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Large-current capacity High-Temperature Superconducting (HTS) conductors have been 

developed for the helical fusion reactor and the next-generation helical experimental device. 
Three kinds of HTS conductors, STARS, FAIR, and WISE, have been proposed with different 
internal structures. For these conductors, the common target is to achieve a high current density 
of 80 A/mm2 at a magnetic field of >10 T and a temperature of 20 K. The STARS (Stacked Tapes 
Assembled in Rigid Structure) conductor was originally developed to be applied to the helical 
fusion reactor FFHR with a 100-kA current capacity. A prototype conductor sample with a total 
3-m length achieved 100 kA, having a 300-mm portion under a 5-T magnetic field with 20-K 
temperature control by a heater. The STARS conductor uses simply-stacked REBCO HTS tapes 
embedded in a copper (Cu) stabilizer and stainless-steel (SS) reinforcement jacket. The conductor 
is mechanically robust without having any deformation in REBCO tapes due to non-twisting and 
non-transposing. Recently, a 20-kA-class STARS conductor has been developed to apply to the 
next-generation helical experimental device. A 3-m-long sample was fabricated with laser beam 
welding in the SS jacket. The sample was tested in the large superconductor testing facility by 
applying a magnetic field using a split coil over a 300-mm section (like the previous testing). Still, 
a uniform helium gas cooling was done for the straight sample of 2-m length. A 20-kA current 
was stably transported at 8 T, 20 K. Then, another STARS conductor sample was fabricated with 
internal electrical insulation between the Cu stabilizer and SS jacket. The critical current was 
observed in liquid nitrogen to show the same value as the former sample with no internal 
insulation. A 6-m long sample of the internally-insulated type STARS conductor was then 
fabricated with a 600-mm diameter and a coiled structure of 3 turns. It was tested in 8 T, 20 K 
using a facility equipped with a 13-T, 700-mm bore solenoid coil. This time, a magnetic field was 
applied uniformly to the whole conductor of 6-m length, and temperature control was also done 
for the whole sample length with indirect cooling by supplying helium gas in a separate tube 
mechanically attached to the conductor. A stable operation up to 18 kA was confirmed, together 
with 100 times of repetitive excitations with a 1 kA/s ramp-up and down rate. For the success of 
this experiment, the low-resistive mechanical lap joints between the current feeders and the 
conductor terminals played an important role by ensuring no temperature increase. The 
measured magnetic field suggests a slight movement of the whole sample due to the 
electromagnetic force. A residual magnetic field is also observed after the transport current 
becomes zero, which might be caused by circulating current among the simply-stacked REBCO 
tapes due to the imbalance of self-inductance among them. Despite the non-uniform current 
distribution, the STARS conductor with a simple stacking technique is considered promising for 
fusion magnets.  
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Dynamic resistance of REBCO coated conductors (CCs) is one of the key parameters in some 
high-temperature superconductor (HTS) applications, such as field-triggered persistent current 
switches (PCS), flux pumps, fault current limiters (FCL), and rapid cycling synchrotrons (RCS). In 
these applications, REBCO CCs carry DC currents under AC and DC bias fields.  
  
In this work, dynamic resistance in a REBCO bifilar stack has been studied at 77 K when carrying 
DC currents under combined AC and DC bias fields. The bifilar stack is assembled from two 
serial-connected REBCO coated conductors, cut from 2 – mm wide SuNAM wire. The transport 
DC currents vary from 10 A to 40 A with amplitudes of AC magnetic fields up to 350 mT and DC 
bias fields up to 300 mT.  The frequency of AC magnetic fields ranges from 10 Hz to 50 Hz.  The 
influences of these parameters on the dynamic resistance have been studied via experiments and 
coupled electromagnetic-thermal simulations using 2D H-formulation.  
 
Our results show dynamic resistance of the bifilar stack increases with increasing DC bias fields, 
which we attribute to degradation of the critical current in the stack caused by the DC bias fields. 
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Study of AC-loss for REBCO coils winded by split wire using magnetic field simulation and 
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It is known that single-core REBCO-coated conductors has a large screening current induced 
magnetic field, therefore, a large AC-loss due to the magnetic hysteresis is generated in coils. 
Recently, we developed multi-core REBCO sprit wires with three methods, as V-bending, pressure 
concentration, and tearing. In results, magnetization was decreased above 70%, with reducing of 
area in hysteresis. This indicates that the AC-losses in REBCO-sprit wires were improved largely. 
Based on these results, we investigated the AC-loss in coil with magnetic field simulation of the 
coil. For the magnetic field simulation, the maximum magnetic field of each split wire in 
AC-circuit along vertical direction of tape surface was calculated by using FEM. And then, each 
AC-loss of turn in coil is obtained by using the magnetization measurement results. Finally, the 
AC-loss of entire coil was simulated and evaluated.As an example for magnetic field simulation, 
Fig. 1 shows the results of a maximum magnetic field distribution in a coil. The cross-sections of 
all sprit wires in a half of coil are shown by a square frame. This model of coil was calculated with 
an inner diameter of 80 mm, an outer diameter of 111 mm, and 61 turns. The peak current in 
AC-circuit is 30 A. 
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 There are two types of hollow processing technology, one that processes before molding and 
the other that processes after molding. However, in hollow processing after molding, it is difficult 
to internally process an object which has a complicated shape. Therefore, SUAM 
(Superconductive-Assisted Machine) has been proposed in which a magnetic material is levitated 
to process an object by utilizing the magnetic flux pinning phenomenon of superconductors. In 
this study, we evaluated a new type of SUAM using double permanent magnets and 
superconducting tapes to obtain stronger repulsive force. 
As shown in Fig. 1, the model of the SUAM has six superconducting tapes placed azimuthal at 

