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Abstract 

The Y145 superconductors modified with manganese oxide (Mn3O4) were synthesized via the solid-

state reaction by using the Mn3O4 with various concentrations of dopant. Our research focused on the investigations 

of the physical and structural properties in the doping materials and the composite materials preparations. The 

SEM and EDX were determined the surfaces of materials and the identifications of elements. The XRD patterns 

were indicated for the microstructure of these samples. The critical temperature (TC) of the samples was measured 

by the four-point probe resistivity measurements. The Cu2+, Cu3+, and oxygen content were investigated by 

Iodometric titration. The results revealed that the influence of different concentrations of Mn3O4 was significantly 

on the increase of the TC as increasing the Mn content in both processes. The SEM and ERD showed that the grain 

size of the doping samples changed slightly in comparison with the composite samples in most samples. The XRD 

demonstrated that the crystal structure was in the orthorhombicity. The Iodometric titration indicated that the ratio 

of Cu3+/Cu2+ depended on the TC, which was rather linear dependence. The increase of TC with increasing 

concentrations of Mn3O4 could be due to the hole filling in the CuO2 planes. 
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1. Introduction 

The discovery of the YBa2Cu3Oy (Y123) 

ceramic superconductor (1), the Y123 showed  the 

critical temperature at 92 K. In 2010, the YBa2Cu3Oy 

family modified the compound samples with several 

compositions (2). Next year, the YBa4Cu5Oy (Y145) 

superconductor (3), found that the critical temperature 

onset of Y145 at 94 K. Many researchers reported 

that The Y145 superconductor was synthesized     

some properties of YBamCu1+mOy (m = 2,3,4,5) (4) 

superconductor by using the calcination temperature 

was at 1223 K and varied the sintering temperature 

was at 1223 K and 1253 K, the TC onset of Y145 was 

91 K.  

However, the research has consistently 

shown that the preparation and characterization of 

Y123 and Y2Ba3Cu5Oy (Y235) superconductors (5) 

doped with fluorine, showed that the critical 

temperature was 92 K - 95 K. The influence of doped 

materials has greatly been explored by many 

researchers such as the effect of the physical 

properties of superconductors, the Ti doping on 

structural and superconducting properties of the 

Y123 high-TC superconductor was done (6). More 

studies were done to support that the effect of 

magnetic and nonmagnetic nano metal oxides doping 

on the critical temperature of the YBCO superconductor 

(7). It noted that the Y123 doped with nano metal 

oxide of Mn3O4 with 0.2 wt% were synthesized by 

solid-state reaction technique, the critical temperature 

onset of Y123 at 112 K for Y123 + 0.2 wt%Mn3O4. 

In some case, the Mn3O4 doping on the superconductor 
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samples of Y123 + xMn3O4 with increasing of 

concentrations (x = 0.1, 0.2, 0.3, 0.4 and 0.5wt%) of 

nano metal oxides (8), reported that the physical 

properties of all samples mostly were unchanged in 

samples and exhibited large grain size with the 

presence of pores between the grains. One showed 

that the Mn3O4 was distributed over the surfaces and 

the orthorhombic structure. 

Besides, the research efforts (9) reported 

the oxygen content effected the critical temperature 

of Y145, the Ag doping on Y145 superconductor 

with the determination of Cu2+ and Cu3+ in the 

oxygen content found that the relation on the amount 

of Cu2+ and Cu3+, the Cu3+/ Cu2+ ratio of Y145 were 

high amount on Ag-doped sample. The present work 

aimed to investigate the variation of the superconducting 

critical temperature of the Mn3O4 doped and Mn3O4 

composited Y145 superconductor with different 

concentrations of Mn3O4 on some physical properties. 

The crystal structures of samples were investigated 

by using X-ray diffraction (XRD). The surfaces of 

materials were considered by the scanning electron 

microscopy (SEM). The identifications of the 

compositions of different elements in the specific 

samples were determined by using the energy-

dispersive X-ray spectroscopy (EDX). The Iodometric 

titration was used to determine the amount of Cu2+, 

Cu3+, and oxygen content. The resistivity measurements 

and the critical temperature were measured by using 

the four-point probe technique. 

2. Materials and Experiment 

The YBa4Cu5Oy (Y145) superconductor 

doping and compositing on Mn3O4 with the different 

concentrations were synthesized by solid-state 

reaction technique. The high-purity (99.99%) raw 

materials of Y2O3, BaCO3, CuO, and Mn3O4 powders 

were mixed, ground, and reacted according to the 

calculations of the chemical formula in two processes. 

