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ABSTRACT

We report here structural and superconducting properties of Bij7Pbg3sSr;Ca Y,Cu,O,
superconductors with various x values (x= 0.00, x = 0.15). It is found that addition of Y** does not
influence the phase purity of Bi: 2212, while lattice parameters are affected. Furthermore, the
critical temperature T, of Bi: 2212 is improved Y addition. On the other hand, the behavior of flux
pinning and its impact on critical current density for pure and Y substituted samples is investigated.
The magnetic hysteresis loops (MHLs) are measured over the temperature range (4 K< T < 75 K)
using vibrating sample magnetometer (VSM) and at different fields up to 100000 Oe. The critical
current density as a function of both temperatures and applied fields is estimated by using Beans
model in terms of full width of magnetization loop AM. It is found that the partial substitution of Y
chemical doping enhances the flux pinning in Bi: 2212 system and the critical current density is
improved as well as critical temperature.
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1. INTRODUCTION

For large  applications of  high Te
superconductors in some great fields such as
energy storage system, current limiters,
magnetic bearings, a large critical current
density J. is required. However, one of the most
effective methods to improve J, has directed to
introduce efficient pinning centers [1-3]. The flux
pinning mechanism in high T. superconductors
is a complex phenomenon, which is not yet fully
understood. Beside oxygen defects, dislocations
and heavy ion beam irradiation, the chemical
doping can be considering an effective method
to increase J, [3-4].

BSCCO high T, system is the most promising
material for high- current applications. However,
the major limitations of the Bi- system application
are the inter-grain weak links and weak flux
pinning capability [5]. Many efforts have been
made in order to improve phase purity, grain
alignment, and in turn reduce weak links in
Bi: 2223/Ag tapes [6-8]. Some of chemical
substitutions such as ZrO, nanopowers,
B,O; and MgO were incorporated into
BSCCO compounds and resulted in a greatly
enhanced J. as compared to reference sample
[9-13].

The rare-earth elements have an incomplete
inner shell, different magnetic moments and
different ionic radii. Therefore, they have great
importance as a substitution for studying the
physical properties of high T. superconductors.
The replacement of Ca® in Bi: 2223
superconducting system by rare earth elements
R* has a significant effect on their normal,
mechanical and superconducting properties.
Interestingly, the values of T. are gradually
decreased with the increased of R** content [14-
17]. It is also found that Y addition improves the
connection between superconducting grains of
Bi: 2212 system and superconducting properties
are improved [18]. While, the opposite behavior
is reported for Cd substituted at Ca sites in Bi:
2223 system [19-20]. However, recently we have
shown that addition Y to Bi: 2212 improved the
T, and also increase the low field critical current
density J. deduced from the low field ac
susceptibility measurements [21]. With this goal
in mind, we are continuity to investigate the
effect of Y addition to Bi: 2212 high T,
superconductors on the granular critical current
density J. through magnetic hysteresis loops
measurements.

2. EXPERIMENTAL DETAILS

Bi1 7Pbg 3Sr,Ca Y,Cu,O, samples with various Y
addition (x = 0.00 and x = 0.15), i.e. Y added to
Bi: 2212. are prepared by solid-state reaction
method. The ingredients Bi,O3, SrO, Y503,
CaCO; and CuO of 4N purity are thoroughly
mixed in required proportions and calcined at
820°C in air for 16 h. This exercise is repeated
three times with intermediate grinding at each
stage. The resulting powder is reground, mixed,
pressed into pellets at applied load of 6 tons.
These pellets are sintered in air at 840°C for 50
h and left in the furnace for slow cooling to
room temperature. The maximum rate of
heating/cooling is nearly about (5°/mins). The
phase purity of the samples is examined by
using x-ray diffractometer with Cu-Ka radiation.
The electrical resistivity of the samples is
measured by the standard four-probe technique
in closed cycle refrigerator [cryomech
compressor package with cryostat Model 810-
1812212, USA] within the range of 10-300 K.
High quality silver paint is used for electrical
contacts of the leads with the samples.
Nanovoltameter Keithley 2182, current source
Keithley 6220 and temperature controller 9700
(0.001 K resolution) are used in this experiment.
The magnetic hysteresis loops (MHLs) over the
temperature range (75 K> T > 4 K) are recorded
by using a computer controlled PAR- 4500/150A
vibrating sample magnetometer (VSM) at
different fields up to 100000 Oe. In this case,
the magnetic field is applied along the
plane of the sample. The temperature is
measured in the range using a calibrated carbon
glass resistor located near the specimen. After
cooling the sample, the field is applied parallel to
the c- axis and the magnetization curves are
obtained.

