://iopscience.iop.org/article/10.1070/PU2000v043n02ABEH000646
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjst3HuppIvTvYYBEd7IpnrEWh9Vp6t14SStkasgkSiNUHV3I7Kh1h1CgDhSlg_T1sP7AqROrUHikljTO2pAhMOobGTdJLSXR_0iaDgHDojiwDGE1PF55p_tintqr1JhpE4e03H_ALoVIKChTpUouATEMzwDnPB5lrRMlj1uMSM5lnfgkpDnNb6KdqISVCEUSE_7peyBXmjsEY0t6iLP1VyI7DFrt-cuYGh5qnWROwKXWP25-2TOHt-FmQIdbg9puw5gMPHKbBhGWGjEl1VNV-OiVY2OqFQlBvFI83GvHQWyusjKvYM9iKlMCIy4OHLW9i41fPTy-_eVDGDp5IcJ4D1KfWND9vWoO&sig=Cg0ArKJSzDySBAHN4nEk&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://www.el-cell.com/products/pat-battery-tester/pat-tester-i-16/%3Fmtm_campaign%3Diop%2520pdf%2520advert%26mtm_kwd%3Dpat-tester-i-16%26mtm_source%3Dpdf%26mtm_cid%3D2024


Comparison of novel anode materials for the 
production of hydrogen using CuCl/HCl electrolyzers 

 
Patrick. S.R. Edge, E. Bradley Easton 

 
Faculty of Science (Chemistry) 

University of Ontario Institute of Technology 
2000 Simcoe St. N., Oshawa, ON 

CANADA L1H 7K4 
 
Current H2 gas supplies are primarily produced through 
steam methane reforming and other fossil fuel based 
processes [1].  This lack of a viable large scale and 
environmentally friendly H2 gas production method has 
been a serious issue in the wide spread adoption of H2 
fuel cells.  Two potential solutions to this problem are 
standard and hybrid thermochemical cycles.  These cycles 
use waste heat to drive a series of thermochemical 
reactions resulting in the production of H2 gas as well as 
the cycles starting materials.   A promising example of 
this is the Cu-Cl hybrid thermochemical cycle.  The cycle 
is composed of three steps: 
 
1. CuCl2 is heated to 400°C with H2O to produce 
    CuOCuCl2 and HCl. 
2. CuOCuCl2 is heated to a further 500°C decomposing 
    into O2 and CuCl. 
3. H2 is evolved from HCl and CuCl is electrochemically 
    oxidized to CuCl2 in a PEM electrolyzer regenerating 
    the starting material, releasing H2 gas. 
 
A major advantage of this cycle over others is that its heat 
requirements (400-500 °C) can be provided by relatively 
low grade waste heat.  The cycle’s heat requirements will 
also eventually be compatible with the temperature of 
Generation IV Supercritical Water Nuclear Reactors.[1]  
Additionally, the electrochemical step has a 
comparatively low voltage required to produce H2 gas. 
 
There are a number of areas of research involved in the 
CuCl-HCl hybrid thermochemical cycle.  Of interest to 
our group is the electrochemical production of H2 gas and 
in particular the production and characterisation of anode 
materials.  We have previously shown that a platinum 
catalyst is not required at the anode as the oxidation is 
occurring at a transition metal centre.  In addition to this 
we have produced and characterized high surface area 
ceramic carbon electrode (CCE) anode materials [2,3,4]. 
 
In aqueous media Cu(I) will form anionic complexes such 
as CuCl2

- or CuCl3
2-.[1]  The slow transport of these 

species to the anode surface severely limits the overall 
electrochemical reaction.  To facilitate the transport of 
these species we have produced CCE materials 
incorporating a selection of amine containing silanes with 
increasing numbers of primary and secondary amines.  
When protonated these amines allow for improved 
transport of anionic copper complexes.   We have 
previously characterized the electrochemical behavior of 
these CCE materials in a half cell environment using cell 
polarization (Figure 1), cyclic voltammetry, and 
electrochemical impedance spectroscopy.  In addition to 
this the CCE materials were characterized using 
thermogravametric analysis and transmission electron 
microscopy. 
 
Here we will present the characterization of the 
previously produced CCE materials in a full cell 

environment. Included in this we will examine the effects 
of varied silanes structure?, silane loading? (Figure 2), 
and total CCE mass loading on the overall cell 
performance and durability. 
 

 
 
Figure 1: Linear sweep voltammograms obtained for 
novel anode electrodes produced from silanes containing 
1,2, and 3 amine functional groups per silane molecule.  
Measurements were made in 0.2M HCl and 2mM CuCl 
under N2 gas at 25 °C 
 

 
 
Figure 2: Relationship between CCE silane content and 
current response in a full electrolysis cell taken at 0.7 V 
vs. SHE. 
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