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Development of BMO-doped REBCO Coated Conductor by Hot-Wall PLD Process 
on IBAD template 
 
*Yasuhiro Iijima1 
 
Fujikura Ltd.1 
 
During the past two decades, tremendous R&D efforts were concentrated on development of high-
performance and high throughput processing for REBCO coated conductors. We had chosen 
combined process of vapour-phase production techniques by using large-area ion-beam-assisted-
deposition (IBAD), and hot-wall type pulsed-laser-deposition (PLD), which realized quite 
homogeneous crystalline growth conditions for REBCO by furnace-like, nearly equilibrium 
substrate heating. As a results, reliable production line of non-doped REBCO tapes with lengths 
over 500 m was developed with typical Ic performances over 500 A/cm at 77 K in the self-field and 
over 1000 A/cm (Jc=5-6 MA/cm2) at 30 K in 2 T[1]. 
Recently we applied the process for introduction of rod-like APC as BaMO3 (BMO, M : Zr or Hf) -
doped REBCO conductors, though multiplied deposition parameters come from nano-rod BMO 
growth should cause narrower process windows. We found a productive process condition of BMO-
doped high-performance tapes with good longitudinal homogeneity[2]. 300m long class uniform 
BaHfO doped EuBCO tapes were formed with productive high growth rate of 20-30 nm/sec, being 
faster than commercial non-doped conductors, which had also large Ic of 1700-1800A/cm  (Jc=7-8 
MA/cm2) at 30K, 2T. 600-1000m long run is now on-going. The angular dependence of in-field Jc 
properties were investigated in wide temperature range, and strongly c-axis correlated flux 
pinning were observed over 30K, especially in those films with the growth rate limited lower than 
5 nm/sec, where the minimum values of Jc were not so different from high growth rate over 20 
nm/sec. These results indicate reliable controllability of deposition parameters on high-rate APC 
introduction by using hot-wall PLD process.  
This Paper includes the results supported by the New Energy and Industrial Technology 
Development Organization (NEDO). 
 
[1] Y. Iijima, et al., IEEE Tran.s. Appl. Supercond., vol. 25, no. 3 (2015) , Art. no. 6604104. 
[2] Y. Iijima, et al., IEEE Tran.s. Appl. Supercond., vol. 27, no. 4 (2017) , Art. no. 6602804.  
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Recent progress on the development of RE-123 CCs in SuNAM 
 
*Seung Hyun Moon1 
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SuNAM has been producing long-length coated conductors based on a proprietary process which consists of 
electron beam co-evaporation of constituent metals and subsequent conversion of precursor film to 
superconducting phase by carefully controlling temperature and oxygen pressure.  After securing stable 
manufacturing routine for upto 1 km-long wires, with about 10 percent uniformity in critical current enabled by 
various quality control measures, we tried to further increase critical current above 1,000 A/cm-width.  This 
goal should be achieved by increasing thickness of superconducting layer while retaining critical current density, 
or even enhancing it.  We varied co-evaporation process to enhance composition uniformity, and also modify 
temperature and pressure profile in heat treatment furnace to better utilize conversion dynamics of GdBa2Cu3O7-x 
phase formation, and the results will be presented. 
With these wire, we made 400 mH compact reactor with cryogen free operation. The reactor’s operating current 
is over 1,500 A at temperature is around 10 K. Detailed design, construction, and operating results will be 
discussed. And first all HTS CC base commercial 18 T magnet result will be introduced. A 70 mm cold bore high 
temperature superconducting (HTS) magnet was developed for axion detector system of Center for Axion and 
Precision Physics (CAPP) research center in Institute for Basic Science (IBS) in the Republic of Korea. A key 
parameter for axion detector magnet is to generate high and longitudinally uniform magnetic field in RF cavity. 
Magnetic field strength on -100 mm < z < 100 mm in coil bore space should be larger than 90 % of it at magnet 
center.  
Finally we’ll summarize a commercialization & industrialization efforts in Korea, and suggest a key issues to 
open the true market.  
 
This work was supported by the Power Generation & Electricity Delivery Core Technology Program of the 
Korea Institute of Energy Technology Evaluation and Planning(KETEP) granted financial resource from the 
Ministry of Trade, Industry & Energy, Republic of Korea (No. 20131010501800). 
  



WB1-3-INV 
 
 
Development and production of advanced 2G HTS wires at SuperOx 
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 Applications of high temperature superconductors (HTS) demand a supply of significant 
amounts of a superconducting wire. The group of SuperOx companies develops a technology route 
to the future high-volume market of these superconducting materials. We employ highly 
reproducible and scalable industrial vacuum technologies such as IBAD and PLD to fabricate 2G 
HTS wire with a superior quality. The advanced chemical processes help us to customize a 
superconducting wire, making it optimal for particular requirements of each application type. In 
this talk, the overview of the recent progress will be provided, including the increase of 
production capacity with the installation of a new production line, description of techniques used 
in SuperOx for in situ and ex situ quality control, as well as the results of the introduction of 
artificial pinning centers in SuperOx wire. Some examples of final products made from SuperOx 
2G HTS wire will be shown demonstrating the viability of the company’s approach to the 
advanced 2G HTS wire technology. Finally, the outlook will be given with the directions of a 
future work to make high quality 2G HTS wires readily available. 
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Production and Development of ReBCO (2G-HTS) Conductors 
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Furukawa Electric Co., Ltd.2 
 
The potential applications of Rare-Earth Barium Cupper Oxide (ReBCO), Second-Generation 
High-Temperature Superconductors (2G-HTS), have been demonstrated in many projects for the 
last several years.  This would indicate the ReBCO conductor is now being considered a robust 
and feasible solution to advanced devices and systems toward the future. 
This paper describes recent approaches to improve the design and performance of ReBCO 
conductors.  One of the key challenges is to best-align the design of films in terms of different 
operating conditions, by taking trade-off of many aspects into account; not only for the 
performances, but also for the manufacturability and reliability.  The other approach is to provide 
compact and robust profiles to suit the various needs in assembly of high-field coils, or cable-
conduit for larger scale devices.  Authors will address to those issues and present the recent 
progress for ReBCO conductors. 
 
 
Keywords: High Temperature Superconductors, ReBCO 
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One promising solution for renewable electricity over long distances is the realization of high 
voltage DC super-grids, but the management of fault currents remains an issue even if DC circuit 
breakers have emerged. Superconducting Fault Current Limiters (SCFCLs) using REBCO tapes 
have proved their outstanding performances for fault current limitation on medium voltage AC 
systems and it is already demonstrated that these tapes can be produced in the necessary length 
for FCL applications. However, to realize advanced cost-effective REBCO tapes, first the 
characteristics of the tapes have to be improved further. The aim of European project FASTGRID 
(Cost effective FCL using advanced superconducting tapes for future HVDC grids) is the property 
improvement of the REBCO tapes in order to significantly enhance the electric field limit that 
leads to economical attractiveness of SCFCL for high voltage DC applications. High critical 
currents will help to reduce the cost as the absolute length of the tapes is reduced for a given 
design and the device size will decrease. Furthermore, the metallic stabilization layer has to be 
suitable for good electrical contact. However, for high electric fields, the thickness of the Ag 
coating has to be decreased to the minimum. The process and architecture developed on short 
lengths has to be implemented for the long length production.  
This presentation focusses on (micro-)structural and electrical characterization of THEVA tapes 
and shows promising results of structural and electrical homogeneity in combination with a high 
critical current density (> 1000 A/cm at 65K, self-field).  
  
