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The effect of magnesium on the microstructural and superconducting characteristics of 

bulk Bi2Sr2CaCu2MgxOy superconductors with x=0 to 0.05 by solid reaction has been 

examined in this study. Bi2Sr2CaCu2O8+ is formed as the primary phase, and 

Bi2Sr2CuO6+ (Bi-2201) is present as the parasitic phase, according to XRD data. In 

doped samples, the c lattice parameter decreases, indicating that Mg has entered the 

Bi2Sr2CaCu2O8+ crystallographic unit cell. The grain morphology of the samples 

containing magnesium has changed significantly, and the lamellar structure typical of 

high temperature superconductors can be seen in the SEM micrographs. The critical 

temperatures, Tcoff and Tconset, are raised by the addition of Mg, delimiting the 

superconductive transition. Tconset's maximum value corresponds to x = 0.05. 
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1. INTRODUCTION

The most known and studied bismuth-based high

temperature superconductor (HTS) has a general chemical 

formula Bi2Sr2Can-1CunO2n+4+. Here, n refers to the number of 

CuO2 layer in their crystallographic unit cell. The 

corresponding phases are for n=1: Bi2Sr2CuO6+; for n=2: 

Bi2Sr2CaCu2O8+ for n=3: Bi2Sr2Ca2Cu3O10+ [1, 2]. For n ≤ 3, 

the number n of CuO2 layers seems to correlates with the value 

of Tc (R=0) [3]. The Bi-2212 phase is the one among the stated 

phases that is best suited for its chemical stability and 

versatility in manufacturing and processing [4]. However, 

there is the issue of weak links, which could result from 

inherent flaws in the lattice structure. Possibilities for 

improving the superconducting properties include filling the 

pores with the appropriate nanostructures. As in Bi-2223 phase 

[5, 6], doping with low content of rare earth elementsin the Bi-

2212 phase [7-13] changes the normal state properties by 

decreasing the density of charge carriers nc (holes) in the CuO2 

planes. In the (nc, T) plane, nc defines for the doped compound 

a phase diagram which limits the conditions for normal, 

insulating or superconducting state. The transition from 

insulator to metal state corresponds to thermodynamic 

fluctuations [14].  

Another method that is frequently used to improve the Bi-

2212 phase is doping with metallic elements such as B, Na, Zn, 

and Mg [15-21]. Utilizing MgO particles has a special impact 

on critical current density and flux pinning among them. Flux 

pinning, critical current density, and the irreversibility field are 

all increased in Bi-2212 powders treated with partial-melt 

processing when 11 and 20 molar percentages of MgO are 

added [18]. Except for MgO at a concentration of 10 wt%, 

embedding Bi-2212 single crystals with 1, 5, and 10 wt% 

enhances the critical current density at low temperatures (20 

K) and a maximum applied field of 10 T. Bi-2212 that has been

dissolved in an organic solvent and dip-coated on oxidized Ni

tapes can have up to 6 vol% MgO added to it to increase the

critical current density, up to a maximum of 4 vol% [20].

When 5 weight percent of nanosized MgO particles are added

to a single crystal of Bi-2212, the critical current density

similarly rises [21]. According to these findings, MgO

particles solely serve as pinning centers and lower

concentrations produce the best results. Our goal is to

investigate the effects of a modest MgO nanoparticle loading

(5wt%) on the superconducting characteristics of the Bi-2212

phase.

2. MATERIALS AND METHODS

Bi2Sr2CaCu2O8+ phase samples were created using the

solid-state reaction technique. The various powders, including 

Bi2O3, SrCO3, CaCO3, and CuO, are combined in the proportion 

Bi: Sr: Ca: Cu = 2: 2: 1: 2, and the resulting combination is 

then processed to create a homogeneous powder. For a 

consistent distribution of the employed products throughout 

the preparation of our samples, grinding will be done 

numerous times. After that, the samples will be calcined in air 

for 30 hours at 810°C. Following calcination, our materials 

will be again ground and then repeatedly compressed with a 

hydrostatic press to create cylindrical pellets at a pressure of 5 

tons per square centimeter. Our samples were sintered for 60 
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hours at 840 °C. The subsequent step involves grinding, 

mixing, and re-pelletizing the obtained pellets with the 

nominal composition Bi2Sr2CaCu2MgxO8+ where (x=0, 0.01, 

0.02, 0.03, 0.04 and 0.05) in order to improve the grain 

connectivity and boost the kinetics of the formation of Bi2212 

at a second sintering at 850°C for 60 hours. 

By using X-ray powder diffraction (XRD) at room 

temperature (25C), with CuK radiation and a step of 0.021°, 

samples' phase identification was analyzed. XRD pattern 

indexation and sample cell characteristics were improved 

using JANA06 software [22]. The energy dispersive X-ray 

spectrometer (EDS), which is equipped with the scanning 

electron microscope (SEM), is used to measure the 

microstructural characteristics. The usual four-probe method 

was used to measure electrical resistivity, while AC 

susceptibility was used to measure superconductivity. 
 

