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Abstract

This study is liable for the effect of sample production processes including the standard solid-state reaction (SSR) and classi-
cal sol-gel (SG) preparation methods on the fundamental characteristic features, namely electrical, superconducting, crystal
structure quality, crystallinity, morphological, strength quality of grain boundary couplings, and interaction between the
grains of YBa,Cu;_,Co,0,_5(Y-123) advanced ceramic compounds within the weight ratio intervals x =0-20%. The main
heat treatments are exerted at two main steps: (I) annealing at 950 °C for 24 h in air medium conditions and (II) annealing
at 500 °C during 5 h under the oxygen annealing ambient. The standard measurement methods such as powder X-ray dif-
fraction, scanning electron microscopy, energy dispersive spectroscopy, temperature-dependent electrical resistance, and
Vickers hardness measurements are performed for the characterization of materials. It is found that the samples prepared at
SSR route present much more superior characteristic features as compared to those fabricated at SG technique, being one
of the most striking points deduced this work. In more detail, every material prepared crystallizes in the orthorhombic sym-
metry and exhibits the superconducting nature but considerable decrement in the critical transition temperatures. The onset
and offset transition temperatures are noted to decrease regularly from 92.96 K (92.28 K) to 90.20 K (83.59 K); and 90.05 K
(90.03 K) to 45.97 K (30.49 K) for the materials prepared by the SSR (SG) route. Similarly, the variation in the lattice cell
and average grain size parameters confirm that the Co/Cu substitution damages Y-123 superconducting phase. Additionally,
the Co/Cu partial replacement mechanism leads to increase significantly the Vickers hardness results. To sum up, the Co/
Cu partial substitution (produced by either SSR or SG method) is plowed to improve the fundamental characteristic features
for new, novel, and feasible market application areas of Y-123 cuprate ceramics in the universe economy.

1 Introduction

After the discovery of superconductivity phenomenon on
mercury (from the parents of type-I) by Heike Kamerlingh
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Onnes in the year of 1911 [1], the most crucial improve-
ment for the critical transition temperature was realized in
the La—Ba—Cu—O high-temperature ceramic superconduc-
tor (member of type-II cuprate-layered perovskite structures
with bended Cu-O chains) recorded by Bednorz and Miiller
scientists in 1986 for the first time. The material exhibited
the superconductivity nature at such a temperature of 30 K
that is much higher than that of a transition temperature
proposed by BCS theorem [2, 3]. When the year indicated
1987, the yttrium transition metal was inserted in the short-
range-ordered antiferromagnetic copper-oxide consecutively
stacked sheets of rare earth-based Re-Ba—Cu-O high-tem-
perature ceramic superconductors. Thus, new critical tran-
sition temperature of YBCO was experimentally observed
to be rather higher than the liquid nitrogen temperature [4].
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The discovery enables the superconducting materials much
more use in the application fields of motors, transformers,
materials engineering, heavy-industrial technology, levitated
trains, and industrial energy-related sectors as a consequence
of exceeding the thresholds such as the non-toxic, low cost,
and easily accessible of liquid nitrogen [5—7]. Throughout
the discovery of YBCO cuprate superconducting materi-
als, a number of researchers have extensively studied on the
examination and improvement of fundamental characteristic
features including the pinning flux mechanism, electrical,
superconducting, crystal structure quality, crystallinity, mor-
phological, and strength quality of grain boundary couplings
[8]. Besides, one can observe several scientific papers pub-
lished in the literature on the investigations of superconduct-
ing and mechanical performances of Y-123 superconducting
crystal system prepared with the different preparation meth-
ods, namely the variations in the grinding time, pelletization
pressure, calcination, and annealing ambient atmosphere
(including environment pressure, time, temperature, and
gas atmosphere) dopant type/quantity, chemical composi-
tion, doping, addition, and partial substitution in the crystal
system [9-15]. The conventional solid-state reaction route
(SSR) has commonly been used for the preparation process
of poly-crystallized YBCO superconducting ceramic mate-
rials. In the technique, the chemical powders (unreactive
metal-oxides and carbonates) are exactly weighed and mixed
with respect to the certain stoichiometric proportion. The
mixture of powder is pressed into a bar within the rectan-
gular or spherical shapes at a certain load value by means
of a hydraulic press machine. Then, the solid bars are sub-
jected to the annealing process at a temperature lower than
the melting temperature value to provide the superconduct-
ing phase. Moreover, the mixture of chemical powder can
be multiple ground to increase the homogeneity. However,
it is to be mentioned here that the high operating tempera-
ture and duration from the preparation methods can damage
the stoichiometry and homogeneity of powder chemicals
[16]. Recently, the scientists have sometimes preferred the
sol—gel material preparation process (one of the wet chemi-
cal method) to produce the superconducting ceramic mate-
rials due to the simple and low cost. In the method, one or
more metal components are dissolved in water or acid to
begin the reaction [16].

