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ABSTRACT

We investigate the radiation shielding properties for four Te-based alloys. X-ray

diffraction patterns revealed pure phases in all studied samples; however, a

secondary phase is detected in the CrTe sample in good agreement with the

literature. All samples’ densities were measured using the Archimedes princi-

ple. The mass attenuation coefficient (MAC) was calculated using Geant4 MC

Toolkit and then compared with the XCOM data. Many photon-shielding

properties were computed for all investigated samples based on the MAC. The

Phy-X and SRIM were used to determine the fast neutron removal cross-section

(RR) and projected range, respectively. As a result, PbTe shows superior

shielding features compared to the rest of the investigated samples to use this

sample in different shielding applications.
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1 Introduction

The shielding materials are essential to protect

human beings from the biological effects of ionizing

radiations such as X-rays and Gamma-rays in CT/

PET/SPECT/ imaging rooms and nuclear stations.

The proper materials for shielding against a specific

range of radiation energy are specified based on their

radiation shielding capacities. The lead (Pb), for

example, has high atomic number material, high

electron density, and hence has high gamma ray’s

attenuation coefficients. These properties make the

materials superior for shielding in medical and

industrial applications. The modified concrete [1–3],

multilayered materials [4, 5], composite materials [6],

polymers [7, 8], glasses [9–13], and ceramics [14–19]

have been introduced to use as radiation shielding

materials. The use of metallic alloys as an alternative

protective shielding material has attracted a lot of

attention due to the imperfections of conventional

shielding materials. Nickel (Ni) is a ferromagnetic

substance used for alloying due to its good nuclear

shield design properties for Gamma radiation [20].

Ni-based alloys with different weight fractions

(60–80%) of Ni have been investigated [21, 22]. The

measured effective atomic number of the introduced

alloys showed constant values independent of the

applied energy region (30–600 keV). One of the good

candidates for the radiation shielding materials is the

Inconel 738 alloy with Ni as a significant constituent

of 61.5% and twelve other elements of different

compositions [23]. It shows an apparent reduction in

the effective atomic number (Zeff), mass attenuation

coefficient (MAC), and electron density (Neff) when

the Compton scattering technique was used with

energy in the range of 100–600 keV. It has been

observed that increasing the Ni concentration ‘‘x’’ of

the NixCr1-x alloy increases the Zeff and MAC while

decreases the Kb/Ka intensity ratio value [24]. Some

lead (Pb) based alloys have been investigated [25, 26].

The backscattering method was used for Pb80Sn20

binary alloy at 662 keV [25]. It shows an inverse

relationship between Zeff and backscattered counts.

Kaur et al. calculated the exposure build-up factor,

Zeff and Neff at (15 keV to 15 MeV), the Pb90Sn10 alloy

has good radiation shielding properties with a den-

sity of 9.63 g/cm3 [26]. The radiation shielding

capacities of Tungsten (W)-based alloys have been

early studied according to their good properties such

as hardness, Zeff, and high density. Kobayashi et al.

[27] reported that W98Cu1.5Ni0.5 alloy revealed a high

density up to 14 g/cm3. The Tungsten carbide has

been tested and compared to prove its efficacy for

radiation shielding in nuclear medicine [28]. Results

showed that when tungsten carbide discs of different

thicknesses were exposed to different energies, a

lower half-value layer (HVL) and mean free path

(MFP) were observed compared with lead discs

having the same thickness at the same energies. The

different research groups have measured the Zeff of

W65Cu35 alloys at different energies in the range

(60–1400) keV. Results showed that the effective

atomic number is independent of the energy applied,

and the alloy W65Cu45 revealed the highest mass

attenuation coefficients compared to the others

[29, 30]. Copper (Cu)-based alloys are used in dif-

ferent applications because they have high electric

and thermal conductivity, strength, and corrosion

resistance. CoCuNi alloys have been introduced by

Seven et al. in 2004. They observed a photoelectric

absorption edge and measured this alloy’s MAC in

discrete energies ranging from 11.88 to 26 keV [31].

The effect of varying the percentage weight of Ni in

the CoCuNi alloy on the Zeff numbers was examined

by Icelli et al. [32]. They observed no change in the

radiation properties when different concentrations of

Ni were used in the energy range 15.746–40.930 keV.

