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In the present work, impacts adding magnesium oxide (MgO) powders with a mean 

particle size <100nm to Bi2223 superconducting system have been researched. The bulk 

samples with a general Bi1.6 Ag0.4Sr1.9Ba0.1Ca2Cu3O10+δ + (MgO)x nominal composition 

formula (x = 0, 0.1, 0.2, and 0.3wt%) have been made through the traditional solid state 

reaction approach. Hole concentration (p) and Critical temperature (Tc) of the nano MgO 

added samples have been specified through 4 probe techniques. X-ray powder diffraction 

(XRD) measurement has been utilized for examining the formation of the phase, lattice 

parameters and volume fraction. The results of the XRD had shown that lattice parameters 

are changed with the increase of the addition of the nano Mg. It has been observed as well 

from the measurements of the XRD that volume fraction of Bi2223 phase is increased with 

the increase in the addition of the nano Mg. Bi2223 phase volume fraction for non-added 

sample had shown that the maximum value as 77% and additionally increasing the nano 

MgO, Bi2223 phase’s volume fraction is increased with the increase in the Bi2212 phase. 

The sample with addition of 0.3wt% MgO had shown the maximum Bi2223 phase volume 

fraction (about 80%) and maximum super-conducting transition temperature, Tc (up to 

141K) in comparison with added samples with the nano MgO.  
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1. Introduction 
 

Since discovering the high temperature super-conductors (HTSC), several researches were 

carried out in Bi2223 systems for the purpose of understanding the physical, structural, and 

mechanical characteristics. Substitutions or additions in Bi2223 system could result in changes in 

the oxygen amounts, grain orientations, and crystal structures, considerably affecting the Jc values 

of the Bi2223 ceramics [1-3]. Doping researches had shown that substituting or adding micro and 

nano-size dopants is one of the sufficient methods for the improvement of flux pinning capability 

and intergrain connectivity in the Bi2223. Lately, effects of the nano addition was investigated in 

detail, for the purpose of improving super-conducting characteristics, like the nano elements (Au, 

Ag, and so on), the nano oxides (ZrO2, SnO2, MgO, and so on) [4-7]. In the case where the NPs 

have been added to Bi2223 system, they are capable of settling easier amongst grains of those 

super-conductors as a result of small NP sizes. In addition to that, adding the NPs (10nm–60nm) to 

high temperature super-conductors has a significant impact on the enhancement of flux pinning 

and critical current density [8, 9]. However, substituting the NPs has resulted in the significant 

enhancement of inter-granular interactions. Nanosized addition for the Bi2223 system, etc. MgO 

[10], Al2O3[11], ZnO [12], Eu2O3 [13], SnO2[14], NiFe2O4[15] andFe2O3[16] were stated as 

showing the enhancement in transport characteristics. In several of the researches, the effects of 

the additions of the nanosize particles on the Bi2223 system were researched. Yaheya etal. [10] 

had stated effects of various nano-size magnesium oxide on transporting Bi2223 phase’s critical 

current density. In this research, it has been found that the volume fraction increases considerably 

by adding 20nm of the MgO in comparison with the pure sample and addition of 40nm magnesium 

oxide and high volume fraction have been obtained for the sample with x = 0.15wt%. Suazilina 
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etal. [17] had stated the effect of adding Y2O3 NPs in the Bi2212 super-conductors. It has been 

discovered that critical current density and critical temperature were increased up to x = 0.7wt%. 

Zelati etal. [18] had explained effects of adding Dy2O3 NPs on the superconducting and structural 

characteristics of the Bi2223 system. Based on their results, the optimal inter-grain connectivity, 

the maximum concentration of the hole and optimal measurements of the ac susceptibility have 

been obtained for the sample with x = 0.5wt% and the onset of Tc has been noticed at 109.5K. 

Zouaui etal. [19] Investigated effects of adding nano-sized ZrO2 on flux pinning characteristics of 

the (Bi–Pb)-2223 super-conductor. The critical current density Jc behaviors in the applied 

magnetic field and volume pinning force density Fp have been improved with adding 0.1wt% 

ZrO2, based on their research. Saad etal. [20] had investigated characterization and synthesis of 

adding Ag NPs on Bi2223 super-conducting thin films. It has been discovered that maximum 

volume fraction 66.15% of Bi2223 phase and the optimal critical temperature 103.5K in 

comparison with other samples. Which is why, volume fraction and Tc have been enhanced by the 

increase of the Ag NPs to 1wt%.  