Acknowledgements 
This project has received funding from the European Union's Horizon 2020 research and 
innovative program under grant agreement No 721019. 
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Advanced Conductor Technologies has been developing Conductor on Round Core (CORC®) cables 
and wires wound from REBCO coated conductors for use in power transmission systems and in 
high-field magnets. Over the last 5 years, the in-field performance of CORC® cables and wires 
has been increased to the level that they’ve become viable candidates for high-field magnets. At 
the same time, low-resistance cable terminations have been developed resulting in homogeneous 
injection of currents that now allow CORC® power transmission cables to operate at high 
currents in pressurized helium gas and enable demountable fusion magnets. An overview of the 
current status and future plans of CORC® cables and wires is presented, including the latest 
results of the 80 kA-class 6-around-1 CORC®-CICC that was tested in SULTAN. 
            A 10-meter long 2-pole dc CORC® power transmission cable system cooled by pressurized 
helium gas was successfully tested, demonstrating an operating current of 8,000 A at 50 K. 
CORC® Fault Current Limiting (FCL) wires capable of generating a voltage of 70 V/m within 
several milliseconds after an overcurrent event was introduced. No degradation of the CORC® 
FCL wire was measured after more than 100 faults in which the wire warmed up to room 
temperature within milliseconds. 
            CORC® cables and wires have reached a point where they’re viable conductors for fusion, 
accelerator and other high-field magnets. The next step in CORC® cable and wire development 
has recently been initiated where CORC®-based insert magnets are being developed. Several of 
these magnet programs will be discussed, including the development of canted-cosine-theta (CCT) 
accelerator magnets using CORC® wires and a CORC® wire insert solenoid that would generate 
about 3 T in a 14 T background field.  
  
Acknowledgement 
This work was in part supported by the US Navy under agreements N00024-14-C-4065 and 
N00024-16-P-4071, and the US Department of Energy under agreement numbers DE-SC0007891, 
DE-SC0007660, DE-SC0009545, DE-SC0014009 and DE-SC0015775.  
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Numerical modelling of dynamic resistance in high-temperature superconducting 
coated-conductor wires 
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The use of any superconducting wire within an AC power system is complicated by the dissipative 
interactions that occur when a superconductor is exposed to an alternating current and/or 
magnetic field. This gives rise to a superconducting AC loss, caused by the motion of vortices 
within the superconducting material. In practical applications, a cryogenic cooling system must 
extract the resulting heat load in order to enable constant temperature operation, and this means 
a comprehensive understanding of the mechanism and magnitude of AC losses is extremely 
important to the design and development of new superconducting magnets and rotating 
machines. 
AC loss also arises when a superconductor is exposed to an alternating field whilst carrying a 
constant DC transport current. In this case, a DC electrical resistance is observed, commonly 
referred to as "dynamic resistance." This situation is relevant to many potential high-temperature 
superconducting (HTS) applications, including superconducting synchronous machines, NMR 
magnets and other unshielded DC magnet applications, and this dynamic resistance been 
identified as the underlying mechanism for HTS flux pump devices. 
 
In this presentation, a 2D numerical model implementing the H-formulation is used to calculate 
the dynamic resistance and total AC loss in a coated-conductor HTS wire carrying an arbitrary 
transport current and exposed to background AC magnetic fields up to 100 mT. The measured 
angular dependence of the wire, Jc(B,θ), and n value, n(B,θ), for the E-J power law representing 
the superconductor's electrical resistivity, are used as input data, and the model is validated 
using measured experimental data for magnetic fields perpendicular to the top surface of the 
wire, as well as at angles of 30º and 60º. The model is then used to obtain insights into the 
particular characteristics of such dynamic resistance, including its relationship with the applied 
current and field and the threshold field above which dynamic resistance is generated. 
 
 
 
Keywords: numerical modelling, high-temperature superconductivity, dynamic resistance, coated 
conductor 
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Progress and Status of 2G-HTS Wire Development in China 
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Recently, thanks to the great supports from government and strategic investors, significant progresses on the 
second generation superconducting tapes (2G-HTS) have been made in China, in terms of both materials 
upscaling and applications. In this talk, I will first give a brief summary of the R&D of 2G HTS wire fabrication, 
especially focusing on three major manufactures, Shanghai Superconductor Technology Co., Ltd. (SSTC), 
Shanghai Creative Superconductor Technology Co. Ltd. (SCST) and Samri. All these companies are using the 
IBAD substrates, but different REBCO layer deposition techniques. After several years’ R&D, these vendor are 
capable of offer high performance 2G-HTS tapes up to several hundred meters long. Some of the performance of 
the 2G-HTS tapes are comparable with those offered by the word-leading companies but with much lower price. 
In particular, SSTC co-established in 2011 with Shanghai Jiao Tong University has already commercially 
delivered the products to domestic and international customers, e.g., Chinese academy of science, Tsinghua 
University, SECRI, KIT, etc. So far, average Ic value (at 77 K, self field) of higher than 350 A/cm-width is 
achieved, while excellent superconducting performance of Ic exceeds 1000 A/cm-width at 4.2 K, 12 T due to the 
presence of instinct pinning centers. Moreover, an advanced lamination techniques have been developed in order 
to meet the requirements of mechanical performance for the practical applications. Additionally, in order to 
provide standardization procedures to characterize the superconducting performance on long-length 2G-HTS 
tapes for the manufactures and users in China, several efforts have also been made leading by National 
Standardization Committee. At the end of my talk, several ongoing and potential application cases based on 2G-
HTS tapes are also mentioned, such as magnet, fault current limiters and transmission cables. 
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Recent progress on the development of Bi2223 in SEI 
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   Sumitomo Electric Industries, Ltd. (SEI) has been developing silver-sheathed Bi2223 multi-
filamentary wires, DI-BSCCO.  The wires have been improved various properties in response to 
growing demands from application products and projects.  

For high magnetic field application, DI-BSCCO wires need to endure the intense hoop stress 
and maintain high engineering critical current (Je).  Lamination with Ni alloy tapes has proved 
to be a more feasible way to solve these challenges. Combination of the thin (30 m-thick) Ni alloy 
tapes and the lamination technique with “pre-tension” has significantly enhanced the mechanical 
properties of the DI-BSCCO wires.  For example, critical double bending diameter at room 
temperature ~ 35 mm, critical tensile stress at 77 K ~ 440 MPa, and critical tensile strain at 77 K 
~ 0.5 %.  The DI-BSCCO wires laminated with the Ni alloy tapes are commercialized as Type 
HT-NX (2015~).  In terms of more practical use, the high resistivity of the Ni alloy results in the 
generation of the high Joule heat at the joint.  The newly developed spliced structure 
successfully reduced the splice resistance without sacrificing the mechanical properties.  In this 
presentation, the detailed performances of the currently available wires and the updated R&D 
activities will be shown. 
 
