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ABSTRACT

Fine powders of the 2212 superconducting phase of bismuth system have been prepared directly from solution
using ultrasonic spray pyrolysis, The {ine superconduching powders produced by pyrelysis were characterized
for the size, shape, and crystalline phase by SEM and XRD. The pyrolysis temperature, flow rate of the carrier
gas, residence time of the droplets greatly influenced Lhe size, shape, and crystalline phase. The optimum
temperature and flow rate of the carmer gas for the preparation of fine powders of the 2212 superconduting
phase were found to be 830% and 3/{/min, respectively
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L. INTRODUCTION

Since the discovery of the high lemperature oxide
superconductor by Bednorz and Muller”, numerous
studies have been made on the preparation of the su-
perconducting matenals to improve their physical pro-
perties as well as 1o search (or new materials,

The oxide superconductors are ceramics and there-
fore are usually prepared by solid state reaction. By
this method, however, it 15 difficull to achieve homoge-
neity and to oblain submicron-sized powders. Also the
size distribution of the powders is rather wide. On
the other hand, it is possible to prepare very fine and

homogeneous superconducting powders by starting
with 2 solution containing the constituent elements.
So 1o improve the physical properties of oxide super-
conductors sal-gel process™, coprecipitation®®

freeze drying® have been used. With solution methods

and

in general, one does not directly prepare the supercon-
ducting phase, Instead, precursars obtained in the so-
lution processes are pyrolyzed to give oxides which
then through solid state reaction yvield superconducting
powders. Dunng these processes the precursors are
subject to contamination and it is difficult to control
the size and shape of the pawders produced.

In this study we carried out an experiment in which
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Fig. 1. Schematic diagram ol the apparatus.

A, Ultrasonic nebulizer B, Electric furnace C. Quartz tube D. Collector E. Condenser ¥, Exhaust G. Controller

Bi-Pb-5r-Ca-Cu-0Q superconducting powders of submic-
ron size were directly and contimuously produced wi-
thout the precursor stage by combining ultrasonic ge-
neration of fine mists of the starting solution and their
subseguent pyraolysis. Direct preparation of supercon-
ducting powders using ultrasonic sprav pyrolysis has
been reported for the YBa:CuyOr—, system™. For the
Bi-8r-Ca-Cu-OQ system Tohge” reported on the prepa-
ration of the 80 K supercanducting powders aof the co-
mposition Bi:5r:Ca:Cu=1:1:1:2 without using Pb.

We decided to include Pb which stabilizes the high
T. phase!® in the preparation of ihe superconducting
powders. The effects of the variations in experimental
conditions such as the pyrolysis temperature and the
flow rate of the carrier gas on the properties of the
powders preduced were investigated. The purpose of
this study 1s to prepare fine sphenical powders which
will subsequently be used to make superconducting
thick films by screen printing. [t 18 generally believed
that fine spherical particles of uniform size are heiter
suited for sereen printing than those of irregular sha-
pes.

2. EXPERIMENTAL

2.1, Starting Materials

The starting solution was prepared by dissolving Biz
2 (GN), Pb(NOy), (3 N), SrCO, (6N), CaCQ, (3N}, and
CuQ {5N) with nitric acid. The concentration of nilric
acid in the final solution was about 0.4 M. The compo-
sition was Bi:Pb:Sr:Ca:Cu=1.7:05:2:2:3 and the con-
centration was adjusted to 0.017M m Bi

2.2. Preparation of Superconducting Powders and
Their Characterization
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In Fig. 1 is shown the apparatus for producing supe-
rconducting powders. The nechulizer (A} was made by
attaching an ultrasonic vibrator {1.6 MHz) Lo the bottom
ol a cylindrical vessel. The metal nitrale selulion was
placed in the nebulizer and Lhen spraying was begun
with ar as carrier gas. The flow rale of Lhe carmer
gas was adjusted between 17//min and 10//min. The
mists generated were led te a quartz tuhe (C, 450 mm
diameter X900 mm length) enclosed in an eleciric fur-
nace {B). They were pyrolyzed m the quarfz iube and
the resulting powders were carried out of the tube
and collected by the stainless steel screen {325 mesh)
which was placed in the collector (D). The water vapor
was condensed at the condenser (E) and the carmer
gas was exhausted to a fume hood (I9).

