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Abstract 
 

With an aim of comparison, single grain Y-Ba-Cu-O (YBCO) bulk superconductors were fabricated using a liquid 
infiltration growth (LIG) process and a conventional melt growth (MTG) process with top seeding. The MTG process uses an 
YBa2Cu3O7−x (Y123) powder as a precursor, while the LIG process uses Y2BaCuO5 (Y211)/Ba3Cu5O8 (Y035) pre-forms. The 
growth of a single Y123 domain on the top seed was successful in the both processes. Different feature between the two 
processes is the interior microstructure regarding the critical current density (Jc). The LIG-processed YBCO sample showed a 
lower porosity, more uniform distribution of Y211 particles and the enhanced Y211 refinement compared to the conventional 
MTG process. The Jc improvement in the LIG process is attributed to the dispersion of finer Y211 particles as well as lower 

porosity within the Y123 superconducting matrix. 
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I. Introduction 
 

For the improvement of the Jc of single grain 
YBCO oxide superconductors, various processing 

techniques such as a melt-texture growth (MTG) [1], 
quench and melt-growth (QMG) [2], melt-powder- 
melt-growth (MPMG) [3], powder-melting process 
(PMG) [4], solid-liquid-melt-growth (SLMG) [5], etc 
were developed. Among the fabrication processes, the 
MTG technique [1] is known to be the simplest one 
which produces the superconducting bulk with high Jc 
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exceeding 104 A/cm2 even at the high magnetic fields. 
Instead of high Jc, the MTG-processed YBCO bulk 
showed a large levitation force against a permanent 
magnet due to the large grain size. The large single 
grain YBCO bulk superconductor can be utilized for 
many engineering applications, such as magnetic 
bearings, fault current limiters and flywheel energy 
storage systems [6]. 

Although the MTG-processed YBCO bulk 
superconductors showed very high performance, there 
are still many problems to be solved for the practical 
applications of this material. To further improve the Jc 
and levitation performance [7] of the MTG-process 
YBCO bulk superconductors, a modified melt process 
named liquid infiltration growth (LIG) process was 
recently developed. Chen et al. [8] reported the 
advantages of the LIG process and several research 
groups have been studied to optimize the processing 
parameters of the modified melt process [9-13].  

In contrast to the conventional MTG process which 
starts with an Y123 powder, the LIG process uses 
Y211/Y035 pre-formed pellets. During the isothermal 
melting above the melting point of Y035, the porous 
Y211 pre-form is filled with an Y035 melt to form a 
large Y123 grain. For the purpose of growing a single 
domain Y123 superconductor, the sample is slowly 
cooled through the peritectic temperature with top 
seeding. The LIG process has several advantages over 
MTG process: (1) a near-net shape fabrication [8, 11], 
(2) improved Y211 refinement [9-13] and low 
porosity [10, 12, 13] in a final Y123 product. There 
are many parameters to be optimized in the LIG 
process such as Y211 pre-form density, a holding 
temperature and time above the peritectic temperature, 
the weight ratio of Y211 preform and a liquid source 
preform, etc.  

This paper is aimed toward understanding the real 
beneficial feature of the LIG process compared to the 
conventional MTG process in fabricating of single 
domain YBCO bulk superconductors. To compare the 
beneficial points of the two processes, single grain 
YBCO bulk superconductors were fabricated by the 
both processes and the microstructure and Jc were 
investigated. 

II. Experimental  
 

The starting materials used in the present study 
were Y123, Y211, and Y035 powders. To prepare 
Y211, Y123 and Y035 pre-forms, each powder was 
put in a steel mold with a 20 mm diameter and 
uniaxially pressed into a pellet. The conventional 
MTG and LIG processes were applied for the 
fabrication of a single grain YBCO bulk 
superconductor. The pre-form of the two processes 
were an Y123 pre-form and Y211/Y035 pellet, 
respectively (see Fig. 1). For the fabrication of a 
single grain YBCO superconductor, a top seeding was 
combined with the applied melt processes. 

The details of the pre-form preparation are as 
follows. In the case of LIG process, for the reaction of 
an Y211 phase and a liquid-forming Y035 phase, an 
Y211 pellet was placed on an Y035 pellet. A 
Sm1.8Ba2.4Cu3.4Oz (Sm1.8) seed was placed on the top 
of the pre-form (see Fig. 1(a)), and the seeded 
compacts were positioned at the center of a box 
furnace. To suppress a subsidiary Y123 nucleation at 
the bottom, an Yb2O3 plate and MgO single crystal 
substrate were used as a bottom plate. In the case of 
the conventional MTG process, the seeding and 
bottom plating technique were the same as those of 
the LIG process, but the used pre-form was an Y123 
pellet (see Fig. 1(b)).  
 

  
Fig. 1. Photos of pre-form structure for (a) LIG and (b) 
conventional MTG processes.  
 

The applied heating schedule for the both processes 
is shown in Fig. 2. The prepared pre-forms were 
heated to 1040 oC at a rate of 100 oC/h and 
maintained at this temperature for 1 h. The pre-forms 
were then cooled to 1020 oC at a rate of 10 oC/h and 
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then slowly cooled to 975 oC-985 oC at a rate of 1 
oC/h again. During the slow cooling stage, an Y123 
single grain grows from the top seed. Finally, the 
pre-forms were cooled to room temperature at a rate 
of 100 oC/h. It is expected in the LIG process that 
during the high temperature heating, the Y035 pellet 
melts which is infiltrated the porous Y211 pre-form, 
while in the MTG process the Y123 powder 
decomposed incongruently into a solid Y211 and a 
liquid via. a partial melting. After the fabrication of 
single crystal YBCO bulk superconductors, the 
samples were annealed at 450 oC–500 oC for 150 h in 
flowing oxygen for the oxygen embedding in the 
Y123 lattices. 