 

3. RESULTS AND DISCUSSION 
 

Figure 1a displays the X-ray diffraction patterns. The 

majority of the principal diffraction peaks can be attributed to 

the Bi-2212 phase, according to identification. The parasitic 

phase Bi-2201 can be recognized by a very low intensity peak 

at 29.8° denoted by the symbol. Except for x = 0.04, 0.05, 

where it grows once more, this peak, which was there for x = 

0, becomes extremely modest when Mg is added. Secondary 

phases may be related to the method used, the use of heat 

treatment, or stoichiometry error [9]. The peaks that 

correspond to MgO are difficult to identify due to the little 

addition. The primary peaks (008), (0010), and (0012) have 

substantially higher intensities than the other three, showing 

that the grains prefer to be oriented along the (00l) direction. 

Figure 1b shows the example diagrams that were calculated 

and observed. The results of the cell parameter and cell volume 

refinements are shown in Table 1 for the various samples. The 

agreement factors Rp, Rwp, and the goodness of fit (GOF) factor 

are also mentioned. Orthorhombic system is present in the 

polycrystalline phase.  The characteristics of the c cell drop 

from 30.953 Å to 30.782 Å. Although the addition of Mg has 

no impact on crystal symmetry, the observed drop in c 

parameter could be explained by Mg2+ replacing Ca2+. Mg2+ in 

coordinence 8 has an ionic radius that is 0.89 Å smaller than 

Ca2 + 
's, which is 1.12 Å [23]. 

 

 
 

Figure 1a. XRD patterns of Bi2Sr2CaCu2MgxO8+δ samples (x 

=0 - 0.05) 

 

 
 

Figure 1b. Observed and calculated XRD patterns for x = 0 

 

 

Table 1. Lattice parameters (a, b, c), cell volume V, expected weighted profile factor (Rexp), weighted profile factor (Rwp) and 

goodness of fit (GOF) of the samples 

 
x 0 0.01 0.02 0.03 0.04 0.05 

a(Å) 5.372 5.4153 5. 405 5. 410 5.378 5.384 

b(Å) 5.423 5.39599 5.397 5.379 5.415 5.397 

c(Å) 30.953 30.8988 30.937 30.936 30.872 30.782 
V(Å3) 901.872 902.8982 902.742 900.477 899.298 894.591 

(Rp, Rwp) % (8.70, 13.04) (6.53, 9.96) (6.04, 8.92) (9.35, 12.52) (10.03, 14.57) (6.76, 9.41) 

GOF 1.70 1.10 0.98 1.21 1.41 1.20 

The introduction of MgO also affects the characteristics of 

a and b cells, with the first one growing and the latter one 

decreasing. The length of these axes is determined by the 

length of the Cu-O bond. Additionally, uniform strain would 

only cause the lattice to expand or contract uniformly, shifting 

the lattice parameters. 

Even though the crystal's symmetry does not change, a very 

small amount of Bi3+ can be replaced with Mg2+ and still cause 

an increase in an axis. The latter reduces the hole concentration 

and weakens the Cu-O bond [5] due to the shift in how charges 

are transferred from the charge reservoir (BiO) to the CuO2 

conducting planes. The non-monotonic fluctuation of the a and 

b axes versus x may be explained by the solubility of MgO 

particles in the Bi-2212 phase. MgO particles may become 

trapped by grain boundaries or structural flaws in the samples 

rather than decomposing and replacing Mg in the Bi2212 

phase. The vortex pinning is made better by this effect. Figure 

2 displays SEM images of the samples' surface morphology at 

the same magnification (5000), with the exception of the 

sample with x=0.01 (4500). High temperature 

superconductors have grains with lamellar structures that have 

uneven block structures. When Mg is supplied with 0.04, grain 

size, which is greater than 10 m in the undoped sample, drops 

while porosity rises. 
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Figure 2. SEM micrographs of the samples with formula: 

Bi2Sr2CaCu2MgxO8+ (x=0-0.05) 

 

The samples contain the components of the Bi-2212 phase, 

as shown by the EDS analysis patterns in Figure 3. All samples 

with doping contain magnesium. In doped samples, Cu is 

lower than the value (14.3%) predicted by the stoichiometric 

formula for Bi-2212, as seen in Table 2. 

 

 

 

Figure 3. The EDS analysis patterns 

 

 

Table 2. EDS analyzed composition wt% of the samples 

 
x  

Atom 
0.00 0.01 0.02 0.03 0.04 0.05 

Bi 40.79 43.42  51.68 55.60 60.29 37.84 

Sr 14.58 12.73 18.66 17.77 16.65 12.25 

Cu 18.21 12.46 5.16 4.52 4.84 12.54 

Ca 4.19 3.85 4.14 4.63 5.05 3.03 

Mg 0.01 1.05 3.43 2.46 0.04 3.17 

O 11.15 11.60 16.94 15.02 13.13 15.20 

C 11.06 14.89 / / / 15.98 

 

This outcome raises the option of replacing Cu with Mg, 

whose composition is substantially higher than anticipated. 