The critical transition temperature (7,) is one of the
vital characteristic properties for the superconducting com-
pounds. Among the superconducting materials, in the litera-
ture the YBCO parents are composed of four main different
phases which are abbreviated as Y-123 with the maximum
critical transition temperature value of T, ~ 92 K, Y-124
with the T, of 80 K, Y-247 with the T, of 40 K and Y-358
with the T, of 104 K [17, 18]. Therein, the superconduct-
ing phases of Y-124 and Y-247 have mostly been studied
extensively.

In this study, we try to determine that which preparation
procedure (SSR or SG) is much more suitable to produce
the Cu-site Co partial substituted Y-123 superconducting
phase with higher fundamental characteristic features for
the new, novel, and feasible market application areas in the
universe economy by means of available characterization
methods, namely the powder X-ray diffraction, scanning
electron microscopy, energy dispersive spectroscopy, tem-
perature-dependent electrical resistivity, and microhardness
investigations.

2 Experimental methods

In this study, the Cu-site Co partial substituted Y-123
cuprate-layered perovskite superconducting samples are
prepared by means two different methods: (I) conventional
solid-state reaction (SSR) and (IT) classical sol-gel routes.
The cobalt-nanoparticles within the high purity of about
99.5% (Cobalt powder-325 mesh) are used in both prepara-
tion processes. Throughout the former method, the unreac-
tive metal-oxides and carbonates such as Y,05 (Yttrium(III)
oxide with the high purity of 99.99%), BaCO; (Barium
carbonate with 99.95%), and CuO (Copper(II) oxide with
99.9995%) are exactly weighed with respect to the stoichio-
metric ratios (1:2:3) using the electronic balance.

As for the latter preparation method, the acetic acid (Ace-
tic acid glacial, CH;CO,H, >99.85%) of 15 mL is used as
solvent. Methanol anhydrous (CH;0H 99.8%) of 15 mL is
added to the chemical powder of barium acetate (99.999%
trace metals basis, Sigma-Aldrich) with occasional stir-
ring the homogeneous mixture. Then, the yttrium acetate
(Yttrium(III) acetate hydrate 99.9% metals basis) is adding
to the solution and stirring one more. The additive is thor-
oughly embedded by stirring in the homogeneous solution.
Lastly, both the copper acetate (Copper(Il) acetate, 99.99%
trace metals basis) and trietanolamin (Tris(2-hydroxyethyl)
amine > 99.0) of 8 mL for accelerating dissolution of copper
are added into the solution. Besides, the copper acetate is
finally added due to its intrinsic quick oxidation character-
istic. The solution color turns to turquoise. The last solution
is left to stir for the period of 12 h at room temperature in a
sealed beaker. Right after, the stirring process remains at the
temperature of 80 °C to gel the solution. The gelling solution
is heated in a programmable furnace so that the formation
of homogeneous solution can change to the powder form.
The last products of powder obtained from both the SSR
and SG methods are ground in an agate mortar by a pestle
for an hour and are exposed to the intermediate-calcination
process in a Protherm PLT-120/5 model programmable fur-
nace at 850 °C for 24 h under the normal atmospheric pres-
sure conditions. After the first heat treatment process, each
resultant powder is reground two times (totally three times)
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in the agate mortar by a pestle for an hour to obtain more and
more homogeneity. The mixture of ingredients is pelletized
into the rectangular bars by the cold press method. The bars
solidified are finally sintered at 930 °C for 24 h in the atmos-
pheric air. With the cooling rate of 5 °C/min the temperature
cools down to 500 °C where all the samples are annealed
for 5 h under the oxygen annealing ambient. The bulk Cu-
site Co replaced cuprate-layered perovskite superconducting
compounds prepared with different cobalt content levels of
x=0.00, 0.05, 0.10, and 0.20 will thenceforward be abbrevi-
ated (with respect to the preparation methods) to be SSR-U,
SSR-005, SSR-010, SSR-020, SG-U, SG-005, SGR-010, and
SG-020, respectively.

