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Abstract

Large-scale applications of high-temperature superconductors (HTSCs) require superconductors with high critical current density
operating at 77 K in a strong magnetic field. However, some challenges are faced in large-scale applications such as strong
superconducting anisotropy, their irreversible and critical current density values under high field at 77 K not high enough. In this
review, the effect of different carbon nanostructures such as carbon nanotubes (CNTSs), graphene, and graphene oxide on HTSCs was
discussed. In addition, the effect of some metal and metal oxide nanoparticles on HTSCs was reviewed. It was noted that adding
nanoparticles and quantum dots at lower concentrations to HTSCs is one of the most efficient ways to increase their critical current

density and flux pinning.
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1. Introduction However, some metals lead, tantalum, and tin produce
A superconductor or ideal conductor is an electrical superconductivity at Te of 7.2, 4.47, and 3.7 K respectively.

conductor with zero resistance. The material from which it is Some superconducting metals are mildly diamagnetic in the

made has no resistance, but on the other hand, has normal state above T, whereas others are paramagnetic. They

superconductivity. This is an ideal principle in electrical have perfect electrical conductivity and excellent or noticeable

engineering that cannot be reached at present, but it is used when diamagnetism  below  Tc The —second  distinguishing

the resistance of the conductor is small, so it is preferable to diamagnetism of  superconductors indicates that

ignore it, as in the resistance of the connecting wires in an superconducting materials do not allow an externally applied

electrical circuit. A perfect superconductor has no electrical magnetic field to enter their interior. This phenomenon is known

resistance and perfect diamagnetism when cooled below a as the "Meissner effect” as depicted in Figure (1-b) [2].

certain temperature known as the superconducting transition Superconductors can be categorized into two types. Type |

temperature, "To", as shown in Figure (1-a) [1]. It acts as a metal superconductors are those that completely exclude applied

. . . magnetics flux, and the field where this occurs is known as the
at higher temperatures and is not a good conductor in most cases.
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critical magnetic field “Bc" as illustrated in Figure (2- a). The
other superconductors, known as Type Il superconductors, are
similarly perfect conductors but have more intricate magnetic
characteristics. As illustrated in Figure (1.2 b), this type of
superconductor has two separate critical magnetic fields,
designated by Bc and Bez. Ber and B are lower in the upper-
critical magnetic field, respectively, with no magnetic flux
density inside the sample for tiny amounts of applied magnetic

field B, i.e. B = 0. However, once the field exceeds B in type

R

Advanced Carbon Journal, 2024, Vol. 1, Iss. 1, 93-110

DOI: 10.62184/acj.jacj1000202425

Il superconductors, the magnetic flux starts to penetrate the
superconductor and hence H # 0 and M inside the material
decreases to smaller values than the full Meissner value of —H.
Above Hc and below He, the substance is in the mixed state of
flux which means superconducting state with cylinders of
normal state. These cylinders or flux tubes are called vortices.
Upon increasing the magnetic field H than He the

superconductivity is destroyed and M =0 [2].

T< TC

T> TC

Figure 1. Superconductivity properties: (a) Zero resistivity and (b) Meissner effect.
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Figure 2. B-T phase diagram for (a) Type I and (b) Type I1 superconductors.
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Onnes began researching the electrical characteristics of metals
at extremely low temperatures in 1911. Onnes reduced the
temperature while passing a current through an extremely pure
mercury wire and measuring its electrical resistance. The
resistance abruptly vanished at 4.2 K and was equal to zero.
According to Onnes, Hg has entered a new condition, which is
known as the superconducting state [3-5]. Onnes found that Pb
was a superconductor at 7.2 K in 1913. At T, = 9.2 K, Nb
required another 17 years to be found as a superconductive
element [3, 4]. More than 2000 superconducting materials were
discovered in 1975, and the superconducting transition
temperature had reached 22.3 K with the discovery of A-15
compounds such as, NbsGe, in 1973 [6-8]. Sleight et al. [9],
reported in 1975 that superconductivity was seen in BaPb.x)
BixOs; and the superconducting transition temperature of this
compound changes with the Bi/Pb ratio and reached the highest
value of 13 K.

