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Abstract

The effect of (Pb) addition on the zero thermopower temperdfifheand room temperature Vickers microhardness (VHN)
of superconducting specimens of different nominal compositions based on the systeRibBi,CaCu0, (x = 0.0, 0.1, 0.2,
0.3 and 0.5) were studied. The addition of (0.3Pb) resulted in an incre@&driom 93 to 113 K and a 2.85-fold increase in the
microhardness for considered loads. This behaviour is ascribed to the presence of large amount ofthphaigh{(2223).
Furthermore, Pb particles may relax the residual stresses resulting from the expansion of individual grains, and may provide
increased resistance to crack propagation by pinning the propagating cracks; these effects would increase the hardness. The
addition of (0.5Pb) resulted in a decreas&fhto 98 K, and also VHN decreases almost 2.44 times. This decredgeaind
VHN is believed to be due to the formation of contaminating phases such bQalndexed X-ray diffraction patterns
indicated that high abundancy of the 2223 phase for the specimen (0.3Pb) are characterized by the sharpest superconducting
transitions. Also the present study proved that the most convenient Pb content to obtain a minimum value of porosity is equal
(0.3Ph).© 2000 Elsevier Science Ltd. All rights reserved.

Keywords A. Oxides; D. Mechanical properties; D. Superconductivity

1. Introduction conductors. Besides the usual resistance measurements
to determine the resistive superconducting transition
After the discovery of highF, superconducting in the Bi—  temperature in Sb—BiPbSrCaCyi@vestigated by Kocabas
Sr—Ca—-Cu-0 system by Meda et al. [1], Tallon et al. [2] [3].
reported that Bi-compounds (BSCCO) posses three super- Normal state thermoelectric power (TEP) of ceramic
conducting transitions viz. at 110 K (2223 phase), 80 K superconductors have been reported by Sergeenkov et al.
(2212 phase) and 10 K (2201 phase). Normal state proper-[4]. Also more consistency in the reported data has been
ties of the highT, superconductors have attracted significant observed for the TEP of the Bi-based and TL-based cuprate
research interest. This is due to the fact that many of these superconductors [5,6]. Thermoelectric power in these
compounds show unusual normal state properties and thesystems is usually a feywv/K, typical of a metal with low
expectation that a proper understanding of their properties in carrier density. Its sign is commonly positive, which is
the normal state may provide clues to the origin of super- consistent with the charge carrier sign measured by the
conductivity in this class of materials. Among many other Hall effect, though the sign of TEP has been found to be
normal state properties, thermoelectric power sensitivity sometimes negative [7,8]. Attention is focused on lead
depends on the energy dependence of the electron lifetime containing compounds of the general formulgBtp ,Sr,.
and the density of states near the Fermi eneEgy There- CaCu0Oy [9].
fore, studies on the temperature dependence of thermoelec- On the other hand, there is another important factor for
tric power can provide excellent information about many the practical usage of oxide superconductors. For most
fundamental aspects of charge transport in ceramic super-applications, these materials have to be drawn in the form
of wires and tapes. These superconducting wires and tapes
* Corresponding author. Fax+ 93601950/159. are subjected to large mechanical stresses in making coils
E-mail addressjanoubwadi@frcu.eun.eg (S.M. Khalil). and Lorentz force due to high magnetic fields. Under high
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Fig. 1. Typical powder X-ray diffraction patterns of BiPhSr,CaCu;O, with lead concentration.

stresses, the generation of small cracks at high current will ductors. Goto has reported a tensile strength of 55 MPa for
cause a fatal damage or destruction of the coil. Therefore, the BLSLCaCusOy (2223) fibre prepared by Suspension
the evaluation of mechanical properties of superconductors Spinning method [20]. Johnson et al. [21] have reported
is important for their practical applications. Flexural on a relationship between the bulk density and the bending
strength [10], tensile strength [11,12], microhardness [13— strength of BjSL,CaCuyO, (2212) sintered bodies. They
16], and elastic modules [17—19] have been reported for Y— have obtained the maximum value of 32 MPa when the
Ba—Cu—0 compounds. Besides this, there are few works on sintering temperature is 930. Shoyama et al. [22] have
the mechanical properties of Bi-based (BSCCO) supercon- measured the tensile strength of the 2223 fibre prepared
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by the pyrolysis of organic acid salts and reported to be measure the diagonals of the indentation with an accuracy
18 MPa. Investigating the effect of lead on the microhard- of =0.5um. An average of 10 readings at different locations
ness of the BSCCO system was studied by authors [23,24]. of specimen’s surface was taken for each specimen.
All these data are obtained for polycrystalline compounds,  The Vickers hardness was calculated using the following
so that grain boundaries, pores, and probably micro cracks formula:
in the specimens could predominate these hardness values. )
The investigation by Verrender et al. [25], explores basic VHN = 1.8544P/d")
aspects of the route to better materials, paying particular whereP is the applied load (in N) andiis the mean length of
attention to porosity and to the use that can be made of 4, diagonal of indentor impression (in mm).
microhardness as a means for assessing the mechanical The hardness test requires that the surfaces of a specimen
state of specimens. must be highly polished and the specimen should, prior to
In the present article, we report our results on the e pardness test, by focusing the 40:1 objective of the
temp'erature dependence of TEP of.sllntered superconductlngmicroscOpe sharply on the surface of the specimen and
specimens of different compositions of the system reqqing fightly on it in the immediate vicinity of the objec-
Bi>_PhSrCaCu0,. Besides this the influence of lead e with a small stick, while observing the surface through
addition on the microhardness of the same specimens was,e microscope. On the other hand, it is in any case essential
investigated. Also, measurements on porosity percentage , 5\id placing the specimen under tension, as this results
were performed and X-ray powder diffraction (XRD) iy cyrvature any way. Besides, the percentage of the poros-