equal intervals from the center. Then, four layers similar to the upper layer of superconducting 
tapes were prepared under the superconducting tapes with the distances between the upper and 
lower layers at intervals of 100 mm. Then two permanent magnets were used. One was 
magnetized at the magnetizing position of 10 mm above the superconducting tapes. The other 
permanent magnet was magnetized at the magnetizing position of 1 mm bottom the 
superconducting tapes. Two permanent magnets are placed in a state of repulsion as shown in 
Fig. 1.  And the repulsive force from the superconducting tapes to the permanent 
magnet  magnetized at the magnetizing position of 10 mm above the superconducting tapes 
was calculated by using finite element method (FEM), when the permanent magnet was 
approached perpendicularly to the superconducting tapes. Then, the distance between the 
permanent magnet and the superconducting tapes was changed from 10 mm to 1 mm, i.e. the 
upper permanent magnet is approached to the superconducting tapes. Fig. 2 shows the FEM 
calculation results for a SUAM with double permanent magnets and a SUAM with single 
permanent magnet only at the above of the superconducting tapes. The results show that when 
there are double permanent magnets, the repulsive force is much greater than when there is 
single permanent magnet. This is because a repulsive force is generated between the permanent 
magnets by placing a permanent magnet with different magnetic poles under the top permanent 
magnet. Therefore, larger repulsive force by two permanent magnets and stable levitation by the 
superconducting tapes are achieved. 
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Advanced transfer systems have been needed for high-tech industries such as bio, 
pharmaceutical, semiconductor, etc. that are possible to improve the production yield and get rid 
of failure by keeping down the dust and vibration during the operation process. To solve this 
problem, a high-clean, non-contact transfer system has been proposed, but commercialization 
has been delayed due to lack of levitation force and difficulty in transport control.   
In this study, in order to achieve higher levitation force, superconducting bulk magnets fabricated 
by stacking high temperature superconductor (HTS) coated conductors (CCs) are used instead of 
the conventional sintered HTS bulk. Because superconducting bulk magnets stacked with HTS 
CCs have various advantages, such as relatively high and homogeneous levitation performance 
by using HTS CCs with high critical current density, high mechanical properties by alternative 
stacking structure with a metal substrate and ceramic superconducting layer, etc.  
Details will be presented for the discussion including (1) stacking technology, (2) levitation force 
measurement, and (3) trapped magnetic field distribution of superconducting bulk magnets. 
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The high-temperature superconducting bulk magnets synthesized by the heat treatment 

process can trap the applied magnetic field, behave as quasi-permanent magnets. The magnetic 
properties follow the principle of solenoid coils rather than conventional permanent magnets. 
Superconductivity is elevated as the temperature decreases, so by using a refrigerator to cool the 
magnet below the liquid nitrogen temperature, the magnetic field intensity far exceeds that 
generated by permanent magnets and copper coils, which is comparable to that of 
superconducting solenoid magnets. Applications of bulk magnets can be classified into passive 
applications that utilize magnetic levitation force against an external magnetic field and active 
ones that trap strong magnetic fields by magnetizing them. These are unique applications 
available only with superconductivity. Magnetic separation and NMR magnets are given as 
examples of active applications. The application to magnetic separation is characterized by its 
strong magnetic field gradient, which effectively separate weak magnetic substances without 
using any filters. In actual, paramagnetic hematite was successfully separated from its suspended 
water using the magnetic field on the magnetic pole surface. 8kg/day of nickel sulfate powder 
was separated from the waste liquid of the nickel-plating process, demonstrating the practicality 
of resource recovery. On the other, we succeeded in detecting NMR signals for the first time in 
the world in a highly stable magnetic field space on the single pole surface, which experimentally 
demonstrated that the bulk magnets can be used for NMR analysis instruments. 
 
Keywords: superconductor, cryocooler, magnetic separation, NMR magnet 
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After magnetization, high-temperature superconducting (HTS) bulk materials can trap strong 

