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Abstract

Spray pyrolysis, as one of the novel powder processing methods, has been applied for the synthesis of 2223 phase of the Bi-based high
Tc superconducting oxide ceramic materials. The process is performed through heterogeneous chemical reactions in dispersed system
(aerosol) formed from common nitrates solution ultrasonically with the resonant frequency of 1.7 MHz. Synthesis through aerosol

enables generation of ultrafinemulticomponent particles with improved compositional homogeneity provided by higher surface reaction
and the absence of compositional segregation. Consequently, spherical, solid, slightly agglomerated submicronic particles (below 400
nm) with the uniform particle size and the particle size distribution are produced. The obtained particle morphology is discussed in
terms of precursor chemistry and processing parameters. # 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Since the discovery of high Tc superconducting oxide,
tremendous efforts have been made in the synthesis and
characterization of these materials. Research today
clearly indicates that their demanded properties are rela-
ted to the ultrafine microstructure and extra purity. In the
case of microwave applications the domain device char-
acteristics that have to be obtain are low input impedance,
a transresistent gain mechanisms and sufficient output
impedance to allow a direct interface with semi-
conductor circuitry. The first step in providing of these
properties is improvement of precursor characteristics
determined by applied synthesis method. Under con-
ventional preparation conditions in the Bi-based high
temperature superconducting system, the 2212 phase
(Bi2Sr2CaCu2Ox) is the most stable, while either partial
substitution of bismuth with lead1 or reduction of oxy-
gen partial pressure during sintering2 enhances the 2223
phase (Bi2Sr2Ca2Cu3Ox) formation. Ultrasonic spray
pyrolysis, as a dispersion phase powder processing
method is capable to produce nanophased particles with
improved structural homogeneity when Bi–Pb–Sr–Ca–
Cu–O system is considered.3 The process involves aerosol
formation ultrasonically from the precursor salt solutions
and control over aerosol decomposition in the high tem-
perature flow reactor through different processes of

evaporation, drying, precipitation and decomposition.
High surface reaction generally enables complete con-
version of the starting to the final material in a short
reaction time and also retains precursor cations stoi-
chiometry in the final particles4, but some problems
related to outstanding phase segregation in the droplet
during multicomponent powders synthesis from aqueous
(pure nitrates) precursors are still present.5

In this work the interests are focused on 2223
(Bi1.8Pb0.2Sr2Ca2Cu3Ox) phase synthesis from a pure
nitrates solution with the purpose to provide the control
over chemical stoichiometry, purity, shape and size of
synthesized particles and to define the influence that the
precursor solution and processing parameters have on
particle morphology and structure.

2. Experimental

Precursor solutions were prepared by dissolving the
appropriate amounts of corresponding metal nitrates
[Bi(NO3)3�5H2O, Pb(NO3)2, Sr(NO3)2�4H2O, Ca
(NO3)2�H2O and Cu(NO3)3�3H2O] in 5% nitric acid,
in order to obtain a 1 mol/dm3 solution. The starting
cation ratio was Bi:Pb:Sr:Ca:Cu=1.8:0.2:2:2:3. Char-
acterization of the prepared solution included measur-
ing the pH value (0.64), density (1.17 g/cm3), viscosity
(0.68�103 Pas) and surface tension (67 mN/m2). Based
on these results, the aerosol mean droplet size6 (2.71
mm) and aerosol droplet density5 (8.28�106 droplets/
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cm3) were calculated. The obtained values predict that
particle formation could be considered as the case when
one particle is obtained from one droplet.7 The experi-
mental set-up employed to study the Bi1.8Pb0.2Sr2Ca2-
Cu3Ox synthesis process consisted of an aerosol
generator operated at 1.7 Mhz, a twin-zone tubular flow
reactor (1.7 m long, 3.2 cm dia quartz tube) and a
membrane filter where the produced particles were col-
lected. The carrier gas (N2) flow rate was 1 dm

3/min and
the temperature profile in the reactor was increased-
humped. The maximum temperature was 350 �C in the
first zone and 840 �C in the second one. The filter tem-
perature was maintained above 100 �C to avoid the
condensation process. The droplet velocity was 0.02 m/s
and the droplet/particle residence time in the heated
zone was 63 s, while aerosol decomposition at max-
imum temperature proceeded in a few seconds.
Thermal analysis of the dehydrated precursor and as-

prepared powder were performed in accordance to DTA
analysis (Shimatsu DTA-50) using alumina crucible and
nitrogen as a purging gas. During the analysis, the tem-
perature was increased from room temperature to 900 �C
at a constant heating rate of 10 �C/min.
The morphology and compositional homogeneity of

obtained powder were determined in accordance to scan-
ning electron microscope (SEM) analysis and qualitative
and semi-quantitative energy dispersive X-ray spectro-
scopy (EDS). SEM analysis was applied on the two types
of produced powder specimens: loose powder and
polished section. The powder surfaces were coated by
conducting films (carbon for magnifications 1:2000 and
1:3000 and gold for magnifications 1:20,000 and 1:30,000).
For the preparation of polished specimens an epoxy resin
was added to the powders and a conventional metalo-
graphic polishing process was applied. Polished speci-
mens were coated with carbon and analyzed with a
magnification of 1:30,000. Semi-quantitative EDS ana-
lysis was carried out through standard ZAF correction
with cobalt specimen as the reference material. Oxygen
content is determined as element by difference.

