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Superconducting BiSrCaCu(Ni)O ceramicss have been prepared by the gel method using an aqueous solution
containing a tartaric acid. The aqueous solution of metal salts was concentrated without precipitation. The
precursor so prepared was homogeneous and calcined & 82524 h to produce superconducting phase.

The thermal decomposition of gels, the formation of superconducting phase, and their ceramic microstructure
were studied using IR, TGA, XRD, resistance measurements, and SEM. This method is highly reproducible
and leads to powders with excellent homogeneity and small particle size for easy sinterability. The nickel
dopant substituting for Cu gives rise to the gradual decrease qf tPleaBe pure 2212 ceramics were obtained

at 825°C for 24 h. SEM pictures showed that liquid phase was formed when the samples were sintered
temperatures higher than 8Z5.
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Introduction and better controlled stoichiometry in the BiSrCaCuO system,
several methods have been employed by various workers:
Ceramic superconductors have been produced by a variesplid state reactiof;'! oxidation of liquid quenched pre-
of techniques, the most popular of which have been theursor alloys? matrix reactiort? crystal growth;* and co-
ceramic method and the chemical methods of coprecipiprecipitation method>® However, unlike the YBaCuO
tation and freeze drying. Each of these technigques hasystems, in which powders and films have been fabricated by
limitations and problems associated with the actual processeveral solution techniques, few studies have used solution
and the quality of the material produced. Any synthetictechnique to obtain Bi-base materials and most of these
scheme should start with inexpensive, readily available, antechniques are for film<:'® The reason may be that, despite
suitably pure reagents but should not require excessive timéhe good homogeneity usually obtained through this process,
labor, or specialized equipment. In addition superconductinghe chemistry involved in a quaternary system is quite
products should posses several desirable qualities such esmplex and the possibility of finding compounds with
high phase purity, acceptable values of critical parametergommon properties and solvents for each of the constituent
and small uniform particle size. Considerable efforts haveslements is much lowét??In general, the sol-gel method
been made in the synthesis, processing, and characterizatioging organometallic compound has advantage in the prepa-
of BiSrCaCu(Ni)O superconducting ceramics because thesation of homogeneous ceramic materials because the
materials have a higher. Bnd good chemical durability precursors consist of small particles that exhibit a very high
(resistance to moisture), and also they contain no rare eartthemical activity and they are sintered easily into the oxide
elements® The Bi-based superconductor system actuallyat relatively low firing temperatures. One of the several
consists of three different superconducting phases with verglifferent alternate approaches is the gel procedure using
similar crystal structures. The general chemical formula forspecific gelling reagent, The approach is as follows: First
these phases can be written asSBCa,.1ICOas+2n, With prepare the gel from a homogeneous solution, which can
n=1, 2, 3 corresponding to the 22 K (2201 phase), 80 Khen be decomposed to the oxides under mild thermal
(2212 phase; lowphase) and 110 K (2223 phase; high T conditions. These oxides react to form the ceramic.
phase) respectivefy. They have single, double, and triple  This paper will describe the preparation of the 80 K phase
layers of CuO2 plane in a unit cell. Because of the similarityBi-SrCa(Cuy.yNiy)20y; low T. phase, by the gel method
of their structures and thermodynamics of formation, allusing a tartaric acid. Also, the gelation of the starting
three phase can be present to some degree in the averagdutions, the processes of decomposition of the precursors
samplée’® Only careful control of the processing conditions and the crystallization of various phases, and the studies on
for these samples would permit formation of one of these¢he Ni substitution fot Cu will be discussed through the
phases in pure form. paper. The doping of nickel into Cu will change the
In order to attain higher homogeneity, smaller particle sizeéransition temperature with concentration of nickel.