Powder X-ray diffraction patterns of Co/Cu partial
substituted Y-123 superconducting materials are exam-
ined by a Bruker D8 Advance model X-ray diffractometer
using a CuKa target source (1.54 A) at the medium of air.
The experimental diffracted beams are collected in the
260=3°-90° at a scan speed of 4° min~'. Indexation is per-
formed with respect to JCPDS index cards with the JCPD-
ICDD (international center for diffraction data) number of
38-1433 using the orthorhombic unit cell. Moreover, the
measurements of energy dispersive spectrometry (EDS) and
scanning electron microscope (SEM) images at x 2500 mag-
nification are performed in the presence of 10 kV external
voltage by use of a FEI Quanta FEG 250 SEM. Additionally,
the temperature-dependent resistance measurements for the
superconducting materials are measured in the temperature
range of 40 K-100 K using the conventional four-probe tech-
nique by means of Janis CCS-450 model low temperature
electrical measurement system. As for the microhardness
tests, the variations of the mechanical performance and
mechanical characteristic features belonging to the Cu-site
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Co partial substituted polycrystalline Y-123 ceramic com-
pounds are searched with the assistant of Vickers hard-
ness measurements performed by SHIMADZU HVM-2
model digital microhardness tester in the test load range of
0.245 N-2.940 N at the room temperature.

3 Results and discussion
3.1 XRD analyses

The powder XRD patterns of pure and Cu-site Co partial
substituted Y-123 superconducting ceramic materials are
graphically displayed in Fig. 1, where one can see some
characteristic Miller indices related to the superconducting
phases of YBCO parents. According to the figure, it is obvi-
ous that the Y-123 superconducting materials prepared by
either SSR and SG preparation methods crystallize in the
orthorhombic symmetry. Besides, the figure shows that the
widths of characteristic peaks stemmed from the diffracted
beams tend to narrow with the increment in the Co/Cu par-
tial substitution level in the Y-123 crystal structure. Simi-
larly, the presence of cobalt impurities in the crystal system
damages the characteristic peak intensities. Moreover, it is
apparent from the figure that there is no new peak assigned
for any impurity or cobalt atoms. In essence, the Co™ for-
eign inclusions may successfully substitute for the Cu-sites
in the Y-123 superconducting crystal structure due to much
closer ionic radius. Namely, the ionic radius of a trivalent
cation Co™ is 0.745 A when the ionic radius of a divalent
cation Cu?* is 0.730 A. Thus, the Co*? foreign inclusions
prefer to mostly replace for the Cu-sites in the Y-123 crys-
tal system. Stated more succinctly, the increased positive
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Fig. 1 XRD patterns for the materials prepared by a solid-state reaction b Sol-gel methods
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charge density in the oxygen deficient planes is naturally
required to balance with the valency in the Ba—O layers for
the charge neutrality. This situation leads directly to prevent
the formation of effective and strong electron—phonon cou-
pling probabilities in the superconducting paths driving the
superconductivity. Consequently, the superconducting nature
is gradually damaged with the enhancement in the Co/Cu
partial substitution level.

Further, the XRD patterns show that the characteris-
tics peaks are scarcely affected with the presence of cobalt
inclusions in the superconducting matrix. However, the par-
tial replacement of homovalent Co-sites on the Cu-site in
the Y-123 crystal system (especially SG method) leads to
change in the magnitudes for the main peaks of /03, 006,
and 003. This is attributed to the fact that the SG preparation
method varies considerably the crystal structure and related
characteristic features of Co substituted Cu-site Y-123 solid
cuprates. At the same time, the characteristic diffraction
peaks in the XRD diffractograms enable us to determine
how the Co/Cu partial substitution affects the average grain
size and lattice cell parameters founded on the crystal struc-
ture. The axis lengths (a, b, and c) are calculated for the
orthorhombic unit cell structure with the aid of distance
between plane (abbreviated as d) values and (hkl) planes
given in Eq. 1.