Keywords: Bi-2223, reinforced wire, Type HT-NX, splice technique 
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Recent Progress on the Development of MgB2 superconductors at Hyper Tech 
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 This presentation will discuss Hyper Tech’s latest progress on development of MgB2 wire, cables, 
coils and applications.  It will include latest improvements with regard DC and low AC loss MgB2 
wires.   These wires are now being configured into coils and cables for various applications.  The 
primary applications being pursued are MRI, NMR, SMES, FCL, rotors and stators for wind 
turbine generators, and high speed motors and generators for all electric aircraft. 
  
 
Keywords: MgB2, superconductor, wire, coils 
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  Owing to the relatively high critical temperature (~40 K) and the low manufacturing cost, MgB2 
wires are promising for liquid helium-free superconducting applications. We have been developing 
MgB2 wires, using the in situ powder-in-tube process, in which a metallic billet filled with 
magnesium and boron powders are processed into a thin wire. 
  For the in situ-processed MgB2 wires, as is well known, the use of fine boron powder, the 
appropriate way of carbon addition, and the increase in the filling density of powder through wire 
processing are effective to enhance the critical current density, Jc. Optimizing these 
manufacturing conditions carefully [1−3], we obtained the Jc of 103 A mm−2 at 10 K and 5.4 T, 15 
K and 4.2 T, and 20 K and 2.8 T. By using a 300-meter-long MgB2 wire with 10 filaments 1.5 mm 
in diameter, we fabricated a coil 120 mm, 190 mm, and 41 mm in inner- and outer-diameters and 
height, respectively. The coil was successfully driven in a maximum field of 2.3 T at 24 K and the 
longitudinal homogeneity of the wire was confirmed [4]. 
  To further improve Jc, we have been developing the mechanical milling method. In this method, 
magnesium and boron powders are mixed with a planetary mill, and the characteristic precursor 
particles, in which boron particles are dispersed in a magnesium matrix, are formed. We 
demonstrated that a monofilamentary wire fabricated from the mechanically milled powder has 
superior Jc to wires prepared by sufficiently optimized in situ-process [3]. 
 
Acknowledgements: The authors thank A. Matsumoto, G. Nishijima, H. Kumakura (NIMS); M. 
Inoue, K. Higashikawa, and T. Kiss (Kyusyu Univ.); A. Yamamoto (Tokyo Univ. of Agriculture and 
Tech.); and J. Shimoyama (Aoyama Gakuin Univ.) for the measurements of superconducting 
properties and valuable discussion. Part of this work was supported by JST-ALCA and by 
“Nanotechnology Platform” (project no. 12024046) of MEXT, Japan. 
 
[1] M. Kodama et al, Supercond. Sci. Technol. 27 (2014) 055003 
[2] M. Kodama et al, Supercond. Sci. Technol. 29 (2016) 105016 
[3] M. Kodama et al, Supercond. Sci. Technol. 30 (2017) 044006 
[4] H. Tanaka et al, IEEE Trans. Appl. Supercond. 27 (2017) 460904 
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The high upper critical field and low anisotropy of iron-based superconductors (IBS) make them 
being particularly attractive for high-field applications, especially for the construction of next-
generation nuclear magnetic resonance (NMR) spectrometers, particle accelerators and ultra-
high-field magnets. Conventional powder-in-tube (PIT) method has been the most effective 
technique for fabricating IBS wires and tapes. The transport critical current density Jc of IBS 
wires and tapes has been rapidly increased in the recent years, the highest Jc values have now 
achieved 0.15 MA/cm2 (Ic = 437 A) at 4.2 K and 10 T in densified and textured 122 tape samples. 
The transport Jc measured at 4.2 K under high magnetic fields of 27 T is still on the level of 5.5 x 
104 A/cm2, which is much higher than those of low-Tc superconductors such as NbTi, MgB2 and 
Nb3Sn. More recently, the world’s first 100 meter-class 7-multifilamentary IBS tape was 
fabricated by a scalable rolling process, which demonstrates the great potential in large-scale 
manufacture. In this presentation, I will report recent activities of the wire processing based on 
122 IBS materials. Finally, the future development and problems to be solved in this area are 
suggested. 
 
 



WB3-4 
 
 
New Internal-Sn Processed Nb3Sn Conductors with Brass Matrix 
 
*Kyoji Tachikawa1,2, Nobuya Banno2, Yasuo Miyamoto1 
 
Tokai University1 
National Institute for Materials Science2 
 
 Nb3Sn conductors are widely used for high-field NMR, fusion, refrigerator cooled magnet etc.. 
The improvement of performance of Nb3Sn is one of the most important topics in the long term 
application of superconductivity. We proposed new internal tin(IT) processed Nb3Sn using Cu-15 
wt% Zn alloy(gold brass, GB) matrix1). The IT process has a possibility to use different alloys as 
the matrix. In this study, diffusion behaviors of constituent elements in the matrix have been 
studied. Sn component of this study contains 1.6 wt% Ti. Then trial fabrication of 
multifilamentary wire using GB matrix has been performed.  
 Table 1 is the result of EPMA analysis for SS(single stack) 37 core wires with Cu and GB matrix, 
and MF(multifilamentary) 817 core wire with GB matrix after the heat treatment. The residual 
Sn in the matrix after the heat treatment is appreciably smaller in GB matrix wire than in Cu 
matrix wire. This indicates that the Sn diffusion in GB matrix is faster than in Cu matrix. Due to 
the solubility limit in Cu, Zn seems to push Sn to form Nb3Sn layers around Nb cores. The Sn 
content in Nb3Sn layer is a little higher in GB matrix wire than in Cu matrix wire. Zn remains 
homogeneously in the matrix with no reaction to other constituent elements. Since the equivalent 
mass value of Zn for Sn is ~0.5, residual 14%Zn in the matrix corresponds to ~7%Sn. The increase 
of equivalent Sn content in the matrix may improve mechanical strength as well as AC 
performance of Nb3Sn wires. 
 Different type MF wires were fabricated through double stacking procedure. Fig.1 shows the 
cross-section of MF 817 core wire indicated in Table 1 2). As for Jc values without Nb and Cu 
sheath area, MF684 core wire has recently shown Jc values of 1470A/mm2 and 640A/mm2 at 12T 
and 16T, respectively at 4.2K. Further improvement in Jc may be expected by the improvement in 
wire fabrication techniques as well as by the optimization of heat treatment condition. 
  
[1] K.Tachikawa, N.Banno and Y.Miyamoto, Phys. Procedia, vol 65 (2015) p161-164  
[2] N. Banno, Y. Miyamoto and K. Tachikawa, IEEE Trans. Appl. Supercond., vol 27 (2017) 
6000205  
 

 
Table 1  Composition of matrix and Nb3Sn layer in SS and MF 817 wires (wt%). 
Fig.1  Cross-section of MF 817 wire.  
 
