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We have studied the effects of the uniaxial compacting pressure on the physical properties of polycrystalline
Bi1 65Pn 355 CapCuz0;, 5 (Bi-2223) superconductors. Powders of this material were pressed at different
uniaxial compacting pressures ranging frem90 to ~ 600 MPa and heat-treated at the same temperature.

A characterization of samples by using Scanning Electron Microscopy and X-ray diffractometry indicated an
appreciable improvement of the degree of texture with increasing pressure. The temperature dependence of the
electrical resistivityp(T) exhibits aT-linear behavior at temperatures higher tign~ 235 K. The deviation

of p(T) from the linear behavior beloWw* indicates the opening of the pseudogap, a feature confirmed by
magnetic susceptibility measurements performed in powder samples. From linear fittings of the normal-state
electrical resistivity we were able to separate contributiong(19 arising from both the grain misalignment

and microstructural defects. The results suggest that the grain orientation and the connectivity between them
are improved with increasing compacting pressure. Also, based on the linearity of the electrical resistivity
data both the transport electron-phonon coupling consktantand the mean free path,were estimated. We

have found that in the sample with the highest degree of tere- 0.53, a value comparable with the one
obtained in Bi-2223 single crystals. However, the result fer 12.7Aat 300 K, in the same ceramic sample,

is close to 3 times lower than the single crystal value. The influence of the intergranular electrical resistivity
in determining band-theory parameters was analyzed within the framework of a current conduction model for
granular superconducting materials.

I. INTRODUCTION the general superconducting properties of polycrystalline (Bi-
PbpSrCaCuw019,5 (Bi-2223) samples.[6] By performing
The presence of grain boundaries in various forms of p0|y_measurements of critical current density as a function of ap-

crystalline superconducting samples (bulk sintered materiaP!i€d magnetic ﬁeldJC(B?)' we have observed three different
thick films, tapes, and wires) is a natural consequence ofuperconducting levels: the superconducting grains, the su-

the preparation conditions from powdered precursors. GraiRérconducting clusters, and the weak links. It was found that
boundaries play an important role in limiting the general transPrOPerties of the last two levels are very sensitive to the com-
port properties of polycrystalline superconductors. More-Pacting pressure, mostly due to changes in the grain boundary
over, it is well established that the properties of grain boundProperties. However, a similar systematic study regarding ef-
aries mainly control the macroscopic properties of all high- fects of the unlax_lal compacting pressure on the_\ n(_)rmal-_state
materials.[1] This phenomenon is mainly attributed to the misiransport properties of the above ceramic material is lacking.
orientation between the grains usually referred to astéso- The normal state properties of high-Superconductors,
texture[2] High angle grain boundaries can act as Josephsosuch as the temperature dependence of the electrical resis-
coupled weak links, leading to a significant field-dependentivity, p(T), have been an attractive topic for investigations
suppression of the supercurrent across the grain boundary.[ii] the last years. This occurs because it is possible to ob-
In order to improve the transport properties of these materialgain some important parameters such as the electron-phonon
they are subjected to large mechanical deformations. Thesgupling constant),, and the mean free path,by correlat-
techniques have proven to be effective in raising the supeling transport measurements with band-theory arguments.[7]
conducting critical currenf of the superconducting tapes,[3- In granular superconducting materials, studies involving the
5] mainly due to a marked increase in both theso-texture  behavior ofp(T) present an additional inconvenient due to the
and themicro-texture where the latter is related to the ori- complexity of their microstructure in which both intragranular
entation of the individual grains regarding the direction inand intergranular contributions as well as the degree of texture
along the mechanical deformation is applied. The combinaand structural defects must be considered.[13] Consequently,
tion of the above types of texture gives thiacro-textureof  estimates of band-theory parameters suchasnd! from
the material.[2] p(T) data of ceramic samples require corrections in order to
In a previous work, we have described a systematic studgeparate the influence of microstructural contributions on the
concerning the influence of uniaxial compacting pressure omtrinsic electrical resistivity of the Cu-O planes, also referred
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II. EXPERIMENTAL PROCEDURE
TABLE I: Few parameters of the uniaxially compacting pressed sam- OCEDU

ples studied in this work: the compacting press#ehe offset su- )
perconducting critical temperatur&ss, the electrical resistivity at Polycrystalline  samples of the superconductor

