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® Redox-flow batteries (RFB) are a potential energy storage technology for electric grid integration of renewables.

® In RFB capacity (electrolyte volume) and power (stack size) can be scaled independently.

® Vanadium redox flow batteries (VRFB) offer the additional advantage that cross-contamination of the electrolyte
active species by diffusion through the membrane is not a problem.

® In this work we investigated the electrode material with the focus on the surface structure of pristine (P) and
thermally oxidized (T) PAN-based fibers. For this purpose, XPS and NEXAFS were used.

® The PAN-based felts were graphitized at 1500 and 2000 °C under argon atmosphere. Thermal treatment was
carried out under air at 500 °C for 10 hours to improve the reversibility for the V4*/5* reaction.
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How does a VRFB work from Storage Tanks Analysis of Electrode Preparation
- Anion/Cation ® The fiber surface appears homogeneous in the SEM.
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The VRFB consists of two storage tanks Vembrane ® TG-FTIR measurement shows evolution of H,0, CO, HCN and some aliphatic species.
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® D- and G-band from graphite —————————————— ® Near Edge X-Ray Absorption Fine Structure (NEXAFS) in total Bl surfacegroups\
are clearly visible. 1 D }6 | electron yield setup has an information depth of 15 A (XPS ~50 A). 2 1s-ﬂgraphite>\~
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X-Ray Photoelectron Spectroscopy A Cyclic Voltammetry ——————
® Besides carbon XPS measurements also show the presence of ® Cyclic voltammetry was performed with 5 mV/s in 0.1 M VOSO, and2M —_S1s00r |
oxygen and traces of nitrogen. G2000 contains a lower fraction H,SO, In a three electrode setup. +10{  ----G1500P \
of heteroatoms. ® Both pristine samples do not show a reduction peak of V> in the = e Pijf‘
® Adifference in graphitization degree is also clearly seen between potential window. It appears around -0.2 V vs. Ag/AgCI. g °'_ R
G1500 and G2000. ® Thermal treatment dramatically increases the reversibility and activity of ~ - /
® Thermal oxidation leads to a higher oxygen content and the the V4+5* redox reaction as shown in many other publications. .
graphite fraction is reduced. B G1500 pristine sample performs with a higher reversibility compared to N —
® Both samples take up an additional 3 at% of oxygen. G2000 T although they have the same amount of oxygen surface groups.  potentialvs. Agiagci V]
Atomic Fractions from Cls peak | . s \-
c oH \ G2000T | _
=lifpls graphitic e oY & E . \
G1500 P  67.0 176 28 20 || B 2200 F ‘g M
G1500T 615 170 39 39 L G1500T | ® Graphitization degree of G2000 sample is much higher as for the G1500 (Raman and XPS). However,
G2000P 830 68 05 08 | J : NEXAFS measurement show that, the surface of G1500 and G2000 are very similar in terms of sp2-carbon
G2000T 740 115 19 21 | ’ G1500P | for the pristine and treated sample.
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\ Binding Energy [eV] ® This is neither shown by Raman nor XPS as they are not surface sensitive enough.

B NEXAFS reveals a very thin amorphous carbon layer on the pristine fibers. The origin could be residuals
SPONSOREDBY THE from graphitization process. The surface cleaning from the amorphous residuals by thermal treatment
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