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Abstract
Syntheses of the Y

3
Ba

5
Cu

8
O

18±� (noted Y-358) +x wt.% TiO2 (x = 0.00, 0.10, 0.30, 
0.50 and 0.60 wt%) bulk superconducting material are prepared by the standard 
solid-state reaction process. Then, systematic electrical conductivity fluctuation in 
normal and superconducting state analyses on the samples is reported. X-ray dif-
fraction (XRD) and scanning electron microscopy (SEM) are used to systematically 
assess stage formation and microstructures of the samples. XRD with the Rietveld 
refinement procedure showed that by cumulating the amount of TiO2 nanoparticle 
into Y358 substance, the crystal lattice constants altered slightly and the orthorhom-
bicity reduced compared to the pure sample. The impact of TiO2 adding upon the 
superconducting characteristics with critical temperatures Tc analysis showed that 
as the inclusion of TiO2 nanoparticles content increases the critical temperatures are 
enhanced for all of the doped samples. Evaluations of excess conductivity fluctua-
tion were conducted by Aslamazov–Larkin (AL) model. Inside the grains, dimen-
sional fluctuation is depending on the Lawrence–Doniach (LD) temperature named 
TLD . This parameter ( TLD ) was increased in the mean-field area by rising TiO2 in 
Y358 substance compared to the non-added sample. However, analysing the excess 
conductivity based on the AL concept leads to the determination of thermodynamic 
fluctuation and some parameters values such as the critical temperature (Tc zero) , 
coherence length �c(0) , super-layer length d, critical magnetic fields Bc1(0) , Bc2(0) 
and critical current density Jc(0) . These parameters which are significant by the 
TiO2 nanoscale doping show that the theory outlined in the chapter “Excess conduc-
tivity model” is sufficient to describe our results.
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1  Introduction

Soon after the first observation of excess conductivity exceeding critical temperature 
(Tc), in high-temperature superconductors (HTSCs) in 1986 [1], scientists pursued 
some theoretical and experimental investigation on this effect [2–5]. They recom-
mended in their determinative research that this phenomenon associated with crit-
ical fluctuations may be due to thermodynamic fluctuations. This effect had been 
reported also for conventional “low-temperature” metallic superconductors previ-
ously [6]. The excess conductivity which is strongly dependent on the system dimen-
sionality [2] has a substantial prominence as a property of the superconductor char-
acteristics not only related to low-temperature superconductors (LTSCs) [7] but also 
HTSCs. Superconducting order parameter fluctuations (SCOPF) are affected signifi-
cantly by three distinctive factors named high critical temperature, anisotropy [8, 9] 
and actual small coherence length [10]. These parameters are exclusive character-
istics related to HTSCs. So as to elucidate these characteristics and consequently 
explain the framework of the YBCO superconductors and parallel to the develop-
ment of nanotechnology, scientists have been comprehensively considered HTSCs 
by various nano-dope entities such as Mg, ZnO, MnO and CoFe2O4 [11–13]. Cou-
ple of nanoscale inclusions alike NiO and CeO2 improve some properties of YBCO 
superconductors [14, 15].

Specific impurity similar to titanium oxide (TiO2) compound or titania is an 
important semiconductor which has shown to be a superlative nominee for support 
of hard resources as superconducting ceramics. The structural crystallography of 
titanium dioxide is divided into three forms: brookite, rutile and anatase. Among 
these phases, anatase is the most attractive one because of its broader band gap and 
superior photocatalytic action regarding research applications in different fields 
[16–19]. The influence of TiO2 nanoscale insertion on the specific HTSCs like mag-
nesium and bismuth-based superconducting compounds has been formerly consid-
ered [20, 21]. According to the literatures for YBCO compounds TiO2 semiconduct-
ing nanoparticles were inserted to Y123 samples. The titanium dioxide nano-sized 
particles were not occupied the yttrium position in the Y123 system although had 
been detected in X-ray diffraction procedures. TiO2 caused an enhancement of criti-
cal current density in Y123 composites which implies the capability of the flux pin-
ning effect [22]. In another research, the Ti replaces the Cu in the Cu positions [23]. 
Comparing the valence states parameters of Ti4+ and Cu2+ shows that this parameter 
related to Cu is lower than Ti and replacement of titanium for copper might cause 
the reduction of the moveable carrier quantity because of hole padding by titanium.

However, nanoparticles addition in superconducting compounds is an essential 
method to demonstrate a simple method without any destruction and effective instru-
ment for refining the physical and characteristics of the added composites. Nanopar-
ticle addition might also cause unforeseen variations in the behaviour of the super-
conductors [24]. For determination whether the characteristics of superconductors 
are enhanced or destroyed, type, size and amount of inclusion are the main factors. 
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A large range of nanostructures were manufactured during nanotechnology develop-
ments and their influence on the HTSCs was examined. When a suitable quantity of 
nanoscale substances is inserted into the yttrium-based superconducting matrix, the 
flux pinning and the transport properties might conceivably be improved. For exam-
ple, rising in critical current density occurred while carbon with nanotubes feature 
was inserted to Y123 superconductor similar to pinning centres [25]. The results 
of another experiment propose that at a temperature about boiling liquid nitrogen 
the additional TiO2 nanoparticles might generate great pinning effectiveness [22]. 
Stability of nanoparticles at raised temperatures and nanoscale of doping substances 
corresponding to the coherence length of the HTSCs are two main necessities asso-
ciated with the flux pinning efficiency related to the high-temperature superconduc-
tors [26]. In the current decade, some theoretical and experimental research has 
been done on fundamental and mechanical properties of Y3Ba5Cu8O18±� materials 
[27–29]. Applying titanium dioxide nanoparticles in Y358 compound might dem-
onstrate to be helpful as enlightening the implementations of superconducting prop-
erties. However, there are hardly any detailed reports on the properties of YBCO 
doped by anatase TiO2 nanoparticles. Eager for investigation regarding this subject 
has triggered great interest in Y358 material in the field of superconductivity. There-
fore, for a precise endorsement of the effect of TiO2 addition further research would 
be obligatory from a pure superconductor technology point of view.

In this work for the first time, we have examined the effectiveness of TiO2 nano-
particles inclusion in the high-temperature bulk superconductor Y3Ba5Cu8O18±� 
specimens. These materials are fabricated via conventional solid-state feedback 
route. Measurements have been performed on the superconducting properties of 
these polycrystalline compounds with different weights of nanoscale titanium diox-
ide substances (x = 0.00 − 0.60 wt. %) with 20 nm size. Analysing the behaviour of 
thermal fluctuations conductivity over Tc and also determination of some variations 
in pristine and added composites have been made. This process achieved in the Law-
rence–Doniach (LD) system and framework of Aslamazov–Larkin (AL) concept. 
We obtained some superconducting parameters such as boundary temperature from 
3D to 2D ( TLD ), the coherence length alongside the c-axis at zero temperature �c(0) , 
real super-layer length of the two-dimensionality classification d and interlayer cou-
pling J. We calculated furthermore the anisotropy � related to schemes of layered 
superconductor and the following critical parameters at (0) Kelvin: thermodynamic 
critical field, the lower and upper critical magnetic fields and eventually the critical 
current density which are symbolised by Bc(0) , Bc1(0) , Bc2(0) and Jc(0) , respectively.