300 K, p(300 K), and the paracoherent electrical resistiyiy, Bi1g5Pn35SRCaCus0yg,5 (Bi-2223) were prepared
from powders of BiOz, PbO, SrCQ, CaCQ, and CuO,
Sample P(MPa) Tot1(K) p(300K)(mQ cm) pp(mQ cm) which were mixed in an atomic ratio of Pb:Bi:Sr:Ca:Cu
P1 98 99.8  2.88 0.69 (0.35:1.65:2:2:3). Details of the sample preparation process
P2 196 1015 219 0.54 are described elsewhere.[6] Here, before the last heat
P3 294 1025 1.81 0.42

treatment, the powders were uniaxially pressed at different
compacting pressures ranging frem90 to~ 600 MPa (see
Table 1), and the typical dimensions of the pellets wére
10 mm in diameter antt = 1 mm in height. The last heat
treatment of the pellets was performed in air at 8&5or 40
h followed by slow cooling.
We have evaluated the phase identification in both powder
) ) o o ) and bulk samples by means of X-ray diffraction patterns ob-
to as in-plane electrical resistiviya,. Within this context, t5ined in a Bruker-AXS D8 Advance diffractometer. Also, a
Gurvitchet al[7] have corrected the electrical re_S|st|V|ty data qualitative evaluation of the degree of texture in pellet samples
of both L& xSKCuQ, and YBaCugO7_5 ceramic samples \yas made by using the same technique. These measurements
by using a constant factor ef 2 and comparing the results e performed at room temperature using Qu tédiation
with data obtained in high-quality ceramics and epitaxial thinj, the 2 < 20 < 8¢° range with a 0.02(26) step size and 5 s
films. counting time.
The microstructure of fractured and free surfaces of sam-
In addition, electrical resistivity measurements in theples was observed by using a JEOL JSM-5800 Scanning Elec-
normal-state of cuprates have revealed the presence of elegen Microscope operating at 25 kV. In the first type of mea-
tronic correlations at high temperatures, referred to as thgurement we have observed the shape of the grains, their de-
pseudogap. Such a pseudogap, which manifests itself asgee of orientation, and estimated the their mean size. From
depletion of the quasiparticle density of states (DOS) belowthe second one, we qualitatively evaluated the porosity of sam-
a characteristic temperatufe’,[8] would reflect the creation ples subjected to different compacting pressures.
of a precursor state of the Cooper pairing [9] that acquires \We have performed dc magnetization measuremdi(t)
long-range coherence order below the superconducting critin powders extracted from each pellet and with identical mass,
cal temperaturelc. The pseudogap temperatufié;, can be by using a commercial Quantum Design SQUID magnetome-
estimated by using different techniques such as the temperger. The powders were cooled in zero applied magnetic field
ture dependence of the electrical resistivigyT), and mag-  from room temperature down to 10 K. After this step, zero-
netic susceptibilityx(T).[8, 10] In fact, T* can be inferred field cooled (ZFC) and field-cooled (FC) measurements were
from deviations in botip(T) andx(T) data from the expected performed under applied magnetic fields and up to 300 K.
behavior at temperatures well abovg[8] In addition, it is The temperature dependence of the electrical resistivity,
well known that the magnetic Susceptlblllty behavior is relater(T), was measured by using the standard dc four_probe tech-
to the Pauli paramagnetic susceptibility of the?Cispins,  nique in slabs with typical dimensions bf 0.5 mm (thick-
which in turn is related to the density of state at the Ferminess)w = 2 mm (width), and = 10 mm (length). These mea-
level.[11, 12] surements were performed by applying the excitation current
along the plane of the sample perpendicular to the direction
In this work we focus on the(T) measurements of poly- in which the uniaxial compacting pressure has been applied.
crystalline Bi g5Phy 35SCaCusO;9, 5 Samples subjected to After cooling the sample in zero applied magnetic field down
different uniaxial compacting pressures before the last hedo 77 K, an excitation current of 1 mA was applied. The speci-
treatment. X-ray diffraction patterns, XRD, taken on powdermen was then warmed slowly from 77 K to room temperature
and bulk samples, micrographies by Scanning Electron Miand both the voltage across the sample and the temperature
croscope, SEM, taken on free surface and fracture, and mewere collected.
surements of magnetization versus temperatMi@;), have Current-voltage I1€V) measurements were performed to
been performed as complementary characterizations. Thdetermine the paracoherent electrical resistivity, of the
main contribution of this paper is to quantify the effects of samples.[13] We have used the so-called quasi-dc four-probe
uniaxial compacting pressure on th@') dependence mainly technique in these experiments, as described in Ref. 14. Once
in the normal-state region. By using the model proposed byhe sample was cooled down and fixed at a given temperature
Gurvitch et al[7] some relevant parameters were extractedclose to 103 K, an excitation curremdy, was applied during 1
such as the electron-phonon coupling constant and the meaec and the voltage across the sanipleyas measured. After
free path. The resulting values have been also analyzed withithis step]ex was turned off during- 10 sec, avoiding possible
the framework of the current conduction model proposed byloule self-heating effects, and the voltage was measured again
Diazet al.[13] for a new value ofex. Repetitions of the above steps accom-

