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A b s t r a c t  

Bi-containing "2201" and "2212" high temperature superconductor (HTSC) coatings have been obtained on 
silver substrates and wires using solution techniques. At different thermal conditions at least two structure 
modifications of the "2201" precursor phase are formed. These modifications have different morphology, 
chemical composition and crystal structure. Features of the transition between the phases mentioned are 
discussed. Needle-like grains of the 2201 high temperature phase are shown to be textured along the wire axis. 
HTSC coatings of 2212 composition replicate the texture of the precursor phase 2201. 

1 I n t r o d u c t i o n  

For practical applications, superconducting wires and 
tapes are needed with critical current densities of 
about  1 0  4 - -  1 0  5 A / c m  2 at T = 77 K in magnetic fields 
above 1 T. 

The present paper  reports  some novel features of 
the kinetics of HTSC phase growth in coatings on 
curved surfaces. This problem is closely related to 
structural changes in theses materials. The solution of 
this problem will permit  to obtain textured structures 
with high critical current densities. 

2 E x p e r i m e n t a l  

Specimens obtained as thick film coatings ( 1 0 - 2 0  #m) 
deposited on silver wires were used for this investiga- 
tion. 

The coatings were prepared using a modified sol- 
gel route [1]. The  coated wires were annelaed in air 
at 760 - 860 °C. The annealing time was varied from 
1 to 56 hours. After annealing, the specimens were 
quenched to room temperature.  Coatings such ob- 
tained were dense and practically free from pores. 

Since the results of thermal  t rea tment  of the com- 
pounds studied depend on initial composition, the 
composition was kept constant during the experiments 
and equal to the stoichiometric ratio of the compo- 
nents. The concentration of cations in solution and in 
the coatings were tested both  prior to and after ther- 
mal t rea tment  using plasma atomic absorption and 
atomic emission spectroscopy [2]. 

Structural  X-ray examinat ion was performed on a 
D-500 diffractometer (Siemens) with CuK~ radiation. 
The results were processed using the software package 

"fit". Phase morphology and phase microchemistry 
were inspected with an JSM-820 electron microscope 
with an at tached "Link-1000" microanalytieal system. 
Concentrations errors, expressed in equivalent units, 
were Bi - 0.02, Sr - 0.03, Cu - 0.06, and C a -  0.04. 

3 R e s u l t s  a n d  D i s c u s s i o n  

Theoretical considerations based on elasticity theory 
show that  the growth of needle-like crystals in thick 
coatings on cylindrical surfaces occurs non-uniformly 
in different directions. The free energy of such crys- 
tals has a minimum if the growth takes place with the 
longest axis along the cylinder generatrix. The prob- 
ability of such growth rises with increasing cylinder 
curvature. 

During the initial step of the experiment, an amor- 
phous oxide-containing coating is formed with a com- 
position similar to the Bi-containing "2212" HTSC [3]. 
Solid phase reactions st imulated by a thermal  treat- 
ment  result in the growth of crystallites within a pre- 
cursor phase and, later, within the 2212 phase [3]. 

As was mentioned already, the crystallites formed 
within the Bi203-SrO-CaO-CuO-containing supercon- 
ducting phase are equiaxed and small-sized and would 
therefore not have been oriented. This obstacle could 
be overcome by means of preliminary formation of pre- 
cursor crystallites with needle habitus, achieving their 
uniform orientation and their t ransformation into su- 
perconducting 2212 and 2223 phases in the course of 
a thermal t reatment .  The final crystallites are sup- 
posed to inherit the orientation of the precursors and. 
consequently, their texture. 

If the pyrolysis is accompanied by partial  melting 
of the oxide coating, s trontium and calcium cuprates 
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Fig. 1. Electron microscopy image of needle-like crystals 
of Sr and Ca cuprates in the coating on an Ag wire. 

Fig. 2. Electron microscopy image of cuprate decay and 
beginning formation of 2212 phase. 

will be formed at the first stage of thermal treatment.  
These cuprates grow as needle-like crystals, reaching a 
length of the order of 400 #m, which are oriented along 
the cylinder generatrix. An electron microscopy image 
of such crystals is shown in Fig. 1. The crystals shown 
were grown on a silver wire with 0.5 mm diameter. 

X-ray examination and electron microscopic stud- 
ies indicate that  the coating which surrounds the grow- 
ing cuprate crystals maintains its status quo as a mix- 
ture of oxides, although the calcium and strontium 
content within this part  of the coating appears to be 
reduced. Prolonged thermal t reatment  results primar- 
ily in the formation of the 2201 phase. It is followed by 
2212 phase development, which is produced as a result 
of diffusion of elements between the cuprates and 2201 
phase areas. A microphotograph of a zone where this 
process took place is reproduced in Fig. 2. 

Formation of plate-like HTSC crystallites on the 
elongated cuprate crystals can also be observed. Dur- 
ing the thermal treatment,  the previously amorphous 
coating turns into the textured HTSC phase. The 
block structure of such a coating is presented in Fig. 3. 

It should be emphasized again that  this texturing 
is achieved due to the inheritance of the axial orienta- 
tion of the precursor crystallites. 

The perpendicular orientation of the c-axis of the 
HTSC plates results from the fact, that  these grow 
parallel to the oxide layers. Their thickness is of the 
same order or even smaller than their lateral dimen- 
sions, the direct reason of texturing being surface ef- 
fects. The phenomenon described occurs independent 
of the substrate shape (curved or fiat). 

