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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—xPbxBa2Cu2.85La0.1506+6) 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 (Spm,200nm).

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

Introduction

Bednorz and Miiller's discovery of lanthanum
barium copper oxide (LBCO), with a critical
temperature of (Tc =35K), marked the beginning of
the High-Tc superconductor (HTS) epoch. By
substituting  Y** ions with  La* ions,
YBa,Cus07(Y123) is formed, raising HTSs's
transition temperature to about (92 K). The first
substance with a superconducting transition
temperature discovered above the temperature of

liquid nitrogen is Y123. Family of compounds Y-
Ba-Cu-0O, including Y123, YBa.CusO7 (Y247), (Tc
= 40 K) and YBa,Cu4Og (Y124),(Tc =80 K); have
undergone extensive research since their discovery?.
The qualities of the bulk sample, such as fracture
and bending toughness, will be significantly
improved by the partial addition or substitution of
certain chemical elements, especially those of
metallic quality, such as cadmium, nickel, silver,


https://doi.org/10.21123/bsj.2024.8297
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-8506-5406
mailto:eklaseh.alkhazraji@uokufa.edu.iq
https://orcid.org/0000-0001-7374-8456
mailto:hayderm.alhayderi@uokufa.edu.iq

Published Online First: July, 2024
https://doi.org/10.21123/bsj.2024.8297
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

i

Baghdad Science Journal

lead, and copper in the crystalline structure 2.
Typically, it took hundreds 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 superconductivity,
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 copper and
oxygen atoms are of utmost importance. Directional
effective electrical conductivity is a result of the
unique properties of the chemical interaction
between copper and oxygen. The presence (of Cu-
0O) chains and (CuOz) planes in cuprate
superconductors demonstrate the significance of Cu
atoms in these materials. Thus, a key factor in
defining the properties of novel superconductors,
which include both the dopant element's valence
number and ionic radius. Doping (Y123) with
different substances is done primarily for two
reasons. The first one is modifying the
microstructure to get fundamental knowledge about
potential processes, while the second involves
enhancing its physical attributes to enhance Y123's
capacity for superconductivity!. These materials'

Materials and Methods

The superconducting compound (Y-
«PbxBazCuz ssL.a01506+5)with  (x=0.00, 0.05, 0.1,
0.15, 0.20, 0.25), was prepared by utilizing
appropriate amounts of pure powders of (Y:0s,
BaO, CuO, La;03, PbO,) and using method (SSR),
depending on:

(1-x) (1/2) Y203 + x PbO,+2Ba0 + 2.85 CuO+
0.15 (1/2) La;03— Y1xPbxBaxCuzgslao 1506+s
were mixed and ground together manually using
agate mortar for half an hour and electrically for

physical characteristics might be modifiable by
partial or whole atomic replacements®. Perovskite
compound YBa;CusOg:5 is regarded as a ceramic
substance®. 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-
Cu02-Ba0)®.

The study aims to prepare the high-temperature
superconducting compound (YBazCuzssL.a0.1506+s5)
by using pure oxides and by solid-state reaction
method (SSR). The impact of partial Pb
replacement for the Y site on the superconducting
characteristics of Y123 superconductor was
examined. (Y1-xPbxBa;Cuzgslao1s0¢:5) 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,
¢) and the density of the unit cell. The study also
seeks to obtain the highest critical transfer
temperature (High-Tc), investigate the optimal
substitution ratio for the formation of the high phase
(Y123) and its stability by using (XRD) diffraction
and images from a scanning electron microscope
(SEM).

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 1.5cm and thickness 0.2cm, then the
samples were sintered inside the sintering furnace at
a temperature 820 degrees Celsius gradually as
shown in Fig. 1.

850°c
(20sec) 24
600°c
(20sec) /'(1h)
400°
(20sec) /" (1h)
(3h)
0,
(20sec) (1h)
27° (at rate 10°c /min) \ 4

Figure 1. The diagram shows the rise and fall of the temperature during the sintering process.
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An (X-ray diffraction) test was performed, through
which the structural properties of the compound
were studied. Mathematically, the sample's lattice
constants were computed by finding the (26) and
Miller's coefficients (hkl) for each vertex and
applying Eqg. 15

1 hZ kZ 2

LA P |
The formula below was used Eq.2 to get the volume
fraction of phase’:

I
Ven)% = 2o
Z 11 + Z 12 + Z Iother(peaks)
x100% ... ... ... 2

Where | represent the intensity of each phase's
peaks. The density of a unit cell was determined
using the Eq. 3 shown below?:

Results and discussion

XRD was examined for)
Y 1-xPbxBa;CuzgsLao1s06+5)  bulk  polycrystalline
samples where (x =0,0.05,0.1,0.15,0.2,0.25) for a
deflection angle ranging between (20°-80°). The X-
ray diffraction patterns are shown in Fig.2. The

Win
SNV
Where Wm: the molecular weight (amu), Na:
Avocado's number (particles/gm.mol) ), and V: the
volume of a unit cell (cm®). Following that, there
determined a gap in the samples' energy (Eg) using
Eq. 45

Dy, 3

Eg = 3.53KgT, .........4

Where Kg represents the Boltzmann constant, Tc
critical 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).