2 � Experimental Details

Titanium oxide nanoparticles (TiO2, anatase, 99+%, 20 nm) were prepared from 
US Research Nanomaterials, Inc located in Houston, TX, USA. Purity of the tita-
nium oxide nanoparticles is higher than 99% with bulk density: 0.46g/ml, the aver-
age particle size: 20 nm. Pure Y3Ba5Cu8O18±� and added with nanoscale TiO2 speci-
mens were prepared by the standard solid-state feedback process. Consistent with 
the substance procedure the fractions of Y:Ba:Cu = 3:5:8, polycrystalline Y358 
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was manufactured with elevated cleanliness (99.9%) powders of Y2O3, Ba2CO3 and 
CuO which are made in Germany (Merck company). The mixtures were pressed 
into pellets and then calcination process followed during twelve hours at 900◦C and 
repeated two times. Throughout the last procedure phase, TiO2 nanoparticles were 
added to the mixtures of Y-358. Then, the blends were mixed and ground suitably in 
an agate mortar. The added quantity of TiO2 diverse from x = 0.00 to 0.60 wt% for 
the entire amount of the specimen. The mixtures were pushed within containers at 
two hundreds bars in the round discs shape with dimensions of 30mm × 4mm . After 
inserting the samples in a quartz pipe, the sintering procedure occurred at 950◦C 
and followed for two days in vicinity of oxygen atmosphere and next declined to 
25◦C with 4 ◦C/min rate.

Samples preparation followed by specification of sintered compounds powder 
using X-ray diffraction (XRD) technique to identify phase and configuration of 
pure and added with TiO2 nanoscale upon Y358 specimens in the angle variety of 
2 � = 10◦ ∼ 80◦ . Materials Analysis Using Diffraction (MAUD) software beside the 
Rietveld refinements was used to determine the lattice factors a, b and c whereas 
the oxygen quantity is assessed. Microstructures of the samples were categorised 
by scanning electron microscopy (SEM) technique and finally resistivity experi-
ments performed to calculate excess conductivity. Resistivity measurements were 
undertaken with four-point probe technique. To achieve these experiments the pel-
lets are carefully cut into ∼ 20 × 5.5 × 2.2 mm3 sizes to make almost identical bar 
shape samples. DIL package sample holder provided by SPECTRUM Semiconduc-
tor Material INC, was used to mount the samples. The samples were attached to the 
sample holder by zinc oxide paste. Colloidal silver was used to attach current and 
voltage wires onto the sample surface at the position of evaporated silver pads. Elec-
trical contact resistance values are estimated to be less than 0.1 � . In order not to 
affect the superconducting transition properties, a low current 100 mA ( I ≪ IC : the 
critical current) was carried through the current wires. Measurements were accom-
plished with an accuracy of 0.1 K while sweeping up (and down) at the rate of 1◦C/
min. Two resistivity experiments runs were performed for each sample to make a 
trustworthy quantitative analysis of the outcomes, one for cooling down sweep, the 
other for warming up sweep. These subjects are elucidated with further details in 
another research paper [30].

Subdivision method [31] is performed and monitored by producing a dual pic-
ture to display particles more clearly in SEM images. The pixels intensity below the 
minimum threshold value displayed in blue (background contribution) and the pix-
els intensity above the maximum threshold value depicted in green colour for better 
exhibition of particles.

3 � Excess Conductivity Method

Thermodynamic fluctuations produces the excess conductivity over critical tempera-
ture according to the Aslamazov–Larkin concept which delivers the following equa-
tion: [32].
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Here, A named Aslamazov–Larkin constant and � denotes the reduction tempera-
ture transition from non-superconducting to superconducting state with the next 
equation:

where TP

C
 denotes the temperature of the highest value related to derivative of resis-

tivity versus temperature curve. � so-called the critical exponent dependent on the 
superconducting scheme’s dimensionality. Based on the Aslamazov–Larkin (AL) 
model [32] and related to the mean-field section, the instability stimulated excess 
conductivity �� is usually computed by the following formula [33]:

where �m and �n are the measured and normal resistivities, respectively. �m(T) repre-
sents the measured conductivity and �n(T) displays the normal conductivity which is 
obtained by extrapolation of linear resistivity �(T) = 1∕�(T) over 2TC . Note that the 
figure of the non-superconducting resistivity ( �n ) versus T is approximately linear as 
follows:

whereas �0 and � are residual and slope of the line, respectively. Extrapolating to this 
line leads to achieve �n successively. The following equation shows the relationship 
between dimensionality D and critical exponent �.

In the critical fluctuation region closer to transition temperature Tc wherever fast for-
mation occurs, termination of Cooper pairs appears. Between the granules of super-
conductors, Josephson coupler appears and rise their interaction in two-dimension-
ality state if the magnetic field does not exist. The responsibility of CuO2 planes in 
high-temperature superconductors are not only dimensionality but also anisotropy. 
Relationship between the critical exponent of excess conductivity ( �cr ) and the criti-
cal exponent aimed at the coherence length ( �  ) is displayed by Drude formula as 
follows [11, 34–37]:

here D named the dimensionality of the fluctuations, � called the exponent of the 
order parameter correlation function and Z termed the dynamical exponent. The 
exponent related to the critical exponent for two- and three-dimensionality systems 
are � = 1 and � = 0.5 correspondingly [38]. The exponent quantities are determined 
from the slopes of fitting line to the graphs of ln(��) versus ln(�) for pure and added 
Y358 with TiO2 nanoparticle samples. Three discrete fluctuation arrangements 
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might be illustrated in each graph so-called Gaussian (mean field), critical and short-
wave fluctuation zones.