Keywords: Nb3Sn, brass matrix, diffusion, Jc 
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(RE)-Ba-Cu-O [(RE)BCO, where RE = rare earth element such as Y, Nd, Sm, Eu, Gd, etc.] high 
temperature superconductors (HTS) have significant potential for high field engineering 
applications at temperatures above 50 K when fabricated in the form of large single grains by the 
so-called top seeded melt growth process (TSMG). This presentation will describe the evolution of 
these technically important materials over the past thirty years, the current state of the art and 
highlight likely areas for future development. In particular, the presentation will outline key 
aspects of the melt processing and characterization of large single grain bulk superconductors by 
different techniques, sources of flux pinning and potential areas of application.  
 
 
Keywords: Bulk superconductors, (RE)BCO, Single grain, Trapped field 
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History and Future Prospects of Coated Conductor Development 
– As a commemoration of the 30th anniversary of ISS – 
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 The discoveries of “high-Tc superconductors” gave us the expectation to large-scale applications 
of superconductors, which had been difficult to appear in the world. However, we needed a step of 
R&D for fabrication of superconducting wire/tape to realize the applications. 
 Just after the discovery, Ag-sheathed BSCCO tapes were developed and several hundred meter 
long tapes could stably be produced. On the other hand, it was not so easy to bring out its 
potential in the tape/wire shape concerning REBCO system, because the three-dimensional 
crystal texturing is necessary in order to realize the high superconducting properties. The 
principal of the solutions for obtaining the high superconducting performance in tape was already 
shown in the early stage of R&D. However, there were lots of difficulties for realizing the 
principals in the long tapes. Then, R&D of REBCO long tapes was delayed more than 10 years 
compared with the BSCCO tapes. 
 Around FY2000, the national projects for the R&D of CC were started both in Japan and U.S. 
and had led the development in the world according to the big expectation based on the 
advantages of REBCO CC. Through the ten-year activities in the projects, the product of IcxL 
were drastically progressed from 100 Am to 60 kAm (e.g. 600 A-1km). Then, the development of 
application using CC were started in the world. Concerning the R&D of CC, the target were 
moved from simply long tapes to the addition of special functions such as in-field performance, 
low ac-loss, mechanical strength, low cost.  
 In this paper, the R&D history of CC will be reviewed and the future prospect in this field will be 
proposed. 
 A part of the work was supported by METI, NEDO and AMED etc.  
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Since the discovery of Bi-Sr-Ca-Cu-O (BSCCO) high temperature superconductors on Christmas 
Eve, 24th December, 1987 by Dr. H. Maeda, Sumitomo Electric has developed Bi-2223 
superconducting wires. Among the BSCCO system, Bi-2223 (Bi2Sr2Ca2Cu3O10) has the highest 
critical temperature of around 110 K. Bi-2223 has many features; not only high critical 
temperature but also non rare earth elements and well aligned crystals through thermo-
mechanical deformation. 
Based on collaborations with academia, wire properties were improved very much. Now, 200 A 
carrying and high mechanical stress tolerant wires are available at commercial basis (see Fig. ). 
There are many daily operating apparatus incorporated with Bi-2223 wires such as current leads, 
cables and high field magnets, due to their electro-magnetic, mechanical and thermal 
performance, and industrial productivity for long length wires with an affordable economic point 
of view [1,2]. Wire performance could be improved further by decreasing anisotropy of crystals 
and introducing pinning centers [3]. 
 
[1] K. Sato, S. Kobayashi, and T. Nakashima: Jpn. J. Appl. Phys. 51 (2012) 010006. 
[2] see“Research, Fabrication and Applications of Bi-2223 HTS wires”, Ed. by Kenichi Sato, World 
Scientific, (2016).  
[3] T. Nakashima, ibid., p. 17. 
 
 

 
 
Fig. (a) Ic(77K, sf) improvements of Bi-2223 wire, (b) Mechanical strength of Bi-2223 wires. 
 
 
Keywords: high temperature superconductor, Bi-2223, critical current, tensile strength 
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 Bi-2212 was the first high temperature superconductor that demonstrated high-Jc in high-
magnetic field. This was in 1989, but, it wasn’t until 2014 that Bi-2212 became a viable long-length 
conductor when overpressure (OP) processing was applied.  OP processing removes the large, 
current limiting bubbles in powder-in-tube round wire. Bi-2212 is the HTS material that can be 
produced as a round wire, which gives it many advantages, including: it can be made in long lengths 
(BOST has drawn 2400 m long 0.8 mm diameter single piece lengths), it can be used as a round 
wire, or it can rolled to a slightly aspected rectangular shape, which are both geometries magnet 
designers and builders prefer; it can be cabled (Rutherford and twist cables, such as 6-on-1), it can 
be made with a wide variety of multifilament wire architectures, it can be twisted and transposed, 
and it is electromagnetically isotropic. With OP processing, Jc in short length wire samples is now 
6860 A/mm2 (4.2 K, 15 T).  Challenges for using Bi-2212 wire in magnets are that it has to be used 
in a wind and react magnets, it requires an OP heat treatment (~900 °C, 50 atm total pressure), 
the wire is mechanically weak, and the wire is expensive.  Methods to deal with these challenges 
are being developed.  We have OP processed a variety of single strands, cabled conductors, and 
coils made with single strand and with Rutherford cable for the Bi-2212 community. Future 
applications for Bi-2212 coils are in high-field NMR magnets, in accelerators for high-energy 
physics, and as replacement inserts in existing LTS laboratory magnets to upgrade the field 
achievable in these magnets. 
 
Keywords: Bi-2212, High temperature superconductors, High-field magnet, Round wire conductor 
  



WB5-3-INV 
 
 
History and future prospects of MgB2 and iron based superconducting wires 
 
*Hiroaki Kumakura1 
 
National Institute for Materials Science1 
 

MgB2 wires have been developed by applying powder in tube(PIT) method and Internal 
Mg diffusion (IMD) method. One of the key factors that govern Jc values of MgB2 wires is the 
MgB2 core density. Applications of high pressure such as hot pressing, cold pressing and hot 
isostatic pressing have been successfully carried out to increase the MgB2 core density and Jc 
values. However, these methods are not practical for large scale fabrication of MgB2 wires. Other 
effective methods to increase MgB2 core density and Jc values are mechanical milling of Mg and B 
powder mixture and mechanical working with swaging. IMD process has also been studied and 
higher MgB2 layer density and higher Jc values than those of PIT wires are realized. However, 
Jc(Je) values of all these MgB2 wires are still not high enough for applications at around 20K and 
~5T. Much higher Jc values of MgB2 thin films suggests that practical level Jc(Je) values can be 
realized by reducing the MgB2 grain size, eliminating impurity phases and introducing pinning 
centers. 