The Ni was replaced with Ag in the above Cu-based

alloy by Apaydin et al., [33]. It was addressed that the

new alloy (Co36Cu63.6Ag0.4) has better radiation

shielding. Kaewkhao et al. studied the shielding

properties for Cu65.53Zn34.47 alloy at different photon

energies; the Zeff did not show any change while the

MFP increased with increasing the energy [34]. In

contrast, another study has been done by Kaewkhao

et al. for Cu-based alloy Cu57.61Zn27.59Ag14.8; this

alloy has a lower melting point, more absorption

ability, and lighter weight than lead [23]. Singh et al.

introduced the Cu66Ni30Mn2Fe2 compound as a

suitable shielding alloy against Gamma rays of

energy ranging between 2 and 12 MeV [35]. Iron (Fe)-

based alloys gained their merits in shielding from

their high strength and corrosion resistance. For

nuclear waste storage, Blink et al. proposed a Fe-

based alloy with 14 wt% Boron for neutrons absorp-

tion [36]. The HVL, MFP, Neff, and Zeff shielding

parameters of steel alloys have been measured by Al-

Jaff [37]. This work showed that HVL and MFP are

directly proportional to photon energy and inversely

proportional to electron density. On the other hand,

J Mater Sci: Mater Electron (2021) 32:26798–26811 26799



MAC and Zeff showed dependency on photon ener-

gies applied, while Neff did not depend on energy.

The density of Fe-based alloy (type 304) in the last

work reached 7.9 g/cm3. Iron and steel slag alloys

with 39.44% of Fe and different compositions of Cl,

O, Mg, Al, Si, Ca, Cr, and Mn revealed better gamma-

ray shielding properties than pure fly ash [38]. Five

iron-based alloys were prepared and tested by

Hamad et al. [39]. Results showed that the Fe0.95-

Se0.5Te0.5 alloy has an excellent shielding property

compared to those with higher concentrations.

Chalcogenide alloys are widely used in infrared

transmission, semiconductors, photo-voltaic, and

phase change optical recording technology applica-

tions. As a result, Chalcogenide alloys received sig-

nificant attention. For instance, Te-based alloys such

as GeTe exhibit high thermal stability of the amor-

phous and fast crystallization times required for the

direct optical overwrite process. It can be used as an

electrical switch in memory devices like CDs and/or

DVDs. This material has high piezoelectricity, which

makes it applicable in many different applications.

On the other hand, chromium telluride (CrTe) is a

ferromagnetic (FM) material with a critical tempera-

ture Tc of about 340 K with nickel-arsenide (NiAs)-

type structures [40–42]. At room temperature, the

stoichiometric bulk CrTe structure does not exist in

the pure hexagonal phase [43].

This article uses the Geant4 MC toolkit, XCOM,

Phy-X, and SRIM program [44, 45] to investigate the

radiation shielding properties for different Te-based

chalcogenide alloys. Many radiation shielding

parameters were calculated, such as the mass atten-

uation coefficient (MAC), effective atomic number

(Zeff), effective electron density (Neff), half-value layer

(HVL), mean free path (MFP), exposure build-up

factor (EBF), energy absorption build-up factor

(EABF), the specific absorbed fraction of the energy

(SAFE), fast removal cross-section (RR), and the pro-

jected range.

2 Materials and methods

2.1 Samples preparation
and characterization

All investigated alloys were prepared using the

conventional solid-state reaction. Stoichiometric

ratios of high purity (4 N to 5 N) powders (Pb, Sn,

Ge, Cr, and Te) were used to prepare the samples (see

Table 1). The powders were mixed and ground for

about 30 min, then pressed into pellets. The pellets

were encapsulated in evacuated quartz tubes par-

tially filled with high purity Argon gas. For PbTe,

SnTe, and GeTe, a tube furnace is used to melt the

sample at 800 �C. The samples were kept at 800 �C
for 24 h. After that, the samples were left to cool

down slowly for 24 h. The CrTe sample, on the other

hand, was gradually heated to 800 �C and annealed

for 10 h. The samples were re-powdered, pressed

then reannealed at 1000 �C for 24 h. The detail of the

preparation method for the CrTe sample is reported

elsewhere [40]. Bruker X-ray diffractometer D2-Pha-

ser with Cu Ka (k = 1.54056 Å) has been used to

obtain the powdered XRD patterns over 20�-80�. We

used Rietveld refinements available in FULLPROF

software to analyze the XRD pattern of CrTe.