The standards temperature reliant factor (A) are A3D =
e2

32ℏ�c(0)
 , A2D =

e2

16ℏd
 and 

A1D =
e2�c(0)

32ℏs
 which symbolised for three-, two- and one-dimensionality systems corre-

spondingly. “ �c(0) ” itemised the coherence length at (0) Kelvin, “d” named the active 
distance of CuO2 planes and “s” labelled the wire cross section zone of the one-dimen-
sionality scheme, individually. According to the Ginzburg–Landau model, these rela-
tionships are effective just for 1.01Tc to 1.1Tc (mean field) area. For high superconduct-
ing compounds the LD and AL models complement each other and explain how 
conduction appears essentially in two-dimensionality CuO2 layered where the layered 
are paired by Josephson tunnelling. The excess conductivity analogous to the planes in 
the Lawrence and Doniach report specifies as:

From the above equation at a temperature close to Tc, 2𝜉c(0)∕d ≫ 1 and ��(T) devi-
ates like �−1∕2 which relates to three-dimensionality behaviour. But at T ≫ TC , 
2𝜉c(0)∕d ≪ 1 and ��(T) deviates by way of �−1 which agrees with two-dimension-
ality behaviour. Regarding superconducting composites and at the changeover tem-
perature, T3D−2D , the coherence length alongside c-axis, �c(0) would be attained by 
the LD propose [39]:

With this theory, the idea of interlayer pairing, J established by Josephson coupling 
as an outcome of �c(0) collaboration with the layered superconductors can be speci-
fied as follows:

Each term defined lately is involved in the suitable generality of the AL theory 
related to the excess conductivity. This is being effectively performed to clarify the 
development of paraconductivity because of the attendance of thermal instabilities 
of Cooper pairs beyond Tc, in the high-temperature superconductors (HTSCs). These 
composites are always recognised with the characteristics such as strong anisotropy 
( � ), high Tc and small coherence length ( �c(0) ), when applied electric field is small 
or zero and magnetic field is not applied. AL expression of paraconductivity can be 
written as following formula [40]:

(7)
��(T)LD =

e2

16ℏ�d

[
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(
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d

)2
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where f (�) named universal function which can be shown as one of the subsequent 
features, dependent on the shortened temperature, � : 

1)	 In the case of 𝜀 ≪ 1 the Gauss–Ginzburg–Landau (GGL) of two-dimensionality 
paraconductivity is taken into account and explained by AL concept: 

2)	 When � ≥ 0.1 , another condition occurs and the short wavelength fluctuations 
(SWF) resemble while their typical wave distance turn out to be comparable to 
the coherence length, �(0) . Inside SWF area in the limit of non-cutoff system we 
can write: 

The anisotropy � related to high-temperature superconductors is defined by [41]:

where �ab(0) is the coherence length in ab plain with the amount of ten to twenty 
angstroms aimed at YBCO HTSCs [39]. The Ginzburg number can be obtained 
experimentally as follows:

where TG , TC , ℏ =
h

2�
 and Bc(0) are entitled the temperature related to termination of 

three-dimensionality system, the critical temperature, the Plank’s constant∕2� and 
the thermodynamic critical field, respectively. Relationship between the thermody-
namic critical field Bc(0) , the flux quanta �0 and the penetration depth �(0) is formu-
lated by:

Substituting the value of Bc(0) into the Ginzburg–Landau formula some critical 
parameters such as the lower, the upper critical magnetic fields, Bc1(0) , Bc2(0) and 
critical current density Jc(0) are computed using the next equations:
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Bc ln �
√
2k

(17)Bc2 =�Bc

√
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here � is the fraction of the penetration depth to the coherence length and is defined 
the Ginzburg–Landau parameter.

4 � Results and Discussion

The measured XRD spectra of TiO2 nanopowder, Y-358 pure and doped with 
diverse quantities of TiO2 nanoparticles varying 0.00 to 0.60 wt.% are shown in 
Fig. 1. The XRD spectra are measured from 10 to 80◦ . According to TiO2 nanopar-
ticles 9 peaks at 2 � values of 25.27◦ , 37.85◦ , 48.02◦ , 53.93◦ , 55.14◦ , 62.66◦ , 68.79◦ , 
70.34◦ and 75.12◦ can be observed which are associated with (101), (004), (200), 
(105), (211), (204), (116), (200) and (215) (Miller′ s Indexes), respectively. A match-
ing of the observed and standard (hkl) planes confirmed that the TiO2 nanoparticles 
with lattice parameters of a = 3.78520 Å, b = 3.78520 Å and c = 9.51390 Å having 
a tetragonal structure, with the Average Particle Size APS(D50) 20 nm. The X-ray 
diffraction analysis revealed that space group regularity and construction phase of 
the samples are Pmm2 and orthorhombic, respectively. In these XRD graphs, 18 
diffraction peaks are apparent at 2 � = 15.33◦ to 77.88◦ consistent with the planes of 
orthorhombic Y3Ba5Cu8O18±� . The main peaks are in good agreement with Y-358 

(18)Jc =
4�Bc1

3 ln �
√
3�

Fig. 1   XRD patterns of the TiO2 nanoparticles powder accompany with the samples of pure Y-358 and 
doped TiO2 nanoscales. Symbols (•) and (⁎) illustrate secondary phases related to Y-211 and other impu-
rity, respectively (color figure online)



63

1 3

Journal of Low Temperature Physics (2021) 205:55–81	

[28, 29]. Some of the peaks grow by increasing the TiO2 nanoparticles and demon-
strating the improvement of the crystallisation granules. This influence is evident at 
32.63◦ mainly related to x = 0.60 wt% which is confirmed by another literature [42]. 
Secondary phases consistent with the Y-211 and other impurity are also observed in 
the XRD pattern of the samples by extra peaks between 29◦ and 46◦.

The average crystal sizes of the pure and doped with different amounts of TiO2 
nanoparticles are calculated with the Scherrer’s equation [43] according to the fol-
lowing formula:

where P is the mean size of the ordered (crystallite) domains, which may be smaller 
or equal to the grain size; C is a dimensionless shape factor equal to ( ∼0.89), �Cu 
is the wavelength of XRD (�Cu = 1.5418Å), B is the full peak width, corrected for 
instrument broadening at half the maximum (FWHM) of the peak in radian, and � is 
the Bragg angle of the diffraction peaks. Five peaks with the most height at 2� val-
ues of 23, 32.82163, 38.70253, 40.44173 and 46.84701 were chosen to obtain crys-
tallite size. These peaks and their traces for obtaining FWHM are depicted in Fig. 2. 
The average crystallite size was found to be 35.47, 29.76, 32.55, 41.47 and 42.11 
nm, for x = 0.00 , 0.10, 0.30, 0.50 and 0.60, respectively. The crystallite size of sam-
ples was decreased up to x = 0.30 wt.% and then increased upon addition of TiO2.

According to the X-ray diffraction patterns there are no significant modifica-
tions with the addition of TiO2, except for very small peaks at 2 � = 48.02◦ . It is 

(19)P =
C�Cu

B cos �

Fig. 2   XRD pattern of the Y-358 + 0.50 wt% TiO2 nanoparticles sample and chosen peaks with the most 
height at 2� values of 23◦ , 32.82163◦ , 38.70253◦ , 40.44173◦ and 46.84701◦ for obtaining FWHM and 
consequently crystallite size of the samples (color figure online)
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hard to say these peaks can be associated with TiO2 addition, because they may be 
overlapped with the base peaks of Y-358 in x-ray diffraction patterns. However, our 
results denote that a slight quantity of TiO2 inclusion mixed with the specimens has 
no obvious effect on the ultimate outcome in X-ray determination. Obviously, there 
has not been detected any peak related to the Ti element in XRD configurations.