Among various iron-based superconductors, (Ba(Sr),K)Fe2As2(Ba(Sr)-122) are potentially 
useful for high field(>25T) applications due to their high Bc2 over 50T and small anisotropy. 
Ba(Sr)-122 wires have been fabricated with ex situ PIT method. Besides Ba(Sr)-122 core density, 
c-axis grain orientation seems to be another key factor for high Jc values. Applications of high 
pressure improve the core density and c-axis grain orientation. Mechanical working with hard 
sheath materials is also effective in increasing the core density and c-axis grain orientation. 
However, present Ba(Sr)-122 wires show lower Jc-B properties than those of high-Tc oxide 
superconducting wires. Further increase of Ba(Sr)-122 core density, refinement of grain 
boundaries and introduction of pinning centers will realize practical level Jc values at high fields. 
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Seikei University1 
Japan Fine Ceramics Center2 
National Institute of Advanced Industrial Science and Technology3 
 
Nanostructural modifications, in particular nanoparticle additions, have been shown to have 
great success in improving Superconducting material performance, such as REBa2Cu3Oy 
(REBCO) superconducting films [1-3] and iron pnictide films [4]. For REBCO coated conductors 
(CCs), NPs disrupt the superconducting parameter locally while maintaining crystallinity 
unperturbed elsewhere, thus pinning vortices at the NPs and therefore preventing dissipation. To 
be effective, the NP size has to be tuned, and the density needs to be higher for greater 
enhancement.  
  We show how an economically viable method, namely trifluoroacetate metal organic deposition 
(TFA-MOD), can be tuned to obtain both small size and high density of NPs while maintaining 
the crystallinity of the REBCO matrix. We achieve these goals in two ways: by changing the 
nanoparticle material and by modulating the precursor chemistry with the result of constraining 
the NPs spatially. We get significant improvement of the in-field critical current density (Jc) for 
NP-doped REBCO CCs over a broad temperature range. The enhancements are seen not only in 
Jc but also in the reduction of the effects of thermal fluctuations (flux creep) at all magnetic fields 
measured. Detailed microstructural and superconducting properties for nanocomposite REBCO 
CCs will be presented. 
  
Acknowledgements: M.M. is supported by JSPS KAKENHI (17H03239 and 17K18888). A part of 
this work was supported by a research grant from the Japan Power Academy. 
  
Reference: [1] J. Gutiérrez, J. et al. Nature Mater. 6 (2007) 367-373. [2] B. Maiorov, et al., Nature 
Mater. 8, (2009) 398. [3] M. Miura et al., Scientific Reports, 6 (2016) 20436. [4] M. Miura et al., 
Nature Commun. 4 (2013) 2499 
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EMAT, University of Antwerp, Belgium4 
 
YBa2Cu3O7-x (YBCO) and related compounds are promising materials for magnet and energy 
applications. The required flexible conductors are realized with the coated conductor technology 
using biaxially textured templates. More recently, significant efforts are devoted to enhance the 
current transport capability of the superconducting layers in magnetic fields by nano-engineering 
the microstructure using artificial pinning centers (APC) with an optimized size, density and 
distribution. 
We prepared thick YBCO layers using PLD with a typical growth rate above 1 nm/s on 
industrially fabricated biaxially textured templates incorporating additional APC such as BaHfO3 
and the mixed double-perovskite Ba2Y(Nb/Ta)O6. Detailed TEM studies revealed size and 
distribution of the nanoparticles in dependence of the growth parameters showing typically a 
combination of a-b-oriented platelets and c-axis aligned nanorods. A critical current density Jc of 
up to 2 MA/cm2 was determined at 77 K in self-field for 1 µm thick films. Electrical transport 
property measurements showed a reduced Jc anisotropy in magnetic fields for the doped samples. 
We will discuss how the anisotropy might be tuned on the textured templates by the deposition 
conditions and the resulting distribution of the APC. Additionally, nanocomposite YBCO films 
with a thickness of up to 7 µm were grown on these templates. The incorporation of APC leads to 
a denser microstructure and a reduction of misoriented YBCO grains. We found that the influence 
of the granularity is significantly reduced in particular for RABiTS-based conductors. 
Nevertheless, a strong increase of a-axis oriented YBCO grains was observed for films with a 
thickness above 5 µm reducing the overall Jc values. 
     The authors acknowledge financial support from EUROTAPES, a collaborative project funded 
by the European Union's Seventh Framework Programme (FP7 / 2007 - 2013) under Grant 
Agreement no. 280432.  
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We present on recent progress and current status of high performance, high engineering current 
densities (Je) REBCO conductors. A substantial effort has been devoted towards improving the in-
field performance of 2G-HTS conductors over a broad range of temperatures and fields via 
introduction of artificial pining centers, with particular focus on perovskite nanorods. We will 
present our recent progress in understanding the factors affecting BaZrO3 nanorod growth and 
their effect on in-field performance, leading to increasing the critical current density to 20 
MA/cm2 at 30 K, 3 T. We will also present recent progress on Advanced MOCVD (A-MOCVD) 
reactor development, aimed at addressing the issues found in most superconductor deposition 
techniques such as a-axis grain formation, degradation of texture in thick films and poor 
precursor conversion efficiency. The progress is demonstrated by growing 4.8µm thick, BZO doped 
REBCO films in a single pass, achieving critical currents of 8705, 5586 and 3606 A/12mm at 3 T 
(B||c) and 30, 40 and 50 K, respectively, and corresponding Je of 7068, 4535 and 2928 A/mm2, 
which is a factor of ~7x higher than that of typical commercial HTS tapes with 7.5 mol% Zr 
addition.  Such performance in thick films is a demonstration that growing thick REBCO films 
with high critical current density (Jc) in high magnetic fields is possible, contrary to the usual 
findings of strong Jc degradation with film thickness. 
 
This work is supported by the U.S. Department of Energy Advanced Manufacturing Office, Office 
of High Energy Physics and the Office of Naval Research 
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High current superconducting wires for large scale applications and magnets has been one of the 
most challenging achievements during all the HTS era. Coated conductors of YBa2Cu3O7 (YBCO) 
have emerged as the most attractive opportunity to reach unique performances while reducing 
the cost/performance ratio continues to be a key objective at present. Chemical solution deposition 
(CSD) is a very competitive cost-effective technique which has been used to obtain nanocomposite 
films and CCs. In the recent years we have been able to demonstrate the unique potentiality of 
these CSD techniques to achieve low cost, low anisotropy and high critical current coated 
conductors. In my presentation, I will report on the present understanding of growth process and 
vortex pinning of CSD nanocomposite YBCO films, obtained from complex solutions where the 
nanoparticles are spontaneously segregated during growth and the novel strategy using colloidal 
solutions of preformed oxide nanoparticles (NPs) stabilized in the YBCO precursor solutions. A 
thorough investigation correlating the pinning landscape with the defect microstructure has been 
pursuit with detailed angular dependent in-field critical currents and HRTEM/STEM analysis. I 
will also report on a new approach we are investigating based on low cost nanocomposite CSD 
crystallization through a transient-liquid assisted growth (TLAG) enabling ultrafast growth rates 
in the range of 50 nm/s.  
  