patterns were taken to identify the main phases. Photographs.ity of samples was measured by the Archimedes method
of surfaces were taken using a scanning electron microscopeusing xylene as the immersion liquid.

(SEM). The XRD analysis was performed by means of a
Schemdzu X-ray powder diffractometer with CuKarget.

) On the other hand, the surface morphology of the tested

2. Experiments specimens was investigated using a SEM type Jeol JSM-

5300. A specimen to be tested for its surface morphology

Superconducting specimens of the five nominal composi- 14< tg be highly polished and with a clean surface.

tions based on the system,BiPbSrLCaCu0,, with x =

0.0, 0.1, 0.2, 0.3 and 0.5 were prepared by using the solid-

state reaction traditional sintering technique. The appropri- 3. Results and discussion

ate amounts of BO;, PbO, SrO, CaC@and CuO powders

(with purity equal to 99.999%) were weighed and mixed 3.1. XRD analysis

together in molar ratios as required. The mixtures were

dissolved in equivalent amount of conc. HN@he solution In order to clarify the effect of Pb addition, we changed
was stirred and heated at 6@0(about 6 h), it becomes dry  the amount of Pb addition from 0.0 to 0.5 and thoroughly
to form a precipitate with a deep blue colour. The dry preci- examined the changes by the X-ray diffraction Guiadia-
pitate product was then calcined at 820n air for 48 h. The tion. The X-ray diffractograms of samples witt0D0= x =
product powder was reground and pressed into pellets by 0.5 are shown in Fig. 1(a)—(e). The appearance of different

applying a load of 49 kN. Pellets were sintered at“&@for peaks with different intensities on each of the diffractogram
150 h in air and slowly cooled to room temperature. proves beyond doubt either the hidhphase (2223) or the
The differential thermoelectric powé& (Seebeck coeffi- low-T, phase (2212). For the Pb free composition as shown

cient) of a sample was measured using the standard differ- in Fig. 1(a), the most, the third and the fourth intense peaks
ential technique. A specimen was sandwiched between two were the same and could be identified as the 2212 phase,
copper blocks. The lower block contains an independent while the second intense peak could be identified as the
heater. Thermoelectric voltages were measured relative to 2223 phase. Also, some intense peaks due to double oxides
the copper leads and in the presence of a temperature gradi-such as CuO and CaO were present. This indicates that the
ent (AT) about 2—3 K across the specimen. Measurements low-T, phase (2212) is dominant in sample @18.0).
of the temperature difference between the working surfaces As shown in Fig. 1(b)—(d) with an increase in the lead
of the specimen under tesiT) were done with a differen- content, the number of peaks attributed to the Higphase
tial copper—constantan thermocouple. The data presentedpreferentially grows at the expense of the number of peaks
here have been corrected for the contribution of copper of the low-T. phase and becomes significant arourd 0.3.
leads to the measured thermoelectric power. This implies that the optimized sample (B{0.3) is most
Diamond pyramid hardness measurements were convenient for the formation of the high-phase. On the
performed with a type E.Ltd. Wetzlar microhardness tester other hand, the absence of other Pb-related peaks such as
at room temperature. A Vickers pyramidal indentor, with (PbO, SrPb@ etc.) suggests that the Pb atom is mainly
different loads (0.25, 0.49 and 0.98 N) and a loading time involved in the Bi—Sr—Ca—Cu-O structure. After that for
of 15s was used. A measuring objective was used to (x = 0.5) the number of peaks attributed to the 2223 phase
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Fig. 2. Photograph showing the morphology of polished surface of the sample.$sm@sCu;0,; (b) Biy Pl 1SLC&CW0,; (C) Biy gPly SSK.
CaCu0y; (d) Biy Phy 5SpCaCW0,; and () Bi Py sSrCaCus0,.

