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ABSTRACT 

In this study, it is examined the significant variations in the superconducting, electrical and structural 

belongings of Bi-site Gd nanoparticle substituted Bi-2223 crystal. The Bi2.0-xGdxSr2.0Ca2.1Cu3.2Oy 

(0≤x≤0.3) materials obtained with the standard solid state reaction technique are characterized by dc 

resistivity (ρ-T), X-ray diffraction (XRD) and transport critical current density (Jc) measurements. 

Moreover, all experimental findings as regards room temperature resistivity, residual resistivity, critical 

transition temperatures (𝑇𝑐
𝑜𝑛𝑠𝑒𝑡 − 𝑇𝑐

𝑜𝑓𝑓𝑠𝑒𝑡
), crystallinity, lattice constant parameters, average crystallite 

size, phase fraction and strength quality of interaction between superconducting grains in the Bi-2223 

ceramics declare that the structural, electrical and superconducting characteristics degrade systematically 

with the ascending of the Gd substitution level in the Bi-2223 samples. Furthermore, the major reason of 

the reduction trend observed especially in the electrical and superconducting features is in relation with the 

hole localization problem in the Cu-O2 layers. In this regard, grain boundary weak connections, dislocations 

and defects in the matrix considerably ascend with the enhancement of Gd nanoparticle substitution level. 

As seen from XRD measurements, it is clearly determined that there seems to be a decrement in the Bi-

2223 phase with the enhancement of Gd inclusions up to the substitution amount of x=0.1. After this critical 

point, new characteristics peaks of Gd2O3 appear and measurement findings rapidly diminish to the 

minimum values. This substitution level emphasizes that the solubility limit of Gd is noted to be x=0.1 for 

Bi-2223. Likewise, the regular decrement observed c-axis length, critical current density and grain size 

favors the regular retrogression of the superconducting characteristics. 
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1. INTRODUCTION 

In the last decade, the discovery of 

superconductors has inspired great interest in the 

science world due to not only having zero 

electrical resistance but also behaving as a perfect 

diamagnet below the critical temperature. 

Additionally, researchers have concentrated their 

fundamental investigations related with the 

superconducting materials on high temperature 

superconductors (known as Type-II 

superconductor) [1]. Especially, within the Type-

II superconductors, it is pointed out that studies 

are centered on the first type high temperature 

superconducting system without rare earth 

element, BSCCO [2-8]. This effective 

superconducting mechanism is composed of a 

generalized chemical formula Bi2Sr2Cay-1CuyOx 

where y value corresponds to 1, 2 and 3, 

respectively. What is more, the superconducting 

transition temperatures of three superconducting 

phases are depicted by 20, 95 and 110 K, 

respectively [9]. Nevertheless, it is 

experimentally hard to acquire Bi-2223 high 

temperature phase because of excessive 

complexity of the reaction and the presence of Bi-

2201 and Bi-2212 superconducting phases [10]. 

Furthermore, several remarkable surveys are 

conducted consistently to enhance the magnetic, 

mechanical, electrical and superconducting 

belongings of the most important member of 

BSCCO superconducting family. Besides, these 

surveys carried out by changing the heat treatment 

mechanism, type and quantity of doping material, 

composition of superconducting sample and 

preparation techniques [11-19]. Generally, the 

major of the studies done so as to augment the 

superconducting characteristics of BSCCO is the 

addition or substitution process of the elements to 

the matrix. Recently, nanoparticle addition or 

substitution processes to Bi-2223 phase is 

condensed day by day with the help of the 

developing technology [20-30]. Additionally, 

introduction of nanoparticles in the high 

temperature superconducting systems has 

attracted significant attention due to the fact that 

these particles are thought as simply controlled 

and productive instrument to develop 

superconducting characteristics. That is to say, if 

nanoparticles are added to the matrix, they can be 

easily adopted into the system and much more 

among the grains with respect to the micro size 

doping material. It is said that this statement can 

be sourced from the very small size of 

nanoparticles [31-34]. On the other hand, 

although the studies associated with the Gd 

foreign particles to Bi-2223 matrix are available 

in literature [35-44], there are not any papers 

related with the partial replacement of Gd 

nanoparticle on Bi-site in Bi-2223. In this current 

work, we analyzed the impact of Gd nanoparticle 

substitution on Bi-site in Bi-2223 cyrstal structure 

(not including Pb element) and the solubility limit 

of trivalent Gd nanoparticles throughout the 

system. It is clearly found that the critical 

transition temperatures, grain size of the samples, 

hole concentration and lattice parameter c 

systematically decreased with the increment of 

Gd nanoparticle addition. Also, the solubility 

limit of this system is obtained as x=0.1 due to the 

fact that  new characteristics peaks defined as 

Gd2O3 is observed after this limit value by means 

of the XRD findings. 

