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Abstract

We have investigated the effect of Niobium and Nano CuO (40 nm) dopingY1-xNbxBa2Cu307.o compounds with 0.00 < x < 0.05 wt.
%, prepared by the conventional solid-state method by means of XRD, SEM, R(T) and magnetic loops (M —H) measurements. The
critical current densities, Jc as a function of temperature have been calculated using the critical state model from the hysteresis loops
up to 1 kG at the temperature range of 10-60 K. Magnetic flux pinning, F, of samples was calculated by using Lorentz force. The
temperature dependence of the electrical resistivity measurement curves indicated that the sample with x=0.01 wt.% has a high
transition temperature, Te. XRD analysis shows a shorter ¢ axis lattice parameter and higher orthoromthcity than the pure Y-123 and
other Nb-doped samples. It was also found from Jc and F, measurement, that the 0.01 wt.% Nb substation for the Y on YBCO

superconductor improves the Jc and F.
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1. Introduction

Among the four basic families of La, Y, Bi, and Tl based
superconductors cuprate High-T. crystalline structure,
YBa2Cu307-0 (YBCO) is a High-Tc superconductor for
most bulk applications with 77 K. This material also
allows high critical current densities J. in the presence of
applied magnetic fields [1-3]. The effect of impurity
substitutions on the transport, magnetic, and
superconducting properties of High-T. superconductors
may provide clues to understanding some of the unusual
normal-state and superconducting properties of these
materials. The interest in doping has focused on Ag due
to its good results obtained in improving the
performance of YBCO [4-5]. YBa;Cu3O75 is an
attractive material for investigation due to their varying
critical transition temperature with oxygen content and
strong flux pinning capability in high magnetic fields. It
is well known that the oxygen content affects the crystal
structure, electron-hole transport and superconducting
properties in Y. It is also realized that the
superconducting transition temperature sensitively
depends on both the hole concentration in the CuO;
planes and the relative concentration of the oxygen
within the planes [6-8]. It has reported that nanostructure

materials and carbon—based compounds doping in High-
temperature superconductors create high J. at high
magnetic fields [9,10]. At the lower magnetic field,
precipitates like Y,BaCuNbOx [11] has been found to act
as pinning centers. The addition of AlLO; [12] and
BaZrOs [13] nanoparticles to YBCO improve pinning
has attracted much scientific attention. In this paper, the
samples with a stoichiometry of YxNbBa,Cu307.; were
fabricated by a conventional solid-state reaction
technique. Structural analysis of the samples was
investigated by XRD and SEM measurements. The
electrical properties of the samples were exanimated by
R—-T measurements. Magnetic properties, the critical
current densities and pinning forces of the prepared
samples also were calculated from the dc magnetization
measurements.

2. Experimental

Y1 xNbxBa;Cu307.5 samples, with x = 0.0, 0.01, 0.02 and
0.05 substitutions were prepared from ultra-fine and high
grade purity Y.03, Nb,Os, BaCOs (purity > 99.9%) and
Nano copper oxide (CuO 99% APS: 40 nm) using the
conventional solid-state reaction method. The starting
powders in stoichiometric proportions were weighted
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Fig 1. a-d XRD patterns of Y1xNbxBaxCu3O7.0 samples with x = 0.0, 0.01, 0.02 and 0.05 Insets demonstrate: volume fractions of
Y-123,Y-211 and Nb.

and well mixed approximately for 45 min. The
thoroughly mixed powders were then pelletized by
pressing into a 30mm diameter steel die (carver 4387.
4SD0BO00) under 50 MPa pressure. The samples in the
furnace were heated to 720 °C at the rate of 120 ° C/h
and heated at 720 °C for 12 hours followed by heating to
930 °C at the rate of 5 °C/min and were annealed at 930°
C for 12 h. Finally, the samples were furnace cooled to
room temperature. After this first sintering process, all
the samples had a gray color with same cracks. In the
second cycle of the heating process, the samples were re-
ground and pressed into pellets with a 30 mm diameter
and an approximate thickness of 2.2 mm under 100 MPa
pressure. Pellets were then placed into a furnace and
heated to 930 °C at the rate of 2 °C/min. They were left
to react at this temperature for 24 h. Finally, the
temperature was decreased t0720 °C at a rate of 2 °C/min
and then furnace-cooled to room temperature in flowing
oxygen with a cooling rate of 1 °C/min. The low cooling
rate in flowing oxygen was used in order to improve
oxygen uptake in the samples. At the last sintering
process, all the samples had a black color. Unlike the
first processing cycle, the products of the second cycle
were uniform and almost without any cracks. X-ray
diffraction measurements were made in the range of 6° <
20 < 60° with CuK, radiation source (A = 1.5406 A). X-
pert High Score software was used to determine the
lattice parameters, peak positions and peak intensities.
The grain morphology of the surface of the samples was
analyzed by scanning electron microscopy (SEM). For
measurement of the dc resistivity of samples as a
function of temperature, the standard four-point probe
method with silverpoint contacts was used. The
transition temperature T, was determined as a function of
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temperature at zero resistivity. Isothermal hysteretic
loops M-H curves was performed using cryogenic design
physical properties measurement system (ppms) model
3045, upto 70kG using the so-called vsm option. The
critical current density, J. was calculated using the Bean
model for the pure and Nb substituted x=0.01 samples at
10-60K up to 60kG applied magnetic field. The pinning
force, F, depending on applied magnetic field and
temperature was calculated from isothermal M—H
measurement.