  
# This research has been funded by EU-ERC_AdG-2014-669504ULTRASUPERTAPE project, EU-
FP7 NMP-LA-2012-280432 EUROTAPES project and Excellence Program Severo Ochoa 
SEV2015-0496 
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 We study to determineabout optimum shapes of the artificial pinning center (APC) of 
REBa2Cu3Oy (REBCO) coated conductors towards superconducting magnets operating at 
temperatures of 77 K or less.and lower temperature. Superconducting properties have been 
changedvary depending on the by different kind and addition amountquantity of BaMO3 added to 
REBCO. Therefore, we study the changes in theof shapes of nanorods that areshape due to the 
difference in theof nature of additives and growth temperature. In addition, weand aim to control 
the APC having anwith the optimum shape that matchesing the operating temperature. 
   The high flux pinning performance was obtained for a 3.8vol.% BaHfO3 (BHO)-doped 
SmBa2Cu3Oy (SmBCO) on IBAD-MgO. At 77.3 K, the irreversibility field (Birr) of 16.8 T and the 
maximum flux pinning force density (Fp) of 32.5 GN/m3 (B//c) were achieved. In addition, the 
maximum Fp values of 400 GN/m3 and 120 GN/m3 for B//c were realized at 40 K and 65 K. 
   In particular, we describe the shape control of nanorods in SmBCO coated conductors by 
employingusing low temperature growth (LTG) technology using seed layers. From the cross- 
sectional TEM observations, weit was confirmed that using the LTG technique, the BHO 
nanorods, which were comparatively thin in diameter and short in length, formed athe fireworks 
structure in the case of SmBCO coated conductors. using the LTG method. The superconducting 
properties in the magnetic field of the SmBCO- coated conductor on IBAD-MgO with the optimum 
amount of BHO showed that Fpmax = 1.5 TN / m 3 at 4.2K. 
    On the other hand, the high-speed growth technique for high performance SmBCO coated 
conductor is an important subject. In this presentation, we will describe the development of the 
coated conductor fabricated with a repetition rate of 100 Hz, changed from 10 Hz. We will discuss 
the details of microstructures and superconducting properties of BHO nanorods in SmBCO coated 
conductor using the laser system with high repetition rate. 
  This work was partly supported by a Grant-in-Aid for Scientific Research (15H04252 and 
16H04512). A part of this work includes the results supported by the ALCA project of the Japan 
Science and Technology Agency (JST) and NU-AIST alliance project. 
 
 
 
 
Keywords: flux pinning, artificial pinning center, microstructure, nanorod 



WB6-6-INV 
 
 
Analysis and Modeling of Current Transport Properties in Long Length Coated 
Conductors 
 
*Takanobu Kiss1, Kohei Higashikawa1, Takumi Suzuki1, Yuhei Nishimiya1, Yuta Onodera1, 
Masayoshi Inoue1, Mitsunori Igarashi2, Kazuomi Kakimoto2, Yasuhiro Iijima2 
 
Dept. of Electrical Engineering, Kyushu University, Fukuoka 819-0395, Japan1 
Fujikura Ltd. Sakura 285-8550, Japan2 
 
Current-Voltage (I-V) characteristic is one of the most fundamental properties of superconducting 
materials for practical applications. While the I-V characteristics are usually measured by using a 
short piece sample and/or a micro-bridge, practical applications require long length tapes in 
hundreds of meters to several kilo-meters. Spatial homogeneity becomes an important issue in 
such cases because the minimum Ic will limit the total performance of the full-length of the tape. 
Therefore, Ic in the long length tape has been studied significantly as a function of longitudinal 
coordinate. However, it is not yet fully understood the relationship between the local Ic variation 
and the global I-V characteristics. In this study, we have investigated current transport 
properties in long length coated conductors (CCs) based on coupled analysis using reel-to-reel 
high-speed scanning Hall probe microscopy and site-specified transport measurements. An 
analytical model to describe the relationship between the local Ic variation and the global I-V 
characteristics in such long length CCs have been proposed. Furthermore, we will discuss a 
method to increase reliability, robustness and current carrying capability of the CCs under the 
influence of spatial Ic variation. 
  
Acknowledgements: This work was supported by “JSPS KAKENHI (16H02334)” and “NEDO”. 
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The microstructure of QMG consists of the single crystal REBa2Cu3Ox phase and fine RE2BaCuO5 
particles. QMG was first produced in 1988 by the Quench and Melt Growth method[1-4]. A bulk 
magnet made by QMG was proposed in 1989[5]. QMG bulk magnets were realized by 
enlargement technology using RE substitute seed crystals[6-8]. Based on these technological 
innovations, recently, the development of NMR and MDDS, which are applied products of bulk 
magnets, has been reported. We will review the history of the initial development of these QMG 
materials and QMG bulk magnets. 
In addition, as a progress of recent QMG bulk magnet development, we will report on a new 
reinforcement method for large ring bulk magnets that can trap 10 T class strong magnetic field 
magnetization[9].  
For high field magnetization, the reinforcement of bulk magnets is essential to prevent cracking 
due to large hoop force. Compared to the traditional reinforcement method using only the outer 
metal ring, we reinforce by using thin QMG rings and metal ring sheets as the composite 
material with the inner and outer metal ring. Figure 1 (a) shows the strain behavior at each 
position at 10T and 60K when a new reinforcement method is used. Figure 1 (b) shows the 
distortion behavior when using the conventional method for magnetizing at 9T and 60K. 
According to the conventional method, cracking occurred at 10 T magnetization, whereas the 
MSR method successfully trapped approximately 10 T. From these comparisons, we found that 
the distortion of the QMG bulk magnet magnetized by the new reinforcement method can be 
significantly reduced. 

 
 
Fig. 1  (a) Change of strain at 10 T magnetization of QMG magnet reinforced by new method 
        (b) Change of strain at 9 T magnetization of QMG magnet reinforced by conventional method 
 
References [1]  M. Morita and S. Matsuda：New Superconducting Materials Forum News, No10 (1988) 15 
[2]  M. Morita et al.; Patent No. US-5508253, Priority date: 06.06.1988.  [3]  M. Morita, et al.; Physica C 
172(1990)383-387  [4]  M. Morita：Doctoral thesis http://eprints.lib.hokudai.ac.jp/statics/  [5]  M. Morita et 
al.; Patent No. JP-2556401  [6]  M. Morita et al.; Advances in Superconductivity (1991)733  [7]  M. Morita: 
Patent No. JP-2055511  [8]  M. Morita, et al.: Abstracts of CSJ Conference, Vol. 41 (1989) p.14  [9]  M. 
Morita, et al.: NSSMC technical report  No. 407 (2017)  
 
Keywords: QMG, bulk magnet, reinfoecement 



WB7-2-INV 
 
 
Collecting Ni-Sulfate Compound from Electroless Plating Waste by Magnetic 
Separation Technique with Use of HTS Bulk Magnets 
 
*Tetsuo Oka1, Sho Sasaki1, Hideto Sasaki1, Satoshi Fukui1, Jun Ogawa1, Takao Sato1, Tomohito 
Nakano1, Manabu Ooizumi1, Morio Tsujimura2, Kazuya Yokoyama3 
 
Niigata University, Japan1 
Aichi Giken Co., Japan2 
Ashikaga Institute of Technology, Japan3 
 
The authors have developed a useful technique for extracting the Ni-sulfate compound from the 
waste fluid of the electroless Ni-plating processes. The plating waste still contains the Ni ions 
with high concentration even after the several plating cycles. After forming the fine NiHPO3 
precipitate from the waste, the coarse NiSO4 crystals were synthesized through the reaction with 
the concentrated sulfuric acid. In the experiment, the open-gradient magnetic separation was 
employed to collect the NiSO4 crystals from the muddy mixture composed of these compounds due 
to the difference between their magnetic properties. The experiments were practically conducted 
with use of the Gd123-based HTS bulk magnets generating up to 4 T with the steep gradient of 
magnetic field, which were activated by the field cooling magnetization process operated at 35 K. 
The ratio of NiSO4 content in the slurry attracted to the magnetic pole has reached up to 85.7%. 
This preferential collection suggests a feasible recycling system of Ni resource as a raw material 
in the plating processes. 
 