P4 490 102.8 1.63 0.36
PS5 588 103.0 1.24 0.28
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FIG. 1: X-ray diffraction patterns of a powder sample (a), and bulkFIG. 2: Relative intensity dependence of the Bragg reflections (0010
samples subjected to different compacting pressupegh), P3(c), and (200) with increasing compacting pressure. Lines between
and P5(d). The reflections belonging to the Bi-2223 phase arepoints are guides for eyes.

marked by Miller indexes in (d).

) i . o garding the intensity of the reflection (00Q1&elonging to the
panied by a continuous increase of the excitation current réyowder sampl®O. The compacting pressure dependence of
sulted in several —V curves at different temperatures. From poth reflections are displayed in Fig. 2. The data indicate that
the resultsp vs. J curves are punt angdp is extracted fromthe e relative height of the peak (00lificreases monotonically
apparent observed plateau in {hes. J dependence.[13] By with increasing compacting pressure suggesting that higher
using this procedure, the electrical resistivity of the sangple compacting pressures improved the degree of texture and re-
and the transport current density flowing through the materiakyjts in a better alignment of the grains. In addition, it seems
J = lex/(Wt) are determined. that grains are aligned with theiraxis preferentially parallel

to the compacting direction. Indeed, such a feature is con-
sistent with the progressive decrease of the relative intensity

. EXPERIMENTAL RESULTS related to the peak (200), as inferred from the data shown in

Fig. 2.
Figure 1 displays the X-ray diffraction patterns taken on The effect of the compacting pressure has its counterpart
bulk samplesP2, P3, andP5, and in a powder sampleO. in the microstructure of these samples. This can be inferred

This powder was prepared from the samp® that was re-  from the free surface and the fracture micrographs of sam-
ground after the last heat treatment. A comparative analysiBl€SP1 andP5 which are shown in Fig.3. In both types of
of these patterns reveals that all samples have similar chemicBlicrographs it is possible to observed that the granular mor-
composition and that all the indexed reflections are related tghology of both samples is similar, exhibiting the occurrence
the highT Bi-2223 phase. The unit-cell parameters were cal-of grains with nearly platelet-like shape. Also, a careful in-
culated regarding an orthorhombic unit cell and the obtaine@Pection of the free surface micrographies of samplkand
valuesa = 5.410A, b = 5.413A, andc = 37.152A are in  P5(see Figs. lll) and Ill) reveals that the later is more ho-
excellent agreement with those reported for the same confiogeneous, mostly due to a marked reduction in the porosity
pound elsewhere.[15] The valuesa, andc were found to  level with increasing compacting pressure.
be essentially the same for the samples subjected to different The analysis of fracture micrographies in these samples
compacting pressures. A careful inspection of these X-ray dialso indicates changes in both the grain size and the grain ori-
agrams also reveal clear effects related to the increase of tlatation. The average grain size in the sanffilavas found
compacting pressure. A typical example is associated witiio belL; = 6 um long and as thick ak; = 0.3 um. For the
changes observed, for instance, in the evolution of the (200§ampleP5, the grains were found to have dimensiond.gf
and (0013 peaks. The data indicate a monotonic increase oft im long andL¢ = 0.1 pm thick. The ratioLa/L¢, which is
the relative intensity of the (00)4eak with increasing com- referred to as the mean aspect ratio of the grains,[13] has been
pacting pressure. This strong suggest that the grains belonfpund to be very sensitive to the applied pressure and were
ing to samples subjected to higher compacting pressures a?® and~ 40 for the sample®1 andP5, respectively. These
more aligned along the-axis, a feature that is corroborated values are higher than those of 2.5 and 4.5 in ceramic samples
by the continuous decrease of the relative intensity related tof YBa,CuzO;_3,[13] but similar to the one of 50 estimated
the reflection (200). in (Bi,Pb)-2223 superconducting tapes.[2]

