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Evaporation losses of Bi, Sr, Cu and Pb during processing of Bi-Pb-Sr-Ca-Cu-oxide
(BPSCCO) superconductors were observed, which affected the superconducting properties.
Incongruent loss of Bi, Sr, Cu and Pb was reduced by covering the pellets by excess
BPSCCO powder during sintering and formation of the 2223 phase was observed to be
enhanced. Formation of low temperature eutectic by silver addition was observed to
accelerate the rate of evaporation. Lower temperature processing was required for
fabrication of high quality Ag sheathed BPSCCO tapes. © 71999 Kluwer Academic
Publishers

1. Introduction Hwu et al. [18] have concluded that reaction of Ag
Bi-cuprate superconductor is technologically promis-with BPSCCO affected the Sr-O and Bi-O planes, but
ing due to its high transition temperatufk & 110 K)  had no effect on the Cu-O bonds, which is contrary
and chemical stability in atmospheric conditions [1].to the XPS results of Lindbergt al. [19], who have
The formation of BiSLCaCusO1o (2223) phase re- observed changes in the binding energy of Cu-O at
quires the generation of BrL,CaCuwOg (2212) phase the BPSCCO-Ag interface. Fergg al. [20] have ob-
which subsequently reacts with CaO and CuO [2]. Theserved formation of Bi-2201 with 001 faceting at the
rate of 2223 phase formation is slow often requires sevinterface of Ag cladded 2212 superconductor tapes but
eral days [3—-5] and can be speeded up by the addition direndtet al. [21] could not observe any inter-diffusion
CaPbQ, [6]. Formation of 2223 phase is also depen-or degradation at the interface. It has been suggested
dent on the oxygen partial pressure used during sintethat presence of unreacted carbonates in the BPSCCO
ing [7, 8]. Formation of homogeneous 2223 phase fronpowders could possibly cause lowering of the liquidus
a stoichiometric mixture of reactants is often difficult temperature during sintering of the tapes leading to sig-
due to evaporation of oxides of Bi, Pb and Cu duringnificant drop onJ; andT.. Lowering of melting point
sintering [9]. due to formation of low temperature BPSCCO-Ag eu-
Silver being malleable, ductile and having good con-tectic has been reported.
ductivities (thermal and electrical) has been widely Inorderto develop a universal picture of the effect of
used for the fabrication of Ag sheathed BPSCCO tapesintering conditions on the superconducting properties
with high current carrying capacities [10-13]. System-of BPSCCO powder compacts, BPSCCO-Ag compos-
atic investigations of the effect of sintering time on theite and Ag sheathed BPSCCO tapes, we have carried
J. of Ag cladded BPSCCO tapes and wires reveal thabut extensive studies which are reported here.
Jc increases initially but it subsequently decreases for
longer sintering times [14, 15]. The interaction of Ag 2. Experimental
with BPSCCO compounds has been studied by severd.1. Powder preparation and
workers [15-21] but with contradictory conclusions. characterisation
Jinet al. [16] have reported that no reaction of Ag with Submicron sized homogeneoug BPhy §SrCaCuzOy
BPSCCO tape occurs if the Ag content in the matrixpowders were synthesised by the pyrophoric route [22]
<20 wt % whereas Doat al. [17] have observed seri- using Bi(NGs)3 [99%], Pb(NQ)2 [99%)], Sr(NG):
ous deterioration of; and J; in the presence of even [99%], Ca(NQ),-2H,0 [98%)], and Cu(N@),-3H,O
lower amounts of Ag under high partial pressure 0f[99.9%)] as the starting materials. The Bi : Pb ratio was
oxygen. Ag cladded BPSCCO tapes with higgwval-  adjusted to 1.4:0.6 so as to obtain a large fraction of
ues have reportedly been fabricated by processing und@223 phase in the product [1]. The freshly generated py-
low pO.. rophoric powders were calcined at 1073 Kfor 6 h inair.
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BPSCCO-Ag (x in wt %) composites were prepared 2.3. Fabrication of Ag sheathed tapes
by mixing 400 mesh Ag (99.95%) powder thoroughly The Ag sheathed BPSCCO tapes were prepared using
with the calcined BPSCCO powders. The meltingthe powder in tube (PIT) method. In this method, silver
points of BPSCCO-Ag powders were obtained from tubes filled with BPSCCO powder were swaged, rolled
DTA measurement using SHIMADZU DT 30 thermal or drawn and then heat treated at elevated temperatures.
analyser. Two types of starting materials and sintering conditions
The powders were palletised by biaxially pressingfor the fabricated tapes were used:
10 g of calcined powder in a steel die at a pressure of