2. EXPERIMENTAL DETAILS 

The Bi2.0-xGdxSr2.0Ca2.1Cu3.2Oy (0≤x≤0.3) 

superconducting ceramics are conveniently 

prepared from the mixtures of chemical powders 

provided from Alfa Aesar Co., Ltd. with 99.99 % 

such as Bi2O3, Gd2O3, SrCO3, CaCO3, CuO. This 

sensitive preparation process is occurred in 

atmospheric air via the traditional solid state 

reaction technique.  The starting carbonates, 

oxides are firstly ground in agate mortar about 

half-hour so as to get smaller particle sizes from 

coarse powders. Then, the chemicals are blended 

in a grinding machine about 8 hours. The mixture 

is pelletized into a rectangular bar (1.5x0.5x0.2 

cm3) under 300 MPa constant pressure at room 

temperature. The pellets are calcined at 800 °C in 

a Protherm programmable tube furnace during the 

duration of 24 h with 3°C/min heating and 

5°C/min cooling rates. The rectangular pellets 

being subjected to calcination process are 

reground about 1.5 h in the agate mortar and again 

pressed under 300 MPa constant pressure at room 

temperature. The samples prepared are depicted 

as [Gd--0], [Gd--1], [Gd--2], [Gd--3], [Gd--4], 

[Gd--5] and [Gd--6] with the increment Gd 

stoichiometry (x=0, 0.01, 0.03, 0.05, 0.07, 0.1, 

0.3) respectively. The electrical properties of the 

solid superconducting ceramics obtained 

sensitively are measured by means of dc 

resistivity-temperature measurements with dc 

current of 5 mA. Moreover, the measurements are 

carried out between the temperature range of 70 
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K and 125 K by conventional four probe 

technique in the He gas contact cryostat under 

vacuum. The experimental measurements of this 

four probe technique are carried out with 

programmable current source and nanovoltmeter. 

Also, the measurement findings of the samples are 

taped as resistance vs. temperature curves with the 

help of the Labview software. Also, the transport 

critical current examinations are performed by 

similar process with the resistance measurements. 

Besides, the transport critical current findings are 

obtained by four probe contact method including 

a homemade system equipment with the accuracy 

of ±0.01 K at the liquid nitrogen temperature in 

zero magnetic field. As for the XRD evidences, 

the measurements of samples prepared are 

performed via Rigaku Multiflex+XRD 2kW 

diffractometer with CuKα target for the 

monochromatic beam with 1.54 Å wavelength at 

room temperature. The data are collected over the 

diffraction angle in the range of 2θ = 3–60° with 

a scan speed of 3°/min. 

3. RESULTS and DISCUSSIONS 

3.1. Dc Resistivity Analysis  

In this section, it is examined the several 

experimental findings such as room temperature 

resistivity, the degree of the broadening, offset 

and onset transition temperatures obtained from 

dc resistivity curves in the temperature interval 

starting from 70 K and ending with 125 K so as to 

reveal the changes in the superconducting and 

electrical features of partial replacement of Gd 

nanoparticles in Bi-site in Bi-2223 crystal 

structure in detail. Firstly, the residual resistivity 

ratio (RRR) and temperature-independent 

residual resistivity (𝜌0) parameters are 

determined from electrical resistivity curves. 

Also, the first parameter obtained from the 

conventional extrapolation method refers to the 

defects derived from either scattering centers or 

the grain boundary weak-links [45, 46], whereas 

another one found from the ratio of 𝜌300𝐾 𝜌115𝐾⁄  

is an effective method so as to identify the sample 

quality [47]. These parameters for the specimens 

prepared are numerically displayed in Table 1.  

 

  Table 1. Electrical resistivity evidences of the materials prepared in this work 

 

 

Likewise, it is obviously observed from table 

given above that 𝜌0 values systematically 

increases from 12.91 mΩ.cm to 78.30 mΩ.cm 

with the augmentation of Gd substitution level. 

This consequence appeared reveals with the 

enhancement of random defects and impurity 

scattering concerning with the stacking faults, 

voids, the grain boundaries, micro defects in the 

consecutively Cu–O2 planes [48]. Moreover, as 

seen clearly from RRR values from Table 1, it is 

said that the pristine has the best quality material 

among the samples produced; therefore, it 

exhibits the best conductivity characteristic. 