magnetic fields. Despite the relatively small size of HTS bulks, the peak trapped magnetic field 
can be stronger even than permanent magnets and electromagnets. Strong magnetic fields are 
very useful in industrial applications because they can increase the power output of rotating 
machines for generators and propulsion, or make them smaller. If the field poles of the rotating 
machine are replaced by magnetized HTS bulk from permanent magnets, the power output of 
the rotating machine can be increased due to the increased peak magnetic field. In that case, 
however, the size of HTS bulk is a limitation of the total flux of the machine. Increasing the total 
magnetic flux will increase its power output, without changing the size or weight. Thus, the use of 
large HTS bulks would be beneficial but their manufacture is challenging due to the limitations of 
the single-seed melt-growth process. Alternatively, multi-seeded melt-growth techniques are 
available. But multi-seeded bulks often have limitations in field trapping capabilities compared to 
single-seeded bulks. Instead of increasing the size of the HTS bulks, increasing their number is a 
possibility. Aggregating many bulks together can increase the total magnetic flux. Arranging 
several smaller bulks together is also useful to scale and shape large field poles. We have 
previously fabricated a prototype rotating machine with a larger total magnetic flux by 
integrating multiple HTS bulks in a two-dimensional array and obtained excellent power 
characteristics [1]. However, the method of magnetizing the bulk is an important issue, since a 
high magnetic field must be confined to the HTS bulk inside the fully assembled rotating 
machine before it can be used. The magnetization of an array of bulk is challenging. Until now, 
the experimental magnetization of arrays of bulks has been mainly done using field-cooling (FC) 
magnetization. This technique requires large superconducting magnets and a long magnetizing 
time. FC is consequently limited for practical use because it is structurally and costly impractical 
to allow for the magnetization of HTS bulks by the large superconducting magnet that individual 
rotating machines have inside. In contrast, pulsed-field magnetization (PFM) is the magnetization 
method that can solve the major problems caused by FC. Unlike FC, PFM, which is realized by 
small and inexpensive devices, relies on the application of a short magnetic field pulse. Due to 
the rapidity of PFM, with the magnetic field usually reaching several tesla and lasting several 
hundred milliseconds, copper magnetizing coils are suitable to apply the pulsed magnetic field. 
Copper coils should be cooled to withstand excessive pulsed currents, however, fundamentally 
don't need the same cryogenic system as superconducting magnets. So, the magnetizing 
equipment can be smaller and less than 1/10 of the price of FC equipment. Yet, a major problem 
subsists, which is the method of magnetization. The use of a PFM technique to magnetize 
multiple HTS bulks has been little studied, particularly in the case of HTS bulk arrays with 
non-alternate polarities. In this presentation, we show the experimental results of the 
magnetization of multiple GdBaCuO bulks using a PFM technique. Three square superconducting 
bulks have been arranged to reproduce a part of the internal design of our HTS motor [1]. The 
HTS bulks and coils are cooled to a temperature of 77 K by liquid nitrogen. We show the 
experimental results of the trapped magnetic flux density in the bulk array by PFM obtained 
using a prototype of magnetizing coil that we have fabricated for the bulk array. Since the 



magnetization sequence is important for the trapped magnetic field and the geometry of the coil 
and bulks, we discuss it based on our experimental results. 
 
[1] M. Watasaki, M. Izumi, M. Miki, C. Bocquel, E. Shaanika, K. Yamaguchi, T. Ida, S. Englebretson, R. 
Chin, M. Morita and H. Teshima, “Stability model of bulk HTS field pole of a synchronous rotating 
machine under load conditions”, Supercond. Sci. Technol., vol. 34, no. 3, Art no. 035015, Feb. 2021. 
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We have fabricated a superconducting jointed Gd-Ba-Cu-O bulk superconductor by employing 

the local melting method and investigated the effect on pulse field magnetization (PFM) 
behavior.  In this study, we will report the effect of the iron yoke geometry which placed on the 
coil side during PFM on the magnetization behavior. 
It is possible to fabricate a high-quality superconducting jointed Gd-Ba-Cu-O bulk 

superconductor by employing the local melting method with a Er-Ba-Cu-O superconducting thin 
plate having a slightly lower melting point. The superconductor joint method enables the 
fabrication of larger bulk and complex shapes, which have been difficult to achieve in the past. 
 The PFM method has an advantage that the magnetization in an equipment is possible, 
compared to the field cooling magnetization method in a magnetic field. However, in case of 
PFM method, it is difficult to obtain a high trapping magnetic field due to the heat generation 
caused by rapid magnetic flux motion during PFM. Therefore, we have suggested that controlling 
the Jc-B property of the superconducting jointed part may disperse the heat generated during 
PFM and improve the efficiency of pulse magnetization. Here, Yokoyama et al. reported that the 
possibility of improving the trapped magnetic field of a bulk superconductor with defects by 
changing the shape of the iron yoke during PFM [IEEE Trans. Appl. Supercond., 2020].  
 In this study, we apply this technique to a superconducting jointed Gd-Ba-Cu-O bulk 
superconductor and report the effects of changing the width and orientation of the iron yoke on 
the magnetizing properties during PFM. 
 
