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PRODUCTION OF BSCCO BULK HIGH 7, SUPERCONDUCTORS BY
SOL-GEL METHOD AND THEIR CHARACTERIZATION BY FTIR AND
XRD TECHNIQUES

M. Arshad 1*, A H. Qureshiz, K. Masud’ and N. K. Qazi2

'APD, PINSTECH, Nilore, Islamabad, Pakistan
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The production of bulk high 7, superconducting phase (2223) by EDTA-gel (ethylenediaminetetraacetic acid) techniques has been
investigated. It is shown that close control of pH is necessary for the production of a well-complexed precursor which allows subse-
quent decomposition in two stages at 300 and 800°C. The problem of carbonate formation was investigated experimentally and
solved. Precursors are characterised by Fourier transform infrared (FTIR) spectroscopy and X-ray diffraction (XRD) and the
sintering behaviour was monitored by dilatometry. At least three different phases Bi,Sr,Ca,_;Cu,Og;y (BSCCO); where x=1, 2, 3
were identified within superconducting pellets using XRD, named as Bi,Sr,CuO; (2201), Bi,Sr,CaCu,O9 (2212) and
Bi,Sr,Ca,Cus0y4 (2223). The superconducting properties of the sintered samples were studied by vibrating sample magnetome-
ter (VSM). Transition to a superconducting state around 80 K appeared in samples (sintered at 845°C) containing the
Bi,S1,Ca;Cu,Oy (2212) phase. Liquid phase sintering of the samples aided the formation of Bi,Sr,Ca,Cu;04 (2223) phase at high

temperature (860°C), which showed a superconducting transition temperature of 108 K.
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Introduction

A number of intensive research efforts have been di-
rected at improving the properties of bismuth-based
superconductors soon after their discovery. It is evi-
dent that partial replacement of bismuth by lead (Pb)
leads to enhance of superconducting properties such
as J. and T, [1-9]. To augment the structural stability,
to understand the nature of charge carriers, the effect
of carrier concentration on the superconducting prop-
erties of the system, the substitution of different ele-
ments in the system and to study a number of related
parameters are the subject of a number of communi-
cations, thus, playing a vital role and arousing much
interest in this field [10-20].

Marcilly et al. [21] developed powder process-
ing by pyrolysis of amorphous organic precursor.
This solution process consists of mixing of the appro-
priate amount of ions, normally in the form of metal-
lic salts such as nitrates or chlorides, and a poly-
functional hydroxy acid, e.g., citric acid [22-24] or
EDTA [25-27]. Subsequent dehydration of the solu-
tion first yields the gel and then the amorphous pre-
cursor. The homogeneity of the aqueous solution of
salts is preserved in the amorphous precursor and pos-
sibly retained in the final solid oxide product. The pH
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of initial aqueous solution is one of the most impor-
tant factors affecting complex formation. Ammonium
hydroxide is introduced into the precursor solution to
aid pH adjustment and dissolution of metal salts. The
sol-gel method involves chelation of cations with
polyfunctional hydroxy acids such as citric acid and
EDTA and polyesterification of excess polyfunc-
tional acid with a polymorphic alcohol such as ethyl-
ene glycol or glycerol [28-32].

Sale et al. [33] showed the effect of Ba— in
Y-Ba—Cu and La-Ba—Cu precursors to cause a
stepwise decomposition which was associated with
precipitation during gel formation. The decomposition
of precursors has further been investigated by
Baythoun et al. [22] and Delmon et al. [34]. Up to ap-
proximately 200°C dehydration occurs and then
around 500°C the precursor decomposes/oxidises rap-
idly yielding a mixture of CO, and N,O. In situations
where the precursors contained Sr precipitates, the for-
mation of SrCO; has been observed, which did not de-
compose until temperatures above 800°C. A common
and important step in the fabrication of a wide range of
oxide ceramics is the calcination stage. It is used to im-
prove the processing characteristics in operations such
as grinding, compaction and sintering, because the cal-
cination products are aggregates of small crystallites.

Akadémiai Kiado, Budapest, Hungary
Springer, Dordrecht, The Netherlands



ARSHAD et al.