1 n k¥ P
2 2 rta M
Similarly, the average crystallite size parameter is calcu-
lated by Scherrer—Warren formulas based on the full-width
at half maximum [19-21]. Namely,

D = 0.9414/Bcosé )

B*=B.-B, 3)

in the equations, D is directly related to the crystal thick-
ness, A is associated with the wavelength for the incident
X-rays, O presents the Bragg angle, B displays the full
width at half maximum depending on the Bragg peak and
the abbreviation of B,, is the constant of 0.000007 [22].
All the computations are numerically tabulated in Table 1.
In the literature, the lattice cell parameters are arranged
as a =3.82A, b =3.88A ve ¢ = 11.68A for the standard
Y-123 superconducting phase [16]. According to the cell
constants given in the table, it is natural to confirm that the
axis lengths for every superconducting material prepared by
the SSR method is found to be in good agreement with the
available data in the literature. Besides, it is to be stressed
that the Co/Cu partial substitution changes rarely all the lat-
tice cell parameters. Moreover, the computations in the table
show that there is a regular increment trend in the average
grain size parameters for all the superconducting samples

Table 1 Average grain size and lattice cell parameters for all the
YBa,Cu;_,Co,0,_5 ceramic materials

Sample D (nm) a(A) b(A) c(A)
SSR-U 29 3.82 3.88 11.68
SSR-005 30 3.82 3.88 11.69
SSR-010 38 3.82 3.88 11.69
SSR-020 43 3.82 3.89 11.68
SG-U 28 3.82 3.86 11.61
SG-005 32 3.74 3.92 11.68
SG-010 33 3.79 3.87 11.74
SG-020 42 3.80 3.87 11.75

(especially the materials produced by the SSR method) as
the substitution level enhances up to the maximum content
value of x=0.20. All in all, our primary discussion in this
part is the fact that the SG method leads to much more vary
the lattice cell parameters (with respect to the available lit-
erature results) as compared to those of SSR route. Regard-
less, every result deduced is found to be parallel with the
literature results [23, 24].

3.2 SEM and EDS analyses

In this part of paper, we scrutinize the variations in the sur-
face morphology, crystal structure qualities, grain alignment
(texturing) distributions, grain boundary coupling problems,
connection between the superconducting grains, particle
sizes and related distances between the superconducting
particles with the aliovalent Co/Cu partial substitution in
the YBa,Cu;_,Co,0,_s ceramic superconducting materials
with the assistant of SEM investigations (Figs. 2, Fig. 3).
The SEM images are taken using by the Everhart-Thorn-
ley Detector (ETD) at x 2500 magnification of secondary
electron (SE) image mode in the horizontal field width of
11.7 mm. Additionally, the insets of figures show the same
places but atx 10,000 magnification. It is obvious from
the micrographs that the surfaces of both the pure samples
(especially solid SG-U compound) present porous struc-
ture. With the augmentation in the Co/Cu partial replace-
ment level the porosity level is found to degrade consider-
ably. In other words, the existence of cobalt impurity in the
Y-123 crystal structure causes to increase the particle sizes
in the crystal system. The variation of particle sizes with
the substitution presents good agreement with the average
grain sizes deduced from XRD patterns. Moreover, one can
encounter the positive effects on the grain alignment dis-
tributions, grain boundary coupling problems, interaction
between the superconducting grains and distances between
the superconducting particles with the Co/Cu partial substi-
tution level. In more detail, it would be more precise to con-
firm that the YBa,Cu;_,Co,0,_s superconducting materials
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Fig.2 SEM images for a SSR-U, b SSR-005, ¢ SSR-010, d SSR-020 superconducting materials

prepared by the SSR method exhibit much more quality sur-
face morphology (including more uniform surface appear-
ance with the finest connection between superconducting
grains, regular grain orientations with lower porosity, larger
average grain distribution with the smallest grain boundary
coupling problems) as compared to those produced by the
SG technique.

As for the EDS results, Figs. 4 and 5 show quantitatively
the element distributions of local elemental compositions
(only Y, Ba, Cu, Co, and O) in detail. The figures confirm
that all the materials are thoroughly prepared with respect to
the stoichiometric proportion of YBa,Cu;_ Co O;_s ceramic
materials. It is clear from the figures that the atomic distribu-
tions of Y, Ba, and O remain approximately constant for all
the superconducting materials. Conversely, the Co atomic
distributions are noted to ascend systematically with incre-
ment in the distributions of substitution atom (Cu) in the
Y-123 superconducting matrix as planned. This is in associa-
tion with the fact that the cobalt foreign atoms may mostly
be replaced successfully by the Cu-sites in the Y-123 crystal
lattice. Stated more succinctly, the EDS surveys verify why
the fundamental characteristic features change harshly based
on both the preparation method and cobalt concentration
level.

