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Abstract

The ceramics specimens as superconducting phase (BioPbySr,Ca,CuzOi9+5) with
different concentrations of Pb from (0.0-0.5) were prepared by solid-state reaction method.
Superconducting samples were exposed to high humidity (RH 75% at 25°C) for seven weeks
time interval. The humidity has a negative effect on the transition temperature of
superconductor phase .1t destroys the superconducting phase and the samples were converting
to insulator.
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Introduction

Since the discovery of the high temperature superconductor compound, several difficult
have been encountered in manufacturing and storing theses materials because of their
chemical instability in the presence of water. The chemical instability of the superconducting
phase both in high-humidity environments and in direct contact with water at temperature
ranging from 25°C to 80°C has been the subject of several studies [1,2].

One great advantage of oxide compounds is their high resistivity which permits a
decrease with about three orders of magnitude to humidity variations. Due to low cost and
high durability, the use of the ceramic humidity sensors has greatly increased not only in
electronic industry, but also in alimentary industry [3].

The high temperature superconductor compound is very brittle and suffers from a high
degree of porosity .In order to overcome the poor mechanical properties, techniques such as
degradation of these materials upon exposure to the humid environment have been applied

[4].

Zheng et al. [5] studied the effect of water vapor on the microstructure and
superconducting properties of BiPbSrCaCuO. They found that the crystal growth, especially
around grain boundaries, is greatly enhanced by water vapor processing. As a result, the
transport critical current density J. is considerably enhanced.

Smrckova et al. [6] found that YBa,Cu3sO7.y superconductor is destroyed in few minutes
by boiling water. At lower temperatures the hydrolysis reduces the volume of the
superconductive phase,. Reaction of Biy 4PbgsSr.Ca,Cus Oy With water causes a decrease of
the relative volume of both superconducting phases at a rate substantially higher for the high
temperature one.

The objective of this work is to investigate the water-vapor effect on the microstructure
of Bi-Pb-Sr-Ca-Cu-O superconductor upon exposure to humidity level (RH 75% at 25°C) for
seven weeks time interval. After storage under this condition the specimens were
characterized by X-ray diffraction (XRD), optical microscopy and electrical measurements.

Experimental Part
Samples of Bi,Pb,Sr,Ca,Cu3O19+5 for x=0.0, 0.1, 0.2, 0.3, 0.4 and 0.5 were prepared by

solid —state reactions. Mixing appropriate amounts of Bi,O3,PbO,Cu,0,CaCO3 and Sr(NO3),
develop Bi,Pb,Sr,Ca,Cu3010+5 precursor. The mixture homogenization takes place by adding
a sufficient quantity of 2-propanol to form paste, during the process of grinding for about (50-
60) min. The mixture was put it in an alumina crucible, calcinied in a tube furnace in air that
has programmable controller type (Eurptherm818) for 24 hours at 800 °C with a rate of 2°C /
min. This mixture was then pressed into pellets 1.3 cm in diameter and (0.2 — 0.3) cm thick,
using hydraulic type (SPECAC) under pressure of 0.5GPa. The pellets placing in alumina
crucible then heated at a rate of 2 °C/min., at 850 °C. This temperature was kept constant for
about 140 hours .After that, the furnace was cooled to room temperature by the same rate

Four probe dc methods at a temperature range of (80-250) K were used to measure the
resistivity (p) and to determine the critical temperature (T;). The structure of the prepared
samples was obtained by using x-ray diffractometer (XRD) (Philips).A computer program
was established to calculate the lattice parameters a, b, and ¢. The program is based on
Cohen's least square method [7]. The densities (dm) of unit cell of the samples were calculated
using the following equation [8]:

W

d, =—2=
N,V
Where W, is the molecular weight, N is Avogadro's number and V is the volume of the unit
cell.
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The samples were exposed to humidity level (RH 75% at 25°C) for seven weeks time
interval. After storage under this condition the specimens were characterized by X-ray
diffraction (XRD), optical microscopy and electrical measurements.

Results and Discussion

The quantity test of the element for BiygsPbo2Sri9Ca;oCuz13010+5 and
Bi1.66Pbo.5Sr19Ca1 9Cu2 101045 System were carried out by x-ray fluorescent (XRF) before and
after soaking in water for seven weeks .The elemental distribution in the samples were shown
in Fig.(1) . This figure indicated that Pb ions have partially replaced the Bi ions in the system.