The lattice constants a, b and c associated with pure and TiO2 nanoparticles dop-
ing samples are shown in Fig. 3 and tabulated also in Table 1. The values of a and b 
related to the pure compound are 3.82456 Å and 3.89558 Å correspondingly which 
are in agreement with the data reported by some literatures [27, 44]. The value of 
lattice parameter c for the pure sample is 31.1281 Å and corresponds to the other 
[45]. The c lattice constant belongs to Y358 is nearby three times of Y123 [27, 46], 
whereas the lattice constants a and b of these YBCO family compounds are very 

Fig. 3   Variant of lattice constants a, b and c aimed at Y358 specimens doped by different quantities of 
TiO2 nanoparticles (color figure online)

Table 1   Structural lattice constants, volume of cell, average crystallite size, calculated density, 
orthorhombicity and oxygen quantity of Y358 compounds by different additions of TiO2 nanoparticles

Parameters x=0.00 x=0.10 x=0.30 x=0.50 x=0.60

a(Å) 3.82456 3.82869 3.82747 3.82775 3.82587
b(Å) 3.89558 3.89769 3.8938 3.89364 3.89422
c(Å) 31.1281 31.10357 31.1014 31.11533 31.09899
Volume of cell abc (Å3) 463.77 464.16 463.52 463.74 463.34
Average crystallite size (nm) 35.47 29.76 32.55 41.47 42.11
Calculated density (gr/cm3) 4.55 4.52 4.40 4.32 4.48
Orthorhombicity � = (a − b)∕(a + b) 0.0092 0.00893 0.00859 0.00853 0.00885
Oxygen content 17.687 17.620 17.629 17.643 17.641
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close to each other [27]. Our results show that by inclusion of TiO2 into Y-358 com-
pound, the lattice constants a and b remain almost constant but the c cell parameters 
decrease in all cases compared to the pure sample. However, the reduction in c quan-
tity parameters can be accountable for an enhanced interlayer exchange and there-
fore might cause better characteristics of superconductors [47]. The variation of c 
parameter and also size of the crystals is anticipated because of the straining result, 
such as, the tiny scale of the non-uniform flexible twists which has been imposed to 
the Y358 crystal matrix by titanium insertion. Since the radius of Ti ion is 0.605 Å 
and almost 20% lower than Cu ion (0.73 Å), it might be completely replaced aimed 
at the copper location [23].

Insertion of some elements such as Co and Fe into the YBCO samples acts dif-
ferently depending on the doping level. They predominantly localise on the Cu(I) 
sequence location when the doped level is low. For higher doping levels they locate 
at the Cu(II) [48, 49]. Nevertheless, by small amount of TiO2 nanoparticles doping 
(up to x = 0.60 wt% ), unimportant variations in the lattice constants occurred. This 
might be summarised that Ti was not substituted for Y, and in its place most prob-
ably contributed as a secondary phase in the system. This argument shows further 
evidence that the replacement of Ti in the sample does not occur. And there were no 
significant changes in the lattice constants a, b and c by insertion of TiO2 nanoparti-
cles into the Y-358 compound.

Computed volume cell achieved by abc relationship and calculated density 
related to Y-358 composites (varying x = 0.0 wt % to x = 0.6 wt %) are illustrated 
in Fig. 4 and recorded also in Table 1. The volume of cell was found to be 463.77, 
464.16, 463.52, 463.74 and 463.34 (Å3 ), for x = 0.00 , 0.10, 0.30, 0.50 and 0.60, 
respectively. The most discrepancy for calculated density is 5% between pure and 
0.50% wt. doping samples.

Fig.  5 demonstrates orthorhombicity related to the Y358 structure which was 
estimated by the lattice constant differences � =

a−b

a+b
 and is charted also in Table 1 

Fig. 4   Disparity of volume cell and calculated density associated with Y358 specimens versus numerous 
quantities of TiO2 nanoparticles (color figure online)
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[50] for all samples (altering x = 0.0 wt % to x = 0.6 wt %). The highest orthorhom-
bicity is equal to 9.2 × 10−3 in non-added and lowest is 8.53 × 10−3 in 0.50 wt.% 
titanium dioxide doped compounds. This quantity is in good agreement with other 
literatures [23, 51, 52]. Such a great amount of orthorhombicity indicates a high 
level of oxygen value. The oxygen content for Y358 is also estimated by oxygen 
determination from cell dimensions similar to Y123 superconductors [53]. The oxy-
gen content obeys the following relationship O.C = −18.32797 + 4.42504 ×

c

a
 , 

where c and a are lattice parameters. The O.C obtained values are 17.687, 17.620, 
17.629, 17.643 and 17.641 on behalf of non-added and doped nanoparticles titania 
mixtures associated with the x = 0.0, x = 0.10, x = 0.30, x = 0.50 and x = 0.6, 
respectively. These data related to Y3Ba5Cu8O18±� +x wt.% TiO2 are tabulated in 
Table 1. According to this table and Fig. 5, reduction of oxygen content occurred 
when the value of nanoparticles titania increased. Addition of TiO2 nanoparticles 
dopant into Y-358 compounds affects both oxygen content and orthorhombicity in 
such a way that their graphs obey the same tendency. Undeniably, by decreasing the 
oxygen content the orthorhombicity can be decreased consequently [54]. Recently, 
some researchers presented that titanium replaces favourably the Cu(2) location in 
CuO2 planes. And the orthorhombic arrangement together with the order of oxygen 
in the CuO sequences stays unaffected even for greater titanium amounts [26], 
though superconducting state in Y358 is correlated not only to the oxygen content 
but also to the arrangement of the “O” vacates and “O” particles in the Cu–O plane.

Electrical resistivity versus temperature associated with pure and TiO2 nanoscale 
added upon Y358 polycrystalline compounds are illustrated in Fig. 6. This resistivity 
graph includes two different sections. The primary section is categorised by a metal-
lic behaviour named normal state (beyond 2Tc). The normal section is formulated by 
the linear equation �n(T) = �0 + �T  . Here, � is slope constant and �0 is the remain-
ing resistivity. � represents the basic electronic correlation and �0 shows the sample 

Fig. 5   Variant of orthorhombicity �  and oxygen content aimed at Y358 composites doped by diverse 
quantities of TiO2 nanoparticles (color figure online)
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imperfection solidity. Linear fitting of � within the temperature range between 2Tc 
and 290 K by extrapolating to 0 K is used to obtain the values of parameters �0 
and � . This is equal to the resistivity slope (d�∕dT) and consequently, end up with 
determination of �n(T) . The second regime belongs to the region lower than critical 
temperature, where �(T) is deviating from linearity. Here, �(T) categorised by the 
influence of Cooper pairs instability to the conductivity below critical temperature. 
This procedure appears predominantly because of the rising amount of Cooper pair 
creation during the falling of temperature. Hence, the instability conductivity in this 
area obeys Aslamazov–Larkin architype to yield the dimensional exponent suitably. 
[23].

