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Schematic of the combined approach that yields both x-ray absorption (bottom
left) and electron-microscopy (top right) data. The combined approach helps
identify how fuel cell membranes deteriorate.
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Fuel cells have the potential to provide clean energy for powering
vehicles, but improved performance and durability are needed for wide-
spread commercialisation. A collaboration of researchers in Japan has
now demonstrated a technique for simultaneously mapping the
morphology as well as electronic and bonding states on fuel cell
electrode membranes for the first time. The results show how the
catalysts on the membrane electrodes degrade and provide insights for
improving the durability.

Yasuhiro Iwasawa and colleagues from the University of Electro-
Communications, the University of Tokushima and the Japan
Synchrotron Radiation Research Institute studied proton exchange
membrane fuel cells based on Nafion – an ion-containing polymer
(ionomer) widely used for these devices. In their report of the results
they point out how they might expect the non-uniform distribution of
catalytic platinum nanoparticles to lead to non-uniform degradation
throughout the fuel cell. As a result spatially resolved imaging of the
membrane and catalytic platinum chemical species is key to determining
how to reduce the deterioration of the catalyst, and hence improve the
durability.

The researchers combined scanning transmission electron microscopy
(STEM) and energy dispersive X-ray spectroscopy (EDS) techniques
with X-ray absorption fine structure measurements (XAFS). "The
STEM/EDS can give morphological information on atomic arrangement
and element distribution, while the nano-XAFS can give molecular-level
chemical information on electronic (oxidation) states and coordination
structures with chemical bonding," they explain in their report of the
work.

By using their same-view STEM/EDS and XAFS equipment to compare
the membranes before and after 300 cycles of gas exchange, they were
able to identify two processes causing irreversible degradation of the
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platinum catalyst: detachment of the platinum nanoparticles from the
carbon support and the formation of platinum ions. Further they found
that these processes were dependent on the ratios of platinum and
ionomer.

Proton exchange membrane fuel cells

Fuel cells produce electrical energy from hydrogen and an oxidising
agent such as oxygen or air. Catalysts cause the hydrogen molecules to
break up into positive ions - that is, protons - and electrons. The proton
exchange membrane allows the protons to pass through but the electrons
follow an external circuit to the anode to complete the circuit, providing
electricity (electric current).

Nafion was the first reported ion-containing polymer or ionomer. It has
attracted a great deal of interest for fuel cells because of its high thermal
and mechanical stability.

Electron microscopy

The resolving power of traditional optical microscopes is limited by the
diffraction limit to around half the wavelength of the incident light. The
resolving power of electron microscopes is much greater because the
wavelength associated with the electron beams used is up to several
orders of magnitude shorter than optical light.

Electron microscope images are derived from the changes in the electron
beam after it is transmitted through the sample. By scanning the beam
across the sample scanning transmission electron microscope (STEM)
images are achieved. STEM images provide atomic-scale information
about the shape and contours of a sample.
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Energy dispersive x-ray spectroscopy

The electron beam can also stimulate the emission of x-rays from a
sample. The wavelength of the x-rays emitted is determined by the
atomic structure, which is specific to each individual element. As a
result, measuring the peaks in the x-ray spectra – energy dispersive x-ray
spectroscopy (EDS) – can identify the elements in STEM images.

X-ray absorption fine structure

When a sample is irradiated with a beam of x-rays, some pass through
and some are absorbed at specific wavelengths depending on the binding
energy of the electrons in the sample. Identifying these binding energies
in this way gives an indication of the molecular-level chemical
information on electronic (oxidation) states and coordination structures
with chemical bonding.

Same-view cell

The researchers produced a 'same-view' membrane cell that allows the
simultaneous view of both chemical distribution by STEM and bonding
states by nano-XAFS in fuel cell membranes. By combining the
information in these imaging techniques in the 'same-view' cell in this
way they could monitor and locate the movement and ionisation of the
catalytic platinum nanoparticles that deteriorates the fuel cell.

  More information: "Same-View Nano-XAFS/STEM-EDS Imagings
of Pt Chemical Species in Pt/C Cathode Catalyst Layers of a Polymer
Electrolyte Fuel Cell." J. Phys. Chem. Lett., 2015. DOI:
10.1021/acs.jpclett.5b00750
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