The alloy NbsGe possessed the greatest superconducting
transition temperature, Tc=23.2 K, until 1986. Early in 1986,
Bednorz and Miiller [8] discovered that a mixed-phase
lanthanum, barium, and copper oxide in the form of a ceramic
became superconducting at Tc = 30 K. At the University of
Tokyo, Takagi et al. [10] showed that such superconducting
temperature range of Ba-substituted La,CuQ, was just as high as
30 K by c the end of 1986. Lanthanum compound by the
beginning of 1987 became superconductor at T, = 40 K at
ambient pressure [8, 10, 11] as well as up to 52 K at high pressure
[11]. LasBasCueOy systems demonstrated a superconducting
transition temperature of Tc 80 K [12-17]. Chu et al. [18]
discovered a novel superconducting material, YBa,CuzO7, with
just a superconducting transition temperature exceeding 90 K in
1987. With the discovery of Bi-Sr-Ca-Cu-O [19, 20] in early
1988, the superconducting temperature range surpassed 110 K,
followed by TI-Ba-Ca-Cu-O [20-25]. In 1993, Berkly et al. [26]
reported T.=131.8 K for Tl,Ba,Ca,Cus010.5 under a pressure of
7 GPa.
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Tcexceeding 130 K has been recorded by several studies for such
Hg-series of chemicals HgBa,CanCup+1 O2n+aWhen n=1, 2, and 3
and sometimes with Pb-substitution for Hg [26, 27]. The
temperature of Hg compounds superconducting transition raised
with pressure and T, values reached 160 K at a pressure above
30 GPa [26-28]. Copper oxycarbonates high-temperature
superconductors were discovered by Maignan et al. [29], in
1993. Tallon et al. [30], in 1999, discovered the high-
temperature ferromagnetic superconductor in RuSr.GdCuOs.
The rutheno-cuprate RuSr.GdCu,Os possesses a remarkable
property of superconductivity at T = 46 K. Finally, in 2003
intermetallic magnesium compounds superconductor MgB; with
T = 39 K was discovered by Akimitsu et al. [31, 32].

In 1935, Fritz and Heinz London [33] presented equations to
describe the Meissner effect and projected the extent to which a
magnetic field might permeate a superconductor. Ginzburg and
Landau made a significant theoretical breakthrough in 1950 with
the GL theory [34], which defined superconductivity and offered
a derivation for something like the London equations. Landau's
theory on second-order phase transitions was merged with a
Schrodinger-like wave equation in this theory, which was very
successful in describing the macroscopic features of
superconductors. Abrikosov demonstrated that Ginzburg-theory
Landau predicts the classification of superconductors into two
types, presently known as type | and type 1l superconductivity.
In 2003, Abrikosov and Ginzburg received the Nobel Prize for

their work.
2. (Cu, TI-1223 phase

High-temperature  superconductors (HTSCs) are
compounds that have a superconducting transition temperature
T above 30 K. In 1986, a truly breakthrough discovery was
made in the superconductivity field by Bednorz and Miller [35].
They discovered superconductivity in LaBaCuOa, which had a
superconducting transition temperature of 35 K. Shortly after,
superconductivity with T greater than 90 K was discovered in
the YBa,Cus07.s compound. This was important because liquid

nitrogen could then be used as a refrigerant (at atmospheric
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pressure, the boiling point of nitrogen is 77 K), hence opening
In 1988,
Bi2Sr,Ca,Cuz0i¢+s and Tl,Ba,Ca,Cu3z010+5 Were discovered with
Te up to 110K and 125K,

superconducting transition temperature, at ambient pressure, is

the door for more commercial applications.

respectively. The highest

recorded for HgBa,Ca,Cus0s.5 at 135 K and it was possibly to
reach 164 K under high pressure of 31 GPa. Later in 1994, a
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nontoxic superconductivity was found in CuBa,Ca,Cu3zO10-s,
Cu- 1223, superconductor with T¢ equal to 120 K prepared under
high-pressure synthesis. In 2008, a new class of superconductors
named pnictide based on iron and arsenic was discovered [35],
with T¢~55 K [36]. Table 1.1 displays the superconducting
transition of  some

temperature high-temperature

superconductors (HTSCs) and Iron-based superconductors.

Table 1. Superconducting transition temperatures of some HTSCs and Iron based superconductors.

Material Tc (K) Class
HgBa,Ca,Cu30s:5 135
TI;Ba;CazCusOio:5 125
CuBa,CazCu3010-5 120 High-temperature
Bi»Sr,CazCusOio+ 5 94 superconductors
YBa;Cu3zO7. 5 92
SmFeAsQOqgs 55
CeFeAsOo.s4F0.16 41 Iron-based superconductors
LaOg.soFo11FeAs 26

Large-scale applications of high-temperature superconductors
require superconductors with high Jc (> Ix10% A/cm?) operating
at 77 K in a strong magnetic field (10-20 T). Some cup rate
HTSCs have sufficiently high T, values (T. > 116 K). However,
some challenges are faced in large-scale applications such as
strong superconducting anisotropy, their irreversible field (Birr=
10 T), and Jc values under high field at 77 K not high enough
[35, 36]. High-performance superconductor of NbsAl [37] was
obtained with J; value at 77 K comparable to or higher than J. of
4x10° A/lcm? at 10 T and 4.2 K. For J; of 1x10% A/lcm? at 77 K.
The highest performance of HTSCs has a high irreversible field
Birr exceeding 30 T. Both CuBazCa 1-1CuyO2n+4-5 [38-40] and
TIBazCan-1CunOzns3-5 [41, 42] systems, Cu-12(n-1) n and TI-
12(n-1) n systems had studied and these systems had
isostructural to one another.