3. Results and discussion

In accordance to the differential thermal analysis of
the dehydrated precursor mixture and obtained powder,
(Fig.1), as well as, previously published data for the
investigated system,7 it was noticed that nitrates
decomposition was finished in the temperature range up
to 300 �C. Further changes in the phase composition of
the samples take places at the temperatures 480 �C
(CuO and Cu2O crystallization) and 590

�C (Ca2PbO4
and Bi2Sr2CuOx- 2210 phase formation).

8 According to
literature,9 the mechanisms of the 2223 phase formation
is not well understood but generally this phase exists at
all temperatures above 820 �C. Comparison of our

experimental results with studies of others autors8�10

implies 2223 high Tc phase formation in the temperature
range up to 820 �C through disproportional and simul-
taneous precipitation of 2212 and 2223 phase in the
presence of liquid (probably rich in Pb, (Ca,Sr)2PbO4
and 2201). DTA data of powders obtained through
pyrolysis indicates uncompleted reactions in the tem-
perature range around 550 �C pointing out insufficient
particles residence time in the reaction zone and further
2223 phase formation up to 820 �C, (curve Ia on Fig. 1).
Presence of several eutectics in this temperature area
(peaks at 828 and 850 �C) suggests that 2223 phase for-
mation takes place until this liquid exist in appropriate
stoichiometry and quantity. Appearance of liquid phase
during synthesis process increases the contact area among
particles and accelerate 2223 phase formation.10 As the
phase development study was not performed results
pointed above should take as tentative suggestions for the
reaction mechanisms.
From the SEM photomicrograph of powder synthe-

sized by the spray pyrolysis method, (Fig. 2a), two types
of particles are visible. Large polyhedral-like particles
with smooth surface and longer axes with a size around 15
mm are presented together with the slightly agglomerated
particles with the mean particle size ranging below 400
nm. In accordance to the present results, Fig. 2b, sphe-
rical particles are characterized by relatively smooth sur-
face and uniform size. Qualitative EDS analysis taken
from the point marked 1 (at Fig. 2a), corresponding to

Fig. 1. DTA curves of the dehydrated precursor (I) and as-prepared

powders (Ia).
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the polyhedral-like particles, indicates a high strontium
content, Fig. 2c. The evidence of other elements in traces
probably relates to the surface contamination due to the
presence of smaller particles in the investigated area.
Against the fact that there are many physico-chemical
processes which may affect the final particle morphology
in the spray pyrolysis process, short droplet/particle
residence time in reaction zone suggests that the only
possible explanation for the presence of such large Sr-
rich particles in produced powder could be the incom-
plete dissolution of the strontium source in the precursor
nitrates mixture and, consequently, nucleation and
growth of strontium oxide. EDS spectra obtained for
smaller, slightly agglomerated particles (point marked 2
at Fig. 2a) indicates an area of Bi–Sr–Ca–Cu–O rich
particles, Fig. 2d.

The uniformity of particle size distribution in powder
obtained by spray pyrolysis is easier to reveal from
SEM photomicrographs taken from the polished sam-
ples, presented at Fig. 3a. The EDS spectrum of the
whole-presented sections, Fig. 3b, indicates the existence
of Bi–Sr–Ca–Cu–O rich particles, but the determined
atomic ratio corresponds neither to pure 2223 phase nor
2221 phases. On the other hand, uniformity of compo-
sitional content over the samples is confirmed by the
results of the quantitative EDS analysis taken from five
random chosen points, Table 1. Obtained chemical con-
tent could be explained by 2212 and 2223 phase coex-
istence in particles (also confirmed by XRPD analysis11)
and through variation of their amount along the speci-
men. The observed changes in the metal ionic ratio from
point to point are presumed to be also the consequences

Fig. 2. SEM photomicrographs [magnifications 1:2000 (a), 1:3000 (b) and 1:20,000 (inset on b)] and EDS spectra taken at the point 1 (c) and at the

point 2 (d).
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of incomplete 2223 phase formation process (confirmed
by DTA analysis) due to very short particle residence
time in reaction zone.

4. Conclusion

This paper demonstrates the ability of aerosol synthesis
of multicomponent Bi-based high Tc superconducting
particles from pure nitrate solutions with improved com-
positional homogeneity all over the powder. Spherical,
solid, Bi–Sr–Ca–Cu–O rich particles, with the mean par-
ticle size around 400 nm are obtained from common
nitrates solution. Determined stoichiometry implies good
homogeneity and co-existence of the 2212 and 2223 pha-
ses due to the insufficient particle residence time at the
reaction temperature and uncompleted 2223 phase for-
mation process. The uniformity of particles size and
shape, and the absence of hard agglomeration forma-
tion were provided by maintaining of aerosol droplet
density value below 108 droplets/cm.3 The existence of
SrO rich large polyhedral like particles (15 mm) in the
powder is a consequence of the incomplete dissolution
of strontium source in the precursor solution (confirmed
also by determined Sr-deficit composition in Bi–Sr–Ca–

Cu–O particle). The results imply the possibility of
powders morphology and size control by optimizing the
processing conditions.
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