In addition, the release of volatile matter during calci-
nation minimises internal shrinkage in later processing
steps that can lead to the development of internal
stresses and eventually crushing and warping [35]. To
obtain a dense solid, the calcined powder requires to be
pressed and subsequently sintered using either
solid—solid or liquid phase diffusion processes.

In our earlier studies relating to the preparation and
characterization of BSCCO and Pb—-BSCCO system by
sol—gel techniques, we also compared the volume-frac-
tion of 2223 phase in both the systems [36]. This work is
a continuation of the studies on BSCCO system and its
related parameters [37]. The aim of the present investi-
gation is to pursue a more detailed study on the effect of
pH during the preparation of BSCCO bulk high 7 phase
by the same method and its determination by infrared
spectroscopy and X-ray diffraction techniques.

Experimental

The superconducting oxides were prepared using the
amorphous gel route. This required high purity metal
nitrates and organic acids which were acquired from
Aldrich. For the production of gel, primary solution is
prepared by dissolving metal nitrates in deionised wa-
ter. Bi(NO;); does not dissolve in water forming a
white precipitate of basic nitrate classically referred
to as the ‘magistery of bismuth flake/pearl white’.

BI(NO3)3+2H20 (eXCCSS)—)Bi(OH)2N03+2HNO3

Therefore the addition of HNOj; is required to
dissolve bismuth nitrate. For each batch, a sufficient
amount of organic acid (EDTA) was added for requi-
site complexation. EDTA does not dissolve in water
at low pH (1-2), so the pH had to be raised by the ad-
dition of NH4OH solution. A pH=6 was used to allow
the organic acid to form organo—metallic complexes.
The primary solution was converted into an amor-
phous gel using a rotary evaporator in a water bath at
approximately 70°C and applying vacuum of a few
tores. At this point it was poured into a Pyrex dish,
placed in a vacuum oven and left for at least 12 h
at 80°C and 10" tore. The precursor was dehydrated
and a highly porous form with either glassy or foamy
appearance resulted. The gel was converted into pow-
der form by heating at 300 followed by 800°C each
for 2 h. The pellets were produced by pressing the
powder in press and then sintered at 845 and 860°C
for different duration of time.

The investigation of complex and carbonates for-
mation was carried out by Perkin Elmer 2000 FTIR
spectrometer, which operates in the range of
450-6500 cm . The powders at each stage, precursor,
calcined and sintered states were characterised by pow-
der X-ray diffraction using a Philips diffractometer cou-
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pled to a printing recorder and a computer with software
for print-outs. The analyses were carried out at 40 kV
and 20 mA. CuK,, A=1.5418 L was used as the X-ray
source. The thermal stability of precursor and its decom-
position products were studied by Seiko Simultaneous
Thermal Analyzer (STA-409). A horizontal assembly
dilatometer was applied for monitoring the sintering be-
havior of the pressed pellets of the calcined oxide pow-
ders. The superconductive transition temperatures were
measured employing a Vibrating Sample Magnetometer
(VSM)-3001, Oxford Instruments.

Results and discussion
FTIR spectrum

It was observed in our previous study by thermal anal-
ysis [36] that the decomposition process of the pre-
cursor was sharp and extremely exothermic. There-
fore, to avoid vigorous heat evolution, burning and
possible segregation, the precursor was heated in two
stages at 300 and 800°C.

An FTIR spectrum of the EDTA gel, precursor
heated at 300 and 800°C are shown in Figs la—c. In
EDTA gel precursor (Fig. 1a) the absorption peaks
due to carboxylate ions [38] were found at 637, 870
and 1602 cm . The presence of the 1602 cm™' band
confirmed the complex formation in the BSCCO ma-
terial. Only a few peaks due to NO; ions were found
at 1397, 853 and 825 cm ', which indicate that most
of the ions were consumed to produce the precipitated
NH4NOj; in the precursor during the gel processing.
The presence of NH4NO; as a crystalline phase in the
precursor did not cause any problem of chemical
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Fig. 1 FTIR spectrums of a— EDTA gel, precursor calcined at
b —300 and ¢ — 800sC
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Table 1 Species obtained in precursor calcined at 300°C

Wavenumber/ . Wavenumber/ .