Zelati etal. [13] had stated impacts of adding Eu2O3 NPs on the superconducting and 

structural characteristics of the Bi2223 system. Results have shown that adding Eu NPs of a 

sample with x = 0.5wt% enhanced super-conducting characteristics, like the critical current density 

and inter-gain connectivity. Those researches have shown that a variety of the NP additions have 

resulted in increasing critical temperature (Tc) and inter-grain connectivity, leading to improving 

the super-conducting characteristics of the Bi2223 system. With the developments of the 

nanotechnology, many different nano-structure materials were synthesized [13]. In nano-size 

range, particles have high rate of the atoms that have been located at the surface in comparison 

with the bulk materials, which has given rise to distinctive chemical and physical characteristics 

which are quite different from the bulk counterparts [21]. The Nano-sized addition to the Bi2223 

system had resulted in the enhancement of the connectivity between grains as a result of the small 

sizes [13]. However, nano-sized particles had shed light on inter-grain weak links concerning the 

inter-granular critical current [22]. In addition to that, numerous efforts that are related to the 

addition or doping of the NPs were carried out on improvements of the magnetic and physical 

characteristics of the Bi2223 system. It can be evident from those studies that values of the Jc are 

affected positively in the case where different nano-size particles like the SiC, ZrO2, Al2O3 and 

MgO into high temperature superconductors enter the structure of the BSCCO [22, 23]. In earlier 

studies, the impacts of the super-conducting parameters of the addition of the nano-SnO2 on 

Bi2223 system and effects of adding Nb2O5 on the super-conducting characteristics of Bi2223 

msystem have been stated [14, 24]. In addition to that, Kocabass etal. [25] had researched effects 

of substituting the micro-size Mg in Bi2223 super-conductor and maximum critical temperature 

has been reported as 112K up to 0.1 content. 

In the present study, samples with various concentrations of nano-MgO (x = 0–0.3wt%) 

have been produced with the use of the traditional solid state approach of the reaction and effects 

of nano-MgO particles on the superconducting and structural characteristics of the Bi1.6 

Ag0.4Sr1.9Ba0.1Ca2Cu3O10+δ super-conductor ceramics have been researched. 

 
 
2. Experimental details 
 

Super-conducting sample with the nominal composition Bi1.6 Ag0.4Sr1.9Ba0.1Ca2Cu3O10+δ   

have been produced from the approach of the solid state reaction, as suggested by N. S. Abed et al. 

[26] . Superconducting samples with the nominal composition  Bi1.6 Ag0.4Sr1.9Ba0.1Ca2Cu3O10+δ + 

(MgO)x where (x = 0.00, 0.1, 0.2, and 0.3wt%) have been produced by the approach of the solid 

state reaction, with the use of the Starting materials have been AgO (Merck > 99%), (Bi2O3 

(Aldrich > 99:9%), BaO(Merck > 99%), SrCO3 (Diopma >99:99%), CuO (Diopma > 99:99%), 

CaCO3 (Diopma  > 99:99%), and MgO nano with a high purity of approximately 99.99%. samples 

have been respectively labeled as Mg0 (x = 0.0wt%), Mg1(x = 0.1wt%), Mg2 (x = 0.2wt%), and 

Mg3 (x = 0.3wt%). They have been calcined at 120
o
C for 1.5h and after that powder mix has been 

calcined again at 800
o
C for 15h with the intermediate grinding. Calcined samples have been 

ground once more and pressed into the pellets of 13.0mm diameter and about 1.5mm thick at a 
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pressure of 7ton/cm
2
 using a pressing machine. Ultimately, those pellets have been sintered at 

850
o
C for 140h at a (5

o
C/min) heating rate, cooled down after that to the temperature of the room 

in the air. The schedule of the heat treatment for the Bi2223 pellets in the programmable 

temperature controlled silicon carbide (SiC) furnace. The structural features of 2223-phase has 

been checked with the use of the XRD method with the use of the (Shimadzu XRD6000) 

diffractometer with the source Cu-Kα (1.5406Å) radiation in range of the diffraction angle of (20
o
 

– 60
o
). Lattice parameters a, b and c have been estimated with the use of d-values and (hkl) 

reflection of observed XRD with the use of the standard card (ICDD042-0743) for the Bi2223, and 