TAuthor cordially dedicates this paper to Professor Sang-Chul Experimental Section
Shim who had pioneered the photochemistry research in Korea.
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phase), where x=0 and 0.1, were prepared from the hig
purity grade Bi(CHCOOQO}), Sr(CHCOO)-1/2H0, Ca(CH- 100.00-
COO)-H,0, Cu(CHCOO})-1.08 HO, Ni (fine metal powder),
which were purchased from AESAR, Fisher Scientific, and
Aldrich Chemicals. Experimental details of the preparation
of a 10% nickel doped BiSrCaCuO sample are as followsz
Bi(CH;COOY) (0.03 mol, 11.583 g) was dissolved in 500ml -
acetic acid solution of the compositiors(H: CHCOOH =
6 : 1 by volume, and stirred for 12 hours at room temperatur
(Bismuth acetate dissolves only in the acid solution). Nitric
acid in which Ni powder was dissolved was added to the B
solution. Sr(CHCOO)-1/2H0 (0.03 mol. 6.441 g), Ca(GH
COO)-H,O (0.015 mol, 2.643 g), Cu(GBOO)-1.08HO
(0.027 mol, 5.429 g) were dissolved in the Bi solution so tha 20.00 — — ; ; ; ; —
the molar ratio of the cations became Bi: Sr: Ca: Cu: Ni= 0 0O A A e eay 0%
. S emperature ( C)
2:2:1:1.8:0.2 for 10% Ni substitution for the Cu. Metal
acetates are analysed to determine their levels of hydratéFigure 1. TGA themodiagram of the BiSrCaCu(Ni)O precu
water before use. They are converted to the correspondir’/Mii€ ramping at 16C/min.
oxides at sufficiently high temperatures (800-90). The
amount of water has been determined according to thegicetates containing acetic acid, nitric acid, and tartaric acid.
stoichiometric reaction (Gravimetric analysis). Tartaric acid was found to be effective in gel formation,
Either NH,OH or NH,CH,CH:NH; was added dropwise especially in preventing the crystallization of copper acetate
into the solution with constant stirring until the pH reachedhydrate during the concentratibh'* Figure 1 is a TGA of a
4.8 (as determined by a precipitation test). When pHprecursor prepared through the gel method. The picture
exceeded 4.8, a white precipitate (bismuth nitrate) wasndicates that the material has undergone a weight loss even
observed. The addition of base raises pH of the solution arfaklow 180°C due to the loss of waters which are chemically
this high pH helps the formation of the gel. After addingbound to the hadrates., Sr((CHCOQO)-H,0, Ca(CHCOO)
tartaric acid (0.5 times the mole ratio of Cu), the solution-H,O, Cu(CHCOO)-H,O. Major decomposition occurs bet-
was stirred for another 12 hours and kept in an uncoveregeen 180°C and 500°C (about 50% of the original weight
oversized petri-dish. Water was evaporated at°@0to loss). After 500°C, little change occurs at higher temper-
become viscous gel finally leading to a dried dark blue gelatures. Most decomposition is complete below temperature.
The precursor was pulverized and preheated at°@0
evolve NQ and acetic acid. This preheat avoids phase
separation by explosive reaction. The temperature wa .
slowly raised to 600C and maintained for 8 hours to ensure /\’ 800°C/2h
the decomposition of the organic precursors such as th Ve
carbonates and acetates used. The sample was finally sint /
ed between 815 and 830 for 24h, then cooled down in the

/(
furnace. These conditions were chosen because after a sin o /\/{\,
/

at the temperatures higher than 830the partial melting of 500°C / 6h
/ /\v 180°C / 6h

the powdered sample was observed. The temperature of t
/
*’\/\/\1 |

Wh. 14,3505 mg Rate 10.00 deg/min

weig

%

60.00-

furnace was monitored using the thermocouple which wa
connected to the recorder to follow the temperature. Thermc
gravimetric analysis (TGA) and infrared spectra (IR) were
used to study the thermal decomposition of the precursol
and its phase transformation. The dc electrical resistance
the bar-shaped sintered sample was measured by four-pro
method using a Keithly model 181 nanovoltmeter. The
precursors, intermediates, final products were characterize
by X-ray powder diffraction (XRD) using Cukradiation at &

Relative transmittance

Precursor

45 kV, 30 mA. The data was compared by the Rigakt
computer system with a CD-ROM powder diffraction file.

Results and Discussion | T | T | T T
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Transparent, amorphous gel in the BiSrCaCu(Ni)O syster Wavenumber (cm”)
was formed by concentrating the aqueous solution of metiFigure 2. IR spectra of the precursor and its calcination prodt
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Figure 4. Scanning Electron Micrographs of BiSrCaCu(M
samples: (a) 82%C for 24 h (b) 845C for 24 h.