The powders thus praduced were characterized with
XRD (gaku DMAX-3B) to identify the crystalline
phases, and their sizes and shapes were examined by
SEM (Jeol JSM-B40A).

3. RESULTS AND DISCUSSION

3.1. Temperature of Pyrolysis

X-ray diffraction data ot the powders obtained by
setting the flow rate of the carrier gas at 3{/min and
varymg the pyrolysis temperature between 800 and
8457 are shown in Fig. 2. The pyrolysis zone was 550
mm in length and the residence time of the mists
this region was about 13 s.

Yor the pyrolysis temperalure of 800°C, Lhere appea-
red peaks [or CuQ (26—32.4°, 38.6°). Ca.Pb(Qy (24=
17.8%). CaCu0y (20=36.1°), and the Pb-doped 2201
phase (26=6.9°, 25.8°, 29.7°). As the pyrolysis tempe-
rature was increased, the peaks corresponding to CuQ
and Ca;Cu0, diminished while that of Ca,Pb0, decrea-
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Fig. 2. XR1J patterns of the powders obtained at va-
rious pyrolysis lemperatures.
(2) BO0T (B) 815T (c) 830T (d) B45T cp: Cay
PhQ; c: CuQ o: 2212 phase x: 2201 phase A:
Ca,CuQ),

sed with concurrent increases in mitensities of the
peaks due to the Ph-doped 2212 phase (20=22.9°, 24.8
?, 275°%). At ihe even higher pyrolysis lemperature
of 8457 the peaks for CaPbO, were still small but
those for Ca,CuQ, and CuQ appeared and the 2201
peaks grew up markedly as well

Since the dropleis generated from Lhe nebulizer
were rapidly carried nto the quartz tube mantained
at 8007 or 815C, it 15 thought that the water which
is the main constituenl of the droplets evaporates and
at the same tme the nitrates decompose to produce
binary or ternary metal oxides. This could be Lhe rea-
son why, except for Cu(), oxides such as BuOx S0,
and CaQ were nol delectable with XRD} even when
the pyrolysis {emperalure was 800T.

At 830¢C, the 2212 phase was mostly produced ndi-
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cating that as the pyrolysis lemperature increased, the
2201 phase translormed inte the 2212 phase and Cas
Ph0,, CuQ, and Ca.CuO. participated 1 the reaction
resulling in the decrease in thewr concenlralions as
manitested by the diminution of the corresponding
¥RD peaks. It was expected that at B45C the reaclion
would further proceed to yield the 2223 superconduc-
ting phase, but the 2212 phase decomposed to give
the 2201 phase and Ca,Cul,.

In order for the 2212 phase lo transform to the 2223
phase, ane mole of reactanl 15 required [or each of
Ca0 and CuD. But the resull of the decomposition
at 830C shows na excess CaCu0; and CuQ. As the
temperature is turther mcreased, low melting com-
pound like Ca.PhQ, evaporate and are carried away,
leaving insulficient amounts of constituents for the ge-
neration of the 2223 phasc.

In the scanning electron mucrographs (Fig. 3} it can
be seen that the particles are generally spherical when
the pyrolysis temperature is low but become larger
and angular with increasing temperature. At 845C the
angular shape is maintained but the particle size tends
to decrese. This result is in accordance with that of
Tohge" and it is thought that with mcreasing tempera-
lure particle growth, melling, and rapid decomposition
of Lhe compounds formed proceed simultanecusly.

3.2. Residence Time

The residence lime [or decomposition can be varied
by changing the flow rate ot the carrier gas and the
length ot the pyrolysis zome in the electric turnace.
With lower flow rate of the carrier gas, it lakes more
time for the droplets to decompose and [or the pow-
ders produced to be carmed out of Lhe quartz tube.
With longer pyrolysis zone (he residence time can be
mcreased at conslant flow rate.