Keywords: high Tc superconductor, bulk magnet, magnetic separation, nickel plating 
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 (RE)-Ba-Cu-O bulk superconductors in single grain form can trap magnetic fields which are an 
order of magnitude higher compared to the conventional permanent magnets and hence are 
attractive for a variety of engineering and technological applications. In the present work, the 
fabrication procedure of SmBCO single grain superconductors via Top seeded infiltration and 
growth (TSIG) technique is presented. The TSIG approach results in near-net shaped dense 
SmBCO products. The superconducting and microstructural properties of single grain SmBCO bulk 
superconductors obtained by the TSIG technique will be presented. 
 
Acknowledgements: 
This work was supported by King Abdulaziz City for Science and Technology (KACST) and the 
Engineering and Physical Sciences Research Council (EPSRC, grant number EP/K02910X/1). 
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The empirical evidences have indicated that the new RE+011 TSIG method is a very effective 
method for fabrication of high quality REBCO bulk superconductors, because of strong flux 
pinning force by the uniformly distributed unknown nanometer particles. But there are still many 
larger size RE211 particles in the REBCO bulks. To overcome this problem, a sires single domain 
GdBCO bulk superconductors have been prepared with different solid phase pellets sintered at 
different temperature (T) by the Gd+011 TSIG method, the results indicate that: (1) The average 
size of Gd211 particles in precursor solid phase pellets is monotonously increasing from 
nanometer to 4.23 μm with increasing of the sintering temperature up to 1200 ℃. (2) The density 
of the precursor solid phase pellets increases with the increasing T when T is great than 950 ℃, 
but the density is lower than that of the as pressed pellets when T is less than 1000 ℃. (3) The 
average size of Gd211 particles in the single domain GdBCO bulks first decreases from 10.9 μm to 
2.81 μm and then increases from 2.81 μm to 3.96 μm with increasing T, and the smallest Gd211 
particles 2.81 μm is obtained in the sample sintered at 1050 ℃; this is much different from the 
result of the samples prepared by the traditional TSIG process. (4) The maximum levitation force 
38 N (77 K, 0.5 T) is obtained in the sample with a relatively larger size of Gd211 particles and 
higher density, but not achieved in the sample with the smallest Gd211 particles.  
In order to further improve the quality of single domain GdBCO bulk samples, another sires of 
single domain GdBCO bulk superconductors have also prepared with solid phase pellets sintered 
at 1000 ℃ with different times by Gd+011 TSIG method, the results indicate that: the levitation 
force of the samples firstly increases from 37 N to 51 N when the t increases from 10 h to 15 h 
and then decrease to 16 N when the t further increases to 30 h. The largest levitation force 51 Nis 
about 38% higher than that of the best samples mentioned above. This result provides a very 
effective way to fabricate high quality REBCO bulk superconductors by control the density, 
RE211 particle size and their distributions in the solid phase pellets. 
 
 
Keywords: single domain GdBCO bulk superconductors, Gd+011 TSIG method, Gd211 particles, 
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    The top-seeded infiltration-growth (IG) process of YBa2Cu3Oy (Y-123) has several 
advantages  compared to the same material produced by the melt-processed technique such as no 
shrinkage, negligible pores, and uniform Y2BaCuO5 (Y-211) secondary phase particle dispersion in 
the Y-123 matrix. These characteristics of IG process are very attractive for several industrial 
applications to be utilized as their role as superconducting super-magnets. In this presentation, 
we produced a large single grain Y-123 by IG process by top seeded melt-growth process. First, we 
produced the YbBa2Cu3Oy(Yb-123) and Y-211 by using the solid state sintering technique and 
checked the purity of the phase by XRD analysis. Then utilizing the homemade Yb-123 and Y-211, 
we produced the bulk YBa2Cu3Oy samples by means of Yb-123+liquid (1:1) as a liquid source. The 
top surface of grown samples clearly indicates that four facet lines are grown from seed and 
extended up to sample edges (see in Fig.1). Trapped field results confirmed that single grain Y-
123 samples were produced utilizing with Yb-123+liquid as a liquid source. The large bulk 
samples has been thoroughly characterized by SEM, Magnetization measurements by SQUID 
magnetometer, mapping analysis etc., and will be discussed.  
 

 
 
     Figure 1. As grown bulk Y-123 superconductor produced by Top Seeded Infiltration Growth 
Process utilising the mixture of Yb-123+liquid phase as a liquid source. 
 
 
Keywords: Infiltration Growth Process, Microstructure Analysis, Trapped Field Measurements, 
Critical Current Density 
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Since the discovery of high temperature superconductors in 1986, superconducting materials 
come in a variety of forms, not only in wire forms but also in bulk forms [1]. Especially, high 
temperature superconducting bulk magnets, REBa2Cu3Oy (RE123) and MgB2, generate strong 
magnetic field in compact size [2-4], since superconducting bulks have high critical current 
density under up to high magnetic fields. Once bulks are magnetized, magnetic field by the 
superconducting current is maintained because of strong pinning and bulks work as strong 
permanent magnets under the cooling condition. In other word, superconducting bulks are 
regarded as bulk-shape coils which consist of superconducting wires connected with perfect 
superconducting joints. 
In this presentation, conditions and outlook of high temperature superconducting bulks, RE123 
and MgB2 bulks, are discussed by comparison. Specifically, RE123 and MgB2 bulk magnets were 
fabricated and, local and global magnetic properties of these bulks were evaluated to investigate 
the possibility that superconducting bulks have the potential as a powerful magnet [5]. 
Furthermore, homogeneity of trapped magnetic field in radial and circumferential directions 
which is very important for equipment design was also evaluated. 
 