180°C / 6h

spectrum, the (C=0) vibrations at 1560 cthof v ,s (COQ)
and 1410 crit of v (COO) indicates that COQyroups are
coordinated to a metal ion. These peaks including N-O peak
precursor at 1400 critwere converted to carbonates (C-O forsC@t
1450 and 870 cify) after calcination at 508C for 6 h. On
heating to 800°C for 2 h, most carbonate peaks have
disappeared. X-ray powder diffraction analysis was used to
10 20 30 40 50 60 follow the phase development as well as its phase identi-
26/deg. fication. The precursor powder is amorphous at room
- : . . temperature as shown in Figure 3. In the sample preheated at
e o g ot o O g, ePared PTESUISO 4 goc ang 25(7C, bismuth oxide BOs and nickel nitrate
Ni(NO3), are found. At 350C, Bi,SrQ,, CaCQ, and CuO
Gradual weight loss of the precursor indicates a stepwisare also found. BERCuQ, (2201 phase) appears at 600
decomposition of the precursor by 5 Abrupt changes through the reaction of E$rQ, and CuO. At 700°C,
were not observed during the process. IR spectra show th&i,SrCaCuOx (2212 phase) appears and at this point phases
conversion of the precursor to the final product (Figure 2)corresponding to CaO, CuO, and carbonates of Bi and Sr are
The presence of carboxylic groups and water are confirmedlso identified. XRD pattern of the final product obtained at
by their strong absorptions around 3400 criwvater and 825 °C for 24 h shows good match with standard 2212
acids substantially disappear when the precursor was heatpdttern as seen in the Figure 3.
at 180°C for 6h. Metal carboxylates (C=0 at 1560 tre-O Figure 4 shows SEM photographs of the sample described
asymmetric stretching at 1410 ¢jnand nitrates (N-O at above. The microstructure of the sample was greatly affected
1400 cm') were converted to carbonates (C-O forsG® by the calcination temperature. SEM picture obtained from
1450 cm?) after calcination at 500C for 6 h. In the the sample sintered at 826 (Figure 4a) shows the thin
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of Ni substitution on Tis not so large. There are two main
keys to understand the effect of foreign element replacement
in CuO plane: (1) The changes of the carrier concentration
and microstructure induced by the replacement. (2) Magnetic
scattering of carriers caused by magnetic ions subtitution.
The effect on Tis not so large compared to Zn. Although
with respect to their ionic size both Zn and Ni match closely
with Cu, the valence of Zn is fixed while that of Ni can
fluctuate. Because of its rather rigid divalency, Zn in CuO
networks serves as an obstacle which impedes metallic
behaviour and superconductivity. Here the decrease; of T
should be mainly attribute to the magnetic scattering induced
by Ni ions (Ni?/Ni*®) in CuO plane.
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Figure 5. Temperature dependence of electrical resistance for (a) Superconducting Bsr.Ca(Cu-yNiy).O«, where y =0 and
Bi>Sr.CaCu Nio O after 800°C for 24 h (b) BiSr.CaCu éNio 2O« 0.1, were prepared through the gel method using an aqueous
after 825°C for 24 h (c) BiSr,CaCuOx after 82¢°C for 24 h. solution of organic metal salts containing acetic acid and
tartaric acid. It was found that CO@roups were coordi-

plate-like phase characteristic of bismuth containing supemated to a metal ion and converted to carbonates after
conductor. Sintering at higher temperatures resulted in aalcination at 500C. 2212 phase appeared at P@0and
change. Figure 4(b) is the picture taken from the samplphase pure 2212 powders were obtained af@2X6r 24 h.
sintered at 845C for 24 h. Evidence of liquid phase SEM pictures showed that liquid phase was formed when
formation, even though no second phases are detectable the samples were sintered at 835, 845, and®85%or 24 h
X-ray diffraction, can be now noted as indicated by therespectively. It showed the increase of liquid phase formation
smooth, spherical pores. It means the increase of liquids temperature increased,3iCaCu gNig O« sample sinter-
phase formation as temperature increases. The BiSrCaCugdl at 800C for 24 h showed a two step transition indicating
ceramics contain two main superconducting phases. It ithat it consisted of the mixture of 2201 and 2212 phases.
known the incorporation of Pb ions for Bi of the systemT(zero) of BiSrCaCuOx and BpSrCaCu gNig O« samples
causes a higher volume fraction of the phase. This suggestmtered at 828C for 24 h were 78 K and 47 K respectively.
that the addition of foreign elements to the BiSrCaCuOThe substitution gives rise to the gradual decrease of:ithe T
system could change the free energy of formation of the higfihe cationic dopants substituting for Cu tend to inflict
and low T phases. The resistance curves of the 10% Ndisorder in Cu-O networks which at a higher dopant level
doped 2212 sample sintered at 800 and ®253or 24 h  may show semiconducting-like resistance behavior. However,
respectively are shown in the Figure 5(a) and 5(b). Figuréhe effect of Ni substitution oncTs not so large. It can be
5(a) shows a two step transition, indicating that the samplattributed to its resemblance to Cu. Ni has not only close
consists of the mixture of 2201 and 2212 phases, which wasnic size to Cu, but its valence can fluctuate.
expected in the XRD patterns. It suggests that the complete
transformation from the 2201 phase to the 2212 phase is Acknowledgment This work was supported by Daejin
achieved by heating up to 826. Figure 5(c) is the curve University Research Grants.
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