12.4 MPa. (a) Ag sheathed tapes were fabricated using cal-

cined powder which was principally composed of 2212
] ] phase. The sheathed tapes were sintered at 1118 K in
2.2. Sintering of BPSCCO air for different soaking periods of 10, 30 and 96 h,
BPSCCO pellets prepared from the calcined powdergnd
were sintered at 1118 K in air for different soaking (b) Ag sheathed tapes were fabricated using pow-
periods of 60, 96 and 192 h. The green pellets wergjers obtained by grinding pellets which had high con-
sintered under the following conditions: centration of 2223 phase-60%). These Ag sheathed
(a) the green pellets were left uncovered during sini@Pes were sintered either at 1118 K or at 1093 K in
tering, and air for different soaking periods. Ac susceptibilities of
(b) the samples were covered while sintering by thdhe fabricated tape were investigated to assess the rel-
ative amount of superconducting phases formed after

same calcined powder from which the pellet was fabri-="" )
cated. various processing steps.

BPSCCO-Ag (x = 0—10 wt %) pellets were sintered
either in air or in nitrogen atmosphere at 1118 K for a3. Results and discussion
fixed soaking period of 96 h. 3.1. Effect of sintering time

The compositions of all the sintered pellets wereAc susceptibility measurements indicate that BPSCCO
investigated by energy dispersive X-ray (EDX) spec-pellets sintered without powder cover suffered progres-
troscopy analysis and fracture surfaces of the sinteredive loss of the 2223 phase content as the sintering time
pellets were studied by scanning electron microscopat 1118 K was increased from 60 to 192 h. EDX anal-
(SEM). EDX analysis gives the chemical compositionysis revealed that the pellets became progressively de-
of the surface of the samples, where the depth of Xficient in Bi, Pb, and Sr with concomitant formation
ray emission is of the order of a few micro-meter andof non-superconducting phases as observed from X-
varies with the elements present in the samples. In orray diffraction analysis. The apparent densities of the
der to get the true picture about the chemical compopellets were also decreased progressively. When pow-
sition, the samples were bisected and large area scader encased green BPSCCO pellets were sintered, the
ning was made to acquire the bulk analyses of the san223 phase content and density of the sintered pelletin-
ples. Apparent densities (which include the pores and@reased with increasing sintering time at 1118 K. The
voids) of all the sintered pellets were measured usingable | summarises the observed properties of the pel-
Archimedes principle with an accuracy of 2% by lig- lets sintered with and without powder cover. The ob-
uid immersion technique. Phases of the sintered pelletserved variation of densities is possibly due to these
were analysed by X-ray diffraction (XRD) technique. following factors:

TABLE | Phase and composition analysis of BPSCCO pellets sintered at 1118 K for different soaking time with and without powder cover. The

elemental composition was normalised by setting the relative content of Ca to 2.00 and oxygen content is calculated on the basis of valence of the

cations

%Total

superconducting %2223 Phase

Sample phase measured measured
condition and by Ac by Ac Density  Phases analysed
sintering times Initial composition Final composition susceptibility susceptibility  (@®m by XRD
Without Bi1 4Py 6SHCaCuzsO19  Bi128Pln51Sn.17CaCur 320792 54 30 4.5 2223 2212+
covering 60 h Ca-CuO
Without Bi1 4Py sSrnCaCuz010  BigsePly22S10.84CaClp 400630 43 18 4.5 2223 2212+
covering 96 h Ca-CuO
Without Bi1 4Py SnCaCuw019 Big3sPhy22Srs5CaClp 350564 40 0 4.1 2223+ Ca-CuO
covering 192 h
With covering B:I|__4Ptb>esr2C32CU3010 Bi1_33Pkb_5esr1_33C82CU3_0408>97 56 31 4.5 2223+ 2212
60 h
With covering Bi 4Py eSnCaCusO19  Bi121Phy 56Sr 36CaCusOsg 73 58 40 5.0 2223+ 2212
96 h
With covering B:I|__4Ptb_esr2C32CU3010 Bi1_06Pb)_54SI’1_36C82CU308_49 62 51 5.2 2223+ 2212

