
Project names:  Development of technology for producing Bi-HTS superconductor
ceramics with high critical parameters
Relevance: High-temperature superconductors,  due to their unique electrophysical
properties (conductive, diamagnetic, etc.), are one of the promising materials used in
advanced  areas  of  science  and  technology  -  energy,  electronics,  medicine,
communications,  instrumentation,  etc.  They  are  used  to  create  electromagnetic
screens, modulators, antennas, switches and filters of microwave and pulse signals,
bolometers of the millimeter, submillimeter and infrared radiation ranges, schematic
diagrams of ultra-fast computers, sensitive medical tomographs and hypersensitive
diagnostic devices capable of responding even to changes in the mental state of a
person, and many others. They occupy a special place for the manufacture of current-
carrying tapes, wires and cables, as well as in high-current devices.  Although HTSP
materials  are  already  used  in  various  fields,  the  problems of  widespread  use  are
limited  by  its  cost,  the  complexity  of  technological  execution  and  the  values  of
critical parameters. In this regard, the development of an effective technology for the
production  of  ceramic  materials  with  high  current  carrying  capacity  and  critical
temperature is an urgent task for practical application.
Objective:  To develop technology and optimize the production modes of Bi-HTS
ceramics with high critical temperature and high critical current density.
Expected results: As a result of the research work carried out, a technology will be
developed for the production of initial amorphous precursor materials for use in the
production of  bismuth-containing high-temperature superconducting ceramics with
high critical temperature and increased current carrying capacity. A technology for
the production of highly dispersed powder materials (nano and micro-sized) based on
amorphous precursors will be developed and HTSP ceramics of bismuth-containing
cuprate  compositions  Bi-2212  and  Bi-2223  based  on  micro  and  nanodisperse
powders will be obtained and the modes of introduction of nanodisperse inclusions
based  on  refractory  and  magnetic  materials  into  ceramics  will  be  optimized.  A
technology will be developed to increase the texture and density of the ceramic HTSP
sample and optimize the technological modes for obtaining an experimental ceramic
sample with a high critical temperature and an increased critical current density. The
technology of highly active initial amorphous precursor materials of the Bi-2212 and
Bi-2223 compositions will be developed for use as a semi-finished raw material in
the  production of  HTSP for  various  purposes,  with  a  2  or  more  times shortened
technological regime for the production of HTSP ceramics. Technological modes of
synthesis of Bi-HTSP ceramic samples with increased critical current density will be
developed and optimized.
The results obtained for 2021-2023. As a result of the conducted research on the
production of Bi-HTSP ceramics based on glassy precursors obtained by quenching
the melt, the following devices were developed: - a device for obtaining precursors
using intense broadband optical radiation, including UV, visible and IR spectra of
high intensity; - melting devices under the influence of combined IR and UV laser
radiation; - melting devices under the influence of IR heating. In all melting devices,
they were carried out without the use of a crucible, in an oxidizing atmosphere, which
ensured  oxygen  enrichment  of  glassy  precursors.  At  the  same  time,  the  rate  of



formation of HTSP phases Bi-2212 and Bi-2223 increased by 3-4 times, compared
with solid-phase or other methods. Single-phase superconducting ceramics Bi-2223
were  obtained,  which  is  difficult  to  achieve  by  other  melt  methods,  even  with
prolonged heat  treatment.  At the same time,  it  was found that  an increase in the
content  of  Ca  and  Cu  cations  above  the  stoichiometric  composition  leads  to  an
acceleration and completeness of the formation of the high-temperature phase Bi-
2223. The study of the critical parameters of HTSP ceramics showed a significantly
increased  density  of  the  critical  transport  current  than  superconducting  ceramics
obtained by the solid-phase method, the method of co-deposition, etc. High Jc are
associated with the formation of defects in ceramics obtained by the glass crystal
method.  These defects  can be used as pinning centers  for  fixing the flow. HTSP
ceramics  of  the  Bi-2223  composition  with  nanodisperse  inclusions  based  on
ferromagnetic  materials  NiZnFeO,  CoFeO,  FeO,  CuZnFeO  with  different
concentrations were synthesized. At the same time, superconducting ceramics were
obtained with twice the density of the critical transport current than ceramics without
additives at a temperature of 77 K and up to 4 times higher at a temperature of 30 K.
Superconducting experimental samples of long-length tapes using the "powder in a
tube" method were obtained on the basis of synthesized HTSP ceramic samples. At
the boiling point of liquid nitrogen 77 K, the density of the critical transport current
increased for the composition Bi1.6Pb0.4Sr2Ca2,5Cu3,5Oyup to 10 times, measured by the
criterion  of  1µV/cm,  which  significantly  exceeds  the  critical  currents  of  ceramic
samples.

Based on the results obtained, it can be argued that the most optimal method
for  producing  HTSP  ceramics  is  the  method  using  IR  heating  to  obtain  glassy
precursors.  The  advantage  of  this  method  is  simplicity  of  execution,  low power
consumption,  reliability,  stability  and  completeness  of  the  output  of  the  high-
temperature phase 2223 HTSP, ensuring high transport current, high performance.
The  developed  method  can  be  used  to  produce  superconducting  materials  for
industrial production of products for various purposes.

All  tasks planned according to the calendar plan have been fully completed.  The
following publications were published for 2021-2023.
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Information for potential users: Using the developed technology, it is possible to
obtain massive high-current HTS ceramics for a wide range of applications. As well
as superconducting tapes, wires and cables of great length for conductive products
and for use in high-current  devices.  The technology can also be used to produce
destructive materials for various purposes with special electrophysical properties –
ferroelectrics, piezoelectrics, thermoelements, ferromagnets, solid electrolytes, etc.