@ Springer

3.3 Electrical resistance examination

Temperature-dependent electrical resistance results allow
the researchers to provide some characteristic behaviors
at relativistic low temperatures. Figure 6 demonstrates the
dc electrical resistance results for the YBa,Cu;_ Co,0;_;
superconducting materials over the temperature range of
40 K-100 K. According to the figure, the existence of Co>*
ions in the Y-123 crystal system affects extremely the fun-
damental electrical and superconducting properties. On this
basis, the practical consequence is that the cobalt inclusions
successfully incorporate into the Y-123 superconducting
crystal matrix. It is apparent from Fig. 6 that the critical
transition temperature (7,) values are found to decrease
with the enhancement in the Co/Cu partial substitution
level. However, all the materials exhibit the superconduct-
ing nature due to the maintaining of orthorhombic symmetry
in the crystal structures. One can see some superconducting
characteristics such as the onset critical transition (Tf“se‘),
offset critical transition temperature (Tfﬂse‘) and degree of
broadening (AT =T — T°!) parameters in Table 2. It
is obvious form the table that the bulk pure samples (SSR-U
and SG-U compounds) show the highest critical transition
temperature values (72" and Tc‘,’ffset) whereas the minimum
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Fig.3 SEM pictures for a SG-U, b SG-005, ¢ SG-010, d SG-020 superconductors

AT . parameters are also observed for these materials among
the compounds prepared in this work. In this respect, the
existence of cobalt impurities instead of copper ions dam-
ages considerably the formation of effective and strong elec-
tron—phonon coupling probabilities (homogenous clusters)
in the superconducting paths [25]. In other words, the cobalt
ions lead to localize the densities of active and dynamic
electronic states at Fermi energy level in the Y-123 crystal
matrix [26, 27]. To sum up, the mobile hole carrier concen-
tration diverges from the optimum value in the effective and
active Cu—O, consecutively stacked sheets of adjacent super-
conductive layers in the hole-induced Y-123 materials, and
thus the superconducting nature degrades rapidly with the
Co/Cu partial substitution level.

As for the comparison between the experimental meas-
urement results, the critical transition temperatures of
YBa,Cu;_,Co,0O,_s ceramic materials prepared by SG
method are found to rather lower than those of supercon-
ducting materials produced by the SSR technique. In this
regard, the smallest parameters are observed to be 30.49 K
and 45.97 K for the bulk SG-20 and SSR-20 materials,
respectively. The maximum 79" and T‘c’ffset values of
92.96 K and 90.05 K ascribes to the SSR-U compound. On
the other hand, the minimum value of AT is found to be

about 2.25 K for the SG-U sample. With the enhancement
in the Co/Cu partial substitution level the value is noted
to more and more increase towards the global maximum
values of 44.23 K and 53.10 K for the SG-20 and SSR-20
superconducting materials, respectively.

Further, the room temperature resistance is the crucial
electrical feature of materials. According to the graphics
in Fig. 6, the room temperature resistance tends to increase
gradually with enhancing the Co/Cu partial substitution
level in the Y-123 crystal structure due to the rapid aug-
mentation in the permanent structural defects, poros-
ity, disorders in orientation of adjacent layers and grain
boundary coupling problems [28—32]. It is to be mentioned
here that the Cu-site Co partial substituted Y-123 inor-
ganic ceramics prepared by the SG method exhibit much
more resistance values in comparison with the resistances
of the compounds produced by the SSR technique. The
findings are totally supported by the experimental results
deduced from the XRD examinations. It is another prob-
able result inferred from the figure that there seems to
be the pseudo-transitions in the SSR-010, SSR-020, and
SG-020 materials. This is attributed to the presence of
impurity over the grain boundaries, leading to the bound-
ary weak-links in the crystal lattice [33].
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Fig.4 EDS results for a SSR-U,
b SSR-005, ¢ SSR-010, d SSR-
020 superconducting samples
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Fig.5 EDS results for a SG-U,
b SG-005, ¢ SG-010, d SG-020
superconductors
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Fig. 6 Temperature-dependent electrical resistance measurements for the materials prepared by a solid-state reaction b Sol-gel methods

Table 2 Superconducting characteristic parameters deduced from
temperature-dependent electrical resistance measurements

