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Abstract 

The mass attenuation coefficients and effective atomic numbers of the new Y-based 

superconductors have been studied in the energy range of 220  662 keV. The variation of photon 

energy has been changed from Cs-137 (662 keV) by Compton scattering technique. The mass 

attenuation coefficients of Y-based superconductors decreased with increasing of photon energy and  

do not show the significantly different compared with all Y-based superconductors. Incoherent 

scattering is main interaction process when photon penetration to Y-based superconductors. The 

effective atomic numbers and electron densities show the same trend and its depend on Y, Ba and Cu 

content in Y-based superconductors. 
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Introduction 
 

In 1986, Bednorz and Muller [1] reported 

that the metal oxide ceramic La2xBaxCuO4(La214) 

becomes superconducting above 30 K. The 

superconductivity of La214 initiated a flurry  

of research on a new family materials referred  

to as high-temperature superconductors. The 

Y123(YBa2Cu3Oy) was the first discovered by 

Chu and co-workers [2] in 1987 with the critical 

temperature transition around 93 K. The other Y-

based superconductors discovered in 1988 were 

two groups of Y124(YBa2Cu4O8) and 

Y247(Y2Ba4Cu7O15). The critical temperatures of 

Y124 [3] and Y247 [4] were 80 K and 40 K, 

respectively. The Y247 have various critical 

temperature values depend on the oxygen content 

[5]. The Y247 showed critical temperature 

interval 30 K to 95 K. In 2009, Alibadi et al [6], 

synthesized the new compound of the Y-based 

superconductors in Y358(Y3Ba5Cu8O18) with the 

highest critical temperature in YBaCuO family at  

 

 

 
102 K prepared by the solid state reaction 

method. The model of Y358 structure was 

simulated by Tavana and Akhavan [7] in 2010. 

The crystal structure features of Y358 are 

similarly with Y123 superconductor. The a and b 

lattice parameters of Y358 are closely Y123 

excluding c lattice parameters. The c lattice 

parameters of Y358 were increased more than 3 

times of Y123. Recently, Udomsamuthirun et al 

[8] used the assumption that the number of  

Y-atoms plus Ba-atoms was equal Cu-atoms 

synthesized the new Y-based superconductors. 

The formulas of new Y-based were Y156,  

Y3-8-11, Y5-6-11, Y5-8-13, Y7-11-18, Y7-9-16, 

Y13-20-33 which synthesized by solid state 

reaction. The critical temperature values of the 

bulk samples were characterized by the four-

probe resistivity measurement. Their resulted, 

The Y3-8-11 show the sharp transition critical 

temperature and has highest onset critical 
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temperature at 94 K. From the XRD result of 

Y358 [7], The c lattice parameters of Y358 was 

increased more than Y123 about 19.4799 Å. In 

2010, Sujinnapram et al [9] take the raw data of 

XRD in the new approach analyzed method with 

the Rietveld refinement method [10] for determined 

the lattice parameter of superconducting compound 

and non-superconducting compound and space 

group. The superconducting compound has 

orthorhombic structure with Pmmm space group. 

The non-superconducting compound has various 

crystal structure and space group. The 

superconducting compound results reveal that the 

new Y-based superconductors have a and b 

lattice parameter closely in a and b lattice 

parameter of Y123, but the c lattice parameters 

were increasing with Cu-atoms. The non-

superconducting compound was no effect 

increasing in c lattice parameter. The graph plot 

between c lattice parameter versus Cu-atoms was 

linear curve [9]. Therefore, The research in  

Y-based superconductors was most attraction. 

The discovery of Y-based superconductors have 

many researchers [11  15] and improve the 

physical properties for application whether the  

high critical currentdensity (Jc) [16], high critical 

magnetic field (Hc) [17], mechanical [18], 

microstructure [19] and magnetic application 

such as the maglev train [20], the magnetic 

bearing [21], the flywheel energystorage [22], 

and the trapped flux magnet [23].  