Cu-12(n-1) n was synthesized at high pressures and
temperatures, whereas T1-12(n-1) n was synthesized at moderate
temperatures and pressures [38-44]. The hybrid charged

reservoir layer containing Tl and Cu was predicted to preserve
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the low superconducting anisotropy [45]. Ihara et al. tried similar
experiments [46] in thin films and designated this system as (Cu,
TI)- 1223. Therefore, the (Cu, TI)-1223 phase is considered a
moderated phase between T11223 and Cu-1223. Consequently
(Cuos Tlos)-1223 system was selected because of the simplest
methods of preparation, high T, low anisotropy, and the
availability for practical applications. (Cugs Tlos)-1223 is
identical to Cu-1223 in the number and the nature of
superconducting CuO; layers while it differs in their charge-
reservoir layers, Cugs Tlos Ba,Oa.5 as shown in Figure 1.3. Cu
05Tl 05 BaxCazCus0i0-5, as a superconducting compound, has a
P4/mmm space group and tetragonal structure. The unit cell has
one CupsTlos BaOs-5 charge-reservoir layer and three CuO;
layers. CuO; layers and are separated by two Ca atoms, while
charge reservoir layers with CuO2-planes are separated by two
Ba atoms. Central-planes or S-planes are CuO; layers separated
by Ca atoms. On the other hand, P-planes are planes divided by
Ca atoms on one side and Cu ¢5Tlos Ba2O4 charge-reservoir on

the other side. The carriers are over-doped in the P-planes,
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whereas the carriers are optimally doped in the S-planes. P
planes also act as a conduit for carriers from the charge reservoir
layer to S planes. Cu (2) and O (4) are the names given to the
copper and oxygen atoms in the S-planes, respectively. In the P-
planes, Cu and O atoms are designated as Cu (1) and O (1),
respectively. O (2) atom is the apical oxygen atom that connects
the Cu o5Tlos Ba2O. charge-reservoir layer to the P-plane. The
supply of carriers to the P-planes and their doping from the
charge-reservoir layer is virtually controlled by this atom.
Finally, the O atom at the core of CugsTlosBa;O4 5 - plane is
referred to as the charge reservoir layer's O (3) atom or O (2). It
is well known that T1-1223 has a high critical current density Je,
which makes it a potentially valuable material for the production
of superconducting wires, tapes, electric power cables, magnets
for maglev trains, electric motors, superconducting quantum
interference devices (SQUID), single flux quantum (SFQ)
devices and thin-film applications [47]. For example, an
important potential application of the new superconducting film
process is to fabricate conductors for magnet coils. Such coils

are necessary for high-temperature (77 K) superconducting
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generators and motors to become practical. They also would be
useful for magnetic resonance imaging, magnetically levitated
trains, microwave power generators, particle accelerators, and
any other applications that are useful for the production of high
magnetic fields. Since the new films can carry 6x10° A/cm? at
the temperature of liquid nitrogen, 77K, the current carrying
capacity is even higher at lower temperatures. The new films in
magnetic fields are the subject of further study, but it is already
clear that the properties are rather good. For example, in a
magnetic field of 0.4 Tesla, the films can carry 10® A/cm? at 20
K. These new films can be used in magnets, motors, generators,
and superconducting solenoid energy-storage devices; the new
thin film process also has potential uses in electronics. For
instance, the new thin film process may prove useful in multi-
chip modules where many semiconductor chips are to be linked
with superconducting interconnects. Moreover, the TI-1223
superconducting phase has been considered as a prospective
material due to various applications such as magnetic shields,

resonators, microwave filters, and antennas [37].

Cu (1)

Apical oxygen (Oa)

]

$Planar oxygen (Or)

i

Cu

Figure 3. The crystal structure of (Cu 0.5T1 0.5)-1223.
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3. Nanoparticles in HTSCs

HTSCs have a high critical current density (J¢) in strong
magnetic fields for practical applications, particularly power
applications. Increasing J; at higher fields can be accomplished
by introducing effective vortex pinning centers. Pinning occurs
because of inhomogeneity and microstructure flaws, and it can
be boosted by adding artificial pinning centers just in order of
the coherence length [48]. Nanosized particles, that introduce
strong flux pinning centers to bulk superconductors, are one of
the most effective ways to improve J; [49-55]. Direct magnetic
interactions of the vortex and magnetic pinning centers can
improve the pinning strengths of flux lines in HTSCs. Strong
interaction between the flux line network and the magnetic
system can be expected of magnetic particles with characteristic
length [56-57]. Different types of nanoparticles can be added to

superconductors.