Keywords: Bulk superconductor, Superconductor Joint, Pulse magnetization, Trapped magnetic 
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Due to their high critical temperatures (Tcs), rare-earth (RE) based cuprate superconductors are 
promising candidates for use in liquid-nitrogen-operated superconducting bulk magnets and 
cables. But their anisotropic crystal structures, which have alternating superconducting CuO2 
layers and stacked layers of Cu-O chains, cause their critical current densities (Jcs) to be 
anisotropic within the crystal structure, Jc//c < Jc//ab. Furthermore, the inter-grain Jc is drastically 
reduced even for the c-axis oriented RE123 grains as the misorientation angle between them 
increases. For RE-based cuprate superconductors, tri-axial grain orientation is a serious issue for 
increasing the Jc. Thin film growth and melt-solidification processes based on epitaxial growth 
have been used in practice. Magnetic alignment is a bi-axial or tri-axial alignment process, and it 
is a non-vacuum process and can be done at ambient temperature. Permanent magnets can be a 
desirable choice for making the modulated rotating magnetic field (MRF) at a low cost and 
aligning HTSC in three-dimensional. Fig. (a) shows a schematic figure of a linear drive type 
modulated rotating magnetic field (MRF). The specimen with the sheet shape in Fig (a) is in the 
rest position, the permanent magnet array moves in a linear direction over the sample. Although 
introducing rotating magnetic fields into a linear production process is difficult, the present 
system that produces an MRF without moving the sample increases the adaptability of magnetic 
alignment as a material continuous production process. Initially, the sample was placed in the 
center of the array, α-plane was perpendicular to the linear motion of the unit. In principle, the 
first and second easy axis and the hard axis of magnetization are normally oriented to the α, β, 
and γ planes. This equipment employs a permanent magnet array composed of Nd-Fe-B to 
produce a static magnetic field (SF) and a rotating magnetic field (RF) up to 0.9T. Furthermore, 
fully oxidized Dy123 powder with a twin microstructure was aligned at ambient temperature in 
epoxy resin. To investigate the orientation degrees, the α-plane of the magnetically aligned 
samples of Dy123 was examined by an X-ray pole figure. Before explaining the pole figure results 
of the aligned sample of Dy123 under the MRF, I would like to explain the size of the sample. As 
aligned samples have dimension of 10mmD x 2.8mmW x 10mmH. To clarify the 
position-dependent orientation degrees, the aligned sample was cut into 3 different parts; the 
center part dimension is 4mmD x 2.8mmW x 4mmH, while the dimensions of the two different side 
parts are 3mmD x 2.8mmW x 10mmH in the direction of linear-reciprocating motion of the 
magnet.  The XRD patterns of α, β, and γ of the magnetically aligned sample of Dy123 in epoxy 
resin under the linear-drive MRF were measured. Before cutting, the XRD pattern at the α-plane 
indicates that the first easy axis (c-axis) was aligned at ambient temperature. In the XRD patterns 
of the β and γ planes, the coexistence of the (h00) and (0k0) peaks appeared, which can be 
understood in terms of the presence of twin-microstructure in the ab-plane of Dy123. In the pole 
figure of the (103) plane, we observed four different diffraction spots in circumferential symmetry. 
Figure (b) shows the pole figure result for the magnetically aligned Dy123 sample before cutting. 
In detail, four-fold symmetric spots are located at 45 degrees. These four distinct diffraction spots 
are because of the bi-axially oriented twin microstructure. Due to the twin microstructure, the 
slightly broadened four peaks can be attributed to a loss in magnetic anisotropy. The average 
FWHM value of these four peaks was ~10 degrees. Figure (c) shows the (103) pole figure of the 



center part, four-fold symmetric spots are located at 45 degrees, but the four peaks were 
sharpened and the FWHM value was changed to ~8 degrees. It is strongly suggested that the 
magnetic flux of the magnetic array is not uniform over the sample. In the current study, we 
found that the improvement of the spatial distribution of the magnetic flux over the sample was 
required, for this 3-D simulation work might be useful for analysis of the spatial distribution 
between the lower and upper arrays as future issues to be overcome. The in-plane orientation 
degree depends on the position of the sample, which is why the center part shows less broad 
peaks. Moreover, the side parts of the samples show a more tilted in-plane orientation degree, 
which verifies the statement of location dependence. The X-ray (103) pole figure of the side parts 
will be shown in the presentation. 
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Since the discovery of iron-based (IBS) superconductors in 2008, research has been conducted 

intensively on fundamental properties for potential applications. Several families such as 
REFeAsO, AEFe2As2, AFeAs, AEAFe4As4 (RE = rare earth, AE = alkali or alkali earth, A = alkali metal) 
etc., were developed in IBS and optimally doped (Ba0.6, K0.4)Fe2As2 (BaK122) is considered to be 
superior owing to the high superconducting transition temperature and high critical current 
density. Meanwhile, there are some difficulties in sample preparation such as unwanted reactions 
of IBS with various dopants limiting their potential applications. In the present work, we address 
this problem and developed a novel in-situ and low-temperature synthesis method of 
polycrystalline BaK122 samples by addition of Sn. Studies of x-ray diffraction indicated the phase 
formation of BaK122 at 500 oC with the 10 wt. % Sn addition and we have successfully reduced 
the phase formation temperature of about 250 oC. The microstructural features investigated by 
the scanning electron microscopy indicated the grain sizes of BaK122 synthesized via our 
low-temperature method are relatively smaller compared to conventionally produced and are 
about 1.5 µm. All samples indicated onset of bulk superconductivity up to 37 K. In this 
presentation we will also address the optimization of synthesis conditions and their influence on 
the structural, microstructural, composition variations and superconductivity of polycrystalline 
BaK122 bulks. 
 