Sample Critical temperature (K) AT(K)
Tgnset Tgﬁfser Tgnxez_Tgﬁ"set

SSR-U 92.96 90.05 291
SSR-005 92.72 87.91 4.81
SSR-010 92.6 76.74 15.86
SSR-020 90.2 45.97 44.23
SG-U 92.28 90.03 2.25
SG-005 89.09 79.38 9.71
SG-010 89.05 72.71 16.34
SG-020 83.59 30.49 53.1

3.4 Microhardness researches

Besides the superconducting properties, the mechanical per-
formance and mechanical characteristics play an important
role on the potential usages in the application fields such as
the industrial, technological, materials science engineering,
potential metallurgical, and energy technology of super-
conducting ceramic materials [27-36]. In this respect, the
optimizations of some mechanical performance features,
namely the elastic modulus, impact resistance, stiffness,
mechanical durability, fracture toughness, yield strength,
flexural strength, elastic stiffness coefficient, and brittleness
index parameters, are of some importance. For this aim, the
scientists have used a number of methods including Brinell,
Rockwell, Knoop, and Vickers hardness tests. Therein, the
Vickers hardness measurement method has commonly been
used for the characteristic examination of ceramic super-
conducting materials due to the inherit several advantages:
simple, low cost, fast, reliable, small indentation trace,
non-destructive, etc.[37, 38]. The hardness parameter being

@ Springer

directly related to the resistant against the applied external
load can be changed in terms of material preparation meth-
ods. The information about the mechanical characteriza-
tion of a material is obtained from the microhardness tests
depending on the distance measurement between indentation
diagonals (on the specimen surfaces) stemmed from various
applied indentation test load intervals 0.245 N-2.940 N for
loading time of 10 s. The Vickers hardness (H,) parameters
are calculated from the following equation:

Hy = 1854.4( %) @

here F shows the external test load applied on the sur-
face when d provides the average of indentation diagonal
lengths. The test results also enable us to determine the
elastic modulus (E), yield strength (Y), and fracture tough-
ness (Kjc) parameters belonging to all the polycrystalline
YBa,Cu;_,Co,0,_; cuprate superconductors prepared in this
work [39].

E = 81.9635H,, )

Y~H,/3 (6)

Kic = V2Ey (N

in Eq. 7, y points out the surface energy value resulted
from the notches during the indentation process. The dif-
ferentiations of Vickers hardness parameters as a function of
external test loads for every material produced in this study
are graphically displayed in Fig. 7 when the variations of
microhardness, elastic modulus, yield strength, and fracture
toughness parameters against the applied indentation test
loads are numerically listed in Table 3 in detail. It is obvious
from the figure that the Vickers hardness parameters (for all
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Fig.7 Variation of Vickers hardness parameters with applied test loads for the YBa,Cu; ,Co,0; 5 (Y-123) cuprate-layered perovskite supercon-

ducting materials prepared by a solid-state reaction b Sol—gel methods

the materials prepared by either the SSR or SG methods)
tend to increase with the Co/Cu partial substitution level
up to the maximum dopant level of x=0.20. On this basis,
the SSR-020 and SG-020 materials exhibit the maximum
microhardness values at any applied test loads. Furthermore,
the Vickers hardness parameters are found to enhance con-
stantly with the increment in the applied indentation test
loads as a consequence of unusual reverse indentation size
effect related to the non-linear increase with ascending the
external test load [40—42]. However, the materials prepared
by the SG method exhibit far higher Vickers hardness values
as compared to those of compounds produced by the SSR
route. According to the combination results of preparation
method and applied test load, the highest microhardness
value of 4.688 GPa is observed for the bulk SG-020 super-
conducting compound at the applied test load of 2.940 N.
Finally, the saturation limit regions are found to be about 1 N
for all the materials. Figure 7 guarantees that especially the
SG-U material most easily reaches its saturation limit value
among the materials.

4 Conclusion

In this study, the YBa,Cu;_,Co,0,_; (Y-123) cuprate-lay-
ered perovskite superconductors within the weight ratio of
x=0-20% are produced by the standard solid-state reaction
and classical sol-gel methods. The variations of fundamen-
tal characteristic features are investigated by the available
measurement methods such as XRD, SEM, EDS, R-T, and
Vickers hardness examinations. All the experimental (par-
ticularly EDS surveys) results indicate that the Co™ impu-
rities may mostly substitute for the Cu-sites in the Y-123