Z Species ) Species
cm cm
3436 water 1075 metal oxide
1777 carbonyl 874 CaCO;
1506 carbonyl 858 SrCO;
1472 carbonate 708 carbonate
1459 carbonate 517 metal oxide

inhomogeneity or agglomeration in the superconduct-
ing materials as never involved any of the metal ions
required in the final product. The peaks for the
carboxylic ion as well as the NO; ion had disappeared
(Fig. 1b) in the precursor heated at 300°C. A new
band due to stretching vibration of the CO; appeared
at 1459 cm™'. Other peaks, which appeared and can be
attributed to carbonates and metal oxide [39, 40] are
shown in Table 1. It is known that carbonates form
with an exothermic reaction in the temperature range
0f250 to 500°C [41-43]. It is also known that in order
to produce the superconducting phases from the gel,
decomposition of the gel should be controlled to sup-
press the formation of carbonates of constituent spe-
cies, since these carbonates give possible segregation
and inhomogeneity in the final oxide powder. In order
to avoid any carbonate formation, the precursor was
heated continuously without intermediate cooling
from 300 (2 h) to 800°C. An FTIR spectrum of a
sample heated at 800°C is shown in Fig. lc, which
gives no evidence of carbonates in the oxide powder.

X-Ray diffraction

Figures 2a—e show an XRD patterns obtained from
the EDTA gel, precursor heated at 300 and 800°C and
pellets sintered at 845 and 860°C. The basic gel was
amorphous but contained a significant amount of
NH4NO; as a crystalline phase (Fig. 2a). In the pres-
ent study, the BSCCO sample required a large amount
of nitric acid to dissolve the Bi(NOj3); and ammonia to
adjust the pH of the final solution of nitrates and
EDTA, causing precipitation of the NH,NO; during
gel drying. It has been found that the formation of
NH4NO; is increased by excessive use of ammonia
and nitric acid. XRD (Fig. 2b) of precursor heated
at 300°C also confirmed the formation of carbonates
and metal oxides as discussed in previous section. In
the precursor heated continuously without intermedi-
ate cooling from 300 to 800°C, the XRD pattern
(Fig. 2¢) shows the presence of mainly the 2212 phase
along with other oxides identified as 2201, CuO and
Ca,CuO;s. It is worth mentioning that the precursor
which was heated with intermediate cooling from 300
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Fig. 2 XRD patterns of a— EDTA gel, precursor calcined at
b —300 and ¢ — 800sC; d — sintered at 845sC for 60 h
and e — 860sC for 60 h

(2 h and then cool) to 800°C still showed the evidence
of the carbonates in the oxide powder.

The formation of 2212 may be explained by the
sequence of reactions given as:

2Ca0+Cu0—Ca,CuO; (1)
followed by

2(2201)+Ca,CuO5+Cu0—2(2212) ©)

It follows from Fig. 2d that major phase in the
sample sintered at 845°C is 2212. There is no change
in the basic XRD patterns as compared to oxide pow-
der (Fig. 2c) other than the peaks of CuO were re-
duced in the sintered sample and those for Ca,CuO;
increased. This also shows the stability of 2212 phase
in the BSCCO material. It is anticipated that stronger
peaks from 2212 phase in the sintered material ap-
peared because of grain growth and enhanced crystal-
lization of this phase during sintering process. From
the XRD pattern (Fig. 2e), it is evident that major
phases are 2212 and 2223 and minor phases are 2201
and CuO in the sample sintered at 860°C. The
Ca,CuO; phase was not observed at 860°C. These re-
sults indicated that the 2223 phase required a complex
dissolution—diffusion precipitation process for its for-
mation. Liquid phase sintering [44] at 860°C is shown
to aid the formation of the 2223 phase. It has been
proposed [45] that an interface was created be-
tween 2212 phase and Ca,CuO; during the crystalli-
zation of the system. Because of the high concentra-
tion difference in Ca and Cu across the interface, dif-
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Fig. 3 Thermal analysis (TG/DTA) of a— EDTA gel, b — pre-
cursor calcined at 300 and ¢ — at 800sC

fusion of Ca and Cu atoms towards the 2212 phase
occurred at elevated temperature. The 2223 phase
grew at these interfaces as appreciable amounts of Ca
and Cu diffused into the 2212 phase. XRD results in-
dicate that on increasing the sintering temperature
from 845 to 860°C, the amounts of the 2212, 2201
phases and the compounds containing Ca and Cu de-
creased. The 2212 phase transformed to 2223 phase
after Ca and Cu from Ca,CuO; and CuO had diffused
into the 2212 phase.

