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(Y1−xPbxBa2Cu2.85La0.15O6+δ) Superconductor
and Research of the Impact of Partial Substitution
on the Structural Properties
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ABSTRACT

The purpose of this study is to find out the optimal substitution ratio for lead with yttrium through the structural
properties of the prepared compounds. The superconductor compound (Y1−xPbxBa2Cu2.85La0.15O6+δ) was prepared by
the solid state reaction (SSR) method. The effect of partial substitution for the lead on the compound’s structural
characteristics has been studied. The variation of (x) is (0, 0.05, 0.1, 0.15, 0.20, 0.25). With a pressure of 7 tons per square
centimeter, the combined powder was formed into a disc with a thickness of (about 0.2 cm). The samples were sintered
for a while (24 hours) at a rate that changed from room temperature (27°C) to (850°C). Based on the X-ray diffraction
(XRD) study. All samples were discovered to contain an orthorhombic structure. It was established that variations in
the lead concentrations in each of our samples result in variations in parameters for a lattice (a, b, c, c/a), dm, Tc,
and energy gap. Its best values were recorded at a concentration (x = 0.1), where the values of the lattice constants in
angstrom units (a, b, c) were (3.807346, 3.886549, and 11.70871) respectively, the highest value for (Tc) was (112.1).
The density value (dm) was (6.42604 gm/cm3), the highest percentage was (c/a = 3.075295) and the highest energy
gap was (Eg = 0.03384 eV). So, it can be considered the optimal replacement ratio under the conditions of this work.
Scanning electron microscopy(SEM) was used to analyze microscopic pictures of the compounds prepared with different
substitution ratios in addition to the pure sample at very high magnifications (SEM) at a degree of magnification (5 µm,
200 nm).

Keywords: Partial substitution, Scanning electron microscope (SEM), Solid state reaction (SSR) method, Superconductor,
X-ray diffraction (XRD)

Introduction

Bednorz and Müller’s discovery of lanthanum bar-
ium copper oxide (LBCO), with a critical temperature
of (Tc = 35 K), marked the beginning of the High-
Tc superconductor (HTS) epoch. By substituting Y3+

ions with La3+ ions, YBa2Cu3O7(Y123) is formed,
raising HTSs’s transition temperature to about (92
K). The first substance with a superconducting transi-
tion temperature discovered above the temperature

of liquid nitrogen is Y123. Family of compounds
Y-Ba-Cu-O, including Y123, YBa2Cu4O7 (Y247), (Tc
= 40 K) and YBa2Cu4O8 (Y124, Tc = 80 K); have
undergone extensive research since their discovery.1

The qualities of the bulk sample, such as fracture and
bending toughness, will be significantly improved by
the partial addition or substitution of certain chem-
ical elements, especially those of metallic quality,
such as cadmium, nickel, silver, lead, and copper in
the crystalline structure.2 Typically, it took hundreds
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of hours to achieve a virtually pure phase material
(this includes several sintering stages).3 In addition
to assisting in the discovery of new uses for super-
conductivity, research on the doping or replacement
of additional elements into cuprate superconductors
aids in knowing the pairing strategy in HTSs. In
(Y123), the chemically linked planes between cop-
per and oxygen atoms are of utmost importance.
Directional effective electrical conductivity is a result
of the unique properties of the chemical interac-
tion between copper and oxygen. The presence (of
Cu-O) chains and (CuO2) planes in cuprate super-
conductors demonstrate the significance of Cu atoms
in these materials. Thus, a key factor in defining
the properties of novel superconductors, which in-
clude both the dopant element’s valence number
and ionic radius. Doping (Y123) with different sub-
stances is done primarily for two reasons. The first
one is modifying the microstructure to get funda-
mental knowledge about potential processes, while
the second involves enhancing its physical attributes
to enhance Y123’s capacity for superconductivity.1

These materials’ physical characteristics might be
modifiable by partial or whole atomic replacements.4

Perovskite compound YBa2Cu3O6+δ is regarded as a
ceramic substance.5 CuO2 mediates the layering of
the perovskite structure of (YBCO), in addition to that
the (CuO) levels are mediated by yttrium along the
crystal’s c-axis in the stacking order (BaO-CuO2-Y-
CuO2-BaO).6

The study aims to prepare the high-temperature
superconducting compound (YBa2Cu2.85La0.15O6+δ)
by using pure oxides and by solid-state reaction
method (SSR). The impact of partial Pb replace-
ment for the Y site on the superconducting char-
acteristics of Y123 superconductor was examined.