3. Results and Discussion

3. 1. XRD results

Figure 1 shows the XRD patterns of the samples a to d,
which Nb was substituted in the form of NbyOs.
Obtained results from XRD patterns indicated that the
peaks of the pure (YBCO) and Nb-doped Yix
NbxBa,Cu3O7., samples were well matched to the
orthorhombic Y123 structure. It can be seen from the
XRD patterns of the pure Yi»3 and the alloyed samples
that all the high-intensity peaks in the XRD patterns are
assigned to Y;Ba,Cu3;O7, phase indicating that Nb
doping atoms have not been effected the orthorhombicity
of YBCO compound. There are also a few low-intensity
peaks assigned to the unheated materials and green
insulating phase, Y211 which is commonly one of the
impurities between the Y123 grains. It has been argued
that particles around the grains may act as a catalyst to
improve the structural quality at grain boundaries
observed by other research groups [14]. The oxygen
contents of the samples were calculated using Wolf’s
formula [15]:
7-6=764-595¢

A) (M
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Table 1. Characteristic temperatures, lattice parameters, hole —carrier concentration per Cu ion and orthorombicity parameters for all

the Y1xNbxBa2Cu3O7-o samples.

Nb

Tc, onset Te,0 ATc a b c
content ’ ) A=(b-a)/(b+a) O-content P
cay | ® K K (A (A) (A OO
0.0 90.5 85 55 3.82 3.88 11.68 0.007792 6.90 0.1908
0.01 91.5 87.9 3.6 3.803 3.886 11.669 0.009973 6.97 0.1902
0.02 84.7 80.5 4.2 3.816 3.878 11.68 0.008512 6.90 0.1925
0.05 81.9 774 4.5 3.8263 3.8813 11.707 0.007136 6.74 0.1919
= Nb f A (b) *x=0.01

Resistivity { mix Oy

90
T(K)

Fig 3. aand b p—T curves and its temperature derivative of theY1xNbxBa2Cu3zO7.o with x =0, 0.01, 0.02 and 0.05.

80 100

Where (7-8) is the oxygen content of the sample and 'c'
is axis lattice parameter. It is well established that both
the 'a' and 'b' lattice parameters in the YBCO system
have a nonlinear relation in the orthorhombic phase,
while the c-axis lattice parameter and unit-cell volume,
show a linear general behavior as a function of oxygen
content. The higher the oxygen content of sample the
lower the c-axis lattice parameter [16]. The calculated
unit cell parameters of the pure and the Nb-doped
samples, orthorhombic strains, A = (b-a) / (b+a), hole-
carrier concentration per Cu ion and transition
temperature of the samples are presented in Table 1. A
brief look at the table shows that despite slight variations
in the lattice parameters 'a', 'b' and 'c', the unit cell
parameters of the alloy samples are very close to that of
the Y123 sample and a slight decrease in the c-axis
length shows a slight increase in the oxygen content in
the sample with x=0.01. The decrease in c¢ axis
parameter is probably related to the difference in (007)
reflection in XRD patterns of this sample. The difference
on the unit cell parameters can be due to occupation of
the Nb ions to interstitial sites [17].

We also have calculated the hole-carrier
concentration per Cu ion, P for our studied samples
using a parabolic formula which is generic to the whole
class of high T, superconductors as follows [18-19].

l:TC—(X)}zl—82.6 (P-0.16)°

Te(0) @

Where T, (0) and T¢(x) are the critical temperatures for
the pure and doped samples, respectively. P is the hole-
carrier concentration per Cu ion. The relative volume
fractions of Y-123, Y-211 and Nb phases are estimated
by comparing the intensities of the whole pattern [20],
according to the relations:

D I[Y123]

(Y =123]%= SI[Y123]+ Y I[Y211]
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[Y-211]%= 2ir21] “4)
D[Y123]+ D I[Y211]+ D I[Nb]
[Nb]% - ZLL) 5)

DI[Y123]+ D I[Y211]+ Y I[Nb]
Where 'T' is the peak intensity of the present phases
above the baseline. volume fractions of Y-123, Y-211
and Nb phases for all our samples are illustrated by
comparing the intensities of the whole pattern in the
insets of the XRD patterns. It can be seen from the XRD
patterns, that the volume fraction of Y-123 phase has
been increased in the Nb-doped x = 0.01 wt.% sample.