In order to quantify these features, we have also computed On the other hand, the micrograph belonging to the sample
the relative intensity of both (00)@nd (200) Bragg peaks re- P1 (Fig.lll) reveals that the grains are random oriented and
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thicker than those, for instance, of the sampg which are
thinner and aligned parallel to each other. The above results
are in excellent agreement with the XRD analysis discussed
above, which indicated a continuous increase of the degree of
texture with increasing compacting pressure.

3.0

Q o)

100 150 200 250 300

FIG. 4: Temperature dependence of the electrical resistivity of the
samplesPl, P2, P3, P4, andP5. The results show a progressive
decrease of(T) with increasing compacting pressure. Some phys-
ical parameters of the samples extracted from tig$e curves are
displayed in Table | and discussed in the text.

It is reasonable to point out that the morphological alter-
ations provoked by increasing the compacting pressure must
be reflected in some macroscopic properties of these ceramic
samples as the temperature dependence of the electrical resis-
tivity. Following this statement, the temperature dependence
of the electrical resistivity(T) of samplesP1, P2, P3, P4,
andP5are displayed in Fig. 3. All curves exhibit a transition
to the superconducting state bellow the onset superconducting
critical temperaturd o, ~ 110 K. Such a critical temperature
is identified as the transition of isolated grains to the supercon-
ducting state in granular superconductors. The observation of
an almost constant value @, ~ 110 K in all samples sug-
gests that the superconducting grains seem to be insensitive to
the increasing of the compacting pressure, at least in the pres-
sure range used in these experiments. In addition, a nearly
constant value of o, ~ 110 K, combined with the XRD re-
sults which exhibited absence of Bragg peaks belonging to
extra phases, indicates that the grains of all samples have es-
sentially the same stoichiometry.

We have also found that the temperature in which the zero
resistance state is attain€y¢, slightly increases with in-
creasing compacting pressure (see Table I). Sihge is
close related to the intergranular component of these ceramic
@ samples, thep(T) data indicate that increasing compacting
FIG. 3: Micrographs of the free surfaces (Il and 1ll), and fractured pressure regults In a better conneciivity between_gralns, be-
samples (Il and 1lI)P1 andP5, respectively, which were subjected sides the higher alignment along thé-plane, as inferred
to different uniaxial compacting pressures, as displayed in Table I. ffom the data shown above. On the other handp(fig curves
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exhibit a clear metallic-like behavior in the normal-state re- . . . . .

gion. Such a result, along with the progressive decrease of 0-201
the magnitude op(T) at 300 K (see Table I), suggests that =5
the electrical current flows preferentially along thie-plane % 0154
of the partially oriented grains in these samples.

The p(T) data were found to obey a linear trend in a well 8
defined temperature range. Thus, a relevant question con- o 010
cerns the procedure to determine the temperature in which
p(T) curves start to deviate from linearity. Usually, this tem- 8 :
perature is determined by visual localization. However, such :’ 0.05F l
a procedure is too subjective to be quantitative, as discussed ™
by Tallon et al.[8] In order to evaluate the deviation from < ismEEmEm —/ * P3
linearity of ourp(T) data, we have computed several slopes 0.00¢ s . s . g PS5
Ap(T)/AT following the relation 180 200 220 240 = 260 280 300

T (K)
m(T) = %, 1) FIG. 6: Temperature dependence of the inverse magnetic suscepti-

bility x~1(T) measured in sampldl, P2, P3, andP5.
wherep(300 K) is the electrical resistivity at 300 K (see Table
). The temperaturd was increased from 160 K to 260 K, in

step sizes of- 5 K. A linear dependence @{(T) data implies,

. ) . tutes an evidence of the pseudogap opening. Also, it has been
according to Eq. (1), a temperature-independent behavior OArjointed out that this deviation may be reflected in the den-
them(T) dependence.