The initial drop of resistivity in the superconducting transition which was labelled 
as Tc onset is shown in Fig. 6. The data regarding these Tc onset on behalf of compounds 
added TiO2 nanoscale x=0.00, x=0.10, x=0.30, x=0.50 and x=0.60 wt% are 94.37, 
95.95, 95.40, 96 and 94.91 K, respectively. These values increase for all doped sam-
ple compared to the non-added one. The data are more pronounced for the highest 
Tc onset of Y358 which is recorded 94 K previously [55]. For pure Y358, other litera-
ture recorded 93 K or higher value 99.98 K depending on preparation of the sample 
whether melt-texture or solid-state reaction method, respectively [29]. The Tc onset , 
which is associated with intragranular shielding [56], is depicted in Table 2 in detail. 
However, the Tc onset and Tc zero which are named onset transition temperature and 
zero-resistance temperature, are the temperatures where the resistivity begins to 
decline sharply and the resistivity drops to zero, respectively [57]. It is clear that for 
all of the samples in this study Tc onset > TPeak

c
> Tc zero which is shown typically 

Fig. 6   The plots of � against T on behalf of the Y358 specimens including diverse amounts of nano-sized 
TiO2. Inset: resistivity plot for exhibiting precise Tc zero , Tc onset and TP

c
 (color figure online)
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in the inset of Fig. 6 for Y358+0.60 wt.% TiO2 sample. According to Fig. 6 and its 
inset, not only the electrical resistivity but also critical temperatures increase for all 
of the samples compared with the pure one. The outcomes showed that the entire of 
specimens can be transformed to superconducting state below 85.18 Kelvin. Data 
related to �0(0K) and �n(290K) associated with Y358+x wt.% TiO2 impurities are 
also tabulated in Table  2. In this table, superconducting changeover width, (�Tc) , 
which is assessed by the d�∕dT  plots on full width at half maximum (FWHM), is 
tabulated. For pure Y358 sample (�Tc) is around 0.41 K and less than 1 K for sam-
ples with TiO2 addition, implying a good quality of samples. The highest and lowest 
value of (�Tc) is 0.94 and 0.38 K for x=0.30 and x=0.60 wt% correspondingly. The 
average value of (�Tc) increased upon the addition of TiO2 compared to the non-
added sample. This may be certified from differences and characters of granule sam-
ples. Based on fluctuation conductivity, characters of grains have important impacts 
on the characteristics of critical and mean-field regions [12, 28, 58]. Compared to 
the pristine sample, adding TiO2 nanoparticles into Y-358 compound cause increas-
ing the normal state resistivity in all (doped) samples. Increase in resistivity can be 
explained by procedure which is responsible for distribution of electron scattering. 
This is not only associated with the small but also with the big incline grain borders 
related to the dissimilar structural arrangements. In the non-superconducting state, 
the entire resistivity can be correlated to porosity and granule border expansion. 
The linear resistivity around a longer temperature interval supports this idea that the 
formulation and manufacture of the all composites including pure and added TiO2 
nanoparticles into Y358 mixtures are completed properly.

As it mentioned before the most common technique which is differentiating of 
resistivity related to temperature (d�∕dT) was performed to determine the Tc. The 
temperature associated with the peak of this curvature identifies the critical tempera-
ture of Y358 superconductors TP

C
 and is shown in Fig. 7 and also listed in Table 2. 

Another criterion for the definition of TP

C
 is based on 3D AL framework [59]. 

According to this outline TP

C
 can be obtained by ��(T) curves. Nearby the critical 

temperature Tc while the temperature comes close enough to TP

C
 , the �� will diverge 

as (T − TP

C
)−0.5 , follow-on ��(T) ∝ (T − TP

C
)−0.5 . Therefore, the TP

C
 can be obtained 

by a linear fitting to the experimental data associated with the �� versus T−0.5 curve. 
The linear fitting which is related to 3D AL fluctuation section can be extrapolated 

Table 2   Temperature parameters 
Tc onset , Tc zero , TP

C
 and �Tc 

accompany with resistivity 
factors �

0
(0K) , �n(290K) and � 

versus TiO2 nanoscales doped 
with Y-358 compounds

Parameters x=0.00 x=0.10 x=0.30 x=0.50 x=0.60

Tc onset(K) 94.37 95.95 95.40 96.01 94.91
Tc zero(K) 88.63 85.18 87.44 85.35 85.99
TP

C
(K) ⇒ d�∕dT 93.41 94.27 93.84 94.74 94.07

TP

C
(K) ⇒ ��vsT−0.5 93.35 94.25 93.85 94.73 94.07

�Tc(K) 0.41 0.92 0.94 0.64 0.38
�
0
(0K)(m�cm) 0.43 0.61 0.47 0.72 1.41

�n(290K)(m�cm) 0.74 0.95 0.76 1.08 1.82

� =
d�

dt
(��cm)∕K 1.05 1.20 1.00 1.26 1.43
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to the ��(T) intercept with the inverse of root temperature axis ( T−1∕2 ). This proce-
dure is shown in Fig. 8 for pure Y358 sample and related data for all of the specimen 
are recorded in Table 2. According to Fig. 8 at the low temperature up to the TLD , the 
data are in good agreement with the 3D AL fluctuations. The mechanism of the fluc-
tuation will be changed for the fluctuation pairs at the temperature THL

LD
 , based on the 

Hikami–Larkin (HL) model [59]. The TP

C
 data obtained from both above mentioned 

Fig. 7   Graphs of d�∕dT  against T related to Y358 compounds with various amounts of nanoscale TiO2 
inclusions (color figure online)

Fig. 8   Determination of TP

C
 by �� versus T−1∕2 curve. Linear extrapolated line from the point that �� 

begins tending to zero, has the intercept on the inverse of root temperature axis. THL

C
 is anticipated via the 

Hikami–Larkin (HL) theory (color figure online)
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criteria are almost identical and listed in Table 2 for all of the samples. By increas-
ing TiO2 nanoscale impurities, the TP

C
 is improved for all of the doped samples. 

This improvement can be interpreted as intragrain variations due to the inclusion of 
titanium.