Fig. 3. The block structure of 2212 coating on an Ag wire. 

Thus, the possibility of creation of textured HTSC 
coatings deposited onto curved surfaces by means of 
preliminary deposition of precursor phases has been 
proven. We note, however, that  the proposed approach 
based on the preliminary growth of cuprates cannot be 
regarded as technologically perfect. The reason is that  
the "dissociation" of cuprate crystals which are large 
enough proceeds too slowly. Even prolonged thermal 
treatment does not result in full elimination of the 
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cuprates, which may be an admixture negatively in- 
fluencing the critical currents. 

Below, we present a new alternative procedure for 
depositing t tTSC coatings on curved surfaces. We 
found that  the growth of non-equiaxed crystallites ap- 
pears possible also in the 2201 oxide system, which 
could serve as precursor phase for HTSC. The results 
of structural and morphological investigation of vari- 
ous structures, which can be conventionally character- 
ized as 2201-phase related, are described below. 

With respect to the varied conditions of the de- 
position process (pyrolysis) and of the thermal treat- 
ment, two kinds of 2201 phase are distinguished: a 
high-temperature phase (designated phase I) formed 
at 840 - 870°C, and a low-temperature phase (des- 
ignated II) formed below 800 °C. In the intermediate 
temperature range, biphase coatings are obtained. 

The low-temperature phase I1 is tetragonal with 
lattice parameters a = 5.3905,  c = 24.571~, phase 
1 is orthorhombic with a = 5.444~3t, b = 5.290~,, 
c = 24.485~. X-ray diffraction patterns of the (200) 
lines of samples annealed for 24 h at different temper- 
atures are reproduced in Fig. 4. (It should be noted 
here, that  variations of the pyrolysis conditions per- 
mit to obtain either textured or non-textured prod- 
ucts; the patterns presented in Fig. 4. were obtained 
during testing of non-textured samples). 

It can be observed, that  the samples annealed at 
860°C and 760 °C are single-phase (patterns 4a and 
4c). Annealing at 840 °C obviously leads to a two- 
phase coating (pattern 4b). 

The grains of the low-temperature phase appear 
to be plate-like and are almost equiaxed within the 
plane perpendicular to the c axis. When the py- 
rolysis temperature was equal to or above 840°C, a 
very high degree of texturing is observed. Grains of 
the orthorhombic high-temperature phase are needle- 
like, highly anisometric (length 3 0 -  40/m~, diameter 

1/~m), neighbouring crystallites tending to be par- 
allel to each other. 

Besides their distinguishing structural and mor- 
phological features, phases I and II have different 
chemical composition. Microanalysis gives evidence 
for the following concentrations of bismuth and stron- 
tiurn in phase II crystallites: Bi 2.27 + 0.02, Sr 
1.70 4- 0.03 per i atom of Cu. Within the range of 
temperatures studied, the Bi/Sr ratio does not depend 
on temperature.  Thus, we conclude that  the tetrago- 
nal modification of the 2201 phase is characterized by 
rigorous stoichiometric equilibrium between Bi and Sr. 

In tile high-temperature phase, the Bi and Sr con- 
centrations are approximately 2 (Bi 2.09 4- 0.02, Sr 
1.93 4- 0.03) to 1 atom Cu. These values were shown 
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Fig. 4. X-ray diffraction patterns (200) for different "2201" 
phases. Annealing temperature: (a) 860 °C, (b) 840 °C, (c) 
760 °C. 

to be independent of the duration of the thermal treat- 
ment. Since the temperature interval in which the or- 
thorhombic phase is formed is very narrow, we cannot 
conclude definitely whether the bismuth and strontium 
concentrations are temperature dependent. 

Following the formation, each of the phases ap- 
peared to exist within a definite temperature range. 
The transformation temperature is near 840 °C. Since 
the chemical composition of the two phases is different, 
the phase transition takes place according to a diffu- 
sion mechanism associated with the decomposition of 
tile solid solutions. It is seen that  the transition from 
orthorhombic to tetragonal is accompanied by precipi- 
tation of Ca and Sr cuprates. At the reverse transition, 
the cuprates are dissolved in the tetragonal phase. 

Thus it appears evident, that  similar to HTSC 
coatings formed from needle-like cuprate crystals, tex- 
tured coatings obtained in this cause are the result of 
geometric effects. Thermal t reatment  has to be carried 
out in such a way that  t tTSC formation is preceded by 
the generation of needle-like orthorhombic phase. In 
this case, the coating in its final state is textured both 
by c axis orientation normal to tile surface and in the 
a - b plane since the morphology of the 2201 phase is 
inherited by the HTSC phase. 
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HTSC coatings on silver wires with 0.55mm di- 
ameter are characterized by Tc = 80 K and a critical 
current density Jc = 105 A/cm 2 at 4.2 K, measured by 
a contactless method. 

metallic substrates (wires) are highly promising as the 
basic method for a future technology for wires and ca- 
bles. 

4 C o n c l u s i o n s  

1. The influence of a geometrical factor (the substrate 
curvature) stimulates the perfect texture of the super- 
conducting Bi-based coatings. 
2. To obtain a high degree of texturing of Bi-2212 su- 
perconductors, the solid state reaction should be car- 
ried out through the intermediate orthorhombic 2201 
phase. 
3. Highly textured Bi-containing coatings on curved 
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