3. RESULTS AND DISCUSSION

The obtained peaks of XRD shown in Fig. 1
could be identified with those of Bi: 2212 and Bi:
2201 phases. The moderate amount of Bi: 2212
phase already exists as a major phase, while the
Bi: 2201 phase being minor. The presence of Bi:
2201 peaks like (113), (115) and (109) may be
due the syntactic growth of various phases. It is
interesting to note that the friction of 2201 phase
is reduced by Y, indicating that Y entering into
the crystal structure of Bi: 2212, and probably
favors the formation of Bi: 2212 phase. It is
observed that there is a contraction along the c-
parameter and a simultaneous expansion along
a/b axes by Y addition. This is also supported by
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decreasing the orthorhombic distortion (OD), see
Table 1.

The elongation of a/b- parameters is generally
associated by increasing the bond length
between Cu and O in the CuO, planes, which
controls the dimension in the basal planes of the
Bi: 2212 system. Contraction of c- parameter by
Y addition indicates that some of Y (1.03 A) are
replaced for Ca®* (1.12 A) at the same fold
coordination. The other reason may be related to
increasing of excess oxygen inserted into BiO
layers of Bi:2212 system, see Table 1. Then the
net positive charge in the Bi-O planes reduces,
and consequently the repulsion between them is
decreased. This results in the reduction of c-axis
length and thereby improves the stability of Bi:
2212 phase, in agreement with the previous data
[22-26].

Fig. 2 depicts the electrical resistivity as a
function of temperature for
Bi1 7Pbg sSr,CaY,Cu,O, samples. It can be
observed that the resistivity decreases almost
linearly from room temperature and beyond
which it turns to superconducting state at critical
temperature T.. The T, is increased from 92 K
for pure sample to 106 K by 15% of Y doping. It
is interesting to note that the resistivity of the
sample with Y = 0.15 reaching to true zero value
only at low dc currents up to 2 mA, but it is
gradually appears with increasing the current
above 2mA. It is also noted that the substituted
sample exhibit a clear metallicity, and the linear
part of the p (T) curves has a positive slope
dp/dT as well as the undoped sample. The
resistivity drop occurred in a single step implying
that the samples are dominantly of single phase.
The (dp/dT) values shown in Table 1 indicate
that (dp/dT) is 0.007 for Y sample, which is

higher than that of pure sample (0.004), which
indicating an improvement of metallic behavior
by Y addition. Furthermore, psq is increased by
Y content, but p, is depressed by Y addition and
shifted to negative value (-0.21 mQ.cm). This
behavior indicates that the electron scattering by
impurities is also affected by Y addition

The possible reasons for improving T, by Y
additions in Bi: 2212 system as follows; the first
reason implies that Y occupies the crystal
structure of Bi: 2212, and decreased c-
parameter. This is attributed to the fact that
addition of Y leads to an increase in the oxygen
which could be incorporated into the Bi-O layers,
and consequently an increase in the covalence
of Bi-O bonds may be obtained [27].
Furthermore, the reduction of c-parameter
decreases anisotropy and improves the coupling
between the CuO, planes, and consequently T,
is improved.

The magnetization curves of the samples at
different fields (0-80000 Oe) and different
temperatures (4- 65 K) are shown in see above.
Fig. 3 (a, b). The critical current density J. is
extracted from the measured MHLs and shown
in Fig. 4. (a, b) by using the following extended
Benn's’ critical state model expression [28];

20AM
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al=22)

J = =~ 10°AM (1)

¢

where a, b (a < b) are the cross-sectional
dimensions of the sample perpendicular to the
applied field in cm . AM is the full width of the
magnetization loop in between ascending and
descending branches.
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Fig. 1. X-ray diffraction of pure and Y substituted samples
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Table 1. a,b and c, orthorhombic distortion, oxygen content, T., dp/dT, p, and p3o, for pure and

Y samples
Y a b c (b-a))b Y T, dp/dT Po P300
cont. A A A (K) (mQ.cm) (MQ.cm) (MQ.cm)
/K
0.00 5384 5395 30.815 0.0020 8.03 92 0.004 0.054 1.14
0.15 5407 5400 30.779 0.0013 8.12 106 0.007 -0.21 2.05
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Fig. 2. Resistivity versus temperature for pure and Y substituted samples
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Fig. 3(a). Magnetization curves of the pure sample
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Fig. 3(b). Magnetization curves of the Y substituted sample
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It is found that the critical current density
increases as the field increases up to 8000 Oe
for both samples. But it is slightly higher for Y
doped samples as compared to pure. For
simplicity, the J, at OK is improved by Y addition,
only at low temperature up to 20 K, as shown in
Fig. 5. 20 K, the J. at OK is almost the same for
the two samples. This can be understood that
Cais replaced by Y, and may be the precipitated