sity of the states at the Fermi surface due to the Cooper pair
formation without long-range phase coherence.[9] In order to
' verify the above statement, magnetic susceptibility measure-
P1 ments were performed in powder samples. Figure 6 displays
e P3 the temperature dependence of the inverse magnetic suscep-
P5 tibility, x~X(T), of samplesP1, P2, P3, andP5. The curves
1 %e  m show a clear deviation from linearity of the Curie-type mag-
cfem netic susceptibility behavior @ ~ 235 K, a feature which is
T-235K much more pronounced in samples subjected to low compact-
ing pressures a8l andP2.

ay With the aim to discuss the differences betweerngh§T)
curves of our batch of samples, simple and qualitative argu-
ments can be used. A continuous decrease in temperature
would result in two opposite effects on the magnetic suscep-
160 180 200 220 240 260 tibility of the paramagnetic state: (1) a better alignment of
T(K) the magnetic dipoles along the direction of the applied mag-
netic field due to the decrease of the thermal energy (Curie

FIG. 5: Normalized values af(T), calculated by using the Eg. 1 law), and (2) a decrease in the number of magne_)ti_c dipqles
from 160 to 260 K, as a function of temperature. A constant value oft! temperatures beloW" because part of them participate in
of m(T) is observed for temperatures higher than 235 K, as discusseidl€ creation of Cooper pairs, which have dipole momentum
in the text. equal to zero. Within this scenario, the creation of Cooper
pairs results in a decrease of the density of states and, con-
The temperature dependence of the normalired) sequently, a decrease in the Pauli paramagnetic susceptibility
curves of the sample®l, P3, andP5 are displayed in Figure term. On the other hand, the intensity with both effects are
5. Them(T) curves exhibit a temperature independent behavreflected ink%(T) curves depends on the demagnetizing fac-
ior from room temperature down ) ~ 235 K. BelowT},  tors of the grains in the powder samples. As shown in figures
them(T) curves of sampleB1, P3, andP5 display a similar  Ill and Ill, the granular morphology of these samples has been
behavior and start to deviate each other at a lower temperaltered with increasing compacting pressure: it evolves from
ture T ~ 210 K. Thus, a temperature-independent behaviograins with nearly ellipsoidal shape (see saniilgto grains
in them(T) dependence indicates that p(IT) curves have a with a platelet-like shape (see sampiB). In fact, the aver-
T-linear behavior in a narrow temperature range, or more apage value of the grain thickneds, for the samplé1lis close
propriately, fromT; ~ 235 K to 300 K. The data shown in to three times larger than the one observed in the saRfple
Fig. 4 also indicate tha;’ seems to be insensitive to changesThe other dimensions of the grains were found to be similar
in the compacting pressure. in both samples. Therefore, increasing compacting pressure
As already mentioned, it is well accepted that such-a provokes a decrease in the average value of the demagnetiz-
linear deviation inp(T) curves at higher temperatures consti- ing factor of the grains and, as consequence, a decrease in the
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measured values of the magnetic susceptibility. Thus, the deplateau observed close flox 45 Alcn? in all samples. As
viation from the Curie law beloW," ~ 235 K is expected to discussed in Ref. 13, such a value would be related to the su-
be much less pronounced in samples subjected to higher corperconducting critical current density of the graifg, How-
pacting pressures, as observed in our experiments. Our valewer, such a value seems to be very low as compared with
of Ty ~ 235 K agrees well with the pseudogap temperaturehose 0fJcg ~ 10°-10* A/lcm? obtained by magnetic measure-
reported by both Fujiet al. [10] and Yamadaet al. [16] in ments in similar temperatures.[18, 19] Such a discrepancy is
Bi,S,CaCusO1,5 Single crystals, as well as by Ekirei  related to the anisotropic factdg‘é’/Jgg, wherng‘éJJ and J§,
al. [17]in (Bi-Pb)SrCaCuz0,q,5 Ceramic samples. Thus, are the in-plane and out-of-plane superconducting critical cur-
our combined results of transport and magnetic measurementsnt densities of grains, respectively. In Bi-2223 compounds
suggest that changes in T ~ T," =~ 235 K are related to Jgg/.]gg ~ 50, as reported elsewhere.[20] Within this context,
the opening of the pseudogap at this temperature. one would expect that the first change in the plateap(df
curves reflects the dissipation in grains mainly oriented along