The interior microstructure within the prepared 
single Y123 grain samples was investigated by an 
optical microscope (OM) and a scanning electron 
microscope (SEM) for the polished/etched surfaces. 
The superconducting transition temperature (Tc) and 
critical current density (Jc) were estimated from the 
magnetization curves of samples. The rectangular 
samples with a dimension of about 2x2.5x2 mm3 

which cut from the top surfaces of the samples were 
used for the magnetization measurement using a 
superconducting quantum interference device 
(SQUID) magnetometer. The Jc at 77 K and for the 
H//c-axis direction was calculated using a Bean’s 
critical model [14]. 
 

 
Fig. 2. Schematic illustration of the applied heating 
schedule. 
 
 

III. Results and discussion 
 

Figure 3 shows the top view of the YBCO bulk 
superconductors fabricated by the LIG (Fig. 3a) and 
the conventional MTG processes (Fig. 3b). The 
crystals grown at the top surfaces show a rectangular 
growth mode with four-fold grown sector boundaries.  
 

  
Fig. 3. Top view of the (a) LIG-processed and (b) MTG- 
processed YBCO samples. 
 

Figure 4 shows the microstructures of sample at the 
central region of the LIG-processed (Fig. 4(a)) and 
MTG-processed sample (Fig. 4(b)). It can be seen in 
the both samples that many spherical pores, which 
were reported to form due to the gas evolution during 
melting [15], are observed in Y123 matrix. The size 
of the large pores is about few tens of µm and small 
ones is a few µm. Comparing the two microstructures, 
the size and number of pores of sample (Fig. 4(a)) is 
much smaller than those of sample (Fig. 4(b)), 
indicating that the gas evolution during melt process 
was much suppressed in the LIG process. 

The pore formation in both samples is related to the 
oxygen gas evolution during melting and is 
influenced by the precursor powder used. The 
pre-forms used in the LIG process were Y211/Y035 
pellets. During the high temperature heat treatment, 
only a Y035 powder melts, but the Y211 remains as a 
solid form. The Y035 melt infiltrates into the porous 
Y211 pre-form. The pore formation is thus limited in 
the pore spaces in the Y211 pre-form. Meanwhile, the 
pre-form of the MTG process was an Y123 pellet.  
At the high temperature above the melting point of an 
Y123 phase, the Y123 pre-form was partially melt 
into an Y211 and a Y035 liquid. Due to the different 
oxygen stoichiometery in the Y123 and (Y211 + 
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Y035), a large amount of oxygen releases in the used 
per-form, and thus finally form pores of very large 
size in the pre-form [15]. This is the reason why many 
more pores of a larger size were observed in the 
MTG-processed sample.  
 

  
Fig. 4. Optical micrographs of the polished surfaces of the 
(a) LIG and (b) conventional MTG-processed Y123 
samples. 
 

Figure 5 shows the Y211 particles trapped in the 
Y123 grains of LIG-processed (Fig. 5(a)) and MTG- 
processed (Fig. 5(b)) Y123 samples. The round 
shaped Y211 particles are observed in both samples, 
which are attributed to the peritectic dissolution of the 
faceted planes of the Y211 particles prior to trapping 
into an Y123 grain. The average size of Y211 of the 
sample (Fig. 5(a)) is much smaller than that of the 
sample (Fig. 5(b)). The presence of the smaller Y211 
size in the LIG processed sample is explained in 
terms of the reaction route during melting in the both 
processes. The Y211 particle size in the LIG process 
can easily be reduced when preparing the Y211 
pre-form, while the Y211 size control in the MTG 
process is difficult because the Y211 is a by-product 
of the incongruent melting of an Y123 pre-form. In 
addition, the amount of a melt in the LIG-processed 
sample is likely to be smaller than that of the 
MTG-processed sample due to the limited open space 
for liquid infiltration in the Y211 pre-form. The Y211 
in the MTG-processed sample might thus experience 
the relatively severe Y211 coarsening at the (Y211 + 
Y035) state due to the larger amount of the liquid. 

Figure 6 shows Jc-B curves at 77 K and H//c-axis 
of the LIG-processed and MTG-processed samples. 
The Jc values in the magnetic fields of 0-5 Tesla of 
the LIG-processed sample are higher than that of the 
MTG-processed sample. The improved Jc is ascribed 

to the smaller Y211 particle size (small Y211 particles 
or the Y211/Y123 interface can act as pinning center 
[16]) and low porosity [12, 13] in the LIG-processed 
sample.  

It can be said from the experimental results of this 
study that the LIG technique has several advantages 
of easier control of Y211 size, distribution, lower 
porosity and higher Jc compared to the MTG process. 
 

  
Fig. 5. Scanning electron micrographs of (a) LIG-processed 
and (b) MTG-processed YBCO sample. 
 

 
Fig. 6. Jc–B curves of the LIG-processed and MTG- 
processed Y123 sample. 
 
 
IV. Conclusions 
 

With an aim of comparison of the LIG and 
conventional MTG processes, single grain YBCO 
bulk superconductors were fabricated using the both 
processes combined with a top seeding. The 
experimental results shows the importance of the 
precursor powder which is used to make a pre-form 
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for the processes; the LIG process starts from an 
Y211/Y035 pre-form, but the MTG process starts 
from an Y123 pre-form. The smaller Y211 size, more 
homogeneous distribution and lower porosity were 
achieved in the LIG-processed sample. The Jc of the 
LIG-processed sample is higher in the applied 
magnetic fields of 0-5 Tesla than the Jc of the 
MTG-processed sample due to the presence of fine 
Y211 particles and small amount of pores in the Y123 
product. 
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