2.5E+07

Y and Ca ions react with Bi and Cu ions to form
a secondary phases rich in Cu. These secondary
phases may lead to the formation of different
kinds of structural point like defects in the order
of nanoscale which are very rish by
superconducting volume fraction. These points
acts as vortex pinning centers and can increase
the critical current density J. [24-26,29].
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Fig. 4(a). J. versus magnetic field for pure sample
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Fig. 4(b). J. versus magnetic field for Y substituted sample
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Fig. 5. J. versus magnetic field for Y substituted sample
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The alternative reason is brought by Y** addition
to Bi:2212 system, and leads to electronic or
chemical in-homogeneity in the charge reservoir
layer (BiO/SrO), and supplies the charge carriers
to the CuO; planes through which the actual
super-current is believed to flow refers [22,25-
26]. In the light of these observations, one can
say that the change of excess oxygen, and
carrier concentration, which are produced by Y
addition in Bi: 2212 system, are responsible for
reducing the path of current flow in the
superconducting system, and eventually the
superconductivity is improved.

4. CONCLUSION

Structural and superconducting properties of
Bi1 7Pbg 3Sr,Ca Y,Cu3O, superconductors with
various x values are investigated. We have
shown that addition of Y*" improved T, of Bi:
2212. On the other hand, the partial substitution
of Y enhances the flux pinning in Bi: 2212
system and the critical current density is
improved as well as critical temperature. It is
supposed that addition of Y, in Bi: 2212 system
may be responsible for reducing the path of
current flow in the superconducting system, and
eventually the superconductivity is improved.

ACKNOWLEDGEMENTS

R-T measurements are done by authors during
their work, Saudi Arabia. While the magnetic
measurements are done by Prof. Dr/ Kh. A. Ziq,
King Fahd University, Saudi Arabia. The author
would like to thank Dr/ Ziq for cooperation during
these measurements.

COMPETING INTERESTS

Authors have declared
interests exist.

that no competing

REFERENCES

1. Zhou L, Zhang P, Ji P, Wang J, Wang K,
Wu X. Anelastic relaxation of oxygen
vacancies and high T.-superconductivity
of YBa,Cu;07.5. Supercond. Sci. Technol.
1990;3:113-117.

2. Murakami M, Gotoh S, Fujimoto H,
Yamaguchi K, Koshizuka N, Tanaka S.
Flux pinning and critical currents in melt
processed YBaCuO superconductors.
Supercond. Sci. Technol. 1991;4:S43-
S50.

10.

1.

12.

13.

Feng Y, Pradhan AK, Zhao Y, Wu Y,
Koshizuka N, Zhou L. Influence of Ho
substitution for Y on flux pinning in melt-
processed YBCO superconductors.
Physica C. 2001;357:799-802.

Civale L, Supercond. Vortex pinning and
creep in  high-temperature  super-
conductors with columnar defects. Sci.
Technol. 1997;10:A11.

Guilmeau E, Andrzejewski B, Noudem
JG. The effect of MgO addition on the
formation and the superconducting
properties of the Bi2223 phase. Physica
C. 2003;387:382-390.

Perin A, Grasso G, Daumling M, Henset
B, Walker E, Flukiger R. Hot rolling of
silver-sheated Bi (2223) tapes. Physica
C. 1993;210:339-344.

Li S, Gao W, Hu QY, Liu HK, Dou SX.
The effect of silver sheath on annealing
texture of (Bi,Pb)z.SrzcaQCU301o+x

superconductor tapes. Physica C.
1997,276:229-236.
Sakai T, Utsunomiya H, Saito Y,

Hanomachi T, Shinkawa M. Effect of
intermediate rolling condition on the
critical current density of silver-sheathed
Bi(2223) superconducting tapes. Physica
C. 1997;277:189-195.

Zhao B, Song W, Wan X, Sun Y, Du J.
Enhanced flux pinning in (Bi, Pb)-
2223/Ag tapes by slightly over-doped Pb.
Physica C. 2000;337:145.