12— thec-axis parallel to the applied current density, i.e., this value
= PIl T= 103 K corresponds tdgg. By assuming that the values of the critical
A P2 - I current density reported by magnetic measurements [18, 19]
10} . - mainly reflect the]é‘g’]’ component, then our results for the out-
e P3 of-planeJ; seem to be reasonable.
o P4 "

IV. DISCUSSION

The influence of the uniaxial compacting pressure on the
normal-state transport properties has been clearly demon-
strated in XRD, SEM, and(T) measurements (see Figs. 2-4).
The combined results indicate an increase of both the degree
of texture (grain alignment) and the grain connectivity of the
samples. Thus, a comprehensive analysis of these effects on
the transport properties must be considered.

As far as this point is concernedjdz et al. [13] have pro-
posed a model in which th&(T) data of polycrystalline sam-
ples of high temperature superconductors are believed to be
strongly influenced by two different contributions: one asso-
FIG. 7: p vs. J curves for all samples studied in this work. The ciated with the misalignment of the grains (texture degree) and
paracoherent electrical resistivigp has been determined from the the other one related to microstructural defects such as voids
apparent linear plateau of tip¢J) curves, as indicated by the dashed and microcracks. Within the context of the model, {H&)
line of the curve belonging to the samié. dependence can be written as[13]

Another important information regarding the effects of 1
compacting pressure on the intergranular features of samples P(T) = —(Pab+Pw), (2)
can be extracted from the paracoherent electrical resistivity, On
Pp- As reported by [z et al,[13] effects arising from the \yhere
misalignment of grains in transport data can be disregarded in
the paracoherent state because the grains are in the supercon-
ducting state while the intergranular junctions remain in the ap = fogy (3)
normal state. In order to determine the paracoherent electrical
resistivity of our samples vs. J curves were measured and is a factor that enhances the electrical resistivity due to both
the results are shown in Figure 7. Valuepgfwere extracted the misalignment of the grainfs 0 < f < 1; and microstruc-
by extrapolating the apparent observed plateau irptite. 3 tural defectig,; 0 < Ogy < 1.
behavior[13] and are shown in Table I. Even when the values |n such a model, the grains are believed to behave as a sin-
of p were very scattered we were able to verify the existencgyle crystal. Then, the first term in the Eq. (2) is related to
of an almost constant value pffor J < 45 A/cn?. In ad-  the average electrical resistivity of thb-plane pap. The sec-
dition, the data indicate a progressive decreaggiwith in- ond one,py, is the actual average of the intergranular com-
creasing compacting pressure, as confirmed by the estimate@nent, which is assumed to be temperature-independent. In
values ofpp; = 0.69 N2 cm andpps = 0.28 M cmin samples  our analysis, the terrp,, has been assumed to be linearly
P1andP5, respectively. These results indicate that increasingemperature-dependent and zero-residual temperature inter-
compacting pressure improves the intergranular componentsept. In fact, Fujiiet al. [10] have reported measurements of
of these uniaxially pressed Bi-2223 samples. both the in-plang@an(T) and the out-of-planp.(T) electrical

The p vs. J curves also displays a departure from theresistivity as a function of temperature ir,Br,CaCuzO19, 5
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determine these parameters. In such a procedure, it has been
curves:Ais the slope of the electrical resistivity data in thdinear as;umed that the samp!e IS t_he so-called paraco_herent state.
region andp(0) the residual electrical resistivity. We have also in- Th's, means that the gr_alns are 'n_ th_e superconducting state but
cluded the parameters obtained by using the model proposed in R&f€ intergranular junctions remain in the normal-state. Under
13. Herepy, is the average intergranular electrical resistivity and these circumstances, the first term in Eq. (2) can be neglected
an, a factor that enhances the electrical resistivity due to the grair@nd effects arising from the misalignment of grains become
misalignment,f, and microstructural defectsg. irrelevant, i. e.,f = 1 anda, = ag,. In this case Eq. (2) is
altered and rewritten as