Keywords: IBS, Phase formation, Critical tempreture, X-ray diffraction 
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Superconductors with a large critical current density (Jc) can trap a high magnetic field when their 
powders are pressed into bulk and sintered, which could be used as superconducting magnets. In 
this work, we attempted to improve the Jc characteristics and trapped field of bulk iron-based 
superconductors by increasing the pressure used in the manufacturing process. In this work, we 
attempted to improve the Jc and the trapped field of bulk iron-based superconductors by 
increasing the pressure used in the manufacturing process. In the present study, we prepared a 
cylindrical bulk polycrystalline Ba0.6Na0.4Fe2As2 superconductor with a diameter of 3.9 mm and 
2.06 mm in thickness. Polycrystalline powder was synthesized by the mechanochemical method 
as described in Ref. [1] and was sealed in a silver tube with an inner diameter of 4 mm. A cold 
press process was performed in the glove box to texture the grains along c-axis. The sample was 
then put into a cubic press and sintered under a pressure of ~2.2 GPa at ~850 ℃ for 1 hour. The 
critical temperature of this bulk is ~33 K. A Hall probe was set at the position z ~0.38 mm from 
the bottom surface of the bulk to measure the trapped field as shown in the inset of Fig. 1(a). 
Measured magnetic induction at 4.2 K as a function of the applied field is shown in Fig.1 (a). In 
the remanent state, measured magnetic induction is ~3,718 G. Jc under the self-field is estimated 
by Biot-Savart approximation [2] to be ~65.9 kA/cm2, which is larger than that in the previous 
work [3] but lower than the value in high-quality wires [1]. The trapped field on the surface of the 
bulk was finally calculated by the same approximation to be ~7,200 G. From XRD result measured 
on the top surface of the bulk (Fig. 1(b)), it can be seen that the ratio between the intensity of 
(002) peak and that of (103) peak increased from ~1/5 in random powder to ~1/3 in the bulk, 
suggesting that grains are textured along c-axis. However, this ratio is still much lower compared 
with the result in well-textured tapes [4]. We will next try to use higher pressure for the cold 
pressing to enhance the texturing and to further improve Jc and trapped field. 
   
 [1] S. Pyon et al., Supercond. Sci. Technol. 33, 065001 (2020). 
 [2] T. Naito et al., Supercond. Sci. Technol. 25, 095012 (2012). 
 [3] J. D. Weiss et al., Supercond. Sci. Technol. 28, 112001 (2015).  
 [4] Z. Gao et al., Sci. Rep. 4, 4065 (2014). 
 
Figure 1 (a) Magnetic induction close to the surface of the Ba0.6Na0.4Fe2As2Ba0.6Na0.4Fe2As2 bulk 
sample measured by a Hall probe as a function of applied field at 4.2 K. (b) X-ray diffraction 
patterns of the bulk sample and reference randomly-oriented powder. 
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REBa2Cu3O7-δ (REBCO/RE123, RE = rare earth elements) superconductors have a wide range of 

applications due to their high superconducting transition temperature (Tc) of ~92 K and excellent 
field trapping capabilities. This is very important for developing next-generation high-magnetic 
field applications, which depends on the magnitude of critical current density (Jc) and how well 
the magnetic flux motion due to the Lorentz force is suppressed. This can be achieved by 
dispersing pins such as RE2BaCuO5 (RE211) particles or other nanometer-sized defects in the 
superconducting RE123 matrix. Recently, we have demonstrated that high-energy ultrasound 
irradiation effectively controls the initial RE211 (RE211Ultra) particle size. By employing the 
RE211Ultra particles, the Jc and trapped fields of various REBCO single-grain bulk superconductors 
were improved.  
In this study, for improving the 123-matrix pinning, (Y1-x, Gdx)Ba2Cu3O7-d (YGdBCO) 

superconductors were synthesized via top-seeded melt growth method by the addition of 20 
mol% of ultrasonically pre-treated (with 450 W for 30 min) Gd211 particles. Systematic 
isothermal experiments were conducted at various constant temperatures (from 1020 oC – 990 
oC) indicating that a safe growth window for fabricating large YGdBCO bulk single grains is 1015 
oC – 990 oC. The microstructural and composition studies (mapping, line scan and point scans) 
performed via electron microscopy and energy dispersive spectroscopy on YGdBCO samples 
indicated that the inclusion of the Y211 phases wrapped in Gd211 particles. All YGdBCO samples 
exhibited superconductivity above 92.5 K. A maximum of 74.1 kA/cm2 at 77 K and self-field was 
achieved in the YGdBCO sample grown at 1000 oC. Further, we will outline the relation of the 
developed microstructure and superconducting properties dependence on the isothermal 
growth temperature.  
 