Eremina EA, Kravchenko AV, Kazin PE,
Tretyakov YD, Jansen M. Influence of
boron-containing  dopants on the
formation of superconducting phase in
the system Bi(Pb)-Sr-Ca-Cu-O.
Supercond. Sci. Technol. 1998;11:223.
Jian L, Sun Y, Song W, Wan X, Wang K,

Du J. Improvement of transport
properties of B,O; added (Bi,Pb),-
Sr,Ca,Cu;0, silver-sheathed tapes.
Supercond. Sci. Technol. 1998;11:

1065.

Lu XY, Nagate A, Kamio D, Sugawara K,
Kamada S, Watanabe K, Hanada S.
Effect of MgO content on the formation
and superconducting properties  of
(Bi,Pb)-2223 phase in the partial-melting
and sintering process. Physica C.
2001;357-360:828-831.

Sedky A. The impact of Y substitution on
the 110 K high T, phase in a Bi (Pb):2223
superconductor. J. Physics & Chem. of
Solids. 2009;70:483-488.



14.

15.

16.

17.

18.

19.

20.

21.

Sedky and Amin; AJOPACS, 3(3): 1-7, 2017, Article no.AJOPACS.36590

Lee MS, Song KY. Effect of Nd
substitution for the Ca site in the 110 K
phase of (Bi,Pb)-Sr—Ca—-Cu-0
superconductors. Supercond. Sci.
Technol. 2002;15:851.

Malik Al, Celebi S, Halim SA. AC
susceptibility study in Biy ¢Pbg 4.
Sry(Cas-4Nd,),Cuz;Os ceramic  super-
conductors. Physica C. 2002;377:421.
Nanda Kishore K, Satyavathi S,
Muralidhar M, Pena O, Hari Babu V.
Thermoelectric power studies on the Sm
substituted BPSCCO (2223) super-
conductors. Physica C. 1995;252:49-53.
Rajvir Singth, Anurag Gupta, Agarwal

SK, Singh DP, Narlikar AV.
Superconductivity in Pr-doped
Bi,Ca,Sr,Cu;0;. Supercond. Sci.

Technol. 1997;11,1.

Khalil SM. Effect of Y*" substitution for
Ca on the transport and mechanical
properties of Bi,Sr,Caq-y.
Y,Cu,0g.5 system. J. Phys. Chem.
Solids. 2003;64:855-861.

Khalil SM. Role of rare-earth Ba>* doping
in governing the superconducting and
mechanical characteristics of Bi—-Sr—Ca—
Cu—0O Smart Mater. Struct. 2005;14:804.

Khalil SM. Effect of Cd addition on
superconducting fluctuations and
mechanical properties of

Bi1.82Pb0A3GSI’2032CdXCU3Oy. System J.
Low. Temp. Phys. 2006;143:31.

Sedky A. A possible high critical
temperature and intergranular current
density in Bi,Sr,CaY,Cu, o,
superconductors. J Supercond Nov
Magn. 2016;29:1475.

22.

23.

24.

25.

26.

27.

28.

29.

Aloysius RP, Guruswamy P,
Syamaprasad U. Highly enhanced critical
current density in Pr-added (Bi, Pb)-2212
superconductor. Supercond. Sci.
Technol. 2005;18:L23.

Prabitha VG, Biju A, Abhilask Kumar RG,
Sarun PM, Aloysius RP, Syamaprasad U.
Effect of Sm addition on (Bi,Pb)-2212
super-conductor. Physica C. 2005;433:
28-36.

Biju A, Aloysius RP, Syamaprasad U.
Effect of Yb addition on the
superconducting properties of (Bi,Pb)-
2212  superconductor. Physica C.
2006;440:52-58.
Biju A, Sarun PM, Aloysius RP,
Syamaprasad u. Structural and
superconducting properties of
neodymium added (Bi,Pb),Sr, CaCu,0,.
Materials Res. Bulletin 2007;42:2057-
2066.

Biju A, Sarun PM, Aloysius RP,
Syamaprasad U. Improved super-
conducting properties by La addition in
(Bi,Pb)-2212 bulk superconductor. J.
Alloys Compound. 2007;431:49-55.
Awana VPS, Menon L, Mailk SK.
Synthesis and magnetism of
Bi,Sr,RCu,04:5 (R=Y, Pr, and Tb)
systems. Phys. Rev. 1995;B51:9379.

Bean CP. Magnetization of hard
superconductors. Phys. Rev. Lett.
1962;8:250.

Koblischka MR, van Dalen AJJ, Higuchi
T, Yoo SI, Murakami M. Analysis of
pinning in NdBa,Cuz;07-5  super-
conductors. Phys. Rev. 1998;B58:2863.

© 2017 Sedky and Amin; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/21709