The density is an essential parameter in the radia-

tion shielding field because it helps determine the

linear attenuation coefficient (LAC). In this study,

alloy samples’ densities were measured using the

Archimedes principle, while the distilled water was

employed as immersion fluid. This setup was illus-

trated in previous works [39].

3 Geant4 simulation

We use the Geant4 MC toolkit to investigate the

radiation shielding properties of the studied alloys.

Geant4 is a toolkit for simulating the passage of

particles through matter based on the Monte Carlo

method [46, 47]. The simulated setup allows testing

different shielding properties of different samples

(single, composite, or even multi-layer materials)

before studying them experimentally. The simulation

contains the detector, the photon source, lead colli-

mator, and the shielding materials in the main vol-

ume. The detector of 3 cm radius and 5 cm height is

simulated in the z-axis with a cylindrical NaI crystal.

The absorbed alloy samples were simulated with

proper thicknesses according to the beam energy. The

incident beam was collimated using a lead collimator.

The beam energy was varied from 0.015 to 15 MeV.

The physical processes such as photoelectric, Comp-

ton, and pair production interactions were consid-

ered. As a result, several parameters of radiation

shielding were calculated for the investigated alloy

samples (Fig. 1).
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4 Results and discussions

4.1 X-ray diffraction (XRD)

XRD was used to confirm the successful preparation

of the materials. The data are presented in Fig. 2. The

XRD shows that the prepared materials are pure

phase with no traces of any impurities. However, a

secondary phase was detected in CrTe sample. The

presence of the secondary phase is in good agreement

with Steer et al. [48]. According to Street et al., CrTe

exists over a range of stoichiometry with the hexag-

onal NiAs structure. It is worth mentioning that even

after the second prolonged annealing, the pure CrTe

sample was found to contain other minor phases.

PbTe, SnTe, and GeTe samples show good crys-

tallinity structure and agree with the database. For

the GeTe, the beaks are in good agreement with the

standard PDF card of JCPDS#01-077-3540. In the case

of PbTe, the peaks match the peak position from the

standard PDF card of JCPDS#00-038-1435. Finally, for

the SnTe, the peaks match the standard PDF card of

JCPDS#00-008-0487. The crystalline structure, space

group, and lattice parameters for each sample are

shown in Table 2.

4.2 Geant4 analysis

The results were analyzed by obtaining the net count

(N) or the area under the peak (A) using ROOT

software (see Fig. 3). To get the sample’s absorption,

the simulation was performed with and without the

alloys sample, and the peak area was calculated in

both cases (A) and (A0), respectively, taking into

account that the primary photons are fixed in both

cases. At least 107 primary monoenergetic photons

must be generated to get the lowest relative error in

all simulated cases. The simulated MAC can be cal-

culated according to the following equation:

MAC ¼ � lnðA=A0Þ
Xm

ð1Þ

where Xm (g/cm2) is called the mass distance and

equal the absorber’s thickness multiplied by alloys

sample density, A0 and A are the main beam and the

penetrated beam, respectively.

The Geant4 MC code was used to simulate the

mass attenuation coefficient (MAC) of the four alloy

Table 1 Composition ratio for all alloy samples

Sample ID Molecular weight (g/mol) Mass (g) Density (g/cm3)

Cr Ge Sn Pb Te

CrTe 179 0.2895 0.7105 3.4075

GeTe 200 0.3627 0.6373 4.7478

SnTe 246 0.4820 0.5180 5.2323

PbTe 334 0.6189 0.3811 6.8615

Fig. 1 Geant4 simulation geometry sketch used in this research

Fig. 2 X-ray diffraction patterns for CrTe, PbTe, SnTe, and GeTe

samples
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samples at energies between 0.015 and 15 MeV.

Table 3 lists the results from Geant4, the XCOM

program, and the corresponding relative differences.

It is clear from this table that under the selected c-ray

energy, the simulated MAC results of the CrTe, GeTe,

SnTe, and PbTe alloys are quite close to the theoret-

ical results (i.e., XCOM code) at all energy regions.