The doping materials were prepared by starting the 

various concentrations of precursor powders (Y2O3, 

BaCO3, CuO, and Mn3O4), which were the pure 

sample of YBa4Cu5Oy superconductor and the doped 

samples of YBa4Cu5Mn0.015Oy, YBa4Cu5Mn0.030Oy, 

and YBa4Cu5Mn0.060Oy superconductors with (0.005, 

0.010, and 0.015 Mole) Mn3O4. Consequently, the 

composite materials were prepared by the raw 

materials of Y2O3, BaCO3, and CuO in the desired 

atomic ratio as 1:4:5, as YBa4Cu5Oy superconductor, 

which was composited with xMn3O4 where x = 

0.005, 0.010, and 0.015 Mole, as Y145, Y145 + 

0.005Mn, Y145 + 0.010Mn3O4, and Y145 + 

0.015Mn3O4, respectively. The calcination process 

was done at 1223 K for 24 hours in the powder form. 

All samples were pressed into pellets and took into 

the sintering process at 1223 K for 24 hours and the 

annealing process is at 823 K for 24 hours in the air. 

 

 

The physical properties were analysed by 

the resistivity measurements (10), which was set as a 

function of temperature in a range of 77-120 K by 

using liquid nitrogen and measured by a standard D.C 

four-point probe technique (11). All obtained 

samples were characterized by SEM micrograph and 

EDX (JEOL JSM-661oLV) analysis (12) was carried 

out to investigate stoichiometry and chemical 

composition. The XRD patterns (Bruker D8-

Discover); the crystal structures were performed by 

Rietveld full-profile analysis method. Finally, the 

oxygen content (13, 14) was characterized by Iodometric 

titration technique. This titration was carried out by 

determining the amount of Cu2+, Cu3+, and oxygen 

content. The oxygen content was calculated by using 

the sum of the oxygen number of all samples. The 

YBa4Cu5Oy superconductors were the samples of 

nonstoichiometric compounds in which the oxygen 

content is variable. The coefficient Y in the formula 

had noninteger value in the range of 10.5-11. 

3. Results and Discussion 

The surface morphology and elemental 

compositions of all samples were demonstrated by 

SEM and EDX in JEOL (JSM-6610LV). The SEM 

of all samples in the doping and composite materials 

with different concentrations of Mn3O4 was used for 

power magnifications of 2000 (10.𝜇m). From Figure 

1, the surface morphology changes with the addition 

of the Mn3O4 in the system. The grain size of the 

Y145 doped with Mn3O4 samples presented the clear 

of small grain over the surface with random 

alignment distribution. Moreover, the grain size of 

the doped sample was better compared to the pure 

sample and the composite materials samples. 

According to the SEM results, the surface morphology 

and average crystallite size were found to raise with 

increasing the Mn addition in the range 1 – 6 .𝜇m. 

Figure 2, depicted the average grain size in all 

samples rather, being the same as most samples and 

the samples exhibited large grains randomly oriented 

in all directions with the presence of pores between 

the grains. For the composite of Mn3O4, showed that 

Mn3O4 were distributed randomly over the Y145 

grains mostly. The EDX analysis was found that the 

elements of all samples with Y, Ba, Cu, O, and Mn 

were the different values and without impurity. When 

computing the formula ratio by defining Yttrium to 

be 1, according to the chemical formula of Y145. 

Next, the elemental analysis of the superconductors 

samples was randomly analyzed by calculating the 

average in five positions over the surface samples as 

shown in Figures 3 and 4. The ratio of Ba, Cu, O, and 

Mn were shown in the following in Table 1. From 

EDX analysis, each of Mn3O4 was mostly distributed 

over the entire surface of the granules as pointed in a 

range of micron. However, the amount of 0.005 

Mn3O4 in two processes was undetectable with the 

value of Mn addition in some positions.
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Figure 1 The SEM micrographs of samples a) YBa4Cu5Oy, b) YBa4Cu5Mn0.015Oy,  

c) YBa4Cu5Mn0.030Oy, and d) YBa4Cu5Mn0.060Oy in the doping materials (D). 

 

Figure 2 The SEM micrographs of samples a) Y145, b) Y145 + 0.005 Mn3O4,  

c) Y145 + 0.010 Mn3O4, and d) Y145 + 0.015 Mn3O4 in the composite materials (C). 
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Figure 3. The EDX results of the doping materials (D). 

 

Figure 4 The EDX results of the composite materials (C). 
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Table 1 The ratio of elements in comparison with yttrium. 

Samples Yttrium Barium Copper Oxygen Manganese 

Y145 (D) 1 3.81 5.19 13.36 - 

YBa4Cu5Mn0.015Oy 1 3.39 4.28 11.25 0.00 

YBa4Cu5Mn0.030Oy 1 3.84 5.11 12.29 0.01 

YBa4Cu5Mn0.060Oy 1 4.16 5.43 12.94 0.04 

Y145 (C) 1 4.30 5.37 15.11 - 

Y145 + 0.005Mn3O4 1 3.91 4.58 12.52 0.00 

Y145 + 0.010Mn3O4 1 4.70 5.89 14.93 0.08 

Y145 + 0.015Mn3O4 1 4.80 6.00 14.91 0.10 

 

We have two preparation processes; the 

doping materials and the compositing materials 

process, with different concentrations of Mn3O4. 