3.1. Carbon nanotubes in superconductors

Yeoh et al. in 2005 studied the carbon nanotubes embedded
in the MgB, matrix and they found that some of the nanotubes
were unreacted and entangled. Magnetization experiments
showed that the critical current density changes with nanotube
length but not with outer diameter. This suggested that longer
nanotubes have a propensity to entangle and inhibit uniform
mixing and dispersion with MgB,. Overall, MgB, doped with
carbon nanotubes had a higher critical density and a lower
critical temperature [58-59]. Anas et al studied the impact of
adding single-wall carbon nanotubes (SWCNTSs) and multiwall
carbon nanotubes (MWCNTS) on the Vickers microhardness of
the Gd-123 superconducting phase.
(SWCNTs)x and (MWCNTSs)xGdBa,CusO7 5 were generated
using the solid-state reaction approach, where 0.0 x 0.1 wt% for
samples with SWCNTs and MWCNTS added, respectively. The

observed results demonstrated an improvement in phase

Samples of type

formation and grain connection up to 0.06 and 0.08 weight
percent. Similarly, the superconducting transition temperature T,
increased at low CNT concentrations but decreased at larger
ones [60].
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Ocicek et al. explored the effects of introducing multi-wall
carbon nanotubes (MWCNTs) to a Y1BaCusOx high-
temperature superconductor system. The core matrix was
expanded with MWCNTSs. Investigations were done on the
material produced by structural development and electrical
transport. The results showed that while the transport critical
current density, Jc 7", increased at least six times more than in
pure YBCO samples, the superconducting onset temperature,
T, did not vary much [61]. Hannachi et al. investigated the
production and characterization of bulk YBaxCusOr. 5
superconductors that were made using the solid-state reaction
pathway and varied amounts (x) of CNTs (x = 0.0, 0.1, and 1.0
wt%). The results investigation showed that different sintered
samples had successfully achieved the orthorhombic YBCO
phase. With CNTs included, no appreciable change in the lattice
characteristics was seen, and showed that the CNTs were
dispersed throughout the YBCO. Additionally, the critical
current density J. was established, and it was shown that the
presence of CNTs in the applied magnetic field significantly
increased its value [62].

Elsabawy prepared a composite of 2212-BPSCCO with carbon
nanoparticles (HCNs/Pt) as a mechatronic tensile strength
promoter. The sample with x = 0.4 mol of HCNs/Pt produced the
highest hydraulic tensile strength value of 45.77 MPa, with a
promotion ratio of 21.08%, in comparison to the pure-sample x
= 0 and mechanical tension of 37,8 Mpa. Additions of hollowed
(HCNs/Pt)  did  not

superconductivity on the investigated range, even though Tc-

carbon  nanoparticles impair
values notably decreased and measured Tcofrser= 62.2 K was only
for samples with the maximum addition ratio x = 0.4 mol;

instead, Teofrset = 67.11 K for pure 2212-BPSCCO [63].
3.2. Graphene and Graphene oxide in

superconductors

Anas, et al investigated superconductivity specimens of
kind (GO)X/(CU0A25T|Q,75) Ba;CazCus012-5, 0 < x < 2 wi%,
which prepared at 850 °C under ambient pressure by using a

single-step solid-state reaction approach. The predicted
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interplanar distance of GO was 0.967 nm, demonstrating the
existence of 0, ligands on the entire surfaces of GO sheets. The
T. of the pure substance (Cugz2sTlo.7s)BazCasCusOi12-5 Was an
acceptable value for the superconducting transition temperature.
The inclusion of GO served as just an interface here between
superconducting grains but did not alter the host material's
crystal structure. The findings from studies revealed that now the
sample with x = 0.75 wt% had an exceptional maximum
enhancement in phase formation, grain connectivity, and T, [64].
Sudesh et al. studied the effects of simultaneous addition of GO
and citric acid on the superconducting characteristics of MgB:
by synthesizing polycrystalline samples with compositions of
MgB; + 3wt% GO + x Wit% CsHgO7 (x = 0, 5 and 10). All
generated samples exhibited the hexagonal MgB, crystal
structure with space group P6/mm, according to X-ray
diffraction measurements. The findings demonstrated that the
addition of GO to the sample improves grain connection, which
then greatly increases the critical current density without
significantly altering T.. Hc, and Hirr, however, have not
significantly improved for this sample. When GO and citric acid
are added together, the Jc(H), Hcz, and Hirr were seen to
significantly improve in comparison to the pristine MgB; and
GO-supplemented MgB, samples. When compared to a sample
of pure MgB, for instance, the Jc (10 K, 5 T) of sample x = 10
had improved by a factor of-5, and when compared to sample x
=0, it had improved by a factor of ~5.5. Additionally, Hcz(0)
for the sample at x = 10 had grown by 13 T when compared to
pure MgB.;, whereas it had increased by 10 T when compared to
the sample at x = 0. The combination of GO and citric acid
together had led to the observation of improved flux pinning
[65].