Acknowledgements 
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To utilize any material in daily-life applications requires a low cost production together with high 
performance. This applies also for bulk superconducting magnets. In this invited presentation, we 
will introduce the production route of MgB2 bulks by a simple sintering solid state reaction 
technique, which is appropriate for batch production. We prepared several sets of MgB2 bulks 
from commercial high-purity powders of Mg metal and carbon-coated amorphous B using a single-
step, solid-state reaction process. Some of the samples were rapidly quenched from the sintering 
temperature of 800 °C down to liquid nitrogen temperature at different stages of the sintering 
duration (1-5 h). To improve the flux pinning and the mechanical performance of the material, the 
bulks were produced from Mg-rich MgB2 material with addition of 1.5 wt.-% carbon-coated, 
amorphous B powder combined with 4 wt.-% of silver. All samples were characterized by x-ray 
diffraction and scanning electron microscopy. The superconducting performance, Tc, and the 
critical current, Jc, at 20 K were accessed by means of SQUID magnetometry. The Jc values in 
Mg-rich MgB2 material with 4 wt.-% of Ag were higher than in silver-free MgB2 bulks. The 
sample with 4 wt.-% Ag combined with 1.5 wt.-% of carbon-coated B exhibited the highest Jc of 5.2 
× 105 A/cm2 at 20 K and self-field. The MgB2 sample sintered for 3 h and quenched to LN2 showed 
superior Jc values of 5 × 105 A/cm2 and a sharp superconducting transition with Tc (onset) at 38.1 
K. This Jc value is twice as high as that of the pure sample, the best value reported so far. Our 
results demonstrate a strong correlation between the microstructure achieved and the resulting 
pinning performance.   
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Over the past few years, several studies have been performed on the superconducting joint of 
REBa2Cu3Oy (REBCO, RE: rare earth elements) coated conductors (CCs) which is one of the key 
technologies to realize persistent current operations of prominent HTS magnets [1, 2]. Park has 
succeeded in the superconducting joint of REBCO CCs [1]. However, the total processing time is 
too long for large coil applications such as nuclear magnetic resonance (NMR) and magnetic 
resonance imaging (MRI). 
 We have developed a novel superconducting joint technology for REBCO CCs. It uses a joining 
strap with a microcrystalline REBCO precursor layer. The joint technology has an advantage of a 
sufficiently short total processing time of less than one day. The joining strap and the GdBCO 
CCs were heated at 800 °C for 20 min. in an atmosphere of 100 ppm oxygen to make the 
polycrystalline GdBCO on the joining strap grow epitaxially. This intermediate grown 
superconducting (iGS) joint gives a critical current of > 100 A at 77 K in a self-field. 
 Cross sectional investigation of the joint area was carried out by a scanning electron microscope 
(SEM) and a transmission electron microscope (TEM). An SEM image indicates that there are 
some voids and inclusions, such as CuO and Gd2O3, in the joint area. In spite of the voids and the 
inclusions, approximately 60% of the superconducting layers were directly connected. 
Furthermore, a high resolution image obtained by the TEM shows that the microcrystal grows 
epitaxially and the boundary of the GdBCO layers of the CCs and the GdBCO layer of the joining 
strap were atomically connected with the grown intermediate layer. It was estimated from the 
persistent field decay curve that a joint resistance was in the order of 10-12–10-13 at 77 K in a self-
field over three days, with an operating current of ∼10 A (∼14% of the calculated coil critical 
current). 
 In this presentation, the magnetic field dependence of the critical current will be shown. We 
believe the superconducting joint technology is promising for realization of the persistent current 
mode operation of NMR and MRI. 
 
[1] Park Y, Lee M, Ann H, Choi Y H and Lee H 2014 NPG Asia Materials 6 e98. 
[2] Jin X, Yanagisawa Y, Maeda H and Takano Y 2015 Supercond. Sci. Technol. 28 75010. 
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High temperature superconducting wires (HTS wires) are promising for superconducting magnet 
applications because it is operated at higher temperature than liquid helium temperature. 
Particularly, a MRI magnet using the HTS wires is expected to obtain light-weight, compact and 
low operation cost. The HTS MRI magnet needs a technology of the persistent current mode. 
However, a superconducting joint of HTS wires has not been realized stably at this time.  
We have developed a superconducting joint by using commercial REBCO tapes, and the 
superconducting joint with 10-12 ohm and 100 A-class was achieved by a direct-contact between 
superconducting layers of two REBCO wires. Moreover, a measurement equipment of low joint 
resistance was developed by measuring decays of magnetic field in the one-turn-loop that 
consisted of a REBCO wire and a superconducting joint.  
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HTS superconducting magnets for MRI and NMR should be operated in a persistent current mode in order to 
achieve high temporal stability of the magnetic field of less than 1 ppm/h. Persistent current operation techniques 
of an HTS coil, however, have not been established yet. A persistent current switch (PCS) and a superconducting 
joint are the key technologies for persistent current operation. Recently, Furukawa Electric Co., Ltd. has 
successfully developed the superconducting joint technology with a resistance on the order of 10-12 Ω and a PCS 
using REBCO tapes, connected with a REBCO double pancake coil. In this paper, we report detail results of 
persistent operation tests of the system including a superconducting joint, a PCS and a pancake coil fabricated 
with a REBCO tape in a self-field and an external magnetic field of 1 T at 20 K. The persistent current system 
was fabricated with a SuperPower REBCO tape that had a dimension of 6 mm width and 0.1 mm thickness. The 
REBCO double pancake coil had 80 2 turns with the inner and outer diameters of 44 and 68 mm, respectively, 
and the inductance of 1.54 mH. The persistent current system was conduction-cooled by a 4K-GM cryocooler in 
the cryostat installed in a 220 mm room temperature bore of a cryogen-free superconducting magnet. The current 
decay behavior in persistent current operations up to 170 A were measured using a Hall probe located at the 
center of the coil. The decay rate of the magnetic field after five days operation was evaluated to be 1.7 ppm/h 
for the excitation current of 170 A in the self-field. The voltage-current characteristics obtained from decay 
curves of the magnetic field indicate that the decay behavior of persistent current are dominated by the joint 
resistance in 1 T but by the shielding current in the self field. 
 
Keywords: Persistent current operation, REBCO coil, Shielding current, Superconducting joint 
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As a means to produce long-length high temperature superconducting wires with relatively 
uniform current capacity along its length, a new joining technology of 2G coated conductor (CC) 
tapes based on an ultrasonic welding (UW) was developed. The UW CC joining technique showed 
a good adhesion without any damage to the superconducting film layer and with an acceptable 
low joint resistance, making it reliable and reproducible. Recently, we attempted to achieve a low 
joint resistivity through the optimization of joining parameters for UW including horn tip 
patterns, an introduction of pre-Sn plating and a hybrid welding (HW) which incorporates 
soldering to the UW. Particularly, these methods are very effective for practical applications of CC 
joints using the UW technique because of its shorter welding time and in an easier way, and 
applicable to in-line process. The method can be satisfactorily applicable to various joint 
structures of lap- and butt-joint for Cu-stabilized CC tapes, and bridge joint for CC coils based on 
the UW process. In this study, in order to characterize the joint properties of the resistive CC 
joints fabricated by various joining methods, the joint resistivity and the electromechanical 
properties were evaluated at 77 K, respectively. The electromechanical testing was performed 
under both loading conditions of uniaxial tension and double bending at 77 K and self-field, 
respectively. The irreversible tension load limit and the minimum bending diameter against the 
retained Ic and joint resistance Rj degradation for various CC joints were determined, 
respectively, and the n value behaviors were also examined.  
This work was supported by a grant from National Research Foundation of Korea (NRF-2017-
001109), funded by the Ministry of Science, ICT and Future Planning (MSIP), Republic of Korea.  
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