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1. INTRODUCTION   
 

Single grain REBa2Cu3O7−y (RE123, RE: rare-earth 

elements) bulk superconductors have a great potential for 

the applications of magnetically levitated system, 

permanent magnets, magnetic shielding, and so on [1, 2]. 

The large grain YBCO bulk superconductors have been 

fabricated by a top-seeded melt growth (TSMG) or by a 

top-seeded infiltration growth (TSIG) process [3-8]. Seed 

crystals are selected among the REBCO single crystals 

having higher melting point than the processing material. 

In case of fabricating single grain Y123 bulk 

superconductor, Sm123 single crystal with embedded 

Sm211 crystals are usually used as a seed crystal. However, 

Sm123 seed is partially dissolved during a melt process [9] 

and deteriorates the superconducting properties of the 

melt-processed Y123 bulk superconductor [10].  

 Scruggs et al. [11] successfully fabricated a high 

magnetization single grain Y123 bulk superconductor 

using Y123 single crystal seed (hereafter, homo-seed) by a 

hot seeding method that Y123 seed was put onto the quisi-

melted Y1.8 powder compact below a peritectic 

temperature after the high temperature anneal at 1040℃. 

Y123 film deposited on single crystal MgO substrate also 

was used as the seed for the preparation of single grain 

YBCO bulk material [12-13]. It has been reported that the 

YBCO film on a MgO substrate is only partially up to  

dissolved partially even at extremely high temperature of 

1170℃ and is thought to act as a seed for the growth of 

Y123 crystal [12]. However, it is thought that the Y123 

film should be dissolved completely by the heat treatment 

at 1040 for 2 hours in the presence of BaCuO melt. For the 

preparation of Y123 film by liquid phase epitaxy (LPE) 

method, the Y123 film seed are also used. It was reported 

that Y123 film was partially melted and MgO substrate is 

exposed to the BaCuO melt even by a short period 

immersion in the BaCuO melt [15].  
This study presents the growth behavior of Y123 crystal 

grown by homo-seeing melt growth (HSMG) method that 
Y123 crystal is used as a seed for the fabrication of single 
grain Y123 bulk material. Single grain Y1.8 bulk crystal 
was prepared by a conventional TSMG method by using 
Sm1.8 crystal as a seed. Growth behavior of Y123 crystal 
was also observed during a seed-free melt growth process. 
Seed-free melt growth was conducted for the Y1.8 powder 
compact as well as a single grain Y1.8 bulk after removing 
the Sm1.8 seed crystal. The effect of the size of seed crystal 
on the growth behavior of Y123 crystal was investigated 
for the HSMG of Y1.8 powder compact.   

 

 

2. EXPERIMENTALS 

 

 Precursor powder was prepared by using high purity 

powders of Y2O3, BaCO3, CuO and CeO2. Nominal 

composition of the precursor was Y: Ba: Cu = 1.8: 2.4: 3.4 

and 1 wt. % CeO2 was added as a refiner of Y211 particles. 

Powder mixture was calcined and ground repeatedly and 

was mixed with 1 wt. % CeO2 (hereafter, Y1.8).  

An appropriate amount of Y1.8 powder was put into a 
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steel mold with a diameter of 30 mm or 40 mm. Compacts 

were prepared by a uni-axial pressing. 

For TSMG, Y1.8 powder compact was placed on the 

Yb2O3 pieces and then a small-sized Sm-123 seed was put 

on the top surface of the Y1.8 pellet at last. The heat 

treatment procedure for melt growth (MG) was like those 

reported in the literature [6]. The cooling rate was 

controlled with 0.4℃h−1 at the temperature regime for the 

growth of Y123 grains. After the MG heat treatment, Y1.8 

samples were heated to 500℃ at a rate of 200℃h−1 in 

flowing oxygen for oxygenation, held at this temperature 

for 50 h, cooled to 400–500℃ at a rate of 100℃h−1, held 

at this temperature for 200-300 h, and then cooled to room 

temperature at a rate of 200℃h−1.  