Moreover, the dc electrical resistivity 

measurements are depicted in Figure 1. 

Samples Tc
onset(K) Tc

offset(K) ∆Tc(K) 
ρ0 

(mΩ.cm) 

ρ300K  

(mΩ.cm) 

ρ115K  

(mΩ.cm) 

RRR 

(ρ300K/ρ115K) 

Hole 

Concentration, 

P 

[Gd--0] 111.1 109.3 1.8 12.91 94.36 45.10 2.09 0.1512 

[Gd--1] 109.3 107.2 2.1 20.66 100.60 52.08 1.93 0.1424 

[Gd--2] 107.7 105.3 2.4 26.21 105.03 57.32 1.83 0.1373 

[Gd--3] 105.9 102.5 3.4 39.87 109.14 66.76 1.63 0.1313 

[Gd--4] 104.1 100.2 3.9 47.56 111.50 70.26 1.59 0.1272 

[Gd--5] 98.6 89.7 8.8 62.93 114.07 82.66 1.38 0.1127 

[Gd--6] 96.2 83.1 13.1 78.30 117.91 93.48 1.26 0.1056 
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Figure 1. Electrical resistivity vs. temperature graphs 

between the temperature range of 70 K and 125 K for Gd 

substituted Bi-2223 crystal systems 

 

In figure, it is clearly pointed out that the 

maximum  𝑇𝑐
𝑜𝑓𝑓𝑠𝑒𝑡(𝑇𝑐

𝑜𝑛𝑠𝑒𝑡) value of 109.3 K 

(111.1 K) is determined for the virgin sample 

whereas the [Gd--6] material has the minimum 

values 96.2 and 83.1 K for 𝑇𝑐
𝑜𝑛𝑠𝑒𝑡 and 𝑇𝑐

𝑜𝑓𝑓𝑠𝑒𝑡
 

values, respectively. Moreover, it is easily 

observed that not only onset critical transition 
(𝑇𝑐

𝑜𝑛𝑠𝑒𝑡) but also offset critical transition 

(𝑇𝑐
𝑜𝑓𝑓𝑠𝑒𝑡

) values systematically degrade with the 

augmentation of the Gd foreign particles, 

exhibiting that the electrical and superconducting 

characteristics of the crystal system harshly 

damages. Similarly, as seen from the variations of 

the critical transition temperature values 

displayed in Table 1, the variance  𝑇𝑐
𝑜𝑓𝑓𝑠𝑒𝑡

in value 

is much more than  𝑇𝑐
𝑜𝑛𝑠𝑒𝑡  value in the existence 

of Gd inclusion in the polycrystalline Bi-2223 

system. The fundamental reason why the critical 

temperature (𝑇𝑐
𝑜𝑓𝑓𝑠𝑒𝑡

) reduces rapidly may be 

due to not only Cooper pair breaking mechanism 

as regards Abrikosov-Gorkov theory(generally 

called as localization problem) but also average 

grain size because of the improvement in the 

weakening of the intergrain coupling and porosity 

[7, 49]. Further, the remarkable decrement 

observed at critical temperatures is stemmed from 

the existence of the grain boundary weak-

interactions between Cu–O2 planes in the Bi-

2223, distortion and artificial random defects [50–

53]. Similarly, it is remarkably seen that the 

increased critical temperature variations with the 

dopant level causes the degradation of the degree 

of broadening. Moreover, the smallest degree of 

broadening value of 1.8 K represents the virgin 

while the values of degree of broadening increase 

progressively from 2.1 K to 13.1 K with the 

augmentation of Gd substitution into the Bi-2223 

matrix. At the same time, the main reason of the 

statement mentioned above is that Gd inclusions 

inserted into the superconducting matrix did not 

enhance the growth of the 2223-high phase. 

Furthermore, it is to be mentioned here that the 

variation of homogeneities in the oxidation states 

causes the regular increment in the degree of 

broadening. Besides, it can be mentioned that the 

existence of the Gd substitution into Bi-2223 

inorganic compounds damages the metallic 

character owing to the diminishment of the 

mobile hole carrier concentration in the Cu-O2 

layers and metallic interaction between the grains. 

Additionally, these factors lead to the increasing 

room temperature resistivities with the 

improvement of Gd substitution amount. In 

numerically, whereas the minimum room 

temperature resistivity (𝜌300 𝐾) value is 

determined to be about 94.36 mΩ.cm for the 

virgin inorganic material, the maximum value is 

117.91 mΩ.cm for the [Gd--6] material.  