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.

findings reveal polycrystalline structures with
3 Y1-xPbxBazCuy g5lag.1508+5
I g Ig3fleg Tt T I T
x=0.2
©
— x=0.15
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Figure 2. X-ray diffraction for (Y-xPbxBa:CuzesLa01506+5) bulk polycrystalline samples where x=0,
0.05, 0.1, 0.15, 0.2 and 0.25.

By substitution of Pb concentration, the substitution
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  concentrations  affected  structural
attributes. This is demonstrated by the variation of
density, the ratio c/a, and constants. These
samples’ altered lattice constants may be an
indication that oxygen has been added, which might
be brought about by the environment's impact on
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the preparation's circumstances, and can have a
substantial effect on the oxygen concentration.
Additionally, it could be caused by the ionic radius

difference, which changes the phases and lattice
coefficients of superconducting compounds®.

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

X= a(A% b(A°) c(A°) cla V(A3 dm Vph Vph
(gm/cm?®) H 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 84.6 154

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 85.7 143

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

When compared to alternative substitutions, the one Fig.3, illustrates the relationship between

with the value of (x=0.1) has the best structural
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 solubility, 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®.

temperature and electrical resistivity, where we see
that before the (Tc-offset), which causes the
material to enter the superconducting state, all the
samples displayed 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®.
Additionally, the critical temperature for this
compound varied from that recorded for the
samples; the maximum critical temperature for
substitution (x=0.1) is 112.1 K, as shown in Table
2.

1.00E-03
__ 8.00E-04
£ ==—Pure Y
(8]
¢ 6.00E-04 —8—0.05 Pb
>
x
£ 4.00E-04 —#&—0.1Pb
8 —>¢=0.15 Pb
2.00E-04
=34=0.2 Pb
0.00E+00 =®-0.25 Pb
80 100 120 140 160 180 200 220 240 260 280 300
Temperature (k)
Figure 3. The relationship  between temperature and electrical resistivity of

(Y1-xPbxBaz2CuzgsLao.1506+s) for (x=0, 0.05,0.1,0.15,0.2and 0.25).

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 system, maybe the cause® - 12,
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Table 2. Shows the ratios of phases, critical temperature, energy gap, and concentration of gaps for the

samples
X= Tc Tc(off) Tc(on) AT T(mid) Eg
(K) (K) (K) (K) (K) (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 1121 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

The SEM was used to conduct the electronic
survey(Y-xPbxBa;Cua.gsLag.1506+5)in various
substitutions. At different magnification levels Sum,
200nm, we noted the material's regular
inhomogeneity as seen from the presence of dark
and bright zones. We noticed that the proportion of
bright regions 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

SEM MAG: 10.00 kx Det: InBeam 1

WD: 5.00 mm BI: 7.00 5pm
View field: 20.8 pm | Date(m/dly): 07/06/22

¢

SEM MAG: 10.00 kx Det: InBeam

I A |
WD: 5.09 mm BI: 7.00 5pum
View field: 20.8 ym |Date(m/dly): 07/06/22

MIRA3 TESCAN| SEM MAG: 200 kx

MIRA3 TESCAN| SEM MAG: 200 kx

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 superconducting
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.
Additionally, 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?©.

D2 = 45.87 nm

D1 =196.33 nm

Det: InBeam MIRA3 TESCAN

WD: 5.00 mm BI: 7.00 200 nm

View field: 1.04 ym  Date(m/dly): 07/06/22

Det: InBeam MIRA3 TESCAN

WD: 5.08 mm BI: 7.00 200 nm

View field: 1.04 ym Date(m/dly): 07/06/22
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SEM MAG: 10.0 kx

WD: 4.92 mm BI: 7.00 5pm
View field: 20.8 pym |Date(m/dly): 07/06/22

Det: InBeam

SEM MAG: 10.0 kx Det: InBeam
WD: 5.00 mm BI: 7.00
View field: 20.8 ym Date(m/dly): 07/06/22

SEM MAG: 10.00 kx
WD: 4.70 mm BIl: 7.00
View field: 20.8 ym Date(m/d/y): 07/07/22