Keywords: (Y, Gd)Ba2Cu3O7-?, single-grain, ultra sonication, microstructure 
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The progress of the melt growth synthesis technique for preparing superconducting REBaCuO 

bulks allows the production and commercialization of a single crystal with a diameter of 10 cm. 
This is in good agreement with the development of new applications such as electrical motors 
where superconducting bulks are used as trapped field magnets or magnetic shields [1], [2].   
 It is then crucial to determine the superconducting properties such as the critical temperature, 
critical current density and irreversible magnetic field which is commonly done with the help of 
an MPMS-SQUID on a millimeter-size sample. However, the inhomogeneity of performances has 
been reported on a bulk [3], which highlights the necessity to measure the critical properties in 
multiple positions along the sample radius either in a grain sector or along a grain sector 
boundary.  
We propose a simial work with a characterization carried out on a 10 cm wide commercial bulk 

after machining for use as magnetic shields [1]. 24 rectangular samples have been extracted in a 
different position from the bulk’s center, prepared and measured on a 14 T MPMS with a VSM 
head. Then a comparison of the superconducting properties of each sample will be presented 
along with trapped field measurement done on 10 other wide YBaCuO bulks. Finally, this will 
allow a discussion on the readiness of this technology and its possible future development and it 
will point out the necessity to measure the superconducting properties in different positions. 
 
[1] R. Dorget et al., « Design of a 500 kW partially superconducting flux modulation machine for 
aircraft propulsion », J. Phys. Conf. Ser., July 2021. 
[2] R. Dorget et al., « Review on the Use of Superconducting Bulks for Magnetic Screening in 
Electrical Machines for Aircraft Applications », Materials, Jan. 2021. 
[3] V. Antal et al., « Relationship between local microstructure and superconducting properties of 
commercial YBa2Cu3O7- δ bulk », Supercond. Sci. Technol., Feb. 2020. 
 
Keywords:  Superconducting Bulks, Magnetic Characterization, YBaCuO, Critical current density 
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TSMG bulk superconductors have the singular advantage over conventional permanent magnet 

material that the maximum trapped field scales linearly with sample diameter. Unfortunately, 
there are a number of challenges to growing large samples including the relatively slow growth 
rate and deterioration in texture, and thus critical current, far from the seed. As the potential 
range of applications of bulk superconductors as pseudo-permanent magnets increases the 
importance of being able to create larger samples has become progressively more apparent. 
   
 In the coated conductor area of research joints are now seen as a key technology. In this talk I 
will discuss the potential for superconducting joints in superconducting bulks. I will review work 
in this area since the inception of the field and discuss recent work carried out in this area by the 
Cambridge group and collaborators in jointing bulk superconductors. 
 
Keywords: Jointing, Bulk Supercondutors, Cuprate 



WB9-1-INV 
 
Transient Liquid Assisted growth (TLAG): a novel method to increase Coated Conductors 
throughput 
 
*Teresa Puig1, Lavinia Saltarelli1, Diana García1,3, Kapil Gupta1, Albert Queralto1, Silvia Rasi1, Adria 
Pacheco1, Roxana Vlad1, Aiswarya Kethamkuzhi1, Elzbieta Pach1,5, Jordi Aguilar1,5, Daniel 
Sanchez-Rodríguez2, Cornelia Pop1, Victor Fuentes1, Juri Banchewsk1, Joffre Gutierrez1, Susagna 
Ricart1, Jordi Farjas2, Pere Roura2, Cristian Mocuta4, Eduardo Solano5, Ramon Yanez3, Xavier 
Obradors1 
 
Institut de Ciència de Materials de Barcelona, ICMAB-CSIC, Bellaterra, Spain1 
GRMT, Department of Physics, University of Girona, E17071-Girona, Spain2 
Departament de Química, Universitat Autonoma de Barcelona, Campus UAB, 08193 Bellaterra, 
Spain3 
Diffabs beamline, Soleil Synchrotron, Paris, France4 
NCD-SWEET beamline, Alba Synchrotron Light Sourece, Bellaterra, Spain5 
 
REBa2Cu3O7 (REBCO CC) coated conductors are a unique opportunity to achieve high currents at 

high magnetic fields where other materials cannot compete, especially in the emerging sectors 
for energy transition, including fusion, and high energy physics with high field magnets. Much 
effort has been devoted in recent years to increase yield, high-throughput, and overall decrease 
cost/performance ratio of REBCO CC manufacturing processes. We believe that our novel growth 
approach, entitled "Transient Liquid Assisted Growth (TLAG)” [1,2], which utilizes chemical 
solution deposition (CSD), can become a very competitive high-throughput and cost-effective 
fabrication method, because ultra-fast growth rates, beyond 1000 nm/s, are reachable by tuning 
the non-equilibrium transient liquid [3]. We have proven that TLAG has a wide working window 
compatible with the growth of nanocomposites and coated conductors with critical current 
densities of 3 MA/cm2 at 77K. Besides, very reproducible thick pyrolyzed layers showing 
nanocrystalline and very homogeneous microstructure can be fully decarbonated, at least up to 3 
µm.  
 TLAG is a very non-equilibrium process where kinetic parameters have a strong influence on 
nucleation and growth, which implies that very solid and reproducible conditions are desired. 
Consequently, we developed a robust, facile and very reproducible colloidal ink [4] to control the 
supersaturation degree during growth, and we determined the correlation of the kinetic 
parameters of the process with epitaxy and growth rate. The use of fast acquisition in situ XRD 
imaging (<100 ms/frame) under synchrotron radiation, transmission electron microscopy, in situ 
resistivity experiments, and angular transport measurements have been crucial for this study.  
 In this presentation, I will discuss the current understanding of the TLAG process, relevant 
process parameters for growth of CC, and the relevance of the kinetic phase diagrams to guide us 
through the extreme non-equilibrium TLAG mechanisms [3]. Advances in growth rates, 
correlation between growth and properties, and richness of vortex pinning capabilities of films 
and nanocomposites will be discussed.  
 We acknowledge funding from EU-ERC_AdG-2014-669504 ULTRASUPERTAPE, 
EU-ERC-PoC-2020-IMPACT, EU-ERC-PoC-2022-SMS-INKS, CSIC-TRANSENER-PTI+, 
MICIN-SUPERENERTECH 
   