TABLE II: Parameters obtained by the linear fitting of tp€T)

Sample A(uQcm/K) p(0)(mQcm) pyi(MQcm) oy f  Ostr

P1 5.62 1.19 0.39 0.33 0.58 0.57

P2 4.32 0.89 0.38 0.43 0.61 0.70 _ i (6)

P3 382 0.66 0.32 0.48 0.63 0.76 Pr= Gy P

P4 3.68 0.55 0.28 0.50 0.64 0.78

P5 2.72 0.40 0.27 0.68 0.71 0.96 Wwherepy is the paracoherent electrical resistivity. By using

Eq.(6) in combination with the values of botly andpy,, an
estimate ofog, is possible. We have performed these esti-
mates and the obtained values are displayed in Table Il. As
single crystals with different oxygen contents. The data rezan be inferred from Eq. (6), the observed decreagg ival-
lated to the single crystal with optimum oxygen content indi-yes with increasing compacting pressure (see Table ) is re-

cate that the slope of the in-plane electrical resistigif¢(T),  |ated to a similar behavior observedgdg and the progressive
in the T-linear part, isAsc = 1.84pQ cm/K and that the elec-  increase ofig (~ 40 %), which in turn indicates the reduc-
trical resistivity at 300 K ipap(T) ~ 496uQ cm.[21] tion of microstructural defects. In addition, one may to esti-
Therefore, botho, andpw can be obtained by using the mate the values of the grain misalignment factdy using
appropriate expressions,[13] Eq. (3), knowing bottu, andag. As displayed in Table Il
the grain misalignment factdr increases fronf ~ 0.58 to f
Asc ~ 0.71 for sample®1 andP5, respectively. These results in-
On = n (4)  dicate an appreciable increase in the degree of texture with in-
creasing compacting pressure and are in excellent agreement
and with both XRD and SEM data.

On the other hand, by combining the observiedinear
= anp(0 ®) behavior in thep(T) dependence (see Fig. 4) with band-
Put = np(0), theory arguments, it is possible to obtain additional infor-

whereA is the slope of the(T) curve in theT-linear region ~Mation regarding the effects of the compacting pressure on
(T > T;) andp(0) the residual electrical resistivity @t= 0. Fhe normal—state transport propemes.[?] Based on the behav-
Both parameters were obtained by fitting the electrical resisior of A an important information regarding the strength of
tivity data to the typical linear dependeng€T) = AT + p(0). the electron-phonon interaction can be obtained. By con-
The best fitting parameters by using the above linear depersidering that theT -linear behavior ofp(T) curve is mainly
dence are displayed in Table II. caused by the electron-phonon scattering, then the transport
As inferred from the analysis of Eq. (5), the residual elec-éleéctron-phonon coupling constan can be estimated from
trical resistivity p(0) can not be considered as the actual in-the expression[7]
tergranular electrical resistivity of the sample. Moreop¢d)

guantifies the influence of both the texture and microstructural F2A
defects on the magnitude of the intergranular electrical resis- Mr = —— = 0.246(hiwp) A, (7
tivity of the polycrystalline sample. 8eks

The calculated values afn and pw, by using Egs. (4) \yherekg is the Boltzmann constarftp, is the plasma energy
and (5), are given in Table Il. As expected from the Previousexpressed in eV, and is expressed ipQ cm/K (see Table
analysis,pw decreases appreciably (30 %) with increas- |y assuming that the London penetration depihfor the
ing compacting pressure, indicating an improvement of thesgcco system is- 2100A,[22] then the plasma frequency
intergranular component @f Such a decrease jy within- 51 be estimated by using the relatiop=c/A_, wherecis the
creasing compacting pressure is mainly related to two mechyeocity of light, yieldingfiw, = 0.893 eV. Additionally, from
anisms: an increase of the degree of texture and a decreaseigf, glectrical resistivity measurements one can also estimate

microstructural defects. _ _ the mean free path of the carriersfollowing the equation:[7]
In order to gain further information regarding the above

mechanisms, we tentatively try to separate both contributions
from the estimated values of,. Such a separation requires, ATVvg 4.95x% 10 4vg
according to Eqg. 3, the determination bor ag;,. As far as w%p(T) - (hwp)2p(T)
this point is concerned, i@z et al. [13] have proposed an ex-

perimental procedure based on measurements of the paraagherevg is the Fermi velocity, which for BSCCO materials is
herent electrical resistivity of polycrystalline samplpg, to ~ ~ 2.5 x 10" cm s71,[22] andp(T) is given inuQ cm.

