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ABSTRACT 

The problem of separating YBCO crystals from solidified 
residual melts could be solv~d by systematic growth experiments. 
Free crystals up to 7x7 mm area and about 0.1 mm thickness 
could by obtained from a BaO-CuO solvent and small alumina 
crucibles. Superconductivity was revealed by levitation and 
Meissner effect. 

I NTRODUCTI ON 

The peri tect i c melt i ng of YBCO at around 10200 C exc 1 udes 
crystal growth from melts. Growth at tempertures below the 
decomposition temperature from high-temperature solutions, from 
the gas phase or from solid state is possible in very small 
ranges of experimental parameters only. In growth from 
high-temperature solutions the delicate nature of the oxidation 
states of copper imposes severe restri ct ion s to the choi ce of 
so lvents. The re 1 at i ve ly low growth temperatures correspond to 
low YBCa concentrations in the solvents and thus to low growth 
rates in the generally diffusion-limited growth from solutions. 
However, the greatest difficulty in growth of YBCa was the 
problem to separate the crystals from residual flux. This 
limited the size of free crystals obtained in cavities within 
the solidified flux to a few tens or hundreds of microns. Large 
crystals of a few mm dimensions were occasionally found at the 
surface of the solidified flux [11 but could not be removed by 
dissolution of the flux due to the extreme sensitivity of YBCa 
to solvents and even to water. Another problem with the crystals 
cooled to room temperature is severe cracking which frequently 
leads to splitting off parts of the YBca crystal plates. Perhaps 
this is due to the difference of thermal expansion coefficients 
of YBCa and flux. 

This paper describes the systematic approach for finding 
the optimum solvent and to establish the conditions for growth 
of relatively large crystals which can be separated from the 
growth solution as long as it is liquid. Magnetic susceptibility 
measurement and levitation experiments are briefly reported. 
When using platinum crucibles and relatively high temperatures a 
new platinum-rich phase was found which explained the severe 
corrosion of the platinum crucibles. 
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SOLVENTS FOR YBCO GROWTH EXPERIMENTS 

The very high melting points of Y
2

03 (24000 C), of Ba
3

Y40
9 (2l600 C), and of other 8a-Y-oxides and of ternary Ba-Y-Cu-oxides 

suggest to choose a solvent, in the ternary phase diagram 
BaO-Y

2
0

3
-CuO {ll, which shows lower melting and which therefore 

is CuO- and BaO-rich. The eutectic at 870 0 C Iz] between 
BaCu0

2
/8aCu 20

2 
on the one side and CuO/Cu

2
0 on the other was 

chosen as tl'le first solvent candidate. The complex melting and 
stoichiometry behavior of the Y8CO compound 13l and the so far 
unexplainable results of preliminary DTA investigations 
suggested systematic crystal growth experiments for solving the 
flux-separation problem. Starting from the composition 25 mole S 
YBCO and 75 mole S solvent consisting of 28 mole S BaO (BaC03) 
and 72 mo 1 e S CuO, the compos it i on was systemat i ca lly changed 
for several series of growth experiments. The best result of the 
start i ng compos it i on and the procedure descri bId elsewhere [lJ 
is shown in Fig. 1: the crystal of about 8x6 mm area and 0.1 mm 
thickness was floating on the flux and thus shows cracks and 
mosaic. The temperature program of soaking the well-mixed 
mixture of the starting materials Y,_03' BaC0 3 and CuO, within 
small (8 ml) alumina crucibles, was fixed by "the peritectic of 
YBCO and by the eutectic YBCO-flux: soaking was done at 10200 to 
10400 C for 15 to 20 hours followed by slow cooling at a rate 
between 2°/hour and 10°1 hour to 900°+ 20°C where the residual 
melt was decanted. The final situation-for the initial procedure 
when crystals were found in cavities and on the surface of the 

Fig.l:Y8CO crystal (mm grid) 
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Fig. 2 : S c hem a tic vie w 0 f fir s t ( a ) and new ( b ) cry s tal g r 0 wt h 
experiment showing separation of flux from crystals. 

YBCO Crystals 

(a) (b) 

solidified flux only, is shown in Fig. 2a. The optimized 
procedure allowed decanting of the liquid so that crystals were 
in-situ separated from the flux: this is schematically shown in 
Fig. 2b. The maximum area of separated YBCO c9'stals obtained 
from the small crucibles so far is 7x7 mm. The surface 
morphology of the crystals reveals spira12 growth mechanism; on 
( 00 1) fa c e s 0 f sma 11 cry s tal s 0 f 2 x 2 mm f r e que n t 1 y a sin g 1 e 
growth pyramid and regularly spreading growth layers could be 
observed. This also indicates that in principle thick YBCO 
crystals can be grown. 

A pronounced cracking and twinning behavior was observed in 
the YBCO crystals, especially after the oxygen annealing 
procedure. This phenomenon was rarely observed in crystal growth 
of perovskites like SrTi03 or KTa0 3, only in cases of pronounced 
phase transitions like in LaA10 3 and NdA10 3 the formation of 
twin domains and occasionally cracks could be observed [4}. 

EVIDENCE OF SUPERCONDUCTIVITY 

Single crystals and crystalline aggregates were annealed in 
oxygen following the usual procedure. Thereby it was realized 
that the temperatures and times used for ceramic pellets were 
suffi ci ent for sma 11 and thi n crystals whereas thi ck "1 arge" 
crystals did not levitate. Perhaps they require much more time. 
Investigation of the optimum annealing procedure is planned; and 
also a dependence of oxygen diffusion on ordering and structural 
perfection can be expected. 

An aggregate of crystal s was tested for ~·tei ssner effect 
because the thin single crystals were still too small for the 
sensitivity of the available Foner vibrating-sample 
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Fi g. 3: Temperature dependence of magnetic suscept i bi 1 i ty of a 
YBCO crystal aggregate at an applied field of 28 Gauss. 
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magnetometer. The magnetization of a sample cooled in an 
external field of 28 Gauss from 120 K to liquid nitrogen 
temperature is shown in Fi g. 3. The negative suscept i bi 1 i ty 
indicates superconductivity with a T of about 91 K. 

Lev itat ion experi ments were ca~ri ed out by the procedure 
published earlier [lie An improved levitation test consisted of 
cooling a sample within a copper chamber mounted onto a 
helium-pumped cryostat. A SmC0 5 magnet lifted the crystalline 
sample wh.ich could be observed through gold-plated windows. By 
an intensive light source the black sample could be heated so 
that levitation was suppressed. 

CONCLUSION 

Separation of flux-grown YBCO crystals of nearly cm size 
from the residual melt was achieved, thus eliminating the 
barrier towards growing large crystals. The crystals were, after 
annea 1 i ng procedure in oxygen, superconduct i ng as revealed by 
both magnetic susceptibility measurements and levitation. One of 
the remaining problems now is twinning and cracking of large 
crystals when being oxidized and passing through the 
tetragonal-orthorhombic phase trasition. Possibly, epitaxial 
procedures or uniaxial stress on bulk crystals in the a or b 
direction during the cooling procedure could reduce the twinning 
problem in case twinning is not a condition for 
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superconductivity. 
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