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Material Analysis for the Global Energy Transition

Against the background of the global energy transition, the development of
new technologies and characterization methods for thermochemical and
electrochemical systems is becoming more significant. In context of the
National Innovation Programme for Hydrogen and Fuel Cell, the Fraunhofer
Institute for Solar Energy Systems ISE has expanded its R&D infrastructure and
now operates one of the few facilities worldwide for High Temperature Near-
Ambient Pressure X-ray Photoelectron Spectroscopy (HT-NAP-XPS). With this,
the institute sets yet another milestone for the development of electrolysis
and fuel cell systems as well as for hydrogen-based Power to X concepts.

The new NAP-XPS system is unique within the Fraunhofer-Gesellschaft and offers a
broader spectrum of scientific characterization with state-of-the-art analytic technology
to partners from the chemical and process industries, among others.. With this system
the chemical states of almost all surfaces under near-ambient pressure conditions can
be investigated. The focus is on the interactions between gases or liquids with material
surfaces, for example, gas molecules with catalytic surfaces and material degradation
during long-term tests. Innovative is that materials can be investigated not only under
ultra-high vacuum conditions (~10® mbar) as in conventional XPS, but also under
reaction conditions with up to 25 mbar pressure and a temperature range from 5 °C
up to 1,000 °C. This enables in-situ analysis of surface changes due to interaction with
gases that influence the composition or oxidation state for various material classes in
the fields of material science, microelectronics, the food and pharmaceutical industry,
archeology and many other research fields.

Complete solutions for industrial partners

Fraunhofer ISE acquired the NAP-XPS as part of the project ExsAKt (Ex-Situ-analysis of
catalysts with XPS), within the National Innovation Program Hydrogen and Fuel Cell
Technology (NIP2) of the Federal Ministry of Transport and Digital Infrastructure (BMVI).
The system has been installed and implemented in the Hydrogen Technologies division
at Fraunhofer ISE.

The aim of the project is the XPS-analysis of catalysts for electrolysis and fuel cells
under application conditions. “We are pleased that we succeeded to establish a state-
of-the-art system in XPS analysis at the Fraunhofer ISE. We see it as a major
opportunity to answer many open questions in material science regarding surfaces, to
offer solutions to our customers from industry and academia and to gain new
technological knowledge,” says Dr. rer. nat. Siham Ouardi, group head of Sustainable
Catalytic Materials at Fraunhofer ISE.
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Fraunhofer ISE has many years of experience in the research on electrolysis and fuel cell
systems in addition to the development of concepts to provide green fuels and
chemicals. With the newly established analytical laboratory for NAP-XPS, Fraunhofer ISE
is able to offer its partners from industry and research institutions holistic solutions
ranging from catalyst synthesis to state-of-the-art material characterization techniques
with catalyst screenings. “Particularly in the field of screening heterogeneous catalysts
for industry, Fraunhofer ISE has many years of experience,” states Dr. Achim Schaadt,
department head of Thermochemical Processes at Fraunhofer ISE.

Technical specifications

X-Ray Photoelectron Spectroscopy (XPS) (also known as Electron Spectroscopy for
Chemical Analysis ESCA) is a nondestructive surface analysis technique that enables the
investigation of the chemical composition of surfaces. XPS provide information about
the chemical environment, the binding energy, and the oxidation state of the
investigated element.

The new state-of-the-art high-temperature near-ambient pressure X-ray Photoelectron
Spectroscopy (HT-NAP-XPS) at Fraunhofer ISE is a high-throughput analysis system with
a short loading-to-measurement time for various samples including crystals, ionic
liquids, thin films, plastic materials, inorganic and organic powders, oxides and other
materials in vacuum and under controlled gas-atmosphere. This enables the in-situ
investigation of changes in chemical states of surfaces comparable to process
conditions.

The "Sample Explorer Setup” enables the pre-definition of an unlimited number of
measurement positions for up to nine samples and task scheduling before inserting the
samples into the EnviroESCA. The system is equipped with three high-resolution wide-
angle cameras, which simplify monitoring of the samples during measurements.
Upgraded with a depth-profile analysis unit, the system will enable the investigation of
multilayers und interfaces. Additionally, a vacuum suitcase compatible to UHV-devices
and glovebox systems will allow for a transfer of air-sensitive or moisture-sensitive
samples, for example.
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The NAP-XPS system of Fraunhofer ISE provides multi measurement performance for material
characterization. © Fraunhofer ISE

The Fraunhofer-Gesellschaft is the leading organization for applied research in Europe. Its research activities are conducted by 74 Fraunhofer
Institutes and research units at locations throughout Germany. The Fraunhofer-Gesellschaft employs a staff of 28,000, who work with an annual
research budget totaling more than 2.8 billion euros. Of this sum, 2.3 billion euros is generated through contract research. More than 70 percent
of the Fraunhofer-Gesellschaft's contract research revenue is derived from contracts with industry and from publicly financed research projects.

"Branches in Europe, the Americas and Asia serve to promote international cooperation.