3.2. XRD Measurement Findings 

As for the XRD examination, the crystal structure 

with crystallinity, texturing, crystallite size, 

lattice cell parameters and phase purity related to 

superconducting materials produced are 

sensitively analyzed. Further, the experimental 

data are derived from XRD between the angle 

range of 3° and 60° at room temperature. What’s 

more, XRD patterns of the samples belonging to 

the pristine and Gd substituted Bi-2223 inorganic 

samples are indicated in Figure 2. As observed 

figure, the XRD patterns of the specimens 

prepared include not only Bi-2212 phase but also 

Bi-2223 phase. In figure, as “H” character 

specifies the peaks belonging to the 2223-high 

phase, 2212-low phase are inferred by “L” letter. 

Moreover, the corresponding (hkl) Miller indices 

belonging to samples prepared are displayed in 

Figure 2. 
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Figure 2. Experimental XRD results of bulk Bi2.0-xGdxSr2.0Ca2.1Cu3.2Oy superconducting samples for specific x values 

in the range of 0-0.1. 

 

As seen from Figure 2, it is determined that low 

phase(Bi-2212) lines increase systematically 

while the high phase (Bi-2223) lines decline with 

the substitution of Gd nanoparticles in the Bi-

2223. In addition, up to the substitution amount of 

x=0.1, the bulk samples prepared do not contain 

any secondary phase including Gd or another 

cation for the samples obtained, confirming that 

Gd inclusions are properly penetrated into the 

crystal system of Bi-2223 superconducting 

system [54–56]. After this critical value of x=0.1, 

the (222) and (400) peaks belonging to Gd2O3 

emerges suddenly at the 2θ angles of 

approximately 28.40° and 33.23° (Figure 3).  

 

 

Figure 3. XRD measurement of the virgin displaying the maximum value of Bi-2223 phase and [Gd--6] material 

implying the minimum value of Bi-2223 phase. “+” character specifies the Gd2O3 tetragonal phase
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Hence, the most striking point being visible from 

XRD patterns that the solubility limit of the Gd 

foreign particle in the Bi-2223 crystal is 

determined to be about x=0.1. Additionally, the 

relative percentages with respect to 2223-high 

and 2212-low phases are analyzed with the aid of 

the equations as follow 

 

( )



+

=
)(2212)(2223

)(2223

2223

hklhkl

hkl

II

I
f             (1)          

( )



+

=
)(2223)(2212

)(2212

2212

hklhkl

hkl

II

I
f                 (2) 

In this equation, I is in association with the peak 

intensity of the phase observed in the XRD 

measurement. The findings are indicated in Table 

2. As observed from the table, the 2223-high 

phase regularly supresses from 90.7 to 77.5 % 

with the augmentation in the Gd substitution point 

up to the amount of x = 0.07, and just about to 

start from this critical point,  this value 

immediately decreases towards to the value of 

54.7 % along with the enhancement of 

substitution amount. Nevertheless, the relative 

percentage related to the Bi-2212 phase ascends 

systematically to 45.3 %. It is clearly observed 

that higher intensities in XRD curves are achieved 

from the diffraction obtained from (00l) planes in 

comparison with the other plane reflections. 

Further, the substitution level of the Gd foreign 

particle in the crystal system strongly affects the 

conventional lattice parameters obtained with the 

help of the least square method. Besides, the 

variations observed in the lattice parameters can 

be expressed as the peak-shifts of partial 

diffraction planes. Also, thanks to this 

phenomena, it can be robustly presented that Gd 

insets smoothly introduce into the partial Bi sites 

of the Bi-2223 superconducting matrix. Apart 

from that, this situation mentioned above can be 

expressed with the meaningful explanation. 

Despite of the fact that Gd and Bi have different 

electron configurations at the outer shell, they 

have the same chemical valence. Also, Gd 

inclusion has an electron configuration with the 

ending of 5d16s2 while 6s26p3 sequence presents 

the electronic configuration outer atomic electron 

for Bi atom. As Bi and Gd atoms come across 

with the oxygen atoms of Bi-sites, Gd+3 atoms 

easily come together with the oxygen atoms via 

dsp hybrid orbital. On the contrary side, Bi atoms 

also integrate with the surrounding oxygen atoms 

in order to form p-p bond. Also, extra energy is 

required for the p-p bond formation process for Bi 

atoms. In other words, in the orbital hybrid 

process, p-p bond formation requires extra energy 

as compared to the dsp orbital hybrid, and 

therefore La atoms much easily integrate with the 

surrounding oxygen atoms of Bi-sites. Hereby, 

lack of oxygen is observed in Bi-O planes and O 

atoms swiftly start to go towards into BiO layers 

from neighboring BiO planes and SrO planes. 