There is a wealth of literature on the nonlinear resistivity curve above Tc. This is 
the temperature regime where a lot of publications on the so-called pseudogap phase 
exist. There are even more theoretical papers on the origin of that pseudogap phase 
[60–62]. The resistivity curvature mapping (RCM) might be a tool for allowing one 
to obtain the pseudogap crossover line. Temperature dependence of the resistivity 
�(T) around TP

C
 related to the pure Y358 is shown in Fig. 9. This sample has chosen 

because of the highest level of oxygen content compared to the TiO2 added speci-
men. Determination of the exact hole doping p in the CuO2 planes of YBCO is quite 
difficult, so oxygen content has been chosen instead [63]. Critical temperature of the 
samples is always sensitive to oxygen content [64]. According to Fig. 9, resistivity is 
linear from 92 to 93 K. Linear fit (green line) which obeys equation � = �0 + B T  is 
also depicted. Here, �0 = −6.33 ± 0.10 and B = 0.07 ± 0.001 are intercept and slope 
of the line, respectively. A simple power law �(T) = �0 + BTn , with the exponent 
n = 1 is the best match for resistivity. The exponent n = 1 reveals a non-Fermi-liquid 
behaviour [65], at temperature interval 92 - 93 K. This linear behaviour might be 
due to the pseudogap or the superconducting fluctuations (SCF), particularly when 
the SCF starts from completely a high temperature [66]. Also superconductivity 
refereed through the valence fluctuation was theoretically anticipated for the spe-
cific region of CeCu2Si2 [67]. From 93.5 to 94 K the resistivity polynomial fit (red 
curve) can be formulated as � = �0 + B1T + B2T

2 , where �0 = −1795.67 ± 166.91 , 
B1 = 38.25 ± 3.56 and B2 = −0.20 ± 0.019 . In this region, one can see the resis-
tivity is not linear. Moreover, it can be shown that resistivity stays to be nonlin-
ear versus temperature starts at 93.5 K in pseudogap phase. This property shows 

Fig. 9   Resistivity linear fit (green line) and polynomial fit (red curve) around TP

C
 for pure Y358 sample, 

to investigate non-Fermi-liquid and Fermi-liquid behaviour (color figure online)
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the Fermi-liquid behaviour in the resistivity of Y358 pristine sample at temperature 
higher than TP

C
 . Thus, the two properties in different temperature regions around TP

C
 

are quite opposing: Fermi-liquid behaviour at temperature higher than critical tem-
perature and non-Fermi liquid in the resistivity at interval temperature 92 - 93 K. 
Although temperature dependence of these different properties in the resistivity have 
been detected in another compounds [67, 68], but the source of these behaviour is 
still uncertain [69]. The resistivity of Y358 can equally be understood by classical 
SC theory such as AL and GL, while the nonlinear resistivity is taken as an indica-
tion of Fermi-liquid character. To elucidate the Fermi-liquid and non-Fermi-liquid 
behaviour much more studies, both theoretically and experimentally, should be done 
in various superconductors including pure and doped ones. The amount of x=0.10 to 
x=0.60 wt% TiO2 addition, increases Tc onset compared to the pure sample. This hap-
pens because of the same spreading of nano-elements that cause the perfection of 
granule correlation. For polycrystalline superconductors, the Tc onset depends heav-
ily on the intergranular development. The wide-ranging of superconductor transi-
tion which detected in the �(T) is organised by clarification routes and depends pro-
foundly upon the manufacture procedure. Diverse manufacture procedures such as 
annealing method are fundamental to specimen production. Increasing the annealed 
process interval might improve the critical temperature [70]. The Y358 synthesised 
by the melt-process might produce lower steady crystal arrangement than the solid-
state feedback method [29]. However, assortment of fabrication can result in dif-
ferent critical parameters. This leads to the unlike imperfections, type of granule 
borders, granule concentrations and also dissimilarities in coupling influence among 
granules and by way of outcome dissimilar wider transition area.

For comparing the experimental data associated with excess conductivity (��) 
to the theoretical model aimed at fluctuation conductivity, the plot of ln(��) against 
ln(�) for pure and TiO2 nanoscale added Y-358 specimens is illustrated in Fig. 10. To 
achieve this assessment, three remarkable fluctuation areas entitled critical, mid-field 
and short-wave fluctuation have chosen in each plot and are depicted in Fig. 10a–e. 
According to pure sample critical instability system related to �cr = 0.246 ± 0.005 
is shown in Fig.  10a. For doped samples with TiO2 nanoparticle values x=0.10 
wt% to x=0.60 wt%, �cr fit in the (0.170 ± 0.003 ≤ 𝜈cr < 0.226 ± 0.006) area. This 
regime has been similarly identified in thin film [71], single crystal [72] and another 
polycrystalline [73] samples. Based on dynamical analytical scaling concept, it is 
predictable that Z = 0.32 , whereas renormalisation collection computations antici-
pate � = 0.67 and � = 0.03 [74]. Verifying these quantities beside D = 3 estimates 
�cr = 0.33 . This can be respected by an original system established with the expo-
nent �cr = 0.17 . This scaling behaviour which is named 3D-XY-E had been primary 
detected not only in yttrium [75–77] but also in bismuth-based high-temperature 
superconductors (HTSCs) [78]. According to Fig.  10, the critical fluctuation and 
three-dimensionality fluctuation areas interconnect at TG . The dense lines in Gauss-
ian areas characterise theoretic fits through the slopes of − 1

2
 , −1 and − 3

2
 in the best 

interests of 3D, 2D and 1D regimes, respectively. The three discrete lined sections 
representing fluctuation conductivity behaviour in the mean-field region (M.F.R) 
start at TG and end up at T1D−SW . This area which is named Gaussian area is depicted 
in Fig. 10a at (−3.6 ≤ ln(�) ≤ −2.2) for pure sample. For other samples, this area 
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can be obtained at reduced temperature (−3.8 < ln(𝜀) < −1.4) related to Fig. 10b–e. 
To compare all graphs clearly they are grouped altogether in Fig. 10f. It should be 
pointed out that excess conductive region which is at or around the transition tem-
perature is the main field of this study, even more since the Tc increases with TiO2 
insertion is not very big.

The intercepts of linear fit for the conductivity exponent values 0.5 differ from 
−2.665 ± 0.003 to −2.997 ± 0.001 , indicating the presence of three-dimensionality 
fluctuations. The zero-temperature coherence length alongside the c direction, �c(0) 
is calculated by determination of A3D . These parameters ( �c(0) ) vary from 10.93 
Å to 15.24 Å, related to the Y358+x wt.% TiO2 compounds, and are tabulated in 
Table 3. Among these data on behalf of a no added specimen when x=0.00, �c(0) 
is ∼ 0.2% lower than the literature reported (10.95 Å) for Y358 pure sample. How-
ever, the smallest �c(0) in the sequence was 10.93 Å related to x = 0.00 and by ris-
ing nanoscale TiO2 doping, �c(0) increased which shows less disarray stately of the 
composites [28].