For the HSMG experiment, the seed crystals with 

various sizes were prepared by slicing a large single grain 

Y1.8 bulk specimen. To investigate the nucleation 

behavior in a melt processed YBCO grain, the seed-free 

melt growth has been conducted again for Y1.8 powder 

compact as well as for a large single grain Y1.8 bulk. Seed-

free melt growth for a large single grain Y1.8 bulk was 

conducted after grinding the top surface and cut along 

<100> axis and/or <010> axis to know the change of 

crystallographic orientations of the Y123 crystals after the 

melt process.  

The microstructures of the melt-processed specimen 

were investigated using an optical microscope (OP). 

 

 

3. RESULTS AND DISCUSSION  

  

Figure 1 shows the top views of the bulk specimens 

which were prepared by a TSMG and a seed-free melt 

growth of Y1.8 powder compact. It is seen that single grain 

Y1.8 bulk was grown with well-defined <110> facet lines 

by TSMG while multiple grains were formed by a seed-

free melt growth process. From the observation of crack 

directions, it can be said that crystallographic orientations 

of the multiple grains are random.  
Figure 2 shows the result that the seed-free melt growth 

has been applied for a large single grain Y1.8 bulk. To 

compare crystallographic orientations of the Y123 crystals 

before and after the melt process, Top surface of the single 

grain Y1.8 bulk was polished after removing a Sm123 seed 

and cut along <100> axis and/or <010> axis. Compared to 

seed-free melt growth of Y1.8 powder compact, only 

limited number of grains were grown for the single grain 

Y1.8 bulk specimen. It means that only limited number of 

Y123 nuclei were formed and grow fast.  

Melt growth process of REBCO system, RE123 crystals 

are grown in the mixture Y211 + BaCuO melt irrespective 

of the presence of a seed crystal. In case of the seed-free 

melt growth, Y123 crystal should be nucleated form the 

mixture of Y211 + BaCuO melt. It can be said that Y123 

crystals are nucleated heterogeneously on Y211 crystal 

because the critical Gibbs free energy for heterogeneous 

nucleation is much smaller than that of homogeneous 

nucleation.  Y211 crystals are formed during a calcination 

process as well as by the decomposition of the randomly 

oriented Y123 crystals during a ramping step to high 

temperature during a melt process. Therefore, the 

 
 

Fig. 1. Top-views of the Y1.8 bulks fabricated by a melt 

process (a) with Sm1.8 single crystal seed and (b) without 

a seed, respectively. Specimens were polised to reveal the 

cracks between (001) planes generated during oxygenation 

heat treatment. 

 

crystallographic orientation of Y123 crystals, which were 

nucleated from Y211 crystal heterogeneously, should be 

arbitrary because the crystallographic orientations of the 

Y211 crystals are random.  
Yellow dotted circle presents the location where Sm123 

seed was placed during TSMG process. White-colored 

dotted line, which denotes the boundary between grain 1 

and grain 3, is parallel to <100> or <010> directions 

because it is coincided with the direction of the cracks 

during the oxygenation process. Red-colored arrows 

presents the facet lines that have formed during the growth 

of Y123 crystal along <110> direction.  

By comparing the Fig. 2(a) and Fig. 2(b), <100> or 

<010> direction was rotated about 23° normal to surface 

after a seed-free melt growth. Angle between <110> facet 

lines is measured as 70°. Therefore, it is thought that newly 

grown Y123 crystals have no special orientation 

relationship with starting crystallographic orientation of 

the Y123 crystal before the melt process. It can be 

mentioned that starting Y1.8 bulk was completely 

decomposed during the high temperature anneal at 1040℃ 

for 2 hours and newly grown Y123 grains in Fig. 2(b) were 

nucleated heterogeneously from Y211 + BaCuO melt. 

Side-views of the specimen (denoted as arrow A and B in 

Fig. 2(b)) are shown in Fig. 2(c) and Fig. 2(d). From the 

observations of side-views, it is also seen that multiple 

grains are formed with various crystallographic 

orientations.   

Figure 3 shows a schematic drawing of BSMG process 

[16] and the top-view of the Y1.8 specimen which was 

prepared by a BSMG method. In previous seed-free 

experiment, multiple grains were formed but the grain size 

of the bottom-seeded specimen are much smaller than that 

in Fig. 2(b) and rather similar with the grain size of the 
specimen in Fig. 1(b). It means that, for BSMG, single 

grain Y1.8 bulk might not act as the preferential nucleation 

sites of Y123 crystals or the Y1.8 green pellet might 

influence on the nucleation and growth behavior of single  

grain Y1.8 bulk.    
Cai et al. suggested that the increase of the effective 

seeding dimension decreases the opportunities of multiple 

nucleation [17, 18].  It infers that the size of Y1.8 homo-

seed may give influence on the nucleation behavior in 

Y211 + BaCuO melt mixture formed from Y1.8 homo-seed. 