3. 2. Electrical resistivity

We measured the electrical resistivity versus temperature
(p-T) through the four-probe method. The variation of
the electrical resistivity as a function of temperature
along with its temperature derivative for the Y.
«NbxBa,CusO7.5 samples. It is clear from these figures
that all the samples possessed metallic behavior above

T2 and go to superconducting state at T2/ are

shown in Fig. 3a and b. The transition width, AT for the
Sm-doped samples show a broadened resistive transition
to the fully superconducting state, showing the increase
in the weak link between superconducting grains. It may
be seen from (p-T) figures that the sample with Nb-
doped x = 0.01 wt.% in the Y123 system has a higher
transition temperature than the other samples.

3. 3. Magnetic properties

Since the sample with Nb-doped x = 0.01 wt.% in the
Y23 system shows critical temperature higher than the
other samples even the pure Y-123, so we concentrated
the magnetic measurements on the positive effect of
partially Nb-doped sample and cuprated the results with
the pure Y-123 sample. Isothermal magnetic hysteresis
loops (M-H) curves for the pure Yi»; and x = 0.01 at
different constant temperatures of 10, 20, 30, 40, 50 and
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Fig. 4 Displays the isothermal magnetization versus filed curves (M-H loop) at 20 K, 30 K,40 K, 50 K and 60 K for the a the pure

Y123 and b the Nb x = 0.01 samples.
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Fig. 5 The plot of J. as a function of magnetic field for a the pure Y123 and b the Nb- doped x = 0.01 samples.

60 K up to of 10 kG are shown in Fig. 4a and b. The
higher the pinning strength, the bigger the critical
current, hence the wider the hysteresis loops. It is well
known that the width and behavior of hysteresis loops
are related to the characteristics of the bulk J. in HTSC: s
and its dependence on the magnetic flux density [21]. By
using Bean’s critical state model, J. of the samples was
calculated from the hysteresis loops [22]. In the Bean’s
critical state model, the J. is proportional to the width of

the hysteresis loops AM = |M " — M~ | calculates from

formula given by:

J, =20 __AM (6)
a(l—a/3b)

where J; is the critical current density in amperes per
square centimeter of a sample and M® and M~
magnetizations are obtained from the intersections of M-
H loops increasing and decreasing of measuring
magnetic field respectively. AM is measured in
electromagnetic units per cubic centimeter, a and b (a <
b) are the sample dimensions perpendicular to the
applied field. The applied magnetic field dependence of
J.(H), at 10, 20, 30, 40, 50 and 60 K for the samples with
x = 0.0 and 0.01 are presented in Fig. 5. The Nb-doped x
= 0.01 sample and pure Y3 at 10 K for the applied

magnetic field of 1 kG show J. values J'® =2.73 x 10°
A/cm? and 1.8 x 10° A/cm? respectively, the Nb-doped x
= 0.01 sample shows J['** =approximately 1.52 times

bigger than the pure Y-123 sample. The J; values in the
applied magnetic field decrease with increasing
measuring constant temperature as shown in Fig.5a and
b. There is an electromagnetic interaction force between

2 -
& e
< 1 .""q..
S —
;u

s ' : z :

H(kG)

the flox lines and the current density below Tc through
the Lorentz force, Fr [23] as:

F,=J. xB @)
where J; is the current density and B is the flux density
in the sample. Fluxoids remain stationary and the
superconducting behavior of the material maintains with
zero resistance as long as the pinning force, F,, equals at
least to F.. When Fy acting the fluxoids exceeds Fp, the
fluxoids begin to move across the sample and the
material becomes resistive. Comparison of Fig. 6a for
pure Y23 and b for the Nb-doped sample shows that
measured F, for the Nb-doped x = 0.01 sample is
significantly higher than that of the pure Yi23. The Nb-
doped x = 0.01 sample and pure Y123 at 10 K for the
applied magnetic field of 9 kG how F, values

F;"“x =1.55 x 10°N/cm?® and F}’,’m =0.96 x 10°N/cm’

respectively. The measured value of F, at 50 K in 15
wt.% Ag doped YBCO system has been reported to be
3.7 x 10° N/cm?® [24]. Thus the addition of 0.01 wt.% Nb
enhances J. by a factor of 3 with respect to Ag added
samples. The enhancement of J. in Nb-doped x = 0.01
sample is also more than that reported by the other out
hers [25-26].

4. Conclusion

We have studied the effect of Nb substituted Y.
«NbxBa,Cus0O7.5 composites on the structural, electrical,
and magnetic properties of High-temperature YBCO
superconductor. Through XRD and SEM analysis, we
found that all the measured samples had orthorhombic
structure. Based on our XRD, SEM and magnetization
measurements, we deduce that the optimal addition of
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Fig 6. Fp-H dependences at 10 K, 20 K, 30 K, 40 K, 50 K and 60 K a for the pure Y123 and b Nb- doped x = 0.01 samples.

the Nb-doped x =

0.01 sample has a significant

enhancement in the Superconductivity parameters. Both
F, and J. have been found to increase in the Nb-doped

X

= 0.01 sample over the whole range of the applied
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