Figure 5, shows the relation between the normalized 

resistivity versus temperature of both processes, 

presenting the critical temperature of all samples. 

Table 2, we also found that the two processes with 

different concentrations can enhance the critical 

temperature that the highest critical temperature 

onset at 101 for YBa4Cu5Mn0.060Oy and 97 K for 

Y145 + 0.015Mn3O4 samples, respectively. These 

results of magnetic micro metal oxides doping on 

structure and electrical properties of Y145 

superconductors were consistent with the research of 

Salama et.al studied that the influence of magnetic 

nano metal oxides, in the doped with Mn3O4 

increasing TC significantly. In Table 2 also shows the 

difference of TC onset and TC offset depending on    

the porous surface morphology, and doping and 

compositing concentrations of samples.  

In Figure 5, the comparison of two processes 

on the critical temperature is shown. So, we concluded 

that the critical temperature depends on the resistivity 

for Y145 doped and composited samples with different 

concentrations of Mn3O4. Generally, all samples 

showed metallic behavior in the normal state and 

superconducting parameters. It was also known that 

the doping materials process is a higher critical 

temperature than the compositing materials process. 

The value of TC onset at 101 K, increased significantly 

in the doping materials process. While the process of   

the composite materials shows slightly critical 

temperature in the value of TC onset at 97 K. The 

effect of two processes and concentrations on the 

critical temperature onset were demonstrated. The 

YBa4Cu5Mn0.060Oy had the highest critical temperature 

onset at 101K in the doping materials process and the 

Y145 + 0.015Mn3O4 had the highest critical temperature 

onset at 97 K in the compositing materials process. 

These represented that the increase of concentrations 

illustrates the effect on critical temperature indirectly 

that increases the oxygen content and the Cu3+/Cu2+ 

ratio of all samples. Additionally, the increase of TC 

with doping and compositing nominal concentration 

confirmed that Cu atoms in the Y145 crystal lattice 

could be partially substituted. Some differences in TC 

onset increase in comparison with pure Y145 might 

be caused by the solidification process as well as the 

formation of secondary phases rich in doping and 

compositing. For the Mn3O4 doping and compositing, 

we realized that there was an increase in transition 

temperature up to 0.015 Mole, due to the Mn 

inclusion, which reduced the formation of other 

phases and enhances the formation of Y145. However, 

the decrease in TC with Mn content at 0.010 Mole 

indicated that Mn ions were incorporated into the 

Y145 structure, resulting in some changes in the 

microstructure and chemical properties of CuO2 

planes. Moreover, the possible Copper-pair breaking 

effect of magnetic ions was known to depress the 

transition temperature through the short-range 

exchange scattering.  

It convinced that the value of the residual 

resistivity oscillates, the increasing and the decreasing 

value of resistivity trended in the value of zero-

resistance critical temperature. It indicated that the 

connectivity between grains decreases gradually with 

increasing the doping and compositing concentration 

of all oxides. These effects occurred by increasing 

inhomogeneities in the inter-granular regions.

Table 2 The variation of normal state and superconducting parameter in all samples. 

Samples TC offset (K) TC onset(K) ∆T (K) 𝛒(𝐦𝛀. 𝐜𝐦) 
Y145 (D) 89 92 3 39.5 

YBa4Cu5Mn0.015Oy 88 97 9 20.5 

YBa4Cu5Mn0.030Oy 88 95 7 32.2 

YBa4Cu5Mn0.060Oy 92 101 9 43.3 

Y145(C) 84 91 7 18.7 

Y145 + 0.005Mn3O4 91 95 4 51.5 

Y145 + 0.010Mn3O4 88 92 4 12.7 

Y145 + 0.015Mn3O4 88 97 9 13.3 
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Figure 5 The normalized resistivity versus temperature of samples. 

For the powder X-ray diffraction analysis, 

the pellets were reground to a fine powder and the 

XRD patterns analysis was investigated. The XRD 

patterns, carried out at room temperature in 2𝜃= 10

- 90  range as shown in Figure 6. The characteristic 

peaks of all samples; the Y145, YBa4Cu5Mn0.0015Oy, 

YBa4Cu5Mn0.030Oy, YBa4Cu5Mn0.060Oy in the doping 

materials process and the Y145, Y145 + 0.005Mn3O4, 

Y145 + 0.010Mn3O4, Y145 + 0.015Mn3O4 in the 

compositing materials process, determined and 

compared with the research of Chainok et.al, the 

peaks of all samples were indicated a predominantly 

single-phase perovskite structure Y145 with 

orthorhombic symmetry and small quantities of 

secondary phases. When the peaks of all samples 

were compared with the peak of Y123 for the 

investigation of crystal structure (15). It mentioned 

that these peaks corresponding to the peak of Y123, 

detected by X-ray diffraction analysis. Thus, all 

samples were in the orthorhombic structure. 