The effect of graphene on the transport critical current density of
(Tlogs Croas) Sr.CaCuz07. 5 (TI-1212) superconductor was
examined by Kong et al. The properties of the samples were
determined using solid-state reaction technology and high-purity
oxide powders. It was found that the zero-resistance, or Tc-Zero,
decreased from 95 K to 84 K with the addition of additional
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graphene. The transport critical current density (Jc) of pure and
graphene-added bulk samples was studied with temperature. At
30 K, the bulk sample's J; was 1320 mA/cm?, but the sample
containing 0.001 weight percent of graphene had a J. of 3660
mA/cm?.  The results showed that with increasing graphene
addition, the Jc of the TI-1212 samples decreased. As an
impurity, graphene is thought to have performed the flux pinning
effect on T1-1212. J. rose in TI-1212 superconductors as a result
[66]. Bibekananda Sahoo and colleagues reported on the
structural modification and superconducting parameter variation
of YBa;Cusz07. 5 (YBCO) high-temperature superconductor
(HTSC) with the addition of various weight percentages of
graphene nano-platelets (GnPs) (0.0, 0.5, 1.0, 2.0, & 3.0 wt.%)
synthesized via standard solid-state reaction route. All of the
samples with the Pmmm Space group had orthorhombic structures,
which were confirmed by the XRD analysis by Rietveld
refinements. The orthorhombic YBCO superconducting matrix's
lattice properties did not noticeably alter when GnPs' weight
percentage increased. The field emission scanning electron
microscopy analysis of the GnPs doped samples revealed a better
connectivity between the grains. There was no chemical reaction
between superconductivity and GnPs, as shown by the fact that
the addition of GnPs decreased the room temperature resistivity
and—more importantly—increased the critical temperature. The
critical current density value for TBCO samples with GnPs
substitutions had actually risen. When 0.4 T external magnetic
fields were applied, the critical current density for a 2.0-weight
percent GnPs doped sample was at its maximum and

approximately 12 times more than that of pure YBCO [67].

3.3. Metal nanoparticles in superconductors
Mohammed et al. successfully manufactured (nano-
AQ)XCuos Tlos BazCazCusOio- 5, 0.0 < x < 3.0 wt% ceramic
superconducting samples using a single-step solid-state reaction
method at 850 °C and ambient pressure. The sample with x =
0.15 wt% had the highest volume fraction of grains connected,
according to the data obtained. The electrical resistivity

measurements were used to investigate the prepared samples'
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electrical characteristics, and the findings demonstrated that the
maximum superconducting transition temperature (T;) was
found at x = 0.15 weight percent. For all samples, excess
conductivity measurement revealed a transition from two
dimensions (2D) to three dimensions (3D) when the temperature
dropped [68]. To create (Ag)x/CuTl-1223 composites, Khan et
al. in 2020 introduced Ag nanoparticles to CuTI-1223 host
superconductor at x = 1, 2, 3, and 4 wt% concentrations. The
crystal symmetry of the CuTI-1223 phase was unaffected by the
addition of nanoparticles, according to XRD results, which
suggested that the nanoparticles were deposited at the grain
boundaries [69]. Abdeen et al. investigated the effects of
nanosized Ag addition to phase development as well as the
electrical properties of the superconducting phase (CuosTlo.2s)-
1223. They discovered that a small amount of nanosized Ag
(x=1.5 wt%) increased phase formation and improved T, J¢, and
melting temperature. A reversal trend was seen for x >1.5 wt.
Percent [70].

The effects of introducing metallic Cu nanoparticles only on the
development of the polycrystalline Cuos Tlos Ba;CazCu30i9-5
(CuTI-1223) superconducting phase were examined by Liagat
Ali et al. The results after the addition of Cu nanoparticles, the
crystal structure of the host CuTI-1223 phase did not change
(remaining tetragonal), which provided information regarding
the occupancy of these nanoparticles at the inter-crystallite sites.
These metallic Cu nanoparticles were thought to be the greatest
candidate for enhancing intergrain connectivity and
superconducting characteristics, and their inclusion increased
grain shape and intergrain connectivity. The CuTI1223 phase
was found to predominate, along with a few other
superconducting phases and unknown impurities, according to
the calculation of the superconducting volume fraction. The
CuTI1223 phase's ideal concentration of Cu nanoparticles for
maximizing the improvement of superconducting characteristics
was 1.0 wt% [71].

Rahima et al. examined the (M),/CuTI-1223; (M = Co or Cr)

nanoparticle/superconductor composites' dielectric response in
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2020. Solid-state reactions were used to prepare the CuTl-1223
superconducting phase. Various samples were created with the
correct NP ratios (x=0, 0.5, 1, and 1.5 wt%). According to XRD,
the host material's crystal structure didn't change, which
suggested that the NPs had settled down at the inter grain
locations. Co and Cr NPs addition lowers the superconductor's
critical temperature (T¢). The greatest values of the dielectric
constants €'(o), £"(®), and tand were found at lower frequencies,
becoming saturated at higher frequencies, whereas the ac
conductivity cac grows linearly up to 5 x 10® Hz and then sharply
after that. In the case of Cr NPs compared to Co NPs. €'(®w) was

less suppressed while €"(®) and tand were boosted more [72].