In this study the residence time was vaned by cha-
nging the flow rate, bhut for comparison, the length
of the pyrolysis zone was also changed. The quartz
tube was 900 mm long with the inner diameter of 39
mm. The electric furnace consisted of three zones
each of which could be temperature controlled indepe-
ndently. The pyrolysis zone lengths were 550 mm and
800 mm. When the pyrolysis zone was 950 mm, the
residence times were 38s, 13s, and 7s for the flow
rate of 1//min, 3//min, and & {/tmn, respectively. When
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Fig. 3. Scanning electron micrographs of the powders pyrolyzed at various temperatures. The bars indicate 1 pm
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Fig. 4. XRD patterns of the powders pyrolyzed at 830

T.
(a) 1{/min 550 mm, 39s (h) 3!/min, &00 mm,
19s () 34/mm, 350 mm. 13s (d) 6!/mm, 550
mm, 75 cp: CaPbO, ¢ CuQ o: 2212 phase

x: 2201 phase A: CaCuQs
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the pyrolysis zone was 800 mm, the residence time
was 19s for the {low rale of 3//min.

XRD patterns (Fig.4) show the appearance of the
2201 phase, Ca:Ph0,, CaxCuO,, and Cu0 for the short
residence lime of 7s when the pyrelysis temperature
was 830°C. Under these canditions he droplets simply
do not have enough time [or the 2212 phase to be
[ormed before being carried out of Lhe pyrolysis re-
gon., This resull 1s similar to that for the lower decom-
posilion temperalure of 800T. On the other hand,
when the residence fiume 18 increased to about 389s
{flow rate is 1//min), the XRD peak duc lo CaPbO,
is very weak but the peaks for CuO and Ca:Cu(; are
guite increased compared to the cases where the resi-
dence time 15 shorl. Therefore in the generation of
the 2212 superconducting phase, the flow rate of the
carrier pas 1s as important as the pyrolysis lemperature
in influencing ithe formation of the powders. There exi-
sts an optimum flow rate and if the rate is higher
ot lower than the optimum rate then the reaction does
not proceaed properly or proceeds excessively fo cause
redecomposition.

As seen in Tig. 5, compared to the flow rate of 3
I/min as reference, it 15 apparent thal for the higher
flow rate the particles produced are large and spheri-
cal, but for the lower flow rate they become smaller
and angular. At constant flow rate the reaction progre-
sses more for the lower Now rale and therefore results
in decomposition.

When the length of the pyrolysis zone was varied
at the decomposiiion temperature of 8307, the longer

the pyrolysis zone was, namely the lenger the reside-
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(@)
Fig. 5. Scanning electran micrographs of the powders pyrolyzed at 830T. The bars indicate 1pm.
() 64/min {b) 1{/min

nce time wag, the more the 2212 phase decomposed.
This, as m the case of changing the flow rate, indicates
that there is an optunum residence time, consiulering
that the change m the flow rate is equivalent 1o the
change in the residence time during which the droplets
are pyrolyzed to vield powders. Above the optmum
residence time the 2212 superconducting phase [ormed
decamposes, and below that the reaction does not ad-
vance far enough Lo generate the 2212 superconducling
phase. Therefore by spray pyrolysis Lhe following reac-

tions are helieved to occur.

[ B, Phe*, S,
Ca', Cut*

1 step 1

2201 phase, Cazpbo;?i
Ca:Cudy |

& slep 2

2212
phase

i step 3

i 2201 phase,
| CaCuQy Cud |

step 1: pyrolysis and reaction
step 2: reaction

step 3: decomposition

A 28 ¥ =) 5&(1951)

(b)

Since each of the above sleps proceeds rapidly, if
the pyrolysis temperature is too low or the flow rate
is high the droplets decompose to produce powders
in step 1. If the pyrolysis temperature is high or the
{low rate is low the formation and decomposition occur
simultancously, so the 2201 phase, Ca;CuQ,, and CuO
are thought to be generated.

The 2223 superconducting phase can be expected
to form 10 step 2, but it was not detected in the pre-
gent study. This might be due to evaporation of eleme-
nts such as lead and bismuth caused by continuous
flow of the carrier gas. It is thus thoughl necessary
to further study the effects of composition and concen-
tration changes and the kinds of carrier gases.

4. CONCLUSIONS

B1-Pb-Sr-Ca-Cu-0  superconducting powders have
been prepared hy ultrasome spray pyrolysts of a nilrate
solution containing Bi, Pb, Sr, Ca, and Cu

When using air as a carrier gas the optimum condi-
tion. tor the preparation of the 2212 supercenducting
powders was obtained with flow rate of 3//mn and
pyrolysis temperature of B30TC.

It was found that higher pyrolysis temperature and
longer residence time cause the decompostion of the
2212 phase already produced, leading ta the formation
of the 2201 phase, CaCuQy and CuD.
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