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SUPER-IRON: exploring the potential of Iron-based superconductors

General Objectives:
Novel, unconventional, high T, Iron-based superconductors: are they high-

performance and tame materials suitable for high field applications?

Iron-based superconductors (FeBS) discovered in 2008 in Japan by the group of Prof. Hosono,
are the newest entry among the superconducting materials, with the second record critical
temperature T, after the high-T., cuprate superconductors (HTS). FeBSs share several
characteristics with HTSs, such as the layered structure, the occurrence of superconductivity
upon doping, the small coherence length, and the nonconventional pairing. Some of these
aspects have proved to be unsuitable for practical application. However, FeBSs exhibit several
advantages with respect to HTSs; namely, they are more metallic, and anisotropy is generally
smaller.

Moreover, FeBSs are extremely versatile in terms of chemical composition, and their layered
structure allows designing new FeBS with composite structures or even artificial multilayers
that could allow tailoring the superconducting properties for commercial technologies.

In SUPER-IRON we depict the roadmap for exploring and exploiting the potentialities of FeBSs,
pursuing the following objectives:

1. Developing preparation methods of single crystals, thin films, polycrystals and wires.

2. Tuning the superconducting properties

3. Investigating the nature of grain boundaries.

4. Qualifying the potential of FeBSs for high field applications.

Objective 1 requires vast experience and suitable facilities for material preparation in form of

single crystals, polycrystals, thin films, and advanced characterization, including structural,



magnetic, thermal and electrical, and also local probe of superconducting properties by
visualization of local electric field.

Objective 2 is devoted to improvement of superconducting properties, such as T,, the upper
critical field, the critical current anisotropy and includes the discovery of new FeBS families.
Objective 3 deals with the crucial issue of grain boundaries in polycrystalline materials that
strong affect the capability of carry current of technical conductors as wires and tapes. It
relies on the development of advanced techniques for the material preparation,
characterization and modelling of well controlled GBs, and on the realization of tapes and
wires as well.

Objective 4 requires updating the results obtained on FeBSs and comparing them with data
relevant to superconductors with a high application potential, with the aim of assessing the

capability of FeBSs to turn into industrial products in the long term.

Main results achieved within the SUPER-IRON consortium:

- Several new FeBS materials have been discovered with remarkable superconducting
properties. These discoveries may be functional for deciphering the nature of
superconductivity in FeBS;

- FeBS films and single crystals with outstanding properties (T, upper critical field and critical
current) have been grown. These results prove that FeBS are positively affected by doping,
defects and lattice strain and suggest that their performance can be further improved;

- New synthesis methods of the main FeBS families have been developed. The production of
pure and well connected polycrystalline materials is the first step for the implementation of
technical conductors like wires and tapes;

- The capability of technical samples (wires and coated conductors) to carry current has been
largely improved, and our ultimate target performance (J,=10°> Acm™? @5 T) has been
achieved. This definitely demonstrates the high potentiality of FeBS for high field applications;
- Two successful workshops (one in Europe, one in Japan) have been organized by students
for students. These events contributed to the networking of young researchers that are

moving between laboratories, giving long lasting ground to the EU-Japan collaboration.

One major objective of SUPER-IRON was to strengthen the European-Japanese cooperation
aware that challenging results can be expected only by integrating and coordinating research
activities. The Japanese and European groups all extremely strong in the superconductivity
field, have shared knowledge and available tools, advanced and interdisciplinary competences
for the achievement of the outstanding results listed above.

Steady information flow, exchange and training of researchers, organization of common

scientific events and of two student workshops have also been pivotal.



The results of SUPER-IRON have been presented at several international conferences. Around
300 contributions (invited, oral and poster) have been presented, 27 from EU-Japanese
collaboration. Prof. J. Shimoyama has given a plenary talk on the state of the art of FeBS to

the European Conference on Applied Superconductivity (EUCAS) 2013, and Prof. M. Putti has
been invited to present the results of SUPER-IRON project at MRS 2013.

119 papers have been published on international journals by the partners, 4 of which are EU-
Japanese joint papers, several others are under preparation.

A website has been implemented for the project dissemination (http://www.super-iron.eu/).
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The SUPER-IRON project is a fundamental research project coordinated by Consiglio Nazionale
delle Ricerche (Italy) (CNR) in EU, and by the University of Tokyo (UT) in Japan. As to the
European partners besides CNR, it associate the Atominstitut of the Vienna University of
Technology (TUW) (Austria), the Institut fur Festkorper und Werkstofforschung in Dresden
(IFW) and the Ludwig-Maximilians-Universitat (LMU) in Milnchen (Germany), and Ecole
Polytechnique Fédérale de Lausanne (EPFL) (Switzerland), whereas in addition to the
University of Tokyo, the Japanese consortium is constituted by the University of Kyushu (KU),
as well as the National Institute of Advanced Industrial Science and Technology (AIST) and
National Institute for Materials Science (NIMS).

The project started on October 1%, 2011 and lasted 42 months. EU grant amounted to
€1.725.659 and JST grant amounted to ¥142,000,000
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