192 h

1620



(a) formation of low density phases due to degra-served in the uncovered samples. EDX analyses re-
dation during sintering, which is also been confirmedvealed that more Ca rich grains are formed in these
from the XRD analyses, uncovered samples whereas, the compositions of the

(b) increased volumes of pores and voids due tgowder covered grains are more or less uniform.
evaporation of materials from the samples during sin-

tering, and
du(r(i:r)1 d;ﬁ;gﬁf‘e of hig i.e. 2223 phase formation 3.2. Effect of silver on sinterability
g g of BPSCCO

SEM analysis of the fractured surfaces of the twoDTA analysis of BPSCCO-Agsamples (Fig. 2) show
types of pellets showed large platelet type of grainthat the melting point decreased with the addition of
growth for pellets sintered with powder cover (Fig. 1a)increasing amounts of Ag. This lowering of melting
and crystalline rod shaped growth of grains are ob{point may possibly be accounted for by the following:

Figure 1 SEM of BPSCCO pellets sintered 1118 K: (a) for 192 h with powder covering (b) for 192 h without powder covering (c) for 96 h with Ag
(2 wt %).
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TABLE Il Composition analyses of BPSCCO-Ag pellets sintered in air at 1118 K for 96 h. The elemental composition was normalised by setting
the relative content of Ca to 2.00 and oxygen content is calculated on the basis of valence of the cations

Silver %2223 phase
concentration Melting peak measured by Ac  Density Phases analysed
(wt %) Initial composition Final composition (K) susceptibility (gcA by XRD
0 Bi1 4Py sSHnCaCuzO19  Bi133Phys56Sr.36CaCuzOgg 1138 45 5.08 2223 2212
1 Bi1_4Pb)_GSI’anZCU3010 Bio_73Ptb_338fo_8ocazcul_9206_o5 1134 20 5.32 2213 2223+
Ca-CuO
2 Bi1_4Pb)_GSI’2C32CU30]_0 Bi0_59Pb3_258r0_73CagCu1_7105_58 1126 5 4.5 2212 2223+
Ca-CuO
5 Bi1 4Py SnCaCusO19  Big21PlyooSro32CaCu1 330374 1110 0 4.2 2112 Ca-CuO
10 Bi14PlpeSRCaCu301p  Big19PhoSlh27CaCly 120363 1093 0 4.0 2212 2201+
Ca-CuO
-01 -
Ag 10%|
} Ag 5% -0.2 - (@) —¢ F—(b)
z ? 0.3
= Ag 2% x -03F
5 92 =
_E,' Ag1% 0.4
< Ag0%
— -0.5
<
‘ -0.6 L L |
0 30 60 90 120
Temperature (K) —
Figure 3 AC susceptibility of BPSCCO powder compact sintered at
i I 1 1 I l 1118 K for 96 h in (a) air and (b) after annealing in bf sample (a).

673 773 873 973 1073 173

Temperature (K) —=

# ~ 2223 Phase
Figure 2 DTA of BPSCCO-Ag (x =wt %) powders (in alir). + — 2212 Phase
- — Ca-Cu-Oxide

(a) Metallic silver has been known to cause partial
reduction of CuO to &0. Cy,0 forms a eutectic with
PbO [23], and

(b) Ag-O-CuO-CyO-PbO forms a low melting eu-
tectic [24].

The formation of these low melting eutectics also
causes significant loss of various cations excluding CaO
at the sintering temperature, possibly through evapora-
tion, as can be seen from Table Il. The composition
of the pellets has been determined by EDX analysis
and the average value of the composition determined at
various points has been reported.

