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Intergranular properties of uniaxially pressed YBa2Cu3O7−δ ceramic samples
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We performed measurements of electrical resistivity as a function of temperature,ρ(T ), in polycrystalline samples of YBa2Cu3O7−δ (Y-123)
subjected to different uniaxial compacting pressures. We observed by using X-ray diffractometry that samples have a very similar compo-
sition. Most of the identified peaks are related to the superconducting Y-123 phase. Also, from the X-ray diffraction patterns performed,
in powder and pellet samples, we estimated the Lotgering factor along the(00l) direction,F(00l). The results indicate thatF(00l) increases
from 0.13 to 0.16. From electrical resistivity measurements as a function of temperature, we were able to separate contributions arising
from both the grain misalignment and microstructural defects. We found appreciable degradation in the normal-state transport properties of
samples with an increase in uniaxial compacting pressure. It seems that this type of behavior is associated with an increase in the influence
of microstructural defects at the intergranular level. The experimental results are analyzed in the framework of a current conduction model
of granular samples.
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Se presentan mediciones de resistividad eléctrica como funcíon de la temperatura en muestras policristalinas de YBa2Cu3O7−δ (Y-123)
sometidas a diferentes presiones de compactación antes de la sinterización final. Mediante el ańalisis de difraccíon de rayos-X se observó
que las muestras poseen una composición muy parecida. En todos los casos la fase mayoritaria es de Y-123. Además, de los patrones de
rayos X medidos en polvos y en pastillas, pudimos estimar el factor de Lotgering en la dirección (00l), F(00l). Los resultados obtenidos
indican queF(00l) aumenta ligeramente desde 0.13 hasta 0.16. De las mediciones de resistividad eléctrica como funcíon de la temperatura
separamos las contribuciones asociadas con la desorientación de los granos y los defectos microestructurales. Se encontró un deteriorio de
las propiedades eléctricas de las muestras en estado normal con el aumento de la presión de compactación. Los resultados sugieren que el
comportamiento obtenido está asociado a un incremento de defectos microestructurales a nivel intergranular. Los resultados experimentales
son analizados en el marco de un modelo de conducción eĺectrica en estado normal propuesto para materiales granulares.

Descriptores: Cupratos basados en Bismuto; superconductores granulares; propiedades elétricas.

PACS: 74.72.Hs; 74.81.Bd; 74.25.Fy

1. Introduction

In polycrystalline high-Tc superconductors the transport
properties are mostly determined by its granular nature. The
presence of current-path frustration such as voids, cracks, and
grain boundaries in these samples is an unavoidable fact due
to the preparation process, which results in ceramic mate-
rials. Grain boundaries play an important role in limiting
the transport properties of polycrystalline superconductors.
Moreover, it is well established that the properties of the grain
boundaries control most of the macroscopic superconduct-
ing properties of all high-Tc materials [1]. It is believed that
this phenomenon is mainly due to the misorientation between
grains. [2] High angle grain boundaries act as Josephson cou-
pled weak-links, leading to a significant field-dependent sup-
pression of the supercurrent across the boundary [1]. A way
to improve the transport properties of these materials is to
subject them to large mechanical deformations. This tech-
nique has proven to be effective in raising the superconduct-
ing critical current,Jc, of the Bi1.65Pb0.35Sr2Ca2Cu3O10+δ

superconducting tapes and ceramic samples, mainly due to a
marked increase in the texture degree of a given sample. [2–6]
Similar studies in YBa2Cu3O7−δ are not extremely common.
In this work we focus on the temperature dependence of elec-
trical resistivity,ρ(T ), of YBa2Cu3O7−δ samples subjected
to different uniaxial compacting pressures before the last heat
treatment. X-ray diffraction (XRD) analysis has been per-
formed as complementary characterization. The main contri-
bution of this paper is in studying the influence of the uniaxial
compacting pressure on the intergranular transport properties
of Y-123 samples.

2. Experimental procedure

Polycrystalline samples of YBa2Cu3O7−δ (Y-123) were pre-
pared from powders of Y2O3, BaCO3, and CuO, which were
mixed in an atomic ratio of Y:Ba:Cu (1:2:3). The mixture
was first calcined in air at 900◦C for 24 h. Then, the powder
was reground and pressed into pellets 15 mm in diameter and



INTERGRANULAR PROPERTIES OF UNIAXIALLY PRESSED YBa2Cu3O7−δ CERAMIC SAMPLES 41

0.5 mm thick at different compacting pressures ranging from
190 to 250 MPa. These pellets were heat treated at 950◦C
for 24 hrs. in air. The last heat treatment was performed in
oxygen at 700oC for 30 hrs. followed by show cooling.