In other words, the number of nuclei is dependent on the
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Fig. 2. Top-views and side-views of the Y1.8 bulk specimens. (a) Y1.8 bulk prepared by TSMG using Sm1.8 seed, (b) 

Y1.8 bulk prepared by a seed-free melt growth using the Y1.8 bulk of fig. 2(a), (c) side-view from A side and (d) side-

view from B side. 

 

effective seeding dimension. If the effective seeding 

dimension is Deff, then it may be possible to get a single 

grain Y123 bulk by using a Y1.8 seed with a smaller 

dimension than Deff.  

Based on the seed-free experiments and BSMG using 

single grain Y1.8 bulk, following assumptions have been 

made. (1) In the seed-free melt growth, the effective 

seeding dimension of single grain Y1.8 bulk is larger than 

that of Y1.8 powder compact. (2) In the seed-free melt 

growth, newly formed nuclei have no crystallographic 

orientation relationship with the crystallographic 

orientation of starting single grain Y1.8 bulk. (3)  If the 

effective seeding dimension is Deff, then it may be possible 

to get a single grain Y123 bulk by using Y1.8 homo-seed 

with a smaller dimension than Deff. 

Based on the above assumptions, HSMG was carried out 

by using the single grain Y1.8 seeds with different 

dimensions of about 15 x 15 x 5 mm3 and about 4 x 4 x 2 

mm3. Side of seed are parallel to <100> or <010> direction 

of Y123 crystal and the surface of seed is normal to <001> 

direction of Y123 crystal. Figure 4 shows the top-views 

and the cross-sectional-views of the Y1.8 bulks grown by 

HSMG method using the single grain Y1.8 homo-seeds 

with different dimensions. It is seen that large-sized grain 

are appeared independent of the dimension of single grain 

Y1.8 homo-seed which was applied as a top-seed. 

However, large single grain was grown in the case that 

small seed with a dimension of about 4 x 4 x 2 mm3 was 

used while multiple grains were formed for the specimen 

with large seed dimension of about 15 x 15 x 5 mm3. As 

mentioned previously, melt growth includes high 

temperature anneal at 1040℃ for 2hours. Therefore, the  

 

 
 

Fig. 3. Schematic drawing and the top-view of bottom-

seeded melt grown Y1.8 bulk specimen. 

 
grains in Fig. 4 might be newly nucleated and grown as 

large grains like TSMG where Sm123 hetero-seed is 

applied. 

Figure 5 shows the microstructures of the Y1.8 homo-

seed crystals before HSMG and after HSMG, respectively.  

Figure 5(a) and fig. 5(b) are the microstructures before 

HSMG and fig. 5(c) and fig. 5(d) are the microstructures 

after HSMG. It is seen that, in Y1.8 homo-seed before 

HSMG, Y211 crystal are randomly distributed with the 

size of about 5-20 m. Obviously, the microstructures 
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Fig. 4. Top-views and side-views of Y1.8 bulk prepared by HSMG method using Y1.8 crystal as the seeds. Seed 

dimension was about 15 x 15 x 5 mm3 for (a), (c) and about 4 x 4 x 2 mm3 for (b), (d), respectively. 

 
before HSMG are nearly the same independent of the seed 

dimension because both seeds are prepared by the same 

process and the same powder. However, microstructures 

are clearly distinguished depending on the seed dimension 

even though the same Y1.8 powder compact and the same 

Y1.8 homo-seed were used. For the specimen with a small 

dimension Y1.8 homo-seed, the size and the distribution of 

Y211 crystal do not show noticeable changes. However, 

for the specimen with a large dimension seed, there is no 

noticeable change of large-sized Y211 crystals of about 20 

m but a plenty of small-sized Y211 crystal of about 1 m 

is newly observed. 