 [1] L. Soler et al, Nature Communications (2020) 
 [2] S. Rasi et al, J. Phys Chem C (2020) 



 [3] S. Rasi et al, Advance Science 2203834  (2022) 
 [4] L. Saltarelli et al, submitted 
 
Keywords: Growth , critical current, REBCO, nanocomposite 
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The influence of large quantities of nanoparticles on Jc for TFA-MOD (Y0.77Gd0.23)Ba2Cu3Oy CCs 
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For high critical current density (Jc) in a magnetic field, we have improved the Jc of 
trifluoroacetate metal organic deposition (TFA-MOD) (Y0.77Gd0.23)Ba2Cu3Oy by introducing various 
incoherent BaMO3 (BMO: M = Sn, Zr, Hf) nanoparticles (NPs) [1-4]. Especially, 12vol.% BHO 
doped (Y,Gd)BCO coated conductors (CCs) show the highest self-field and in-field Jc compared to 
that of other CCs [3]. However, the influence of large quantities of BHO NPs on the 
superconducting properties of (Y,Gd)BCO+BHO CCs has not been clarified. 
In this work, to study of the influence of large quantities of BHO NPs on the superconducting 
properties over a wide temperatures range (26 - 77 K), we fabricated (Y,Gd)BCO CCs with 
different BHO nanoparticle additions. (Y,Gd)BCO CCs doped with over 16 vol.% BHO have slightly 
lower crystallinity and self-field Jc compared to the other CCs. As a result, the in-field Jc for CCs 
doped with large quantities of BHO is lower than that of 12 vol.% doped CC. Detailed 
microstructural and superconducting properties will be presented. 
  
Acknowledgements: This work was supported by JST-FOREST (Grant Number JPMJFR202G, 
Japan). A part of this work was supported by JSPS KAKENHI (18KK0414 and 20H02184). 
  
Reference 
[1] M. Miura et al., Supercond. Sci. Technol. 26 (2013) 035008. 
[2] M. Miura et al., Phys. Rev. B 83 (2011) 184519 
[3] M. Miura et al., NPG Asia Materials 9 (2017) e447. 
[4] M. Miura et al., NPG Asia Materials (accepted on Sep. 6th, 2022) 
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Practical applications, such as MRI, generators and motors, require high critical current (Ic) in a 

magnetic field. For this reason, increasing the film thickness d and enhancing flux pinning are 
extremely important. So far, we have succeeded in obtaining high in-field Ic by controlling the 
crystal growth rate and introducing BaZrO3 nanoparticles (BZO NPs) into trifluoroacetate metal 
organic deposition (TFA-MOD) grown (Y0.77Gd0.23)Ba2Cu3Oy ((Y,Gd)BCO) coated conductors (CCs) 
[1]. Recently, we have reported more improvement of the in-field critical current density (Jc) by 
introducing BaHfO3 (BHO) NPs instead of BZO NPs [2-4]. However, the influence of the film 
thickness dependence of the in-field Jc and of the microstructure of (Y,Gd)BCO +BHO CCs is not 
clear. 
 In this work, to investigate the film thickness dependence of Jc at various temperatures (85, 77 
and 65 K), we prepared standard (Y,Gd)BCO and 12 vol.% BHO-doped (Y,Gd)BCO CCs with various 
thicknesses. For all thicknesses, films and temperatures, (Y,Gd)BCO+BHO CCs show a higher Jc 
compared to that of YGdBCO CCs. Despite the fact that for thinner films Jc decays rapidly with 
increasing thickness (), for thicker films the Jc value is almost constant. This thickness dependence 
of Jc may be caused by the change of depensation of pinning (2-dimensional pinning in thinner 
films and 3-dimensional pinning in thicker films). Detailed experimental results for 
nanocomposite (Y,Gd)BCO CCs will be presented. 
  
Acknowledgements:  
 This work was supported by JST-FOREST (Grant Number JPMJFR202G). A part of this work at 
Seikei University was supported by JSPS KAKENHI (20H02184). 
   
 1.  M. Miura, Springer 2015 (ISBN:978-3-319-14477-1), chapter 1, pp.3-26. 
 2.  M. Miura et. al., NPG Asia Materials 9 (2017) e447. 
 3.  S.C. Jones, M. Miura et. al., APL Materials 9 (2021) 091105. 
 4.  M. Miura et. al., NPG Asia Materials (accepted on Sep. 6th, 2022) 
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We have fabricated Gd123 thin films with Ce and Zr added at the same time by the fluorine free 
metal organic deposition method. When different BMO3-type artificial pinning centers (APCs) are 
generated simultaneously, they considered to share the Ba used for APC growth. Therefore, it is 
expected that APCs size is more decreased. In this study, we selected Ce and Zr as doping 
elements, and fabricated three samples with the same amount of APCs added. As a result, the 
maximum pinning force density of the co-added sample was 1.6 times higher than that of the 
single BMO3 sample at 1T under77.3K. 
 