(Y1−xPbxBa2Cu2.85La0.15O6+δ) where (x= 0, 0.05, 0.1,
0.15, 0.2, 0.25), search the structure characteristics
of superconducting compounds as well as determine
the coefficients of the lattice (a, b, c) and the density
of the unit cell. The study also seeks to obtain the
highest critical transfer temperature (High-Tc), inves-
tigate the optimal substitution ratio for the formation
of the high phase (Y123) and its stability by using
(XRD) diffraction and images from a scanning elec-
tron microscope (SEM).

Materials and methods

The superconducting compound (Y1-xPbxBa2Cu2.85
La0.15O6+δ) with (x = 0.00, 0.05, 0.1, 0.15, 0.20,
0.25), was prepared by utilizing appropriate amounts
of pure powders of (Y2O3, BaO, CuO, La2O3, PbO2)
and using method (SSR), depending on:

(1− x) (1/2) Y2O3 + x PbO2 + 2BaO+ 2.85 CuO

+ 0.15 (1/2) La2O3 → Y1−xPbxBa2Cu2.85La0.15O6+δ

were mixed and ground together manually using
agate mortar for half an hour and electrically for
two hours using a Vortex mixer to obtain fineness
and optimal homogeneity of the powders, then the
resulting powders dried at a temperature of 200°C in a
drying oven for a period of 1hr, employing a pressure-
hydraulic press (7tons/cm2). For one minute, the
samples were pressed into discs with a diameter 1.5
cm and thickness 0.2 cm, then the samples were sin-
tered inside the sintering furnace at a temperature
820 degrees Celsius gradually as shown in Fig. 1.

An (X-ray diffraction) test was performed, through
which the structural properties of the compound

Fig. 1. The diagram shows the rise and fall of the temperature during the sintering process.
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Fig. 2. X-ray diffraction for (Y1−xPbxBa2Cu2.85La0.15O6+δ) bulk polycrystalline samples where x = 0, 0.05, 0.1, 0.15, 0.2 and 0.25.

were studied. Mathematically, the sample’s lattice
constants were computed by finding the (2θ) and
Miller’s coefficients (hkl) for each vertex and applying
Eq. (1)6:

1
d2 =

h2

a2 +
k2

b2 +
l2

c2 (1)

The formula below was used Eq. (2) to get the volume
fraction of phase7:

(VPh) % =
∑
I0∑

I1 +
∑
I2 +

∑
Iother(peaks)

× 100% (2)

Where I represent the intensity of each phase’s peaks.
The density of a unit cell was determined using the
Eq. (3) shown below8:

Dm =
Wm

NAV
(3)

Where Wm: the molecular weight (amu), NA: Av-
ocado’s number (particles/gm.mol)), and V: the
volume of a unit cell (cm3). Following that, there
determined a gap in the samples’ energy (Eg) using
Eq. (4)6:

Eg = 3.53KBTc (4)

Where KB represents the Boltzmann constant, TC crit-
ical transition temperature, then used the four probes
technique with the presence of liquid nitrogen to
determine the critical temperature of the transition
as a function of temperature. SEM was used to view
microscopic pictures of the materials at extremely
high magnifications (SEM).

Results and discussion

XRD was examined for (Y1−xPbxBa2Cu2.85La0.15O6+δ)
bulk polycrystalline samples where (x = 0, 0.05,
0.1, 0.15, 0.2, 0.25) for a deflection angle ranging
between (20o–80o). The X-ray diffraction patterns are
shown in Fig. 2. The findings reveal polycrystalline
structures with orthorhombic structures for all
samples. The phase (Y-123) and certain impurity
phases may be seen in the XRD pattern. The rate
of higher phase development was impacted by the
increase in the substitution ratio.

By substitution of Pb concentration, the substitu-
tion process will lead to a very small shift in the XRD
chart angle and peak intensities as shown in Table 1.
The lengths of the lattice constants can expand or
contract with the change of electrons in the orbitals,
and the behavior of the samples prepared by different

Table 1. Values of the parameters a,b, and c with different substitutions.