3.4. Metal oxide nanoparticles in superconductors
Khulud Habanjar et al. investigated the microstructure,
phase development, and mechanical properties of the (Bi,Pb)-
2223 superconducting phase in 2019. Solid-state reactions and
co-precipitation were used to produce BaFe12019 nanoparticles
and (BaFe12019)x(Bi,Pb)-2223
respectively. BaFe12019 nanoparticles and (BaFe12019)x(Bi,Pb)-

superconducting  samples,
2223 structures were studied using X-ray diffraction, and the
experimental results revealed that the Bi-2223 phase contains
traces of the Bi-2212 secondary phase. BaFei2.019 addition had
little effect on the lattice parameters, indicating that
nanoparticles do not enter the host crystal of (Bi,Pb)-2223.
Vickers microhardness Hy was calculated as a function of the
time and indentation force. It was discovered that the
relationship between microhardness and applied stress and time
is nonlinear. Various models were used to assess the
experimental results. The investigation showed that the HK
model was more effective at calculating the load than the other
methods [73].

Rekaby looked into how the superconducting and dielectric
properties of Cugs Tlos Ba2Ca,CusO 105, CuTl-1223, affected by
the addition of Zngg1 Mngos C00.0s0 NPs in 2020. Zng.e1 Mno o3
Co0060 NPs were prepared using the wet chemical co-
precipitation technique. By using the common solid-state

reaction method, four samples of type (Zno.g1 Mng.0s C00.060)X /
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CuTI-1223, with x = 0.00, 0.02, 0.06 and 0.10 wt.%, the result
showed the samples have a single CuTI-1223 phase with a
tetragonal structure and the addition of Zng.ge1 Mng.03 C00.060 did
not change the phase's structure. After the addition of Zngo
Mnoos C00.060, SEM micrographs of the CuTI-1223 samples
appeared to reveal a suppression of voids. Additionally, the
addition of NPs reduced the samples' randomly oriented plate-
like shape and transformed it into well-connected spherical
grains. The superconducting transition temperature (T¢) of the
CuTI-1223 phase increased to 124.5 K by the addition of Znge:
Mno.03 C00.060 NPs in minor concentration (x = 0.02 wt%), and
the findings showed that all of the dielectric properties
substantially depended on frequency as well as the addition of
NPs, and that the samples had enormous dielectric constants
with little dissipation in the low-frequency range [74]

Cugs Tlos BazCazCuzOqo- 5, (Cuos Tlos)-1223, combined with
nano-Fe,0s; (0.0-1.0 wt.%) was created using a solid-state
reaction approach via short time preparation procedure and
under ambient pressure in a study by Aly Abou-Aly et al. in
2020. The volume fraction data showed that, particularly for
samples with x 0.2 wt.%, adding nano-Fe,Os significantly
increased the pace at which the (Cuos Tlos)-1223 phase formed.
T. was observed up to x = 0.2 wt% before systematically
declining as the amount of nano-Fe;O3z increased, and the
findings made it clear that all of the dielectric characteristics
exhibited a significant temperature dependence at low and
intermediate frequency ranges. Additionally, they were highly
reliant on the presence of nano-Fe;Os, whose high content (x =
1.0 wt%) increased €' and decreased tand of the (Cugs Tlos)-
1223phase [75].

Albiss et al. looked at the impact of adding nanosized NiO just
on polycrystalline (Bi, Pb)-2223 phase development and flux
pinning. The results showed that when the volume fraction of the
high T, phase (2223) was reduced to higher nanosized NiO
adding, the volume percentage of the low T, phase (2223)
increased (2212). However, for all samples, there was essentially

little change in T.. Nanoparticle addition suppressed vortex
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pinning forces at all concentrations by x higher than or equal to
0.005 throughout all temperatures [76].

In 2022, Baqgi et al studied the effects of MgO NPs with a
particle size average of less than 100 nm to the Bi2223
superconductivity systems. The bulk samples were created using
the conventional solid-state and had a nominal composition of
Bi16 Agos SrigBagi CazCuszOio: 5+ (MgO)x (x = 0,0.1, 0.2, and
0.3 wt%). The results revealed that the addition of more nano
Mg changes the lattice parameters and increases the volume
fraction of the Bi2223 phase. In contrast to additional samples
with micro MgO, the specimen with adding 0.3wt% MgO
exhibited the highest Bi2223 phase volume (about 80%) and
highest superconduction temperature gradient, T¢ (up to 141K)
[77].

Wan et al. [78] investigated the influence on nanosized MgO in
(Bi, Pb)-2223silver-sheathed J. of samples containing nanosized
MgO is found to be 1.2 times higher than that of samples
containing no MgO in zero applied electrical field and 1.4 times
higher in a magnetic field range from 0.1to 1 T at 77 K. Nasri
and his colleagues. [79] investigated the effect of adding
nanosized MgO particles to the Bi—2212 superconducting
phase's superconducting and mechanical properties. The
addition of 5% nano-size MgO particles provided the highest Jc.
Awad [80] investigated the effects of nanosized MgO injection
(Cuo2sTlo.75)-1234

microstructure, electrical properties, and mechanical properties.

on the phase's phase evolution,
By including nanosized MgO up to 0.6 wt%, phase formation,
grain connectivity, transport critical current density, and
microhardness were improved. While the increase in J. was
linked to the pinning effect on nanosized MgO, the rise in
microhardness was attributed to an increase in grain connectivity
and crack resistance propagation. However, increasing the
amount of nanosized MgO > 0.6 wt.% decreased microhardness,
grain connectivity, and microphase formation. It was believed
that this was caused by a significant amount of nanosized MgO

aggregating between the grains, which decreased the
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superconducting grain  connection and worsened the
intergranular critical current density.