The superconducting materials are expected 

to constitute most electric circuits in the near 

future. Some of these circuits may be exposed to 

radiation as in nuclear reactors, satellites, nuclear 

weapons, nuclear medicine. So that the 

knowledge of the absorption of gamma radiations 

in superconducting materials will be prime 

important. The mass attenuation coefficients and 

effective atomic number are basic quantity 

required for determining the attenuation of X-

rays and gamma-rays in matter and is potentially 

useful in the development of semi-empirical 

formulations of high accuracy. Most of previous 

measurements of mass attenuation coefficients 

and effective atomic numbers have been 

performed on many materials in many 

applications such as concrete [24  26], alloys  

[27  30], stainless steel [31], gemstones [32  33], 

glasses [34  39], polymer [40  41] and 

superconductors [42  44]. These observations 

have been compared with theoretical values 

calculated from WinX Com program [45  46]. 

In this work, the mass attenuation 

coefficients and the effective atomic numbers of 

Y123, Y358 and Y3-8-11 superconductors were 

measured in the photon energy range 220  662 

keV. The variation of photon energy have been 

changed from Cs-137 (662 keV) by Compton 

scattering technique. 

The mass attenuation coefficient and 

effective atomic number 

The mass attenuation coefficient is written 

as [34] 

t

I
I

m



)ln( 0

       (1) 

 

where   is the density of material (g cm3), 
0I  

and I  are the incident and transmitted intensities 

and t is the thickness of absorber (cm). 

Theoretical values of the mass attenuation 

coefficients of mixture or compound have been 

calculated by WinX Com, base on mixture rule 

[45  46] 
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where 
iw weight fraction of each element in 

mixture, 
im )(  is mass attenuation coefficient for 

individual element in mixture. The value of mass 

attenuation coefficients can be used to determine 

the total atomic cross-section (
at , ) by the 

following relation [34] 

 




n

i

iiA

alloym

at

AwN )(

)(
,




     (3) 

 
Where NA is Avogradro’s number, Ai is atomic 

weight of constituent element of mixture. Also 

the total electronic cross-section (
,t el ) for the 

element is expressed by the following formula [34] 
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Where fi is the number of atoms of element i 

relative to the total number of atoms of all 

elements in alloy, Zi is the atomic number of the 

ith element in mixture. Total atomic cross-section 

and total electronic cross-section are related to 

effective atomic number (Zeff) of the compound 

through the formula [34] 
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The electron density can be defined as the 

number of electrons per unit mass, and is 

mathematically written as: [34] 

 

elt

elN
,




       (6) 

 

Materials and Methods 

 

The bulks of the Y123, Y358 and Y3-8-11 

were synthesized by using the conventional solid 

state reaction method. The high-purity (99.999%) 

of starting chemicals of Y2O3, BaCO3 and CuO 

are required. All powders were mixed in the  

ratio of Y : Ba : Cu as 1 : 2 : 3, 3 : 5 : 8 and 3 : 8 : 11, 

respectively. The calcinations was react in air  

950 C for 24 h and cool down to room 

temperature. The calcinations process are 

repeated twice and intermediate grinding. The 

crushed powders and pressed with hydraulic 

machine into pellet with mold. The obtained 

samples was 30 mm diameter and 3 mm of 

thickness under 2,000 psi pressure. The final 

process was sintering at 950 C for 24 h and 

annealed at 500 C for 24 h under air. All 

samples test superconductivity phenomenal by  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

An optimum sample thickness (0.5 x 5.0) 

was selected in this experiment on the basis of the 

Nordforscriteria [47]. To measure mass attenuation 

coefficient, we placed the sample between the 

scattering rod and detector, and detection the 

acquired MCA spectra of the scattered gamma 

rays photo peak through sample thickness at 

different angles. Integrated count rates were 

determined from Gaussian fits and used to 

determine an attenuation coefficient. 

