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Carbon nanotube containing polyacrylonitrile materials for the oxygen evolution
reaction - influence of active sites, hydrophilicity and conductivity

AUTHORS

Anna Katharina BEINE / RWTH AACHEN UNIVERSITY, WORRINGERWEG 2, AACHEN

Cornelia BROICHER / RWTH AACHEN UNIVERSITY, WORRINGERWEG 2, AACHEN

Qingtao HU / DALIAN INSTITUTE OF TECHNOLOGY, SCHOOL OF CHEMICAL ENGINEERING, DALIAN
Lisa MAYERL / RWTH AACHEN UNIVERSITY, WORRINGERWEG 2, AACHEN

Timo BISSWANGER / RWTH AACHEN UNIVERSITY, OTTO-BLUMENTHAL-STR. 18, AACHEN
Heinrich HARTMANN / FORSCHUNGSZENTRUM JULICH, WILHELM-JOHNEN-STRARE, JULICH
Astrid BESMEHN / FORSCHUNGSZENTRUM JULICH, WILHELM-JOHNEN-STRARE, JULICH

Stefan PALKOVITS / RWTH AACHEN UNIVERSITY, WORRINGERWEG 2, AACHEN

An-Hui LU / DALIAN INSTITUTE OF TECHNOLOGY, SCHOOL OF CHEMICAL ENGINEERING, DALIAN
Regina PALKOVITS / RWTH AACHEN UNIVERSITY, WORRINGERWEG 2, AACHEN

PURPOSE OF THE ABSTRACT

Hydrogen economy is one central aspect when thinking about the energy supply of the future. For an energy
production that is based more and more on renewable energies conversion and storage of the fluctuating energy
is highly important. If the excess energy is used to perform water electrolysis, the produced hydrogen can be used
to store the energy until it is recovered in a fuel cell. Additionally, hydrogen can be used to sustainably convert
bio-based feedstocks into chemicals or directly as fuel (Figure 1).

To make this process economically feasible, the limiting oxygen evolution reaction (OER) needs to be
optimized.[1-2] Carbon-based electrode materials exhibit high potential as metal support or even as metal-free
electrocatalysts for OER decreasing the required overpotential (OP).[3-6] Though many studies have introduced
heteroatom-containing carbons or materials based on carbon nanotubes (CNT), their specific influence was barely
investigated systematically. In our study composite materials of polyacrylonitrile and CNT in varying amounts
were synthesised as metal-free catalysts for the OER.[7] To obtain the electrocatalyst acrylonitrile was
polymerized together with CNT in an ethanol, water mixture at 70 °C using a radical starter. The polymer was
dried and stabilized at 270 °C in air followed by carbonization at 800 °C under N2 atmosphere. The resulting
carbon did not show a high surface area so that activation in CO2 at 900 °C was carried out to finally obtain the
porous materials. The

electrode materials were fully characterized by N2- and water vapor physisorption, SEM, Raman spectroscopy,
XPS, CHN analysis and XRD. Electrochemical measurements were afterwards performed in 1 M KOH solution
using a glassy carbon rotating disc electrode coated with the synthesized materials as working electrode. For the
best material possessing 12.8% CNT a low OP of 368 mV at 10 mA/cm2 and a high normalized activity were
obtained (Figure 2).

The electro catalyst additionally showed a promising stability and a high exchange current density. The obtained
results clearly emphasize that a good balance between conductivity (provided by CNT) leading to sufficient
electron transfer and hydrophilicity (provided by N) leading to sufficient mass transfer are crucial to achieve an
efficient metal-free OER catalyst.
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Water electrolysis as central tool for sustainable Electrochemical measurments
energy supply, fuel and chemicals production. a) Electrochemical activity at 10 mA/cm2, b) over
Hydrogen economy potential and normalized activity of prepared PAN

and CNT materials.

KEYWORDS

oxygen evolution reaction | electrochemistry | electrode materials | hydrogen production

BIBLIOGRAPHY

[1] K. loannis, C. Serhiy, A. R. Zeradjanin, K. J. J. Mayrhofer, Angewandte Chemie International Edition, 2014, 53,
102-121

[2] J. A. Turner, Science, 2004, 305, 972-974.

[3] S. Chen, J. Duan, M. Jaroniec, S. Z. Qiao, Advanced Materials, 2014, 26, 2925-2930.

[4] G.-L. Tian, M.-Q. Zhao, D. Yu, X.-Y. Kong, J.-Q. Huang, Q. Zhang, F. Wei, Small, 2014, 10, 2251-2259.

[5]1 T. Y. Ma, S. Dai, M. Jaroniec, S. Z. Qiao, Angewandte Chemie International Edition, 2014, 53, 7281-7285.
[6] Y. Zhang, X. Fan, J. Jian, D. Yu, Z. Zhang, L. Dai, Energy & Environmental Science, 2017, 10, 2312-2317.
[7] A. K. Beine, C. Broicher, Q. Hu, L. Mayerl, T. Bisswanger, H. Hartmann, A. Besmehn, S. Palkovits, A.-H. Lu,
R. Palkovits, 2018, submitted to Catalysis, Science & Technology.

normalised activity [mA/cm?]