I(T) = 8)
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We mention that in Ref. 7, values p{T) data have been ference is certainly related to the influence of the intergranular
corrected by a factoB = p/pap in order to separate thab- electrical resistivitypyy .
plane electrical resistivity from the measured electrical resis- In order to evaluate the influence of the actual intergranular
tivity of polycrystalline samples. A constant value[df~ 2  electrical resistivity,py, on the mean free path, let us esti-
was derived, by comparing the transport data with those fronmatel by neglecting the contribution arising fropy, in Eq.
high-quality ceramic and epitaxial thin films. Here we assumg?2). By taking the data belonging to the samplg and as-
that such a correction factor must take into account the granwsumingag; ~ 1 (see Table II), one obtains, by using Eq. (8),

lar features of ceramic samples and adopt the Benl/ay,. 1(300 K) ~ 21 A. This value ofl (300 K) is closer to the one
estimated for Bi-2223 single crystals btz 31 A, and over
3bh b ——rr—"+F+————1 1.5 times higher than the previous estimate of which the
intergranular component @{T) has been considered.
3om .
V. CONCLUSIONS
25} .
I n ] In summary, we have carried out a systematic study on the
20k [ ] - | influence of the uniaxial compacting pressure on the trans-
Q ) port properties of BigsPly 35S5CaCuzO,g, 5 CEramic sam-
I I ples subjected to different compacting pressures before the
1.5+ m last heat-treatment. Based on the linearity of the electrical re-
I ] sistivity curves and applying appropriate corrections, we have
10 _s_ir_lglg _c_ry_s‘gal_ze_ﬁe_rgn_cp _______ estimated both the transport electron-phonon coupling con-
. stant,Ar, and the mean free path, We have found that the
extracted\; values in well-compacted samples are in good
L agreement with similar estimates for single crystals. On the

1 | 1 | 1 | 1
0'51 00 200 300 400 500 600 other hand, an appreciable difference was found in the case of
the mean free pati, Such a difference is certainly related
P (MPa) to the intergranular electrical resistivity, which is an intrinsic
feature of polycrystalline samples. In addition, contributions
FIG. 8: Compacting pressure dependence of the correction factor for the electrical resistivity arising from both the degree of
The dashed line indicatds = 1, a value corresponding to a single texture and microstructural defects were extracted from a pre-
crystal specimen. cise analysis of thp(T) dependence by using current models.
It was found that increasing compacting pressure results in an

Figure 8 displays the compacting pressure dependence Hicrease of both the degree of texture and the grain connectiv-
the correction factop. It was found that the latter decreases ity Of the samples. We have also observed that the electrical
from B ~ 3, for the sampl®1, to B ~ 1.5 for the sampl@5, resistivity curves in the normal-state region deviate from lin-
exhibiting a clear tendency ®= 1, a value obtained from a €arity atT* ~ 235 K, a feature that points out changes in the
single crystal specimen. This result strong suggests that sarfl€nsity of states and is related to the opening of the pseudo-
ples subjected to an optimally textured process can be usétP- Such an opening of the pseudogap was confirmed by
to obtain appropriated values of the transport electron-phonoRowder magnetic susceptibility measurements performed in
constant as well as single crystal materials. Then, by using E4he same samples. The temperature of the pseudbgag-

(7) and (8) we obtained for the samy& values of\; = 0.53 sul'te_d to be independent of thg ap_plled compacting pressure.
andl (300 K) = 12.7A. Similarly, the results obtained from the Thls_ls an expected result considering that changes in the com-
data of Bi-2223 single crystals[21] wekg = 0.37 and (300 pactlng_pressure mainly affe_ct the m_orphology of the grains,
K) = 31 A, respectively. Good agreement between estimateBut the intragranular properties remain essentially the same.
of the electron-phonon coupling constant are observed. Also,

values comparable with the one obtained for the sarRple
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