using the Meissner effect at 77 K and all samples 

show the Meissner effect. The obtained the bulk 

samples of superconductors, The experimental 

arrangement is shown in Figure. 1. The source 

system was mounted on a composite of adjustable 

stands. This setup can move in the transverse 

direction for proper beam alignment. The 137Cs 

radioactive source of 15 m Ci (555 MBq) 

strength was obtained from the Office of Atom 

for Peace (OAP), Thailand. The aluminium rod 

was used the scattering rod. The Compton 

scattered γ-rays were measured on a rotatable 

scintillator detector in the scattering plane by 

using the 2 × 2NaI(Tl) detector having an energy 

resolution of 8% at 662 keV (BICRON model 

2M2/2), with CANBERRA photomultiplier tube 

base model 802-5. The optimum distance 

between the source and the scatterer was chosen 

to be 20 cm and that between the scatterer and 

detector, 20 cm. The spectra were recorded using 

a CANBERRA PC-based multi-channel analyzer 

(MCA). The spectrum on the MCA of detector 

gave instance counts in each of 1024 bins divided 

by voltage. We varied the angle of the scatter 

detector and acquire measurements on the MCA. 

The different angles (θ) were used to produce the 

different gamma rays energies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The statistical error in this experiment 

calculated from the standard error of 3 items (i) 

ray-sum measurement, which calculated from 

experiment, the ray-sum is product of linear 

attenuation coefficient () with thickness (x), (ii) 

density measurement and (iii) thickness 

measurement [34]. Finally, the total standard error 

has been determined by combining errors for the 

ray-sum measurement, density measurement and 

thickness measurement in quadrature.  

Fig. 1 Schematic of the Compton scattering experiment 
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Results and Discussion 

 

The weight fractions and density of Y123, 

Y358 and Y3-8-11 superconductors show in  

The mass attenuation coefficients were 

measured at the energy range 220  662 keV by 

using Compton scattering technique for vary 

photon energy from Cs-137 source. The 

experimental values and theoretical values 

(obtained from WinX Com program) of the mass 

attenuation coefficients are show in Table 2 and 

variation of the mass attenuation coefficients with 

energy is show in Fig. 2. The result found that the 

mass attenuation coefficients were decrease with  

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. The results show the density of the 

samples series around 5  6 g cm3 due to 

resemble in the weight fractions of constituent 

elements. 

increasing of photon energy from 220  662 keV 

and does not show the significantly different when 

compared in all samples. These results are reflected 

to the lower of photon interaction probability at the 

higher photon energy. The experimental values of 

mass attenuation coefficient are in good agreement 

with the theoretical values reflecting the good 

detection system setup of transmission experiment 

and the statistical error in this experiment found to 

be in the range 3  4%. 

The partial interactions of Y-based 

superconductors calculated in the energy range  

220  662 keV from WinX Com program as show 

in Table 3. The variation of partial interactions 

(coherent, incoherent and photoelectric) with energy 

is show in Fig.3  5 respectively. It was found that, 

all of partial interactions are decrease with 

increasing of energy in this energy range and does 

not show the significantly different when compared 

in all samples. The incoherent scattering is main 

interaction process. The photoelectric absorption 

and coherent scattering interactions were found to 

be small effect on attenuation process. 

 

 

 

 

Table 1 The weight fractions and density of Y-based superconductors 

 

Samples 

Weight % 
Density (g cm3) 

Y Ba Cu O 

YBa2Cu3O7 (Y123) 7.69 15.38 23.08 53.85 4.91 

Y3Ba5Cu8O18 (Y358) 8.82 14.70 23.53 52.95 5.09 

Y3Ba8Cu11O24 (Y3-8-11) 6.52 17.39 23.91 52.18 5.19 

 

Table 2 The mass attenuation coefficients of the samples 

Energy 

(keV) 