The existence of 2D fluctuations can be confirmed once the conductivity pro-
ponent quantities approach to -1. In this case, the intercepts of lined fitting dif-
fer around −4.24 ± 0.008 to −3.896 ± 0.002 . Afterwards, estimated amounts for 

Fig. 10   Graph of ln(��) against ln(�) of the Y358+x wt% TiO2 nanoparticles doped (x = 0.00, 0.10, 
0.30, 0.50 and 0.60) specimens. The dense streaks signify �cr ( 0.170 ± 0.003 ≤ �cr ≤ 0.246 ± 0.005 for 
critical region), the theoretical slopes -0.5, -1, -1.5 and -3 related to 3-D, 2-D, 1-D and S.W schemes, 
individually. The critical, mean-field and short-wave region are symbolised by C.R., M.F.R. and S.W.R. 
congruently (color figure online)
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A2D hints to obtain the super-layer distance d. Related to the Y358+x wt.% TiO2 
(x=0.00 to x=0.60) composites, the super-layer length d which are obtained by 
formula named First Method. These data vary from 105.57 Å to 74.87 Å and are 
listed in Table  3. The crossover temperatures 3D–2D which named T3D−2D are 
computed by the junction of the two lined sections and subsequently by replace-
ment of T3D−2D accompanied with �c(0) to Equation 9, the super-layer distance d 
is attained and entitled Second Method. This issue (d) differs from 88.47 Å to 
80.24 Å, on behalf of the x=0.00 to x=0.60 wt% TiO2 samples, respectively. To 
compare the values associated with these two methods, a plot of the super-layer 
distance d vs. TiO2 impurity is depicted accompanied with their mean value in 
Fig. 11. Once-over of this graph denotes that by rising nanoparticles titania dop-
ing the anisotropy � and super-layer distance d decrease (refer to Table 3). The 
reduction of d indicates the diminishing of the mean free path aimed at the charge 
transporters upon the increase in TiO2 doping. Decrease in anisotropy � indicates 
that superconductivity is enhanced with addition of titania nanoparticles. The 
higher superconducting phase compounds possess low-grade anisotropy factors 
than the lesser superconducting phase composites. The anisotropy factor is pro-
portional to the non-superconducting phase, so the further normal phase creates 

Table 3   Typical factors associated with extra conductivity instability study for Y358 mixtures with 
diverse quantities of TiO2 nanoscale impurities. [F. M (First Method), S. M (Second Method), C. R (Crit-
ical Region), S.W (Short Wave)]

Parameters x=0.00 x=0.10 x=0.30 x=0.50 x=0.60

Slopes of linear fit for 
C.R ( �cr)

-0.246±0.005 -0.226±0.006 -0.187±0.016 -0.195±0.006 -0.170±0.003

Intercepts of linear fit 
related to �cr

-1.894±0.023 -1.663±0.022 -1.56±0.067 -1.722±0.023 -2.072±0.009

Intercepts of linear fit 
when �

3D = 0.5

-2.665 ±0.003 -2.691±0.004 -2.717±0.004 -2.726±0.002 -2.997±0.001

Intercepts of linear fit 
when �

2D = 1

-4.24±0.008 -3.911±0.003 -4.097±0.005 -3.97±0.009 -3.896±0.002

Intercepts of linear fit 
when �

1D = 1.5

-5.499±0.008 -4.945±0.002 -5.235±0.004 -4.846±0.008 -4.582±0.002

Intercepts of linear fit 
when �sw = 3

-8.837±0.019 -7.68±0.01 -8.375 ±0.011 -7.303±0.014 -6.343±0.004

Coherence Length �c(0)
(Å)

10.93 11.21 11.51 11.62 15.24

Super-layer length F. M 
d (Å)

105.57 76.02 91.50 80.61 74.87

Super-layer length S. M 
d (Å)

88.47 77.52 84.18 87.38 80.24

Interlayer Coupling F. 
M J

0.043 0.087 0.063 0.083 0.166

Interlayer Coupling S. 
M J

0.061 0.084 0.075 0.071 0.144

Anisotropy � 0.915 0.892 0.869 0.861 0.656
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extra anisotropy [79]. Although cuprate superconductors display strong anisot-
ropy which depends on coherence length ( � ) and direction, main factor is width 
of vortex core identical to coherence length ( � ). Above this width, the electrons 
creating Cooper pairs though are able to influence one to another [80].

According to AL and LD context, the interlayer coupling J increase in general 
and their averages change from 0.052 to 0.155 by increasing of TiO2 nanoparticles 
from x=0.00 to x=0.60 wt.%, respectively. This increase in J specifies the depend-
ency on dislocation of each atom because of the rise in TiO2 impurity (inspect 
Table 3 and Fig. 11).

Diverse temperatures connected with their dimensionality instability and corre-
lated to numerous TiO2 nanoparticles substance are listed in Table 4. Exhibiting this 
chart, Tc lesser than TLD , designates that the thermodynamically triggered Cooper 
pairs are created inside the granule at relatively higher temperatures. Nevertheless, 
because of the intragranular instabilities the Gaussian critical temperature declines 
to an inferior rate. It is likely to conclude that the 3D Gaussian system, controls the 
three-dimensional boundary for obtaining the distant information related to the bulk 

Fig. 11   The superconducting parameters d and J against diverse doping related to the Y358+x wt.% 
TiO2 mixtures with twofold processes and their middling (color figure online)

Table 4   TiO2 nanoscale 
substance dependency of diverse 
intersect temperatures (GL, LD 
and SWF) complement with 
their temperature variety

Parameters x=0.00 x=0.10 x=0.30 x=0.50 x=0.60

TG(K) 96.05 96.50 97.81 98.44 98.86
TLD(K) 99.11 102.16 100.85 101.45 107.63
T
2D−1D(K) 101.76 106.70 103.95 106.80 116.94

T
1D−SWF(K) 104.22 110.37 106.45 112.71 123.21

�T�1D (K) 2.46 3.67 2.50 5.91 6.27
�T�2D (K) 2.65 4.54 3.10 5.35 9.31
�T�3D (K) 3.06 5.66 3.04 3.01 8.77
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superconductors [81]. While the temperature is reduced nearby Tc , primary super-
conductivity would be generated in the CuO2 surfaces, by way of a two-dimension-
ality system, and then intersects to a distinct three-dimensionality system [82].

Figure  12 demonstrates the scanning electron microscopy (SEM) pictures with 
magnification 2500 (a, b, c, d and e) and 10000 (f, g, h, i and j) related to the non-
added Y3Ba5Cu8O18±� superconducting sample and doped by various (x=0.00, 
x=0.10, x=0.30, x=0.50 and x=0.60) nanoscale TiO2 additions specimens. This 
image exhibits that the arbitrary alignment of granules and nanoscale titanium-
oxide additions affect reduction of the particle dimension in Y358 samples associ-
ated with x=0.00, x=0.10 and x=0.30 wt% which confirms by the average crystallite 
size value 35.47, 29.76 and 32.55 (nm), respectively. In the cases of x=0.50 and 
x=0.60 wt%, the average crystallite size value increases to 41.47 and 42.11 (nm) 
correspondingly. In these two series of pictures, one might be able to detect that, 
with cumulating the nanoscale TiO2 doping up to x=0.30 wt% the uniformity of the 
specimens and also junction among the particles is enhanced. Inferior dimensional 
influences in the transportation parameters would be appeared by the shrinkage in 
particle volume while the sum of granule borders upsurges and subsequently implies 
a larger quantity of feeble contacts (inspect Ref. [83]). Consideration of the micro-
structure specimen validates clearly that insertion of TiO2 nanoparticles recover 
the grain connectivity and decreases the fractures and cavities among the granules 
and subsequently increases the grain size. In this scenario, each grain influence and 
drive others and arrange a boundary where the atomic alignment varies with various 
amounts of TiO2 inclusions. This effect does not give monotonous change and might 
be a reason for none monotonous superconducting properties of the compounds.