The XRD data collected from various samples before exposed to water show that all the
samples are polycrystalline and correspond to high phase (2223) as a dominate phase with
low phase (2212) and impurity phases which is due to the creation of the stacking faults
which leads to deform the structure. The peaks intensity of the samples stored at a constant
relative humidity of 75% were found to decrease and there is a shift of 20 values if compared
before exposed to water as shown in Fig.(2).

The parameters a,b and c, c/a, ¢c/b and density (d,) were also calculated from the
XRD analysis as shown in Table (1) .This table shows a variation of a,b and ¢ parameter
for Bi,Pb,Sr,Ca,CusOq9+5 System, in compression with the Pb free system. Indeed the
deformation in the lattice parameters, as a result of substitution or deficiency of some atoms,
adjusts the amount of charge transfer from Bi layer to Cu layer; this will be a driving force to
the pairing generation of superconductor holes forming bosons which are the current carriers
of the superconductor [9]. A deterioration of the structure was observed for samples after
exposed to water, specially samples with x=0.5 as shown in Fig.2d.

Also it is found from the Table an enhancement of the density value, which attribute to the
decreases of the unit cell volume.

DC-four-probe resistivity measurements were performed on each ceramic specimen in the
temperature range from room temperature down to boiling point of liquid nitrogen. The
behavior of the samples was superconductor ,there was a decreases of the resistivity with the
decreasing of temperature ,although in some cases a complete zero resistance could not be
observed as shown in Fig.(3).

It is interesting to note that addition of Pb to the BiSrCaCuO system will improve the
transition temperature from less than boiling point of liquid nitrogen for Pb free samples to
to 118K, for samples with x=0.3 .More addition of Pb to 0.4 and 0.5 will reduce T, t0105
and 104 respectively as shown in Tablel.A certain amount of Pb is necessary for the
occurrence HTP, while excessive Pb addition promotes another reaction to produce an
impurity phases[10,11] which is likely to assist the formation of the low — T phase instead of
the HTP. Indeed the amount of Pb suitable for the formation of the HTP is determined by the
competition between these reactions.

Another feature of sample with x =0, 0.1, 0.2 and 0.3 has a tail which disappeared with Pb
addition increases to 0.4 and 0.5.The reason may be attributed to the fluctuation of the oxygen
content and/or existence of small amounts of the secondary phase(low and impurity phases)
as indicated in the XRD analyses

During seven weeks of exposure in a humid atmosphere (25°C, 75%RH), the resistive
properties of the samples deteriorated with an increase of resistivity and convert to insulator.
This could be explained as flows: in the beginning water adsorption, a few water vapor
molecules chemisorbs on grain surfaces by a dissociative mechanism to form two surface
hydroxyls per water molecule. With increasing humidity levels, water is physisorbed on top
of the chemisorbed layer [12]. Fig.(4) shows an increase of weight of the sample after the first
week which was exposed to humidity .

The surface topography of the samples was determined by optical microscopy in Fig.5
before and after exposed to humid atmosphere. The most reaction occurs when BiPbSrCaCuO
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material comes in contact with water vapor or humidity. According to this reaction calcium
reacts with water to form calcium hydroxide which subsequently reacts with the atmospheric
carbon dioxide to form calcium carbonate and that destroys the superconducting phase [4].

Conclusion

The humidity has a negative effect on the superconducting properties (structural and
electrical properties).It destroys the superconducting phase and the samples were converting
to insulator.

References
1. Bansal, N. P. and Sandkuhl, A. L. (1988), Chemical Durability of High-temperature
Superconductor YBa,Cu3O7 in Aqueous Environments, Appl. Phys.Lett., 52,323-325.
2. Garland, M. M. (1988), Fabrication of the BiSrCaCu,O High T(c) Superconductor, Appl.
Phys. Lett., 52, 1913-1914.
3. Nicolae, R. and Florin, T. (2003), Structure and Characteristics for Humidity Sensor
between 70%RH and 85% RH ,Nanoforum workshop,Sinaia(Romania).
4. Arora, S.M.;Desal, V.H. and Sundaram, K.B.(1993) ,The effect of processing parameters
on the environmental stability of YBaCuO superconductor ,J. of material science;28,454-460.
5. Zheng,X.; Yamaguchi, N.; Kuriyaki, H.and Hirakawa, K.(1995), Effect of Water Vapor
Processing on Microstructure and Superconducting Property of High-T . Superconductors
YBa,CuzOy and Bi1_85Pbo,35SI’1,9oC3.2,05CU3_05Oy, Jpn. J. Appl Phys. 34: 93-97.
6. Smrckova,O.; Sykorova, D.; Svoboda, P.and Vasek, P.(1993),Decomposition of High
Temperature Superconductors in Water, Collect. Czech. Chem. Commun., 58: 1548-1554.
7. Ferguson ,l.F.and Rogrson, A.H.(1984) ,A program for the derivation of crystal unit cell
parameters from X-ray powder diffraction measurements,Computer Phys.Communication 32:
95-107.
8. Kresin, V.Z. and Wolf, S.A. (1990) ,Fundamentals of Superconductivity,Plenum