This fact may be explained by the small detection surface and 

the small number of grains examined, although an uneven 

distribution of Mg particles is more likely. 

The color map areal distribution of Bi, Sr, Ca, Mg, Ca, Cu, 

and O was displayed in Figure 4. It is obvious that Mg element 

aggregation and dispersion throughout Bi2212 grains. The 

maps of the doped Bi2212 sample with x=0.02 demonstrated 

the uneven dispersion of Mg oxide (Figure 5). The temperature 

dependency of the samples' resistivity (T) is shown in Figure 

6. The normal state resistivity is discovered to exhibit strong 

linearity, drop for 1≤x≤3 and increase for x≥4, with the 

exception of the undoped one. The flaws, grain boundaries, 

and voids may be to blame for this outcome. The values of the 

superconducting parameters are shown in Table 3. The Tc,onset 

is increased by the addition of Mg. The Tc is influenced by the 

connection of the CuO2 planes as well as their density of 

charge carriers. This coupling depends on the c-axis value, 

which is the distance. The density of charge carriers in the 

sample's normal condition affects the residual resistivity as 

well. The values reported in Table 3 show that the variation of 

Tc,onset is not related to the density of charge carriers. The 

situation is the same for the values of Tc,off. Comparing the 

variation of the c-axis parameter to the Tc,onset one, the 

correlation is more evident. Moreover, these results confirm 

the possibility of Mg substituting on Ca site. The behavior of 

Tc,off cannot be correlated to the coupling of the CuO2 planes 

because it is more related to the thermal activation of flux n 

creep. The latter relates to structural defects in the grains of the 

samples [5]. The large transition width, Tc, demonstrated by 

non-doped sample revealed the individual superconducting 

grain's inhomogeneities which was showed in the SEM image. 

 

 
 

Figure 4. Elemental mapping of sample 

Bi2Sr2CaCu2Mg0.02O8+ 
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Figure 5. Mapping of Mg in the doped samples 

 

 
 

Figure 6. Temperature dependence of resistivity of the 

Bi2Sr2CaCu2MgxO8+δ samples 

 

Table 3. Critical temperatures, transition width ΔTc, residual 

resistivity ρ0 with different doping 

 
x 0 0.01 0.02 0.03 0.04 0.05 

Tc,onset(K) 85.7 82 80.7 81 85.6 90.1 

Tc,off (K) 52.4 64.3 66.2 67.8 62.8 66.1 

ΔTc(K) 33.3 17.7 14.5 14.3 22.8 24 

ρ0 (Ω. cm) 10-3 2.87 1.8 1.5 2.1 2.5 2.9 

 

Figure 7 reports the variation of the magnetic susceptibility 

(T) measured between 10 to 150 K. These results confirm 

those obtained from resistivity. The decoupling of the grains 

occurs at a temperature lower than 20 K. This effect confirmed 

by the absence of the peak in the imaginary part (") is a 

consequence of the porosity, bad connectivity and extended 

defects in the samples. Deduced from susceptibility, Tc of the 

doped samples is higher than the undoped one but its variation 

is not correlate well with the resistivity. The curve of low 

temperature of’ indicates that the volume superconducting 

portion does not shift as Tc.  

Our results show that addition, at low rate, of MgO 

influences both the structural and superconducting properties 

of the Bi2212 phase. Several works have studied this kind of 

addition in the Bi2223 phase at higher ratio of MgO (until 5 

wt.%) with a main result of a decrease of Bi2212 as parasitic 

phase and higher critical current density Jc [24-26]. 
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Figure 7. Temperature dependence of the susceptibility  of 

the samples with Mg content 

 

Less widely recognized is the possibility of these oxides 

decomposing and being replaced by Bi2212 in the unit cell as 

a result. The cell parameters changing supports that theory. 

The preparation conditions and sintering temperature may be 

used to explain the non monotonic change. The effect of the 

addition of metallic oxides may also be explained by the Fermi 

surface's dependence on doping [27]. 

 

 

4. CONCLUSIONS 

 

The effects of MgO addition on Bi2Sr2CaCu2O8+'s micro 

structural, transport, and magnetic characteristics are 

discussed in this work. The creation of the Bi2212 phase was 

demonstrated through analysis of the X-ray diffraction 

patterns. According to SEM data, porosity is significant in the 

samples, although it is diminished in the sample with x = 0.05. 

Tc is improved by MgO addition. The structural analysis in 

conjunction with the results of the resistivity and magnetic 

experiments appear to support the idea that Mg has been 

substituted for Cu. With a reduction in the c-axis parameter, 

there is little change in the samples' crystallographic structure, 

and the unit cell stays orthorhombic. 
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