Figure 6 shows the microstructures near the boundary 

between Y1.8 homo-seed and Y1.8 powder compact after 

HSMG process. The size and the distribution of Y211 

crystal are similar for both specimens independent of the 

seed dimension in the sections of Y1.8 powder compact. 

Therefore, for the specimen with small-sized seed, the size 

and distribution of Y211 crystal were not much different 

across the seed/Y1.8 powder compact boundary. However, 

for the specimen with large-sized seed, two areas of Y1.8 

homo-seed and Y1.8 powder compact are clearly 

distinguished.  
From the observations of microstructures and grain 

growth behaviors, followings are discussed. (1) For the 

specimen of small-sized Y1.8 homo-seed, small-sized 

Y211 crystal might be ripened by the large-sized Y211 

crystal in the melt which might be supplied from the Y1.8 

powder compact. (2) For the specimen of small-sized Y1.8 

homo-seed, the grain growth inhibition force might be 

small because the size of Y211 crystal is large. Therefore, 

Y123 grain may grow fast due to a relatively weak 

inhibition force. (3) For the specimen of large-sized Y1.8 

homo-seed, the melt effect from bottom Y1.8 powder 

compact is small because the seed volume is big resulting 

in long diffusion length. (4) Small-sized Y211 crystals of 

about 1 m might be generated via a decomposition of 

Y1.8 homo-seed because they were not present in Y1.8 

homo-seed before HSMG. (5) small-sized Y211 crystals 

might act as strong grain growth inhibitor and lower the 

growth rate of Y123 crystal. (6) For the specimen of large-

sized Y1.8 homo-seed, the effective seeding dimension is 

decreased with slow growth rate and then the opportunities 

of multiple nucleation are increased.  

Single grain Y1.8 bulk has been successfully fabricated 

by using a combination of HSMG and cold-seeding 

method. However, Y1.8 crystal seed includes pre-existing 

Y211 crystal and therefore grown Y123 crystals have 

random crystallographic orientation. Haugan et al. [19] 
reported that the lattice mismatch of Y211 with respect to 

Y123 is of the order of 2%–7%, depending on the growth 

orientation of Y211 with respect to Y123. Hu et al. 

observed the epitaxial decomposition of Y211 crystal from 

Y123 film on MgO substrate [17, 18] and also reported the 

epitaxial nucleation of RE123 crystal from Sm211 crystal 

[20]. From the above reports, it may be possible to assume 

that Y211 crystals is decomposed epitaxially from Y211-

free Y123 single crystal during a ramping step of melt 

growth and well-defined Y211 crystals can act as epitaxial 

nucleation sites of Y123 crystal. If Y211-free Y123 crystal 

is used as a seed of HSMG, it may be possible to fabricate 

the single grain Y1.8 bulk specimen with a controlled 

crystallographic orientation by HSMG method. Homo-

seeding is clearly beneficial for the fabrication of 

contamination-free high quality Y123 bulk superconductor 

by eliminating Sm123 hetero-seed.  

 

 

4. CONCLUSIONS  

 

Summarizingly, single grain Y123 bulk has been 

fabricated by using Y1.8 homo-seed for HSMG method.  
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Fig. 5. Microstructures of Y1.8 seed crystal before(a,b) and after(c,d) HSMG. Seed dimension was about 15 x 15 x 5 

mm3 for (a), (c) and about 4 x 4 x 2 mm3 for (b), (d), respectively. 

 

 
 

Fig. 6. Microstructures near the Y1.8 seed/Y1.8 powder compact boundaries. (a) the specimen with a small dimension 

seed and (b) the specimen with a large d1mension seed. Dotted lines denote the boundaries between the Y1.8 seed and 

the Y1.8 powder compact. 

 
Y1.8 homo-seed itself does not act as a seed of melt growth 

because Y1.8 homo-seed is completely decomposed into 

Y211 + BaCuO melt mixture. Depending on the size of 

Y1.8 homo-seed, the growth behavior is changed. Multiple 

grains are nucleated when the size of Y1.8 homo-seed is 

bigger than the effective seeding volume. The 

crystallographic orientations of newly nucleated Y123 

grains are independent of the crystallographic orientation 

of Y123 seed. It is thought that the crystallographic 

orientation of newly nucleated Y123 crystal can be 

controlled by using Y211-free Y123 single crystal as a seed 

of homo-seeding melt growth. 
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