(ICDD079-2183) for the Bi2212. Volume fraction for any phase that has been determined with the 

use of the equation: 

 

Vph =
ΣIᵒ

Σ Iᵒ+Σ I1+Σ I2+Σ In
× 100%                                                         (1) 

 
where I

o
 represents peak intensity of XRD of a phase that has been determined, I1, I2 and In 

represent peak intensities of all XRD. Mass density (dm) can be calculated from the following 

formula: 

 

𝑑𝑚(𝑔𝑚 𝑐𝑚3) =
Mwt

NA×V
                                                                 (2) 

 
𝑁𝐴 represents the avogadro number (6.022x1023mol

-1
), V represents unit cell volume and 

𝑀𝑤𝑡 represents molecular weight. 

Oxygen content has been determined with the use of chemical approach that has been 

referred to as the iodometric titration has been explained elsewhere [27]. A four probe method has 

been utilized for the measurement of electrical resistivity as function of the temperature at 

temperature range of (100K-300K) by using equation: 

 

   ρ =
(R∗A)

L
                                                                         (3) 

 

 
3. Results and discussion 
 

3.1. XRD Results 
Figure1 illustrates the patterns of the XRD of all of the samples, showing orthorhombic 

poly-crystalline structure for all of the samples which were composed throughout the synthesis of 

the samples and noticed that all samples include a high ratio of high temperature phase (Bi2223) 

and a few low temperature phase peaks (Bi2212) and that has low temperature, with the 

appearance of a few of the phases with unknown impurity that have been in agreement with [28]. 

The appearance of over 2 phases might be associated with stacking faults along c-axis or/and a 

result of substituting the MgO that result in the deformation of structure. It is observed that 

increasing the concentration of Mg results in causing an increase in the peak intensity, as can be 

seen from Figures1.  
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Fig. 1. XRD of Bi1.6Ag0.4Sr1.9Ba0.1Ca2Cu3O10+δ+(MgO)x where (x = 0.0, 0.1, 0.2, & 0.3wt%). 

 

 

The most intense pattern of the peak of samples belongs to a high-TC phase (Bi2223) that 

indicates as well that there is an increase in high-TC phase’s volume fraction. All of the samples 

have shown improvement of the high TC (Bi2223) peaks with the increase of the concentration of 

Mg, as it has been listed in Table1. This result has indicated that Addison by Mg results in 

improving the degree of the crystalline arrangements [29] and Bi-2223 phase’s volume fraction, 

the stability and the formation of Bi2223 phase may be modified by adding elements with different 
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ionic radius and bonding properties. Grain size values of all of the samples have been estimated 

with the use of  Deby  Scherrer  Formula, which has been represented below: [30] 

 

𝐿 =
0.9𝜆

𝑡 cos 𝜃
 

 

λ represents X-ray wave-length in nm, L represents crystalline size in nm, t represents FWHM 

(full width at half maximum) of maximum peak of intensity and θ represents corresponding peak 

angle [30,31]. The sizes of the grain have been estimated from the patterns of the XRD and 

determined as 24.00, 21.44, 21.24, and 20.30 nm for sample Mg0, Mg0.1, Mg0.2, and Mg0.3, 

respectively. Results have been presented in Table1. Based on this table, the maximum grain size 

value has been found as 24nm for sample Mg0. 

 

 

Table 1. Percentage volume fraction and grain size of Bi2223 phase and Bi2212 phase in 

Bi1.6Ag0.4Sr1.9Ba0.1Ca2Cu3O10+δ+(MgO)x   (x = 0.0-0.3wt%) samples. 

 

Sample wt% Vol. fraction %  

Grain size(nm) Bi-2223 Bi-2212 

MgO 0.0 77 23 24.00 

MgO 0.1 78 22 21.44 

MgO 0.2 79 21 21.24 

MgO 0.3 80 20 20.23 

 

 

Parameters (a, b, c), V, c/a and dm have been estimated as well from analysis of the XRD, 

as can be seen from the data in Table2. From estimating the lattice parameters (a, b, c), results 

have shown orthorhombic crystalline structure type for all of the samples. Changes in (c) axis may 

be a result of numerous causes, the first one was the increase in the concentration of the (O2), 

which has resulted from partially adding (MgO), such increase is taken by double (Bi-O) layers, 

causing stronger link due to a High (Mg) equivalence, which results in increasing the forces of the 

ion bonding that have been formed in (Bi-O) layers, thereby increasing lattice parameter c with 

increasing the content of Mg. It may be concluded that Bi2223 phase volume systematically varies 

with the c-parameter. Such variation in lattice parameters affects unit cell volume and then causes 

increased density. The second is that differences in ionic radius may result in causing deformities 

in lattice parameters [32]. Which is one of the driving forces to the pairing generation of the super-

conductor holes that form bosons that have been considered as current carriers in the proposed 

super-conductor. 
 

