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The main advantages of superconducting wires and tapes is lossless flow of
transport current, lossless storage of energy, and generation of high magnetic fields.
These advantages can help solve the most critical problems that world faces.
Currently, humanity’s primary concern is energy security. Humanity for stable
development needs cheap, stable, and non-polluting energy sources. A fusion reactor
can meet such expectations because it will produce a large amount of stable energy
without pollution of the natural environment. This reactor needs cheap
superconducting coils and superconducting wires with high critical parameters.
Various superconducting wires and tapes e.g., NbTi, Nb3Sn, MgB,, HTS, and iron-
based superconductors are being considered and tested. It seems that in the future,
MgB, wires with isotopic boron (!'B) may be necessary for fusion reactors because
irradiation does not degrade the transport critical current density and has a short decay
time of about 1 year [1]. Another crucial application of superconductivity could be the
combination of renewable energy sources with superconducting magnetic energy
storage. This opens up prospects for cheap and clean energy on a small scale (small
family businesses).

The next challenge for humanity is health. Humanity needs fast, precise and non-
invasive diagnostic methods. Magnetic resonance imaging (MRI) has such capabilities
[2]. Cheaper superconducting wires and tapes with high transport critical current
density would allow to lower production costs of MRI devices, which would increase
the availability of such diagnostic method for patients.

Superconducting wires and tape also have great potential for space and aerospace
applications: electric motors, space propulsion [3], energy storage, and cosmic
radiation shielding. These applications require superconducting coils with high
magnetic fields. High-field superconducting coils enable more straightforward and
cheaper space exploration.

An essential element of all considered and tested superconducting wires and tapes
applications in superconducting coils is superconducting joints, e.g., MgB, [4], HTS
[5]. Superconducting joints allow lossless energy storage in the magnetic field and
maintain high magnetic fields without an external current source. Moreover, the
superconducting joints significantly improve the competitiveness of superconducting
devices.

Intensive research is being conducted on several types of superconducting wires
and tapes. The aim is to increase critical parameters and mechanical properties and
reduce production costs. Even though the superconductivity in Nb3;Sn was discovered
in the last century, this superconducting material is still being developed and improved
because it has a high transport critical current density [6]. Significant superconducting



Advanced Superconductivity 2025, 1(1), 3729.

material for applications is MgB, superconductors. The MgB; wires made by powder-
in-tube technique (PIT) [7] and internal Mg diffusion (IMD) technique [8] have high
critical parameters, low cost, and the possibility of working at liquid hydrogen
temperature. Currently, iron-based superconducting materials are being intensively
studied. These superconductors have high critical temperatures and upper critical
fields [9,10]. In addition, the critical current density decreases slightly with increasing
magnetic fields, and there is a high critical current density in high magnetic fields.
These properties of iron-based superconducting materials indicate that the future of
superconductivity may belong to them. High-temperature superconducting cuprates
are interesting for applications because they might operate at the temperature of liquid
nitrogen [11]. This allows for the reduction of the cost of their use. Currently,
unfortunately, it has a high price that limits its use.

Intensive research is still being conducted on thermal treatment methods of
superconducting materials. Promising results are obtained with spark plasma sintering
[12], cold high-pressure densification [13], and doping [14]. Still, a vital issue studied
in superconducting wires, tapes, and bulks is the interaction of the vortex lattice with
structural defects and n-value. A better understanding of vortex lattice trapping will
allow for an increase in the critical current density in superconducting materials.
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