Thermal and shrinkage analysis

Figures 3a—c show the TG/DTA curves for the EDTA
gel, precursor heated at 300 and 800°C. TG curve
Fig. 3arevealed that after the initial loss of water, a sin-
gle sharp mass loss occurred and the precursor decom-
posed almost completely at 230°C (DTA curve) with a
major mass loss. The breaking up of the organic com-
plex, volatilization of NH4NOs3, elimination of nitrate
ions and free EDTA, contributed to this stage. Fig-
ure 3b shows the TG/DTA curves of the precursor cal-
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Fig. 4 Dilatometry curve for the precursor calcined at 800°C

cined at 300°C for 2 h. The thermal curve indicated
that the mass loss started below 200°C and completed
above 850°C with multiple intermediate decomposi-
tion reaction as shown in DTA curve. These decompo-
sition reactions may be attributed to the formation of
carbonates and superconducting phases. These obser-
vations support the FTIR and XRD results discussed
earlier. It can be seen from Fig. 3¢ that there is no any
peak below the temperature 850°C. It is revealed that
the formation of carbonates can be suppressed by heat-
ing the gel precursor continuously without intermedi-
ate cooling from 300 to 800°C.

Figure 4 shows the dilatometry curve of the ox-
ide powder which was pressed and sintered. The
curve shows the change in length during sintering of
pressed pellets. There was no change in length on
heating up to a temperature of 600°C. However, a
large shrinkage occurred as a result of sintering be-
tween 700 and 800°C. This was equivalent to 2.2%
reduction from the original length. This shrinkage as a
result of sintering, occurred at an even increasing rate
as heating was continued between 800 and 850°C.
This was equivalent to 1.2% reduction from the origi-
nal sample length. Above 850°C, the sample can be
seen to shrink drastically up to a temperature
of 865°C. This temperature could be partial melting
temperature of the material. The evidence for partial
melting could be gained from deformed appearance
of the sample where the push rod of the dilatometer
assembly had indented the specimen.

On the basis of dilatometry results, the pellets of
the powder were pressed and sintered at 845
and 860°C in order to observe the formation of super-
conducting phases. The formation of different super-
conducting phases has already been discussed in the
previous section.

J. Therm. Anal. Cal., 89, 2007
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Fig. 5 Magnetic susceptibility behavior of sample sintered at
a— 845 and b — 860°C for 60 h

Superconducting properties of sintered products

Figures 5a and b show the relationship between AC
magnetic susceptibility and temperature for the sample
sintered at 845 and 860°C for 60 h. Figure 5a indicates
the presence of 2212 phase with a transition at 80 K in
the sample sintered at 845°C. Figure 5b gives the clue
of 2223 phase with 7, of 108 K in the sample sintered
at 860°C. However, the major superconductivity is
seen with a step at 85 K which reveals the main phase
to be 2212 as confirmed by XRD results.

Conclusions

* For the preparation of precursor of desirable prop-
erties, pH is the deciding factor.

» Although NH4NO; precipitates during gel drying,
it does not cause any chemical inhomogeneity or
agglomeration in the final superconducting phases
because it does not involve any metal ion.

* EDTA gel decomposed in single step, whereas the
precursor calcined at 300°C showed a number of
decomposition steps. There is no any decomposi-
tion steps observed in TG/DTA curves before
850°C in the precursor calcined at 800°C.

* No change in length was observed in case of
dilatometry up to a temperature of 600°C, however
a large shrinkage was noted above 700°C.

* The dominant phase for oxide powder sintered
at 845°C for 120 h is 2212 whereas it is 2223 for
the same sample sintered at 860°C for 60 h.

J. Therm. Anal. Cal., 89, 2007

* The study inferred that formation of 2223 phase in-
volves a complex dissolution—diffusion precipita-
tion mechanism.
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