press,New York.
9. Mott,N.F.  (1993),Coduction in non-crystalline materials,2" edition,Clarendon
press,Oxford.
10. Murayama, N.; Awano, M.; Sudo, E.and Torii, Y.(1988),Cation contents and
Superconducting properties of the high- Tc phase of Bi-Pb-Sr-Ca-Cu-O ceramics, Jap. J.
Appl. Phys., 27 (12):L.2280-1L.2282.
11. Oota, A.; Kirihigashi, Y.; Sasaki and K. Ohba , (1988),The Effect of Pb Addition on
Superconductivity in Bi-Sr-Ca-Cu-0O, Jap. J. Appl. Phys., 27(12): L2289-L2292.
12. Arshaka,K.;Twomey,K.and Egan,D.(2002),A ceramic thick film humidity sensor based on
MnZn ferrite,Sensors,2:50-51.

70 | Physics


http://ipap.kopas.co.jp/cgi-bin/findarticle?journal=JJAP&author=X%2EZheng
http://ipap.kopas.co.jp/cgi-bin/findarticle?journal=JJAP&author=N%2EYamaguchi
http://ipap.kopas.co.jp/cgi-bin/findarticle?journal=JJAP&author=H%2EKuriyaki
http://ipap.kopas.co.jp/cgi-bin/findarticle?journal=JJAP&author=K%2EHirakawa
http://ipap.kopas.co.jp/archive/JJAP-34.html

2013 ple- 2 sa5d)) 26 aloch]

Ibn Al-Haitham Jour. for Pure & Appl. Sci.

aupubil| g sopal] pgl=l) pid] o alxo

VYol. 26 (2) 2013

Table (1): Values of lattice constants, c/a, c/b, Volume, transition temperature, and
density of unit cell for samples before and after exposure to water

Pb a(A) b(A) c(A) cla c/b V(A) | TJ(K) | Density(g/cm®)
0 before 5.417 5.3643 37.072 6.84364 6.91087 1077.25 <77K 1.701704
0 after 5.3875 5.3819 36.9016 6.84948 6.85661 1069.96 | ---—--- 1.713301
0.1 <77K
0.2before 5.407 5.3627 36.9673 6.83693 6.89341 1071.91 ~100 1.70953
0.2 after 5.3367 5.3994 36.8696 6.90869 6.82846 10624 | -------- 1.790249
0.3 118
0.4before 5.40901 5.4497 37.1187 6.86239 6.81115 1094.17 105 1.80114
0.4 after 5.3632 5.3567 37.2975 6.95434 6.96278 107152 | ---—---- 1.839205
0.5before 5.38146 5.39587 36.9574 6.86755 6.8492 1073.16 ~104 1.86846
0.5after 5.1461 9.08926 35.8585 6.96809 3.94515 167725 | --—--—-- 1.195496
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Fig. (1): X-ray fluorescent for the samples Biy gsPbo2Sr1.9Ca; 9Cu, 13019+ and
Bi1esPbosSr19Cas 9Cu,1019+5 before and after exposure to water
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Fig.(2) : X-ray diffraction patterns for the samples Bi,Pb4Sr,Ca,CuzOj¢+5 System before
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Fig.(3): Temperature dependence of resistivity for BizPb,S12CazCu3z019+5 system
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Fig. (4): Weight of the sample as a function of time of exposed to humidity
for Bi,PbySr,Ca,Cu3O1¢+5 System
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Fig.(5): Surface topography of Bi,Pb.Sr,Ca,CuzO;¢+5 System before and after exposure
to water
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