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This is a viewpoint on the letter by Dongliang Wang et al (2019 Supercond. Sci.
Technol. 32 04L.TO1).

Following the discovery of superconductivity in 1911, Heike Kamerlingh
Onnes foresaw the generation of strong magnetic fields as its possible application.
He designed a 10 T electromagnet made of lead—tin wire, citing only the difficulty
in obtaining ‘relatively modest financial support’ for his laboratory in Leiden.
However, he soon found [1] that superconductivity disappears in the presence of a
magnetic field above a critical value H,, or a current density above a critical limit,
J.. For all known superconductors of the time, these critical values were low,
making fabrication of strong magnets impossible.

It took half a century, and the investigation of thousands of different super-
conducting metals, compounds, and alloys [2], until the useful superconductors
Nb3Sn [3] and NbTi [4], with a high H. and J., were found. Within a short time,
kilometer lengths of Nb;Sn wire were fabricated and the first 6 T ‘supermagnet’
was tested the same year. During the following decades, these low temperature
superconductors (LTS) entered their industrial phase. NbTi magnets are the most
widely used, taking ~80% of the market, while NbTi + Nb3Sn magnets are used
where fields above 10 T are needed. The record magnetic field generated by LTS is
23.5T [5].

Meanwhile, a microscopic theory of superconductivity (Bardeen—Cooper—
Schriffer) in 1957 [6] made it possible to understand the phenomenon of LTS,
however, this new theory had only a minor impact on the search for new super-
conducting materials.

After the discovery of high-temperature superconductors (HTS) in 1986 [7], it
took around 30 years to construct prototypes of 32 T [8], and more [9], only
partially HTS magnets. Despite intensive efforts by the HTS community, high-
temperature superconductivity still lacks a widely accepted microscopic model.

At present, long superconducting wires are only produced from six super-
conductors: NbTi, NbsSb, MgB,, Bi2223, Bi2212 and REBCO. Only wires of Nb
compounds are used industrially, with intensive work on Nb3Sn optimization still under
way. The other materials are still considered in the research and development phase.

Thus, the discovery of a new class of iron based superconductors (IBS) in
2008 [10] opened the doors to a new perspective for microscopic models.
Intensive studies show that IBS phenomenology and superconducting parameters
bridge the gap between conventional superconductors and cuprates and may be
helpful in explaining the latter. From a practical point of view, IBS are ideal
candidates for applications. Indeed, some of them have quite a high critical current
density, even in strong magnetic fields, and a low superconducting anisotropy.
Moreover, the cost of IBS wire can be four to five times lower than that of NbsSn,
making it more expensive than NbTi, but with much higher critical parameters
than Nb3;Sn. Attempts to make a superconducting wire started immediately, using
either the powder-in-tube (PIT) [11-13] or coated conductor [14, 15] methods.

The paper by Wang et al [16] reports on the first test of a coil made of
Bay ¢Ko4Fe,As, (Bal22) wire at a very high field of 24 T. Ball2 is very brittle,
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similar to the six other useful superconductors, besides NbTi. To overcome this,
the powdered elements Ba, K, As, and Fe, were chemically reacted, powdered,
loaded into a silver tube, and drawn. Seven such tubes (a natural number for the
closest packing hexagonal geometry) were bundled into an AgMn tube and drawn
again into a 1.65 mm diameter wire. To increase J., the wire was rolled into a
0.33 mm thick and 4.5 mm wide tape. This 4.5 m long tape was coiled and heat
treated at 850 °C to sinter the powder. The PIT method, coupled with heat treat-
ments after the coil is wound, is the same process used for advanced super-
conductors such as Nb3Sn, resulting in wires with hundreds (thousands in NbTi)
of tiny strands of superconductors in a metal matrix, which is beneficial for
magnet quench properties and low AC losses.

Here, a seven-filamentary Bal22/Ag/AgMn tape showed a critical current of
26 A 'in 24 T, retaining 40% of its zero-field value. This value corresponds to a J. close
to 10* Acm 2 in Bal22 strands and a roughly 20 A mm 2 technical current density.
These values are lower in comparison with IBS thin films grown on crystalline
substrates (>106Acm72) or the best Bal22 tapes (around 10°Acm 2 at 10 T).
However, this is an important result, because at such high fields, coiled wires suffer
from high tensile hoop stress that pushes them to the limits of their mechanical
strength. In this high stress regime, critical current densities and critical fields are not
what limit the generation of very high fields, these are forces exerted to the super-
conducting wires. Here, the Bal22/Ag/AgMn tape coil survived these forces.
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