Y123  Y358  Y3-8-11 

Th Exp %RD  Th Exp %RD  Th Exp %RD 

662 7.59 7.71 ± 0.08 1.55  7.58 7.70 ± 0.08 1.51  7.59 7.70 ± 0.08 1.48 

563 8.27 8.37 ± 0.17 1.20  8.26 8.30 ± 0.17 0.45  8.28 8.53 ± 0.17 3.03 

482 9.01 9.16 ± 0.09 1.67  8.99 9.25 ± 0.09 2.85  9.03 9.20 ± 0.09 1.85 

399 10.06 10.09 ± 0.20 0.29  10.04 10.41 ± 0.21 3.73  10.11 10.22 ± 0.20 1.08 

341 11.15 11.28 ± 0.11 1.19  11.13 11.00 ± 0.11 1.21  11.25 11.40 ± 0.11 2.00 

287 12.67 13.03 ± 0.26 2.81  12.64 12.70 ± 0.25 0.48  12.83 13.06 ± 0.26 1.82 

253 14.14 14.24 ± 0.14 0.71  14.10 14.19 ± 0.14 0.61  14.38 14.55 ± 0.15 1.17 

223 16.03 16.37 ± 0.33 2.11  15.97 16.62 ± 0.33 4.09  16.38 16.06 ± 0.32 1.92 
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Fig. 2 The mass attenuation coefficients of the 

samples. 
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Table 3 The partial interactions of the samples 
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Fig. 3 The coherent scattering of the samples. 
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Fig. 4 The incoherent scattering of the samples. 

 

The effective atomic numbers (Zeff) were 

determined using equation (5). The value of 

effective atomic number shown in Table 4 and 

vary with energy show in Fig. 6. The results show 

that the effective atomic numbers were decrease  

  

 

 

 

 

with increasing of photon energy in this energy 

range. The Zeff values of Y3-8-11 are highest  

due to the highest of Y, Ba and Cu content in all 

samples and found to be decrease from  

13.7 e atom1 at 220 keV  12.5 e atom1 at  

662 keV. 
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Fig. 5 The photoelectric absorption of the samples. 

 

The Zeff values of Y123 are lowest due to 

the lowest of Y, Ba and Cu content in all 

samples and found to be decrease from  

13.1 e atom1 at 220 keV  12.1 e atom1  

at 662 keV. In the composite materials,  

the interaction (such as absorption and 

scattering) of gamma-rays or X-rays was 

related to Zeff values of the composite materials 

and the energy of photon. The dependence on 

the atomic number indicates that materials 

having high Zeff value attenuated strongly with 

the incoming photons. 

 

 

 

 

 

Energy 
(keV) 

Coherent (×10-2 cm2 g1)  Incoherent (×10-2 cm2 g1)  Photoelectric (×10-2 cm2 g1) 

Y123 Y358 Y3-8-11  Y123 Y358 Y3811  Y123 Y358 Y3-8-11 

662 0.10 0.10 0.11  7.25 7.24 7.22  0.24 0.24 0.26 

563 0.14 0.14 0.15  7.77 7.77 7.75  0.36 0.35 0.39 

482 0.19 0.19 0.20  8.29 8.29 8.27  0.52 0.52 0.57 

399 0.27 0.27 0.29  8.93 8.93 8.90  0.85 0.84 0.92 

341 0.37 0.37 0.39  9.48 9.48 9.45  1.30 1.28 1.41 

287 0.51 0.52 0.54  10.08 10.07 10.04  2.08 2.05 2.25 

253 0.66 0.66 0.69  10.52 10.51 10.48  2.97 2.93 3.22 

223 0.83 0.84 0.88  10.95 10.94 10.91  4.24 4.19 4.60 
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Fig. 6 The effective atomic numbers of the samples. 

Table 5 The effective atomic number of the samples. 
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Fig. 7 The electron densities of the samples. 