Det: InBeam

D1 = 445 06 nm

MIRA3 TESCAN SEM MAG: 200 kx Det: InBeam |

WD: 4.93 mm BI: 7.00 200 nm
View field: 1.04 ym |Date(m/dly): 07/06/22

MIRA3 TESCAN|

»

4 =
MIRA3 TESCAN| SEM MAG: 200 kx Cet: tnBuam |
WO 5.00 e SR 200 rr
View fakill 1,04 pom  Date(midy): 070022

0.2Pb NS
D2 = 329.88 nm

MIRAY TESCAN

MIRA3 TESCAN SEM MAG: 200 kx Det: InBeam 11
WD: 4.70 mm BI: 7.00 200 nm
View field: 1.04 ym | Date(m/dly): 07/07/22

MIRA3 TESCAN|
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Det: InBeam
BI: 7.00
View field: 20.8 ym |Date(m/dly): 07/07/22

SEM MAG: 10.00 kx
WD: 5.25 mm

Losoatonil

200 nm

Det: InBeam MIRA3 TESCAN
WD: 5.25 mm Bi: 7.00

View field: 1.04 pm Date(m/d/y): 07/07/22

Figure 4. Shows the SEM of (Y -«PbxBa,Cu:gsLa01506+35) for(x=0, 0.05,0.1,0.15,0.2 and 0.25) at degree
of magnification (5pum,200nm)

Conclusion

The superconducting compound (Y1
«PbxBa;CuzgsLao1506+5) 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 superconducting 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

Acknowledgment

We appreciate the cooperation of the Department of
Physics at the College of Education for Girls at the
University of Kufa and the cooperation of the

Author’s Declaration

- Conflicts of Interest: None.

- We hereby confirm that all the Figures and
Tables in the manuscript are ours. Besides, the
Figures and Images, which are not ours, have
been given the permission for re-publication
attached with the manuscript.

Authors’ Contribution Statement

This work was carried out by the researcher E. H.
and under the supervision and follow-up of H. M.J.
H. in addition to conducting laboratory tests,

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
orthorhombic 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 period is to adding more
copper oxide (CuO) layers to the composite stratum.

superconducting laboratory official at the College of
Education, An-Haytham at the University of
Baghdad.

- Ethical Clearance: The project was approved by
the local ethical committee at University of
Kufa .

- No animal studies are present in the manuscript.

- No human studies are present in the manuscript.

- No potentially identified images or data are
present in the manuscript.

analyzing and discussing the results, and reaching
the final results of this work.


https://doi.org/10.21123/bsj.2024.8297

Published Online First: July, 2024
https://doi.org/10.21123/bsj.2024.8297
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

S

Baghdad Science Journal

References

1.

Akyiiz GB, Kocabas K, Yildiz A, Ozyiizer L,
Ciftcioglu M. The effects of Sb substitution on
structural properties in YBa2Cu307
superconductors. J Supercond Nov Magn. 2011;
24(8): 2189-201. https://doi.org/10.1007/s10948-
011-1180-y

Shaban A, Mohammed L, Hussein H, Jasim K.
The structural properties of Y 1-X La X Ba4 Cu 7
O 15+ & superconductor compound. Dig J
Nanomater Biostruct. 2022; 17(2): 519-525.
https://doi.org/10.15251/djnb.2022.172.519
Hermiz GY, Aljurani BA, Thabit HA. Effect of
sintering time on Bil. 6Pb0. 4Srl. 8Ba0.
2Ca2Cu3010+38 compound quenched in air and
liquid nitrogen. Baghdad Sci J. 2014; 11: 2.
https://doi.org/10.21123/bsj.2014.11.2.713-717
Shakeripour H, Hosseini SS, Ghotb SS, Hadi-
Sichani B, Pourasad S. Magnetic doping effects on
the superconductivity of Y1-xMxBa2Cu307-3
(M= Fe, Co, Ni). Ceram Int. 2021; 47(8): 10635-
42. https://doi.org/10.1016/j.ceramint.2020.12.176
Kamil MK, Jasim KA. Investigation the
Crystalline Size and Strain of Perovskite
(YBa2Cu306) by variant method. Test Eng
Manag. 2020; 83: 8719-23.

Shanan KG, Haider HM, Jasim KA, editors. Effect
of the partial substitution of lanthanum element
instead of the yttrium element on structural and
electrical  properties of YBa2Cu306+ &
superconducting compound. AIP Conf Proc; 2022:

10.

11.

12.

AIP Publishing
https://doi.org/10.1063/5.0093059
Mohammed LA, Haider HM, Hussein HS, Jasim
KA, Shaban AH. Effect of Silver and copper
partial substitution on the structural and electrical
properties of Bi2Ba2Ca2Cu3010 superconducting.
J Mech Eng Res Dev 2021; 44(6): 204-8.