Table 2. Lattice parameters of Bi1.6Ag0.4Sr1.9Ba0.1Ca2Cu3O10+δ+(MgO)x   (x = 0.0-0.3 wt%) samples. 

 

Specimens x a b c V(A
o
)

3
 dm c/a 

MgO 0.0 0.0 5.4584 5.4458 37.741 1121.9 2.161781 6.9143 

MgO 0.1 0.1 5.4596 5.4723 37.832 1130.3 2.095384 6.9295 

MgO 0.2 0.2 5.4567 5.4501 37.886 1126.7 2.051626 6.9429 

MgO 0.3 0.3 5.4598 5.4546 37.907 1128.9 1.997313 6.9430 

 

 

3.2. Tc and Oxygen Content Results 

Temperature dependence of electrical resistivity of Bi1.6Ag0.4Sr1.9Ba0.1Ca2Cu3O10+δ 

+(MgO)x   (x = 0.0-0.3 wt%) has been depicted in Figure2. It has been observed that samples 

showed metallic behavior, followed by super-conductivity transition with a transition temperature 
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that equals 138,139,140 and 141K for the composition with x= 0.0, 0.1, 0.2 and 0.3 respectively. It 

is found from Table3 that oxygen content (δ) of samples increases as the Mg content increases. 

Enhancing oxygen content (δ) results in the enhancement of hole concentration in Cu-O2 layers, in 

addition to enhancement of critical temperature Tc from about 138K to 141K with increasing the 

content of Mg as can be seen from Figure 3. Which is an indication of the fact that increasing 

oxygen content (δ) and critical temperature Tc values has been a result of increasing the absorption 

of the oxygen throughout the superconductors’ crystallization process. From results it may 

concluded that oxygen content (δ) that equals 0.34910 represents the optimal value. 
 

 

Table 3. Oxygen contents and critical temperatures (Tc) of (Bi2-xAgxSr1.9Ba0.1Ca2Cu3O10+δ)  

with x= (0.10, 0.20, 0.30, 0.40). 

 
Specimen  δ Tc 

MgO 0.00 0.24835 138 

MgO 0.10 0.2676 139 

MgO 0.20 0.2859 140 

MgO 0.30 0.3491 141 

 

 

 
 

Fig. 2. The electric resistivity versus temperature behaviors of 

Bi1.6Ag0.4Sr1.9Ba0.1Ca2Cu3O10+δ+(MgO)x   (x = 0.0-0.3 wt%). 

 

 

 
 

Fig. 4. Critical temperature as an (Mg) concentration function. 
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4. Conclusions  
 

In the present study, we investigated (Bi2-xAgxSr1.9Ba0.1Ca2Cu3O10+δ), super-conductor 

compounds for values of (x= 0.10, 0.20, 0.30 and 0.40) that has been prepared with the use of the 

solid state reaction approach. The analyses of the XRD pattern had shown orthorhombic structures 

with high Bi-2223 super-conductor phase ratio, and, increase of c-axis lattice constant with an 

increase in the concentration of Ag. The optimal x value is that optimal ratio of substitution for the 

Ag in (Bi2-xAgx Sr1.9Ba0.1Ca2Cu3O10+δ), compound is at x = 0.40 where a high phase Bi2223 

percentage appears. Substituting Ag in Ag in compounds of (Bi2-xAgx Sr1.9Ba0.1Ca2Cu3O10+δ), had 

shown maximal value of Tc (138K) at x=0.40. moreover, oxygen content δ were found to be 

increased by the increase of the concentration of Ag, since substitution produced of local pressure, 

hole carrier concentrations, variation electronic state and its distributions. AFM results have shown 

that surface roughness values and average diameter that samples have good homogeneous and 

crystalline surface and gave an optimal Nanosize value of 35nm at x=0.40.  
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