X= a(Ao) b(Ao) c(Ao) c/a V(Ao)3 dm (gm/cm3) Vph (H) Vph (L)

0 3.873335 3.881677 11.61 2.997417 2.997417 6.378262 85.7 14.3
0.05 3.861861 3.874241 11.65287 3.017424 3.017424 6.38591 84.6 15.4
0.1 3.807346 3.886549 11.70871 3.075295 3.075295 6.42604 86.7 13.3
0.15 3.824839 3.879866 11.66987 3.051074 3.051074 6.428994 85.7 14.3
0.2 3.879688 3.881003 11.682 3.011067 3.011067 6.329667 71.4 28.6
0.25 3.899964 3.877052 11.65313 2.988011 2.988011 6.318792 75 25
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Fig. 3. The relationship between temperature and electrical resistivity of (Y1−xPbxBa2Cu2.85La0.15O6+δ) for (x = 0, 0.05, 0.1, 0.15, 0.2 and
0.25).

concentrations affected structural attributes. This is
demonstrated by the variation of density, the ratio
c/a, and constants. These samples’ altered lattice con-
stants may be an indication that oxygen has been
added, which might be brought about by the envi-
ronment’s impact on the preparation’s circumstances,
and can have a substantial effect on the oxygen con-
centration. Additionally, it could be caused by the
ionic radius difference, which changes the phases and
lattice coefficients of superconducting compounds.9

When compared to alternative substitutions, the
one with the value of (x = 0.1) has the best struc-
tural features. The properties of the obtained samples
may be significantly impacted by the preparation
procedures (sintering time, pressure, the powder’s
granularity, sintering temperature, mixing technique,
and grinding). The sintering process’ temperature and
length are crucial factors in the creation of high-
frequency samples because they do not only have the
potential to cause microscopic cracks in the sample
but also to bring the material closer to a state of sol-
ubility, which encourages the growth of low phases
and impurities at the expense of the high phase and
its formation. According to studies, the temperature
just below the melting point is ideal for sintering.10

Fig. 3, illustrates the relationship between temper-
ature and electrical resistivity, where we see that
before the (Tc-offset), which causes the material to
enter the superconducting state, all the samples dis-
played metallic behavior. The likelihood that more
impurities and secondary phases might contribute in
additional energy levels to the (CuO) layers, which
correspond with the (CuO) level and result in a
bond between the two levels, is what causes the
abrupt reduction in resistivity.6 Additionally, the crit-
ical temperature for this compound varied from that
recorded for the samples; the maximum critical tem-
perature for substitution (x = 0.1) is 112.1 K, as
shown in Table 2.

Regarding the transition width (Tc), we observe
that it had low values, which suggests that the sample
was homogeneous. The samples’ low phases and
impurities, which are present in different amounts,
are the cause of this behavior. The substitution of lead
for yttrium, which tends to modify the concentration
of charge carriers and conductive layers in this sys-
tem, maybe the cause.6,11,12

The SEM was used to conduct the electronic
survey (Y1−xPbxBa2Cu2.85La0.15O6+δ) in various sub-
stitutions. At different magnification levels 5 µm,

Table 2. Shows the ratios of phases, critical temperature, energy gap, and concentration of gaps for the
samples.

X= Tc (K) Tc (off) (K) Tc (on) (K) 1 T (K) T (mid) (K) Eg (eV)

0 104.5 104.5 130.9775 26.47752 117.7388 0.031546
0.05 102.8 102.8 130.2629 27.46294 116.5315 0.031033
0.1 112.1 112.1 130.7591 18.65911 121.4296 0.03384
0.15 101.5 101.5 130.7986 29.29856 116.1493 0.03064
0.2 110.5 110.5 130.4891 19.98909 120.4945 0.033357
0.25 107.7 107.7 130.6225 22.92254 119.1613 0.032512
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200 nm, we noted the material’s regular inhomo-
geneity as seen from the presence of dark and bright
zones. We noticed that the proportion of bright re-
gions is greater than the proportion of dark areas and
is homogenous. As seen in many images with various
substitutions the material’s compound homogeneity
and the appearance of big grains; these granule sizes
match the (XRD) results in terms of the occurrence of
sharp peaks. The tops of the sharp show an increase
in granule size and the reduction in peak breadth
implies an increase in granule size (based on Schiller’s
law). The area of the granular border decreases as
granule size increases, which in turn prevents super-
conducting currents from moving as seen in Fig. 4.
This sample’s granules are made up of a tiny number
of granules and granules with a plate type. Addi-
tionally, we see that the granule size distribution is
largely uniform as well as the growth of tiny grains
and black plate particles. According to Lopera et al.,
the high phase is thought to be the cause of the black
platelet morphology.10

Conclusion

The superconducting compound (Y1-xPbxBa2Cu2.85
La0.15O6+δ) with (x = 0.00, 0.05, 0.1, 0.15, 0.20,
0.25) was successfully prepared as part of the current
investigation utilizing the (SSR) method. All of the
samples were found to exhibit metallic behavior in
that they changed their electrical resistance as the
temperature fell before entering the superconduct-
ing state. The sample with x = 0.1 has the best
structural characteristics, as shown by the high phase
height and the decline of the low phase (Y-123) and
by looking at the microscope images. Thus, when
compared to other samples, may be regarded as the
best replacement ratio for substituting lead instead of
yttrium.