The Iodometric titration (16), investigated 

to determine the amount of Cu2+, Cu3+, and oxygen 

content. The oxygen content Oy was calculated by 

using the sum of the oxidation numbers of all 

samples, we defined that y = 11-x, where x is the 

deficiency of samples. The Cu3+/Cu2+ ratio, oxygen 

content, and the deficiency of all samples were 

indicated in Table 3. For investigating all samples, it 

reported that the YBa4Cu5 Mn0.060Oy showed the 

highest Cu3+/Cu2+, the critical temperature, and the 

lowest percentage of deficiency. The effect of two 

processes and oxygen deficiency on the critical 

temperature onset was shown. The relation of these 

parameters was almost linear dependence. It also 

knew that oxygen deficiency was a small value, being 

contributed to the increase of the critical temperature 

such as the highest deficiency of Y145 with a smaller 

critical temperature. So, we believed that the critical 

temperature is inversely proportional to the increment of 

oxygen deficiency. The ratio of Cu3+/Cu2+ versus the 

critical temperature onset of all samples was shown 

in Figure 7, it indicated that the ratio of Cu3+/Cu2+ 

depending on the critical temperature, with nearly the 

linear dependence. The YBa4Cu5Mn0.060Oy had the 

maximum Cu3+/Cu2+ of and the Y145 had the 

minimum that agrees with the highest TC onset of 

YBa4Cu5Mn0.060Oy and the lowest TC onset of Y145. 

Therefore, these results were consistent with the 

research of Supadanaison et. al. that studied the 

determination of Cu2+ and Cu3+ by Iodometric 

titration in the Y145 superconductor found that the 

higher the Cu3+/Cu2+ ratio was, the higher the critical 

temperature became. It also indicated that the 

YBa4Cu5Mn0.060O10.954 has the highest Cu3+/Cu2+ 

ratio at 0.222 and the highest TC onset at 101 K. 

While the YBa4Cu5Mn0.015O10.863 has the lowest 

Cu3+/Cu2+ ratio at 0.170 and the TC onset at 92 K.
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Figure 6 The X-ray diffraction patterns of samples in the doping materials and the composite materials process. 

Table 3 The oxygen content and deficiency of samples. 

Compounds Cu3+/Cu2+ Oxygen (Oy) Deficiency (%) 

Y145 (D) 0.170 10.863 1.249 

YBa4Cu5Mn0.015Oy 0.202 10.921 0.719 

YBa4Cu5Mn0.030Oy 0.193 10.904 0.870 

YBa4Cu5Mn0.060Oy 0.222 10.954 0.417 

Y145(C) 0.173 10.869 1.188 

Y145 + 0.005Mn3O4 0.201 10.919 0.740 

Y145 + 0.010Mn3O4 0.180 10.881 1.077 

Y145 + 0.015Mn3O4 0.217 10.946 0.491 
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Figure 7 The ratio of Cu3+/Cu2+ versus the critical temperature onset. 

4. Conclusions 
The Y145 superconductors doped and 

composited materials with Mn3O4 concentrations of 

x = 0.005, 0.010, 0.015, typically synthesized by 

solid-state reaction. We found that the TC onset of the 

doping materials process of Y145, YBa4Cu5Mn0.015Oy, 

YBa4Cu5Mn0.030Oy, YBa4Cu5Mn0.060Oy were 92 K, 

97 K, 95 K, and 101 K, respectively. The composite 

materials process of Y145, Y145 + 0.005Mn3O4, 

Y145 + 0.010Mn3O4, Y145 + 0.015Mn3O4 were 91 

K, 95 K, 92 K, and 97 K, respectively. The doping 

and compositing with Mn3O4 were increased TC 

significantly, it might be lead to the inclusion of Mn 

in the Y145 structure and enhanced the formation     

of Y145 with high orthorhombicity and high 

superconducting properties (3, 8). Also, the amount 

of Cu3+/Cu2+ ratio in the superconductors contributed 

to becoming the crystal structure of the superconductor. 

Therefore, the higher the Cu3+/Cu2+ ratio was, the 

higher the superconducting transition temperature 

changed. Particularly, the increase of Cu3+/Cu2+ was 

related to the decrease and increase of the oxygen 

content and the critical temperature of samples. 

Hence, the effect of increasing Mn content in the 

Y145 superconductors was equivalent to that of 

enhancing Cu3+/Cu2+ and the rising of the critical 

temperature. 
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