We have evaluated the phase identification in both pow-
der and bulk samples by means of X-ray diffraction patterns
obtained in a Bruker-AXS D8 Advance diffractometer. These
measurements were performed at room temperature using Cu
Kα radiation in the 3◦ ≤ 2θ ≤ 80◦ range with a 0.05◦ (2θ)
step size and 5 sec counting time.

The temperature dependence of the electrical resistivity,
ρ(T ), was measured by using the standard dc four-probe
technique. Before each measurement, the samples were
cooled from room temperature down to 77 K. Then, the ex-
citation current that was injected along the major length of
samples. Both the voltage across the sample and its temper-
ature were collected while the temperature was raised slowly
to 300 K. The typical dimensions of samples aret = 1 mm
(thickness),w = 2 mm (width), andl = 10 mm (length). Also,
the excitation current in our measurements was 1 mA.

3. Results and discussion

Figure 1 displays the X-ray diffraction patterns taken on bulk
samplesY1, andY2. The results shown in this figure in-
dicate that both samples have similar chemical composition.
Also, the identified indexed reflections are related to the Y-
123 (YBa2Cu3O7−δ) phase. The unit-cell parameters were
calculated with respect to an orthorhombic unit cell and the
obtained values a = 3.872̊A, b = 3.826Å, and c = 11.751̊A
are similar to those reported elsewhere for the underdoped
YBa2Cu3O6.56 material [5]. In order to evaluate the orienta-
tion degree of the(00l) planes in samples subjected to differ-
ent uniaxial compacting pressures, we calculated the Lotger-
ing factor,F(00l), by using the expression [6,7]:

F(00l) =
P − P0

1− P0
, (1)

whereP0 = I0(00l)/
∑

I0(hkl) and P = I(00l)/
∑

I(hkl).
Here,I0(00l) andI0(hkl) are the intensities of the(00l) and
(hkl) peaks for a powder sample, respectively. On the other
hand, I(00l) and I(hkl) are the intensities of the(00l) and
(hkl) peaks, respectively, for a pellet sample. Values of
F(00l) are in range from 0 (non-oriented samples) to 1 (highly
oriented samples). The obtained values for samplesY1 and
Y2 are 0.13 and 0.16, respectively. These results suggest that
the uniaxial compacting pressure are not enough to produces
appreciable changes in the grain orientation of the samples,
at least within the range of 190 - 250 MPa.

All samples were also characterized by measurements of
electrical resistivity versus temperature. Figure 2 shows the
ρ(T ) curves for samplesY1 and Y2. The most important
features of these can be summarized as follows:

(a) both curves start to deviate from the linear behav-
ior at high temperatures below the onset temperature
Ton ∼ 96 K,

(b) electrical resistivity at T = 270 K increases∼ 80% be-
tween 1.72 mΩ cm, inY1, and 9.86 mΩ cm, inY2,

(c) the temperature in which the zero resistance state is ob-
served,Toff decrease from 83 K in the sampleY1 to
80 K in Y2.

FIGURE 1. X-ray diffraction patterns of a powder sample (a), and
bulk samplesY1 (b), andY2 (c). The reflections belonging to the
Y-123 phase are marked by Miller indexes in (a).

FIGURE 2. Temperature dependence of the electrical resistivity of
samplesY1 and Y2. Some physical parameters of samples, ex-
tracted from linear fitting ofρ(T ) curves, are displayed in Table I
(see comments in the text).
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TABLE I. Relevant parameters extracted from the analysis of the
electrical resistivity as a function of temperature,ρ(T ): the linear
slope ofρ(T ), A, the residual resistivity atT = 0, ρ(0), the effec-
tive area factor,αn, and the intergranular electrical resistivity,ρwl.

Sample A ρ(0) αn ρwl

(µΩ cm/K) (mΩ cm) (mΩ cm)

Y1 2.24 1.12 0.18 0.20

Y2 14.11 6.09 0.04 0.24

Notice that the onset temperature is related to the transition
of the isolated grains to the superconducting state and its con-
stant value in both samples strongly suggests that the grains
have similar stoichiometry. This result is in excellent agree-
ment with those of XRD and the magnetometric measure-
ments.

On the other hand,Toff is related to:

(1) the volume fraction of the Y-123 phase,

(2) the features of the intergranular component and/or

(3) the oxygen content.

Thus, as the chemical composition of grains is similar then
the observed behavior of the offset temperature may be re-
lated to changes in the last two points with an increase in
uniaxial compacting pressure [8]. The above results suggest
a deterioration in both the normal and the superconducting
transport properties of Y-123 samples with an increase in uni-
axial compacting pressure.