The XRD diffraction test findings indicated that the
substance was polycrystalline and had an orthorhom-
bic structure. The highest critical temperature was at
the concentration (x= 0.1), where (Tc(offset)=112.1
K). It also showed how crucial the prolonged sintering

Fig. 4. Shows the SEM of (Y1−xPbxBa2Cu2.85La0.15O6+δ) for (x= 0, 0.05, 0.1, 0.15, 0.2 and 0.25) at degree of magnification (5 µm, 200 nm).
(Continued on next page)
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Fig. 4. Continued.
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period is to adding more copper oxide (CuO) layers to
the composite stratum.
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(Y1−xPbxBa2Cu2.85La0.15O6+δ)لیصوتلاقئافبكرملاریضحت
ةیبیكرتلاصئاصخلاىلعيئزجلالادبتسلااریثأتةساردو

2ردیحداوجدمحمردیح,1,2نسحصلاخا

.قارعلا،فجنلا،ةفوكلاةعماج،ةسدنھلاةیلك،داوملاةسدنھمسق1
.قارعلا،فجنلا،ةفوكلاةعماج،تانبللةیبرتلاةیلك،ءایزیفلامسق2

ةصلاخلا

مت.ةرضحملاتابكرمللةیبیكرتلاصئاصخلاللاخنممویریتیلااعمصاصرللىلثملالادبتسلااةبسنةفرعمةساردلاهذھنمضرغلا

لادبتسلااریثأتةساردتمت.(SSR)ةبلصلاةلاحلالعافتةقیرطب(Y1−xPbxBa2Cu2.85La0.15O6+δ)لیصوتلاقئافبكرملاریضحت

x)لادبتسإبسنببكرمللةیبیكرتلاصئاصخلاىلعصاصرلليئزجلا = 0, 0.05, 0.1, 0.15, 0.20, نط7طغضب.(0.25

ریغتلدعمب)ةعاس24(ةدملتانیعلادیبلتمت.)مس0.2يلاوح(كمسبصرقلكشىلعنوكتملاقوحسملالیكشتمت،عبرمرتمیتنسلكل

مت،(XRD)ةینیسلاةعشلأادویحصحفجئاتنلیلحتىلعدامتعلإاب.)ةیوئمةجرد850(ىلإ)ةیوئمةجرد27(ةفرغلاةرارحةجردنم

ىلإيدؤتانتانیعنمةنیعلكيفصاصرلازیكارتيفرییغتلانأتبث.orthorhombicةینبىلعيوتحتتانیعلاعیمجنأفاشتكا

,(c/a),ةكیبشلاتارثؤميفریغت dm, Tc, (a,b,c)زیكرتلادنعاھلمیقلضفالیجستمتثیح.ةقاطلاةوجفو(x = تناكثیح(0.1

,3.807346)يھ(a,b,c)مورتسجنلأاةدحوبةكیبشلاتباوثمیق 3.886549, يھ(Tc)لةمیقىلعا,يلاوتلاىلع(11.70871

6.42604)يھ(dm)ةفاثكلاةمیق,(112.1) gm/cm3),لةبسنىلعأتناكامك(c/a = يھةقاطةوجفىلعأو(3.075295

(Eg = 0.03384 eV)يرھجملاصحفلامادختسامتامك.لمعلااذھفورظنمضلثملأالادبتسلااةبسناھرابتعااننكمیكلذل

.(5μm,200nm)ریبكتةوقبو(SEM)اًدجلٍاعریبكتبداومللةیرھجملاروصلالیلحتلينورتكللإا

دویح،لیصوتلاقئاف،(SSR)ةبلصلاةلاحلالعافتةقیرط،(SEM)ينورتكللإايرھجملاصحفلا،يئزجلالادبتسلاا:ةیحاتفملاتاملكلا

.(XRD)ةینیسلاةعشلأا
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