Jia et al [81] studied the effect of adding nanosized ZrO; to the
bulk (Bi,Pb)-2223 flux pinning capability. They discovered that
nano-ZrO, particles have no discernible influence on Te.
However, studies of J; revealed that adding a small amount of
nanosized ZrO, dramatically increased J. values with applied
magnetic fields. By mixing nanosized ZrO, with precursor
before melt development in air, Xu et al. [50] successfully
inserted nanosized centers for magnetic flux pinning into a bulk
superconductor GdBa»CuzO>. The results showed that during the
melt process, nanosized ZrO; interacted with Gd-123 to create
BaZrO; particles with a size of roughly 50 nm. For x=0.004 mol
percent, the J; value was increased to 100,000 A/cm? at 77 K

with self-field.

Xu et al. [51] studied the effects of nanosized SnO, and ZrO,
powders on the Gd-123 system. The results showed that
nanosized SnO»/ZrO; addition had no effect on the T of Gd-123
bulk, but that the J. value increased from 62,900 to 99,300 &
80,400 A /cm? at 77 K with self-field for such sample 0.004 mol
percent ZrO, and 0.008 mol percent SnO;, respectively. The top
seeding melt growth approach was used to successfully
manufacture Gd-123 bulk, with nanosized (ZrO; + SnO; + ZnO)
spanning between 0 to 0.006 mol percent as a second phase into
the Gd-123 matrix [58]. The samples with 0.006 mol percent
nanosized (ZrO, + SnO, + ZnO) showed an increase in the
trapped field and J. values. The greatest J. of the bulk was found
to be 72,500 A/cm? at 77 K also with the self-field. Nanosized
particle inclusions in Gd-123 matrices were found to produce
pinning centers, which increased the J. of the samples.

Annabi et al. [82] inserted nanosized Al,O3 into (Bi, Pb)-2223
precursor powders during the final sintered cycle of a multi-step
preparation process. The impact of nanosized Al,Oz on the
melting temperature, phase formation, microstructure, and
transport characteristics of (Bi, Pb)-2223 was investigated. They
found that adding a small quantity of Al,Os; (0.2 wt%) to the

sample raised Jc by 30% at 77 K and improved Jc behavior in
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magnetic fields parallel or orthogonal to the sample broad
surface. Sengupta et al. [83] investigated melt-processed TI-
1223 phase pellets with or without nanosized Al.Os injection.
Nanosized Al,O3 additions seemed to not affect T, according to
the researchers. J; increased considerably for all samples with
nanosized Al,O3 additions at temperatures below 35 K. The
nanosized Al,Os modifications had only a minor influence on Jc
at 77 K. High concentrations of defects just on the order of
nanosized additions are effective at pinning flux lines
analytically.

Abou-Aly and his colleagues. [84] looked examined how varied
concentrations of nanosized SnO; (x = 0.0 to 2.0 wt%) affected
phase formation, microstructure, electrical, and thermal
properties of the (Bi, Pb)-2223 phase. They discovered that
increasing the volume Percent, T¢, and J. by adding nanosized
SnO; up to x = 0.4 wt% boosted the volume fraction, T, and Je.
A pinning effect on nanosized SnO, was thought to be
responsible for the increase in Jc. The phase formation, T, and
Jo of the (Bi,Pb)-2223 phase were lowered at greater
concentrations of nanosized SnO; x > 0.4 wt. percent. The high
concentration of nanosized SnO; caused significant
agglomerations between superconducting grains, resulting in
diminished superconducting grain connection and worsened
intergranular critical current density.

Elokr et al. [85] used the co-precipitation approach and a one-
step solid-state process to make nanosized ZnO and
(CuosTlo2sPbo25)-1223  superconducting phase, respectively.
The addition of nanosized ZnO up to 0.8 wt% improved the
volume percentage of the (CugsTlo2sPbo2s)-1223 phase and
improved both T and J.. This phase's melting point increased
from 879 °C, x =010 893 °C, x = 0.4 wt.%. The volume fraction,
Te, Jo, & melting point (CuosTlo2sPbo2s)-1223 phase were
lowered as x increased (x > 0.8 wt%).

The influence of nanosized ZrO, and ZnO inclusions on the
superconductive  characteristics of the melt-processed
GdBa;Cus07.5 -bulk superconductor was investigated by Xu et

al. [49]. The experimental results revealed that a small amount
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of nanoparticles ZrO; and ZnO (x=0.004 mol percent) added to
the Gd-123 bulk superconductors improved the J. and
irreversibility field Birr.