Hence, the distances of the Cu–Ca–Cu and Ca–Sr 

sites enlarge and the interlayer distances of the 

Sr–Bi, Bi–Bi and Sr–Bi–Bi–Sr sites decrease, 

bringing about contracting the c-axis parameter 

[57-61]. On the other hand, the increment 

observed a length is related that the ionic radius 

of the inclusions substituted to the matrix (Gd+3)   

is much larger than that of Bi+3. Moreover, as you 

probably know, a lattice parameter is controlled 

with the Cu–O bond length in the Cu–O2 layers. 

It is thought that these layers are significantly 

precious because of being in charge of the sizes in 

the basal planes [58, 59]. Similarly, the hole 

compensation mechanism is happened owing to 

the increment of effective Cu valence, and then a 

lattice parameter increases [55-56, 62]. Based on 

the numerical values of the lattice parameters 

(Table 2), a parameter is observed to ascend from 

5.32 Å (for the pure material) to 5.43 Å (for the 

[Gd--6] sample) while the c-axis parameter is 

found the decrement trend from 36.92 Å (for 

pristine) to 30.55 Å (for         [Gd--6] sample). 

Further, the crystallite size of virgin and (Bi, Gd)-

2223 superconducting materials is performed 

with the aid of the XRD patterns by using the 

formula given below [63];   

 

BB
t




cos
941.0=       (3) 

Here, t represents the crystal thickness, λ shows 

the wavelength of the XRD, θB denotes the Bragg 

angle, B illustrates the full width at half maximum 

(FWHM) of the Bragg peak. Also, B is expressed 

as following relation 

 

222

sm BBB −=           (4) 

where Bs remarks the half width of the standard 

material in radians. In addition, the grain size 

values of all samples calculated with the help of 

the XRD patterns diminish with the increment of 

Gd substitution into Bi-2223 matrix.  
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Table 2. Jc and XRD evidences of the pure and inorganic bulk Gd substituted materials 

Samples a (Å) c (Å) 
Volume fraction ( ≈%) 

      2223       -      2212     
 

Average 

grain size 

(nm) 

Jc                 

(A.cm-2) 

[Gd--0] 5.32 36.92 90.7                  9.3 61.5 607 

[Gd--1] 5.34 36.41 86.5 13.5 59.1 521 

[Gd--2] 5.36 36.17 84.8 15.2 56.4 468 

[Gd--3] 5.37 35.56 82.3 17.7 52.9 411 

[Gd--4] 5.37 33.76 77.5 22.5 49.6 339 

[Gd--5] 5.41 31.12 60.5 39.5 47.1 246 

[Gd--6] 5.43 30.55 54.7 45.3 46.4 232 

 

Numerically, as seen from Table 2, it is 

emphasized that the grain size values tend to 

retrogress systematically from 61.5 nm to 46.4 nm 

with the increment of the substitution level. Also, 

it is approved that this decline is related with the 

decrement of the crystallinity and interaction 

between the grains.  

3.3. Hole-Carrier Concentration Survey   

As for the hole-carrier concentrations, P, are 

computed with the aid of equation as follows [64]: 

 

2
1

max
6.82116.0

























−−=

c

offset

c

T

T
P                (5) 

 

where   𝑇𝑐
𝑚𝑎𝑥 value is approved as 110 K for 

2223-high phase [65] and   𝑇𝑐
𝑜𝑓𝑓𝑠𝑒𝑡

  is received 

from Table 1. In this regard, it is attributed from 

Table 1 that hole-carrier concentration (P) values 

are regularly degrade starting from 0.1512 and 

ending to 0.1056 with the enhancement of Gd 

inclusions. (Figure 4(a)) In addition to this, the 

change of hole-carrier concentration with respect 

to Gd-content and superconducting critical 

transition temperature (𝑇𝑐
𝑜𝑓𝑓𝑠𝑒𝑡

) are shown in 

Figure 4(b), respectively.  