 

The variations of electron densities (Ne), 

i.e., the number of electron per unit mass, were 

shown in Table 5 and Fig. 7. The results 

showed that the variations of the electron 

densities with the gamma ray energies showed 

the same trend with the effective atomic 

numbers. Therefore, the higher values of Ne 

indicated the higher probability of the photon 

interaction in Y-based superconductors. In this 

work, the results clearly showed that Ne 

depended on the Y, Ba and Cu content in  

Y-based superconductors and the gamma rays 

energy interacted on the glasses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Conclusion 

 

The bulks of the Y123, Y358 and Y3-8-11 

were synthesized by using the conventional solid 

state reaction method. The calcinations and 

sintering were carries out in air at 950 C for 24 h 

and annealed at 500 C for 24 h in air. The 

densities of the samples are 4.9  6.0 g cm3. The 

mass attenuation coefficients, partial interactions 

and effective atomic numbers were measured and 

calculated at energy range of 220  662 keV. The 

mass attenuation coefficients and effective atomic 

numbers found to be decrease with increasing of 

photon energy and the incoherent scattering is the 

Energy 

(keV) 

Y123  Y358  Y3-8-11 

Th Exp %RD  Th Exp %RD  Th Exp %RD 

662 2.87 2.85 ± 0.02 0.68  2.87 2.87 ± 0.03 0.11  2.87 2.87 ± 0.03 0.01 

563 2.88 2.89 ± 0.05 0.31  2.88 2.88 ± 0.05 0.02  2.88 2.88 ± 0.05 0.17 

482 2.90 2.89 ± 0.02 0.18  2.89 2.91 ± 0.02 0.64  2.90 2.90 ± 0.02 0.14 

399 2.92 2.93 ± 0.05 0.29  2.92 2.92 ± 0.05 0.15  2.94 2.93 ± 0.05 0.20 

341 2.95 2.96 ± 0.03 0.32  2.95 2.95 ± 0.03 0.16  2.98 2.97 ± 0.03 0.23 

287 3.00 2.99 ± 0.06 0.23  2.99 2.99 ± 0.06 0.01  3.03 3.03 ± 0.06 0.15 

253 3.04 3.06 ± 0.03 0.71  3.03 3.04 ± 0.03 0.28  3.09 3.08 ± 0.03 0.38 

223 3.09 3.10 ± 0.06 0.17  3.08 3.09 ± 0.06 0.23  3.16 3.16 ± 0.06 0.07 

 

Energy 

(keV) 

Y123  Y358  Y3-8-11 

Th Exp %RD  Th Exp %RD  Th Exp %RD 

662 12.13 12.10 ± 0.12 0.27  12.25 12.20 ± 0.12 0.41  12.42 12.40 ± 0.12 0.16 

563 12.18 12.21 ± 0.24 0.24  12.30 12.35 ± 0.25 0.45  12.48 12.50 ± 0.25 0.14 

482 12.24 12.24 ± 0.12 0.01  12.36 12.40 ± 0.12 0.36  12.57 12.60 ± 0.13 0.28 

399 12.35 12.39 ± 0.25 0.29  12.46 12.47 ± 0.25 0.10  12.70 12.72 ± 0.25 0.13 

341 12.47 12.40 ± 0.12 0.60  12.58 12.54 ± 0.13 0.36  12.88 12.90 ± 0.13 0.15 

287 12.67 12.60 ± 0.25 0.55  12.77 12.84 ± 0.26 0.48  13.13 13.15 ± 0.26 0.15 

253 12.85 12.80 ± 0.13 0.41  12.95 13.03 ± 0.13 0.61  13.38 13.40 ± 0.13 0.17 

223 13.08 13.16 ± 0.26 0.58  13.17 13.20 ± 0.26 0.20  13.68 13.70 ± 0.27 0.13 

 

Table 4 The effective atomic number of the samples. 
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main interaction in this energy range for all 

samples. The values of effective atomic numbers 

and electron densities are depend on Y, Ba and 

Cu content in the samples, highest for Y3-8-11 

and lowest for Y123. 
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