(CuosTlo2s)-1223 superconducting phase's phase formation,
microstructure, electrical, and mechanical properties were
studied by Mohammed et al. with the effects of nanosized SnO;
[86], In.03[87], and Fe,03[88]. The results showed that adding
nano-SnO; increased both the volume percentage and T up to x
= 0.6 wt% and the microhardness up to x = 1 wt%. T, increased
somewhat with X, whereas the addition of nano-1n,03 nearly had
no effect on the percentage of the phase over all values of x. Up
to x = 0.1 wt%, the quantity of nanosized In,O3; added enhanced
the microhardness; after that, it decreased as the amount of
nanosized In,03 increased. By adding nanosized Fe;O3; above
x=0.2 wt%, the volume percent and T, were improved. On the
other hand, as the amount of nanosized Fe,O3z added rose up to x
= 1 wt%, microhardness increased.

Matar and others in 2022 discovered that the microhardness
values of (Bi, Ph)-2212 modified with nano-CdO, nano-CdMnO,
& nano-CdFeO steadily increased up to x= 0.05 wt%,
demonstrating the improvement of the grain-to-grain
connections. In contrast to the pure samples and its two
additions, CdO and CdMn, CdFeO addition surpassed CdO and
CdMnO adding in enhancing HV inside the plateau area, with
improvements of 113.83%, 20.44%, and 4.75%, respectively
[89].

3.5. Biz2Tes and BaCOs nanoparticles in

superconductors

The impact of Bi,Te; nanoparticles on the structural and
physical characteristics of Bi-2223 was examined by Shalaby et
al. in 2021 for the polycrystalline “(Biz.¢ Pbo.4Sr.Ca;CusOio+ 5)1-
«(Bi2Tes)x” where “(x = 0.00,0.01,0.02 & 0.03)”. The obtained
results had generated two intriguing hypotheses regarding the
interaction of Bi;Tes nanoparticles with both the granular
BSCCO superconductivity network. First, when the amount of
Bi,Tes nanoparticles grew, the volume percentage of the Bi-

2223 phase, as well as the Bi-2212 phase marginally shifted
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toward one another. In comparison to samples without the
Bi,Te;
significantly affected the

addition  of nanoparticles, additional samples

lattice constants and other
microstructure characteristics. Due to the presence of Bi,Tes
nanoparticles, the starting temperature of BSCCO phases were
not significantly impacted; nevertheless, the slower diamagnetic
transitioning was recorded for (Bi,Tes; with x = 0.01). Second,
when comparing to the other samples, the pure sample exhibited
the greatest Jc values—1.5* 104 & 350 A/cm? at 5 & 50 K,
respectively—as well as Hirr, Hmax, and Fp-max. These
findings demonstrated the influence of Bi>Tes; nanoparticles on
magnetic and superconducting properties. Bi;Tes nanoparticles
were thought to have an impact on flux pinning, hysteresis loop
lengths, and critical current densities despite the material's non-
magnetic nature [90].

A. Akbarl, et al. in 2021 found a great impact on the critical
temperature (T¢) for the Bi-Pb-Sr-Ca-Cu-O superconductor by
adding a small amount of BaCOs. A greater critical temperature
was achieved by adding 1%wt BaCO;s as opposed to 2%wt
BaCOs. The critical temperature (T.) dropped as the amount of
BaCOs increased. Tconset = 86 K and Tczero = 52 K were the
ideal critical temperatures (T.) that were generated. At a
temperature of 86 K and higher, the sample exhibited the
existence of semiconductor characteristics. Phase (Bi-Pb) -2212
was the major phase in this sample, although there was also a
small number of phases (Bi, Pb) -2223 in terms of volume

percent [91].

4. Conclusion
In this review, according to XRD, (CuosTlos)-1223 kept its

tetragonal structure even after the addition of QDs. The volume
fraction data showed that the addition of quantum dots
significantly increased the rate at which the (CuosTlos)-1223
phase formed. SEM micrographs showed that the pure sample's
morphology consisted primarily of irregularly shaped and
spherical grains interspersed among randomly oriented plate-
like grains. The inclusion of the quantum dots raised the density

of the microstructure and decreased the porosity between the
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grains. The electrical resistivity's temperature dependency of the
samples displayed a transition to the superconducting state
below Tc and metallic behavior above Tc. For respect to
(QD)xCuos Tlos BasCaCusO105, the electrical resistivity
experiments showed that Tc increased. For (QD)xCuos Tlos
Ba,Ca>Cus010.5 the critical current density Jc and flux pinning
energy U rose. Vickers microhardness studies revealed that Hv
rapidly declined up to 1.96 N of applied load before exhibiting a
load-independent plateau at applied force > 1.96 N., the
microhardness values rose with the addition of with different
(CuosTlos)-1223  phase's
microhardness were attributed to the reduction of porosity, the

QDs. Improvements in the

grains' resistance to crack propagation, and the increased grain
connectivity on by the addition of quantum dots.
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