In order to quantify the evolution of the microstructure
with increasing compacting pressure and its effect on the
transport properties, we analyze the temperature dependent
electrical resistivityρ(T ) data, in the normal-state region
(T > Ton), by using the current conduction model proposed
by Dı́az et al. [8] In such a model, the electrical resistivity
data is described by the equation:

ρ(T ) =
1

αn
(ρab(T ) + ρwl), (2)

whereαn is given by

αn = fαsrt, (3)

and is an effective area factor that represents the contribu-
tions of both misalignment of the grains (texture degree)f
(0 < f ≤ 1) and microstructural defects such as voids and
microcracksαstr (0 < αstr ≤ 1). Also, in this model the
grains are believed to behave as a single crystal, so that the
first term in Eq. (2),ρab, is related to the average of the elec-
trical resistivity in the ab-plane. This term in our analysis
has been assumed to be linearly temperature dependent with
slopesAsc = 0.5µΩ cm/K [8]. In addition, we assumed the
zero-residual temperature intercept as obtained from the data
of single crystals materials [8]. The termρwl, in Eq. (2), is
the average intergranular electrical resistivity that is assumed

to be temperature-independent. Additionally, bothαn and
ρwl can be obtained by utilizing the expressions [8]:

αn =
Asc

A
, (4)

and
ρwl = αnρ(0), (5)

whereA is the slope of theρ(T ) curve in the T-linear re-
gion, andρ(0) the residual resistivity atT = 0 (see Table I).
Both parameters were obtained by fitting theρ(T ) data to the
typical linear dependenceρ(T ) = AT + ρ(0). We want to
point out that in our experimental conditions the estimation
of parametersαn andρwl have a relative error of 10%.

By using Eqs. (4) and (5) in combination with values of
Asc, A, andρ(0), we were able to obtain the values ofαn and
the average intergranular electrical resistivity (see Table I).
The analysis of values of the parameterαn, for Y-123 sam-
ples, shows appreciable decrease with an increase in uniaxial
compacting pressures. Within the framework of the current
conduction model proposed by Dı́az et al., i.e. see Eq. (3),
the above-mentioned result is related to a decrease in the tex-
ture degree of samples and an increase in the microstructural
defects. As indicated by the estimation of the Lotgering fac-
tor, the textured degree of Y-123 samples slightly increases
in the sampleY2. Thus, the observed decrease ofαn can
be associated with the influence of microstructural defects.
It seems that increasing the uniaxial compacting pressure in
these samples favors the appearance of cracks and/or impuri-
ties as also indicated by the increase of 17% in the intergran-
ular electrical resistivity,ρwl.

In order to get more information about this, let us esti-
mate the values of the microstructural factorαstr. As sug-
gested, the definition ofαn (= fαstr) we need values of the
grains misalignment factor,f . Dı́azet al. reported values of
f ≈ 0.33 that were obtained by using a model derived from
the application of the Effective Medium Approximation [8].
This value indicates that the Y-123 is a nontextured sample,
in good agreement with the low values of the Lotgering fac-
tor obtained in this work. Our results also indicate that in-
creasing the uniaxial compacting pressure does not result in
appreciable changes in the texture degree of samples. Hence,
if we assume thatf = 0.33, thenαstr is 0.55 and 0.12 for
samplesY1 andY2, respectively. Notice that in this case, the
obtained results ensure an increase in microstructural defects
in samples with an increase in uniaxial compacting pressure.

4. Conclusions

We have studied in detail the influence of the uniax-
ial compacting pressure on the granular structure of both
YBa2Cu3Cu7−δ (Y-123) samples by means of transport mea-
surements. X-ray diffraction patterns, magnetic and trans-
port measurements confirm that the samples exhibit similar
intragrain properties. By using a current conduction model
we were able to separate the influence of factors such as the
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grain alignment and microstructural defects from theρ(T )
data. In this case, the results indicate a worsening in the trans-
port properties with an increase in uniaxial compacting pres-
sures. Moreover, the above-mentioned behavior is mostly as-
sociated with the influence of microstructural defects such as
cracks. The observed results in these samples differ appre-
ciably from those reported in Bi1.65Pb0.35Sr2Ca2Cu3O10+δ

ceramics samples, thus ensuring better mechanical properties
in this compound.
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Grant No. 473932/2007-5. One of us E.G-A. acknowledges
FAPESP under Grant No. 2009/51562-3. R.F.J. is CNPq fel-
low under Grant No. 308706/2007-2.

1. H. Hilgenkamp and J. Mannhart,Rev. Mod. Phys74(2002) 485.

2. T.T. Tanet al., Supercond. Sci. Tech14 (2001) 471.

3. E. Govea-Alcaide, R.F. Jardim, and P. Muné, Physica C423
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