superconducting crystal structure. The XRD results show
that the aliovalent Co/Cu nano-particle substitution dam-
ages hardly any the orthorhombic symmetry and lattice cell
parameters due to closer ionic radius values. In this respect,
every compound produced by the SSR method obtains
nearly 3.82 A for a lattice cell constant, 3.88-3.89 A for
b lattice parameter and 11.68-11.69 A for c-axis length.
However, it is noted that there is a relatively high deviation
in the lattice cell parameters of samples prepared by the SG
method. Namely, a, b and c lattice parameters are found to
be in a range 3.74-3.80 A, 3.86-3.92 A, and 11.61-11.75 A,
respectively. Moreover, the average grain size parameters
are found to increase systematically from 28.95 (28.21) nm
to 43.28 (41.81) nm for the Y-123 compounds prepared by
the SSR (SG) method with the enhancement in the substi-
tution level. As for the SEM images, the porosity level is
observed to diminish remarkably with the augmentation
in the Co/Cu partial replacement level in the Y-123 crys-
tal system due to the improvement in the grain alignment
distributions, particle sizes, grain boundary couplings and
connection between the superconducting grains. Besides, the
samples produced by the SSR method present much more
quality surface morphology as compared to those produced
by the SG technique. Additionally, the electrical resistance
measurements figure out that the 7°™ and T°™¢ values
reduce gradually from 92.96 K until 90.20 K; and 90.05 K to
45.97 K for the materials prepared by the SSR route with the
augmentation of Co/Cu partial substitution level while the
parameters are found to be in a range of 92.28-83.59 K and
90.03-30.49 K for the materials prepared by the SG method,
respectively. Thus, the mobile hole carrier concentration
diverges from the optimum value, and the superconducting
nature degrades remarkably. At the same time, the Vickers
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Table 3 Evaluated Hy, E, Y and K, values for every material at dif-
ferent applied test loads

Sample F(N) Hy (GPa) E(GPa) Y(GPa) K;cx10*(Pa/m'?)
SSR-U 0245 2.881 236.15 0960  —210.218
0.490 3.143 257.63 1.048  —219.569
0.980 3.420 28028 1.140  —229.04
1.960 3.768 308.80 1256  —240.411
2.940 3.755 307.80 1252  —239.996
SSR-005 0.245 2.922 23947 0974  —141.84
0.490 3.195 261.87 1.065  —140.349
0.980 3.530 28931 1.177  —137.575
1.960 3.828 31375 1276  —134.477
2.940 3.841 314.84 1280  —135.382
SSR-010 0.245 3.313 27151 1.104  —151.091
0.490 3.492 28623 1.164  —148.488
0.980 3.887 318.59 1296  —146.139
1.960 4.157 34073 1386  —142.642
2.940 4.175 34220 1392 —143.498
SSR-020 0.245 3.677 30137 1226  —191.1
0.490 3.878 317.83 1293  —187.469
0.980 4.311 35334 1437  —182.615
1.960 4.597 37677 1532  —177.848
2.940 4.601 377.12 1534  —176.929
SG-U 0.245 2.126 17425 0709  —281.652
0.490 3.073 251.87 1.024  —338.62
0.980 3.601 295.15 1200  —366.558
1.960 4.122 337.85 1374  —392.18
2.940 4.126 338.18 1375  —392.37
SG-005 0.245 2.523 206.77 0.841  —241.036
0.490 3.031 24845 1.010  —227.791
0.980 3.638 298.16 1213  —219.388
1.960 4.204 34459 1401  -210.46
2.940 4.221 34593 1407  -211.011
SG-010  0.245 2.668 218.66 0.889  —240.404
0.490 3.394 278.19 1.131  —230.928
0.980 3.868 317.02 1289  —-219.256
1.960 4.445 36437 1482  -213.717
2.940 4.427 362.88 1476  —215.115
SG-020 0.245 2.881 236.15 0960  —264.164
0.490 3.548 290.83 1.183  —245.063
0.980 4.100 336.07 1367  —239.564
1.960 4.616 37836 1.539  —231.789
2.940 4.688 38424 1563  —231.975

hardness experimental results show that the hardness param-
eters enhance constantly with the increment in the Co/Cu
partial substitution level. Especially, the superconducting
materials prepared by the SSR method exhibit rather smaller
microhardness parameters as compared to those of com-
pounds produced by the SG route. Moreover, the mechani-
cal curves display that the saturation limit regions are found

@ Springer

to be about 2 N for all the samples studied, and the SG-U
material reaches most rapidly its saturation limit value. Also,
it is to be declared here that all the compounds exhibit the
RISE behavior.
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