are reduced with an increase in the number of peaks of the in the number of peaks of the 2223 phase may be the conse-
2212 phase besides the presence of number of peaks belongguence of its dissociation into impure phases likgRB&),

ing to CaPbQ, and CaCuQ;. Mangapathi et al. [26] and  and CaCuG; [28]. However, from these observations of the
Murlidhar et al. [27] also noticed a similar behaviour in the XRD analysis, we can be sure that the hififphase (2223)
samples fabricated by the ceramic technique. This reduction is the chief constituent in the sample#= 0.3.
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Fig. 3. The variation of TEP with temperature for: (a)P.0; and (b) Pk=0.1, 0.2, 0.3 and 0.5.

3.2. Scanning electron microscopy be responsible for the high: phase [28,33—-36]. With the
enriching of the Pb conterix = 0.3), the amount of needle-
Fig. 2(a)—(c) shows SEM images of polished sections of like grains seems high, well oriented and better connected
specimens(x = 0.0-0.5), respectively. As shown in Fig.  than the former composition. This remarkable growth of
2(a) for the Pb free sample, plate-like grains were observed, needle-like grains in sample (Pb0.3), is responsible for
which were described as a sequence of the 2212 and 2223the pore elimination and consequently the incremertof
layers [29]. These plate-like grains are piled up in random and VHN of this sample. A lead rich sample (Bl0.5) is
directions and connected weakly to each other. Also, visible associated with a decrease in the needle-like grains. Also,
particles are formed with low abundance. Based on previous the grains are disconnected as a result the presence of minor
data reported elsewhere [30—32], these visible particles can phases such as ¢bQ, and (Sr,Ca)Cu® It is worth
represent admixed phases such as CaO and CuO whichmentioning that columnar grains were also observed.
could be identified by XRD analysis. It is obvious from From the analytical results of the energy dispersive X-ray
Fig. 2(b) which shows the micrograph corresponding to (EDX) it is shown that the columnar grains consisted of Sr,
the sample of 0.1Pb, that there is an increment in the number Ca and Cu compounds [37].
and a certain degree of preferred orientation and connection  Based on the above findings, it concluded that the amount
of the plate-like grains. Meanwhile, the needle-like grains of (0.3Pb) is most convenient for the formation of the high-
are observed clearly with an anisotropic oriention in the T, phase (needle-like grains) while excessive of Pb addition
sample of 0.2 in Fig. 2(c). These grains are considered to (x = 0.5) causes the appearance of thgRt#0, phase which
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Table 1

Variation of T2 with lead content
No. Pb% Te (K)
1 0.0 93
2 0.1 103
3 0.2 108
4 0.3 113
5 0.5 98

seems to assist the formation of the Idwphase in place of
the highT, phase.

3.3. Thermoelectric power

The temperature dependence of thermoelectric po@er (
for the present set of samplés= 0.0 to 0.5) are shown in
Fig. 3(a) and (b). For the free lead sampte= 0.0) in Fig.
3(a), the relatively high temperature range Dfaround
238 K is characterized by a negative si§nbelow this
temperature the sign @reversed to plus and the value of

M.M. Ibrahim et al. / Journal of Physics and Chemistry of Solids 61 (2000) 1553—-1560

transition to the superconducting state where $teas to
drop down to zero. However, this result broadly agrees with
the data of Forro et al. [39]. Quite a different temperature
dependence df could be observed in Fig. 3(b), for lowest
Pb content sample&x = 0.1 and 0.2) as shown, thermo-
power sign is positive over the entire measured temperature
range, which nevertheless differs with that for the sample of
(x = 0.0). Further, its magnitude increases almost linearly
upon cooling which is a behaviour typical of semiconduc-
tors. As the temperature is lowered to ab®8it® =~ 118 and

123 K, below whichSdrops down to zero af =~ 103 and

108 K, respectively. In fact, the temperature variatiorsSof
for these samples is similar to the heavily Sr doped
Lay 755K ,4Cu0, sample of Uher et al.[40]. This has been
explained by them in terms of a two bond model with a
strong carrier—phonon interaction and a low carrier density.
On the other side, th8 behaviour of our specimens is very
similar to that reported by Jha et al. [7]. They believed that
the S variation with temperature can as well be accounted
for by assuming electrons and holes as carriers and their
strong interaction with phonons. In a system where both
electrons and holes are the carriers the electrons’ contribu-

the plus sign S increases linearly with decreasing tempera- tion to Sdominates because of a strong energy dependence
ture and has a peak at 118 K. The temperature at which the of their mobility. For the medium lead content in sample

maximum plus sigrS (peak) is reached is denoted B¥",
and depends on the lead content. BelBi#’ the plus sigrs