 
 

 

Figure 4. (a) Hole-carrier concentration vs. Gd content 

graph; (b) Hole-carrier concentration vs. Tc
offset for all the 

superconducting specimens 

 

As can be seen from figures, while the hole carrier 

concentration decreases with increasing Gd 

substitution, the parabolic relationship is 

observed between the 𝑇𝑐
𝑜𝑓𝑓𝑠𝑒𝑡

 and hole-carrier 

concentration values. Thus, the enhancement of 

Gd addition to Bi-2223 superconducting system 

significantly diminishes the hole carrier 

(b) 

(a) 
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concentration, bringing about the fact that the 

superconducting characteristics of the crystal 

system systematically decreases.  

3.4. Transport Critical Current Density  

The self-field critical current density(𝐽𝑐) surveys 

of the Bi-2223 matrix is evaluated by means of 

Figure 5(a). As seen from figure, the self-field  𝐽𝑐 

value descends regularly with the increment Gd 

substitution to the system. As seen from numeric 

values in Table 2, the maximum current density 

value is obtained as 607 A.cm-2 for undoped 

sample while the [Gd--6] sample indicates 

minimum 𝐽𝑐 value of 232 A.cm-2 at 77 K (called 

as boiling point of liquid nitrogen). This 

retrogression noted in 𝐽𝑐 can be explained with the 

increment of the grain boundaries resistance, 

secondary phases, porosity, de-orientation of Bi-

2223 grains with the addition of Gd inclusions and 

the weak links between the superconducting 

grains [53, 56]. Besides, the association between 

the critical current densities and transition 

temperatures of the samples prepared is plotted in 

Figure 5(b). As seen from Figure 5(b), 𝑇𝑐 and 𝐽𝑐 

values descends with the enhancement of Gd 

foreign particles. On the other hand, it is robustly 

found that 𝐽𝑐 value is more sensitive to the 

variation of Gd inclusion with respect to the 

transition temperatures.  

 

 

 

Figure 5. (a) Variation of Jc vs. Gd content graph; (b) 

Variation of Tc values vs. Jc graph for the poly-crystallized 

materials 

4. CONCLUSION 

In this exhaustive study, the superconducting and 

structural belongings of Gd substituted on Bi-site 

of Bi2.0-xGdxSr2.0Ca2.1Cu3.2Oy (0≤x≤0.3) 

superconductors obtained with the  aid of the 

conventional solid-state reaction method as 

regards x=0, 0.01, 0.03, 0.05, 0.07, 0.1 and 0.3 is 

investigated via R–T, I-V and XRD findings. 

Moreover, it is tempting to speculate that Gd 

concentration level precisely affects the all 

characteristic properties. As is seen from dc 

electrical resistivity results, the metallic character 

and room temperature conductivity are destroyed 

with the presence of the Gd nanoparticles in 

matrix. This statement can be occurred in 

consequence of ascending disorders of metallic 

interaction and the regression in the hole carrier 

concentration occurred in the Cu–O stacked 

layers. Moreover, the 𝑇𝑐
𝑜𝑛𝑠𝑒𝑡 and 𝑇𝑐

𝑜𝑓𝑓𝑠𝑒𝑡
 values 

decrease significantly owing to the fact that the 

increment of grain boundary weak-links, 

distortion and artificial random defects are taken 

place between superconducting slabs in the 

matrix. Besides, it is obtained that transport 

critical current densities decrease from                 

607 A.cm-2 to 232 A.cm-2 with the increment of 

Gd substitution on Bi-site, respectively. As for the 

XRD consequences obtained from the samples 

prepared, it can be clearly observed that Gd 

foreign particles do not provide 2223-high phase 

continuity with ascending amount of x because of 

the regression in the peak intensities. 

Additionally, the relative percentage of the 2223-

high phase typically diminishes from 90.7 % until 

54.7 %. On the other hand, new characteristic 

peaks related to the Gd2O3 tetragonal phase is 

(a) 

(b) 
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observed in XRD graphs for x=0.3 at 2θ= 28.40° 

and 33.23°. If Gd2O3 tetragonal phase is seen 

from XRD findings in this way, it is said that the 

solubility limit of the Gd inclusions in the Bi-2223 

is about x=0.1. Besides, as the lattice parameter 

values are analyzed from XRD patterns, not only 

lattice parameter a enhances but also the c 

parameter systematically descends with the 

increment of the Gd substitution. After all, it is 

important to mention here that the grain sizes of 

the materials calculated via XRD patterns 

diminish from 61.5 nm to 46.4 nm with the Gd 

substitution, verifying the deterioration of the 

interaction between the grains and crystallinity 

between the grains.  
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