The scanning electron micrographs of Y3Ba5Cu8O(18±�) sample with 0.50 wt.% 
TiO2 nanoparticles doped with magnification 2500× are illustrated in Fig. 13. The 
SEM image with x=0.50 wt% TiO2 doped is chosen because of the high value of 
average crystallite size compared to the non-added sample. In this figure, “Normal” 
and “Modified” SEM images are labelled A and B, respectively, which is corre-
sponding to Fig. 12d. To compare these two images for better exhibition of parti-
cles, the pixels intensity below the minimum threshold value is displayed in blue 
(background contribution) and the pixels intensity above the maximum threshold 
value is depicted in green colour. However, it is obvious that Fig. 13a, b displays 
an augmentation of granule volume and trimness configurations by way of the TiO2 

Table 5   Computed critical issues related to none added and doped Y358 specimens by different quanti-
ties of nanoscale TiO2 insertions

Parameters x=0.00 x=0.10 x=0.30 x=0.50 x=0.60

Bc(0)(T) 21.29 20.75 20.22 20.03 15.27
Bc1(0)(T) 3.64 3.60 3.56 3.54 3.09
Bc2(0)(T) 275.52 261.66 248.49 243.72 141.76
Jc(0)A∕m

2 × 109 1.16 1.13 1.10 1.09 0.83

Jc(0)A∕cm
2 115901.48 112948.33 110069.33 109007.91 83137.05
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supplement increases in this specific amount ( x = 0.50 ). The particles similarly look 
to lengthen further at one lateral, establishing an almost oblong-similar arrangement 
with a regular measure of 1.75 �m . This estimation comes up by comparison of the 
gains length with the bar length ( 20 �m ) which is shown in the image.

From Equations 15 to 18, the critical parameters such as critical magnetic fields 
and current density, Bc(0),Bc1(0),Bc2(0) and Jc(0) aimed at none added and impure 

Fig. 12   Scanning electron 
micrographs of Y

3
Ba

5
Cu

8
O(18±�) 

compounds plus 0.0 (a, f), 0.10 
(b, g), 0.30 (c, h), 0.50 (d, i) and 
0.60 wt.% (e, j) (magnification 
2500 and 10000 correspond-
ingly) TiO2 nanoscale doping. 
The arbitrary alignment of 
particles and nearly reforma-
tion of granules connection in 
specific parts is obvious. [Each 
bar = 10�m in the images (a), 
(b), (c) 20�m in the images (d), 
(e )] and [ 2�m in the images (f), 
(g), (h) 5�m in the images (i), 
(j)] upon magnification [2500] 
and [10000], respectively
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compounds are calculated and tabulated in Table 5. Obtaining all of superconduct-
ing parameters shows that the theory outlined in the chapter “Excess conductiv-
ity model” is sufficient to describe our results. Comparing entirely the quantities 
of Bc(0),Bc1(0),Bc2(0), and critical current density Jc(0) on behalf of pure with 
the impure Y358 compounds, displays by rising the nano-sized titania insertions, 
the mentioned critical parameters are decreased. This scenario can be interpreted 
equally “the valence state of Ti4+ is larger than that of Cu2+ , and substitution of Ti 
for Cu might decline the moveable carrier concentration because of hole filling by 
Ti” [23] which indicates the destruction of flux pinning properties.

5 � Conclusion

High-temperature superconductors Y-358 polycrystalline have been synthesised 
by the conventional solid-state reaction route with titanium dioxide (TiO2) anatase 
nanoparticles addition at x = 0.0 to 0.60 wt.%. The (XRD) and (SEM) techniques 
implemented to inspect phase formation and microstructures methodically. The 
Rietveld refinement technique concerning XRD revealed that by rising the amount 
of nano-size TiO2 in Y58 substance the crystal lattice constants altered slightly and 
the orthorhombicity overall reduced. The crystallite size calculation and SEM obser-
vations show that compared to the titania-free sample the grain size and the average 
crystallite size decreased with increasing the amount of TiO2 up to x=0.30 in the 
yttrium-based superconductor Y-358 specimens. The resistivity-temperature graphs 
exhibited metallic and superconducting conduct throughout the records, respec-
tively, with and without the TiO2 nanoparticles doping. The AL and LD outline was 
used to investigate the effect of titania nanoparticles on the conductivity fluctuation 
of our samples. Nanoparticles TiO2 insertion as dope entities to the Y-358 matrix 
proves the effect in enhancing some superconductor properties, in specific, Tc in 
every specimens. In brief, the theory outlined in the chapter “Excess conductivity 
model” is sufficient to describe our results.

Structural and dimensional modifications associated with the electrical transport 
properties by addition of TiO2 nano-size inclusion can be stated as allocation of 
TiO2 distributed to the Y-358 structure and resultant different levels of irregularities 
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in the composite. These outcomes might be ascribed as the presence of disorder due 
to a quantity of replaced copper positions in Y358. This phenomenon effects in an 
electrical configuration change of the granules, and therefore, the lack of an opti-
mised carrier concentration in the CuO2 planes. Results display that with increasing 
TiO2 dope, Cu (1) sites occupy by Ti and cause the reduction in orthorhombicity. 
In the YBCO polycrystalline system, an increase in nanoparticles TiO2 insertions, 
causes an enhanced status of disarray and influences the superconducting and pin-
ning properties. By increasing TiO2 inclusion, Tc and the overall interlayer coupling 
J increase but anisotropy � and super-layer distance d decrease. These results might 
be related to the redistribution of charges in the superconducting scheme asso-
ciated with oxygen substance, displacement per atom, the number of substitution 
sites and opponent of the weak bond produced through irregularities, respectively. 
TLD increased in the compounds with TiO2 doping which designates the dominant 
type of instability of cooper pairs in three-dimensionality region. Variation of lattice 
constants, average crystal size, crystallite dimensions and calculated density display 
the penetration of titania into the superconducting grains. GL equations and number 
were used to compute some critical parameters as Bc1(0) , Bc2(0) and Jc(0) indirectly. 
These parameters were lower when the titania nanoparticles were introduced to the 
compounds compared to the pure one which indicate inferior flux pinning in TiO2 
added samples.
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Fig. 13   Scanning electron micrographs of Y
3
Ba

5
Cu

8
O(18±�) mixtures by 0.50 wt.% TiO2 nanoparticles 

doped with magnification 2500× . A) Normal SEM image, B) modified SEM image, the pixels intensity 
below the minimum threshold value displayed in blue (background contribution) and the pixels intensity 
above the maximum threshold value depicted in green colour for better exhibition of particles (color fig-
ure online)
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