(x=0.3), S exhibits a relatively small maximum around
118 K, just above the transition temperature. We believe

decreases continuously and goes down to zero at tempera-that the small value d&(300) is perhaps due to the presence

ture about (93 K), this temperature denotedTdsdepends

of a large amount of the high; phase (2223) within the

on the lead content and data are tabulated in Table 1. The detection limit of the XRD. Below 118 K, a transition to the

occurrence of theS peak at temperature well abovid
seems to be the common feature of the higtsupercon-

superconducting state occurs in a very narrow interval at
113 K. It proves the homogeneity of the sample confirmed

ductors as has been observed by Canda et al. [38]. The peakby the XRD. For a lead rich sample = 0.5), the ST
is a consequence of a rising phonon drag component turneddependence was similar in feature to that ¥or 0.3 but

around due to pair fluctuation effects aboVg[7] and a

with lower T°™ ~ 113 K andT¢ for compensation was also
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Fig. 4. The variation of microhardness with lead concentration fer,BbSrL,C&Cus0O,. The time of each indentation is 15 s.
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Fig. 5. The variation of porosity with lead concentration for
Bi, sPbSKLCaCus0,.

lower about 98 K. A close look at this figure reveals that the
lead content involves a remarkable evolution of the
temperature variation @and itsTS. Generally, an increas-
ing lead content up to Pk 0.3 decreases the plus sign
values ofSand increases if§. which may reflect an enrich-
ing of the highT, phase (2223) with its highest transition
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induced failure in the grain boundaries would further
decrease the measured hardness values.

In the view of this observation, we can be sure that the
addition of Pb (up to 0.3) content to the Bi—Sr—Ca—Cu-0O
system stabilizes the high- phase (2223) and therefore
hardens the Bi,PbSrCaCuO, ceramics. More excess
of Pb(0.5), decreases the bond strength between supercon-
ducting grains as a result of the formation of impure phases,
consequently the measured values of hardness are
decreased. However, this result agrees well with Veerender
et al. [25].

Fig. 5 shows the variation of porosity with lead content
(x = 0.0-0.5) of samples. It can be observed that the poros-
ity decreases with the increase in the lead content until
0.3 and after that it increases, i.e. the porosity is minimum in
that compound which has maximum VHN, smallest positive
signS, sharpesT? and consisted predominantly of the high-
T. phase (2223). This result implies that the porosity is
squeezed by the increase of the Pb content up to 0.3, this
squeezing is due to an increase in the strengthening of super-
conducting grains coupling. Thereafter this increment due to
weak coupling among separated superconducting islands
increases. These results coincide with the microhardness
measurements as well as the data reported elsewhere [28].

temperature on the expense of other existing phases, i.e. in4. Conclusions

the samples a matter could be emphasized by the XRD
analysis. More excess of Rk = 0.5) is associated with a
decrease of¢ and an increase of the plus sign valueSpf
this behaviour may be due to the dissociation of the 2223
phase into impure phases like £80Q, and CaCuOQ..
However, the obtained results agree well with those
presented in Refs. [7,9,28,34].

3.4. Microhardness measurements

The room temperature Vickers microhardness is plotted
as a function of the Pb concentration at three loads (0.25,
0.49 and 0.98 N) as shown in Fig. 4. The microhardness
increased monotonically with lead addition up to 0.3, after
that it decreased drastically. The addition of 0.3Pb resulted
in an increase of microhardness from4x 10" to 325 x
10" Pa atP = 0.49 N. Near-linear rise of VHN withX) is
probably caused by solid-solution hardening, while the
reduction of VHN with excess of Pb (0.5), may be due to
the reduction in the packing forces between superconduct-
ing grains. In fact, the 2.85 increase in microhardness, which
is attributed to Pb addition (0.3), may relax residual stresses
resulting from the expansion of grains and provide an
increased resistance to crack propagation by pinning the
propagating crack, and thus increase the microhardness

In the light of the most significant results obtained from
different studies, we may say that

1. The given results from the X-ray diffraction and the SEM
photographs’ studies performed on the considered
samples show one to one correspondence, emphasizing
that the amount of P& 0.3 is most convenient for which
maximum amount of higf, is formed.

An enriching of the Pb conteiix = 0.5), high-T, phase

(2223) probably dissociates into contaminating phases.

Good volumetric arrangement of the superconducting

grains has been found to play an important role in the

improvement ofT¢ and the VHN of samples.

4. As aresult, an optimum Pb contentof= 0.3 for which
minimum plus sign of the Seebeck coefficient and maxi-
mumT¢ are performed.

5. Microhardness of considered samples increases in the Pb
content with a corresponding decrease in porosity up to
Pb= 0.3, above which the microhardness is decreased
and porosity is increased. This increment is due to the
formation of contaminating phases such asRb&),.

2.

3.
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