Keywords: FF-MOD, Re123, APC co-dope 
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Among high temperature superconductors (HTS), cuprate superconductors (REBa2Cu3O7-δ 

(REBCO, RE = rare earth)) have garnered most research efforts in large-scale superconducting 
power applications and high field magnets due to their high critical temperature (~ 92 K) and 
outstanding ability to carry high critical currents at high magnetic fields owing to the high 
irreversibility line. A limiting factor in its implementation is the need of high 
performance/low-cost manufacturing of epitaxial films, for which, chemical-solution deposition 
(CSD) has become a very competitive cost-effective and scalable methodology [1]. However, slow 
growth rates (0.5-1 nm/s) are one of the main obstacles for CSD to become a high through-put 
process. For this purpose, we have developed a novel fluorine-free growth approach, entitled, 
Transient Liquid Assisted Growth (TLAG) [2,3], which is able to combine CSD methodologies with 
ultra-fast growth rates (100-1000 nm/s) by facilitating a non-equilibrium liquid-mediated 
approach. Critical current densities up to 5 MA/cm2 at 77K are already realized in TLAG-CSD 
grown thin films, but in order to further improve the current carrying properties, understanding 
of initial nano precursor phases in the pyrolysis process and fine tuning of growth parameters are 
essential to define a robust process and thicker REBCO layers [4]. Therefore, the microstructure of 
multi-deposited pyrolyzed and grown YBCO films, investigated via high-resolution transmission 
electron microscopy (HR-TEM), scanning transmission electron microscopy (STEM), 
electron-energy loss spectroscopy (EELS) and energy-dispersive X-ray spectroscopy (EDX), will be 
presented. In addition, a phenomenon of re-orientation of homogeneous to c-axis 
heterogeneous epitaxial growth of YBCO, observed during TLAG, will also be discussed. 
 Furthermore, the control over the YBCO film microstructure is essential to enhance the critical 
current-density capabilities. This can be achieved by the presence of well-controlled 
nano-defects inside the epitaxial superconducting matrix acting as vortex-pinning-centers. We 
found that the microstructure of pristine YBCO films could be tuned significantly via TLAG-CSD 
by optimizing different growth parameters. Besides, the addition of secondary phase 
nano-inclusions can also increase flux-pinning at high fields by incorporating pre-formed 
nanoparticles to the metal-organic inks [2]. Therefore, the detailed microstructure of REBCO films, 
REBCO nanocomposites, and coated conductors with varying growth parameters on different 
substrates investigated via HR-TEM, EELS, and using aberration-corrected STEM combined with 
high-angle annular dark field (HAADF), will be discussed in detail. Additionally, the capability of 
TLAG to augment other physical growth processes (e.g, pulsed laser deposition, PLD) and 
provide growth rates of more than two orders of magnitude higher than standard PLD growth of 
REBCO films has been attained [5], so, its microstructural study will also be discussed. 
   
 [1] J. Gutierrez, A. et al., Nat. Mat., 6, 367 (2007) 
 [2] L. Soler et al, Nat. Commun., 11, 344 (2020) 
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The enhancement of the in-field critical current density (Jc) has been one of the most important 
topics for magnet applications of superconductors. The addition of artificial flux pinning centers 
is an effective way to increase the in-field Jc and reduce the flux creep rate (S) for most 
superconducting materials [1-3]. Moreover, it is reported that S is almost proportional to Gi1/2, 
where Gi is the Ginzburg number, in REBCO and BaFe2(As1-xPx)2 (Ba122) films [2]. However, the 
region between REBCO (Gi1/2~0.1) and Ba122 (Gi1/2~0.02) has not yet been investigated. To clarify 
the relationship between S and Gi1/2 in this unstudied region, La2-xBaxCuO4 (LBCO) is an 
interesting superconducting material because it has a maximal critical temperature (Tc) up to 30 K 
near optimal doping and a different anisotropy than REBCO and iron pnictide superconductors.  
In this work, to investigate the superconducting properties of LBCO films, we fabricated LBCO 
films with x=0.13, 0.14, 0.15, 0.165 and 0.18 on LaAlO3 substrates using the Trifluoroacetate Metal 
Organic Deposition (TFA-MOD) method. The LBCO films with optimized fabrication conditions 
have high crystallinity and grow epitaxially on the LaAlO3 substrates. The x=0.15 film shows a 
Tconset~24 K and it is the highest of all the Ba content films studied. To investigate the coherence 
length (xab) and mass anisotropy (gH) for the LBCO films with different Ba content, we measured 
the r-T properties, where r is the resistivity, for various T, m0H and field angles. The calculated xab 
and gH are dependent on the Ba content of the LBCO films. Detailed microstructural and in-field 
superconducting properties for the LBCO films with different Ba content will be presented. 
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