Wadi KM, Chillab RK, Abdulateef AN, Jasim KA,
Shaban AH, Hassan MA, et al., editors. The effect
of potassium substitution on the properties of
HgBa2Ca2Cu308+ 3Compound. J Phys Conf Ser.
2021: IOP Publishing. 1879.
https://doi.org/10.1088/1742-6596/1879/3/032064
Haider HM, Jasim KA. Effect of Composition and
Dielectric Properties for (YBCO) superconductor
compound in different preparation methods. Ibn al-
Haitham J Pure Appl Sci. 2020; 33(1): 17-30.
https://doi.org/10.30526/33.1.2372

Kakani S, Kakani A. Material Science New Age
International (P) Ltd. Publishers; 2004.

Jasim KA, Thejeel MA, Al-Khafaji RS. The Effect
of Doping by Sr on the Structural, Mechanical and
Electrical ~ Characterization of LalBal-xSrx
Ca2Cu408. 5+ 8. Ibn al-Haitham J. Pure Appl.
Sci. 2017; 27(1): 170-5.

Thabit HA, Hermiz GY, Al-jurani BA.
Superconducting properties of the (Bi0. 8Pb0. 2) 2
(Sr0. 9Ba0. 1) 2Ca2Cu3-xNixO10+ & system.
Baghdad Sci J. 2011; 2:607.
https://doi.org/10.21123/bsj.2011.8.2.607-612

LLC.



https://doi.org/10.21123/bsj.2024.8297
https://doi.org/10.1007/s10948-011-1180-y
https://doi.org/10.1007/s10948-011-1180-y
https://doi.org/10.15251/djnb.2022.172.519
https://doi.org/10.21123/bsj.2014.11.2.713-717
https://doi.org/10.1016/j.ceramint.2020.12.176
https://doi.org/10.1063/5.0093059
https://doi.org/10.1088/1742-6596/1879/3/032064
https://doi.org/10.30526/33.1.2372
https://doi.org/10.21123/bsj.2011.8.2.607-612

Published Online First: July, 2024 @
https://doi.org/10.21123/bsj.2024.8297 \

P-ISSN: 2078-8665 - E-ISSN: 2411-7986

R,

Baghdad Science Journal

Sl 86 Al )39 (Y 1-xPbxBa2Cuz2.s5La01506+5) Jaasil) (3ild S jall julans
s 4l Gailadl) o [l
2 4a de daaa pda 12 Gua aBAl

3l Candl (i S Al caotigl) A4S 03] sl A |
LBl cCanill (48 KU Amala ccnlidl Ay yil) 41K (el aall (‘u.né 2

LAY

S pall A€ 1 palladl] A e i) pe el Bl Jafd) s B e S 3 038 (e g gl
Al s G (SSR) dball Al Jelis 43 jhas (Y1 PbxBazCuz gsL.a0.1506+5) Jua sill Gld S jall juians o3 5 jasall
.(x=0, 0.05, 0.1, 0.15, 0.20, 0.25) Jlasins) causiy S all L€ il aibiadll o aloall o) Jlagiul) s
24) saal Glill 0l &5 (4 0.2 (M sn) Slansy g B JSE o ()5Sl (3 sasall SIS &5 ¢ 1 je it JSI Gl 7 Jatuay
s pand 5 Jilas e Al Vb (Rasie A )0 850) ) (Rusie Ax 3 27)A8a ) s da ) e S e (Rl
&b paba ) 385 b el of <l orthorhombic 4 e (s siad climll auea o GLES) &5 ¢ (XRD) sl 425Y)
vie Ll ad ) Jiaod o3 Cua A8 3528 (c/a), M, Tc, (a,0,C),A%30 <l fise & puad ) a5 Lile (e de JS
11.708715 3.886549 , 3.807346 ) (A0,C) pssiweni¥) sn s o Al a5 o S Cum (x= 0.1) 38l
3.075295)J A el S LS, (gM/Cm® 6.42604) o (dm) B ad (112.1) o (TO)J Ra Slel, il e
S LS | Jandl 138 Cagpl e S5V JIaiin¥) L s jliie) WiSey UMl (Eg = 0.03384 €V) o 4k 5 5ad el s (cfa=
(pm,200nm5) S5 58 5 (SEM) 1 Jle Sy o) sall 4y pganal) ) sucall Jilail 55 5D (5 el (andll aladinl

Gl ¢ (SSR) dluall Alall Jelis 4y «( SEM) s S o enall andll ol Jaiu¥) ; rdalidal) cilalg)
{(XRD) Aisudl &3 3 gia ¢Jsnm 531


https://doi.org/10.21123/bsj.2024.8297