Ac susceptibility measurements (Fig. 3) and X-ray
diffraction analysis (Fig. 4c) indicate that, on sintering
of the silver containing samples at 1118 K for 96 h, .
a drastic decrease in the formation of 2223 phase oc-
curs. Fig. 1c (SEM of BPSCCO-Agellet) shows that
platelet nature of growth, observed in BPSCCO sam- "
ples as reported earlier (Fig. 1a and b), was absent. * * {a)
The onset superconducting transition of BPSCCQ-Ag W
(Fig. 3a) was at 75 K which is lower than 80 K of 2212 | L L L
phase. The same superconducting sample showed tran- 40 36 32 28 24 20
sition at 80 K after annealing in nitrogen atmosphere -~ 28
gjgtfg))( .C;-:Seol)?)\;\éeerr!r;%ioor:r(;ftt%e755a§g;l::Igeol;isr:;ﬂ%/o irE_igure 4 XRD of th_e pellets of: (a) BPSQCO—sintered for 192 h at

118 K with covering, (b) BPSCCO—sintered for 192 h at 1118 K

creased oxygen content in Bi-O plane [25] on accountyithout covering and (c) BPSCCO—Ag (2 wt %)—sintered for 96 h at
of oxygen desorption by silver. 1118 K.

(Arb. units)

Intensity
(+ =)

(+x)
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Figure 5 Resistivity of Ag sheathed tapes, sintered at 1118 K for 10 h in air, fabricated from (a) as calcined powder (b) powder with more than 50%
2223 phase.

3.3. Fabrication of Ag sheathed tapes a result superconducting properties of the Ag sheathed
Ag sheathed tapes fabricated from the as calcinethpes are affected on prolonged heating.
BPSCCO powder when sintered in airat 1118 K for dif-
ferent soaking periods of 10, 30 and 96 h exhibited zero
Resistivity at 80 K (Fig. 5a), whereas the Ag sheathed
tapes made from BPSCCO powders having greatertha. Conclusion
50% 2223 phase and sintered at the same sintering terti: Evaporation of Bi, Sr and Pb has been observed
perature of 1118 K for 10 h hati, at 102 K (Fig. 5b)  while processing BPSCCO superconductors which is
with J value of 198 A/cri at 77 K. The same samples in agreement with other reports [9, 27]. Evaporation
sintered at 1118 K for longer soaking periods of 30 andcan be minimised by increasing the vapour pressure of
96 h showed degradation of the superconducting propthe constituents inside the furnace during sintering; we
erties. This observation suggests that a low temperatutigave achieved it by covering the pellets with the same
processing is necessary to prepare high current carryingowder of BPSCCO during sintering.
superconductors. 2. Presence of Ag in BPSCCO matrix lowers the
The Ag sheathed tapes, fabricated from BPSCCQOnelting point and hence enhances the rate of evapo-
powders with >50% 2223 phase, and sintered atration. However, contrary to reports, this lowering of
1093 K (and soaked there for 10 h) hadavalue of  melting point is due to a redox reaction between CuO-
90000 A/cnt at 15 K with aT.(0) at 102 K. From the PbO-Ag which leads to formation of a eutectic which
Ac susceptibility measurements it has been observethelts at about 973 K [23].
that the 2223 phase decreases with both the sintering 3. Since there is extensive inter-reaction between Ag
time and temperature. At high temperatures the rate ofladding and BPSCCO at the interface the sintering
decrease of 2223 phase is more. For instance, a decreasae should be optimised.
of 23, 52 and 100% of the 2223 phase is observed in 4. It has been observed that the Ag sheathed tapes
the samples sintered at 1118 K for 10, 30 and 96 h reshould be fabricated from the BPSCCO pellets having
spectively. Whereas, only 8% decrease is observed ihigh concentration50%) of 2223 phase and sintered
the tapes sintered at 1093 K for 10 h. for short duration at lower temperature with respect
On further increase of sintering time tgvalues of  to the pellets to achieve better superconducting speci-
the sintered tapes are decreased without affecting theens.
T¢(0). It has been inferred from X-ray diffraction anal-
ysis of BPSCCO layers (obtained after peeling off the
covering Ag layer) that the decrease of critical current
density observed on sintering for long lengths of time?:f:rgg‘éel: S G KASHYAP. D. K. PANDYA andK. L
was dL_Je to for_mat|on of 2'212 and Ca—Cu-OX|_de asare-" ., opra Solid State Commui3 ('199(')) 573, T
sult of interaction Ong with BPSCCO at the interface. 1b. B. GOGIA,S. C. KASHYAP,D. K. PANDYA andK. L.
Silver diffuses considerably into BPSCCO [26] and as  cHOPRA, Bull. Mater. Sci14(1991) 217.
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