Therefore, the estimated MAC value of the alloys

shows the same dependence on c-ray energy. For

instance, at first examine energy, the MAC for CrTe is

47.8 cm2/g (this is the Geant4 result), while the

XCOM result is 47.9 cm2/g. At higher energy (1 MeV

as an example) and for PbTe alloy, the Geant4 and

XCOM values are 0.0638 and 0.0632 cm2/g. In the

SnTe alloy, the simulated value is 0.0357 cm2/g, close

to the 0.0351 cm2/g generated by XCOM. The relative

deviation D (%) between Geant4 and XCOM values

are computed using Eq. (2):

ðD%Þ ¼ MACGeant4 � MACXCOM

MACXCOM

� 100 ð2Þ

In Table 3, one can notice that for the four CrTe,

GeTe, SnTe, and PbTe, the D (%) is less than 2%,

correct at all energies. This small D (%) confirms the

accuracy in the input file used in the current inves-

tigation. It emphasizes that the adopted method used

to evaluate MAC for the four prepared alloys can

give accurate data.

Figure 4 shows the relation between the MAC for

the four alloys, and the photon energy ranged

between 0.015 and 15 MeV. The MAC curve showed

that the PbTe alloy has a better attenuation perfor-

mance than CrTe, GeTe, and SnTe at all different

energies. However, the SnTe alloy has the highest

MAC values from 30 slightly up to 70 keV. The high

MAC for SnTe alloy between 30 and 70 keV is

attributed to Te. Sn elements have K-edge approxi-

mately at the same energy (31.8 and 29.2 keV,

respectively), which leads to high absorption in this

region. The MAC varied between 47.9 and 86.6 cm2/g

at the lowest energy and then decreased until it

reaches the value of the K-edge of the Te element,

where it increases in the vacancy of the K-edge. After

that, the MAC decreases quickly with increasing the

energy. The curve takes the ordinary behavior

according to the dominant interaction (photoelectric

effect at low energy, Compton scattering at medium

energy, and pair production at high energy). Due to

the high atomic number of the lead, we can see that

the PbTe alloy has the highest MAC value among the

investigated alloys.

Figure 5 shows the relation between the linear

attenuation coefficient (LAC) for the four alloys and

the photon energy range from 0.015 to 15 MeV. As

noticed in this figure, the LAC decreases with

increasing energy; the current curve shows that the

PbTe alloy has the highest LAC compared with the

other alloys because it has a higher density except at

low energy from 30–70 keV. The SnTe alloy has

almost the same LAC despite having a density lower

than the PbTe alloy. In the case of GeTe alloy, the

maximum LAC occurred at the lowest energy (equals

304 cm-1). Then, it decreases with increasing energy

up to 30 keV (on the vacancy of the K-edge of Te). It

decreases quickly until 6 MeV, after this energy from

6 up to 15 MeV, the LAC increases with increasing

the energy (where at 6 MeV, the LAC is 0.16 cm-1

Table 2 Lattice parameters of

CrTe, PbTe, SnTe, and GeTe

along with the structure and

space group

Sample Crystalline structure Space group Lattice constants (Å)

a b c

CrTe Hexagonal P63/mmc(194) 3.9699 3.9699 1.5527

PbTe Cubic Fm-3 m(225) 6.4590 6.4590 6.4590

SnTe Cubic Fm-3 m(225) 6.3030 6.3030 6.3030

GeTn Trigonal R3m(160) 8.3280 8.3280 10.6900

Fig. 3 The simulated counts at 1000 keV and the obtained Peak

from Root software
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while at 15 MeV, the LAC is 0.19 cm-1) that is due to

the pair production where the nuclear field is domi-

nant. We can notice that the variation between LAC

and the energy can be classified into three main parts

concerning the energy: the first part is below

0.03 MeV; in this part, the photoelectric effect is

dominant, causing a quick reduction in the LAC [49].

The second part is at medium energy (between 0.03

and 6 MeV), where the Compton scattering phe-

nomenon is dominant, causing the LAC of all four

alloys to decrease with energy progressively. The last

part takes place at higher energy; here, the pair pro-

duction phenomenon is dominant, which leads to

increasing the LAC with energy. The influence of

these three phenomena on the LAC is discussed in

detail elsewhere [50, 51].

The variation of half and tenth value layers (HVL,

TVL) values of the present alloys as a function of

photon energies is presented in Figs. 6 and 7.

According to these figures, SnTe has the lowest HVL

value at the low energy from 30 up to 80 keV, while

PbTe has the lowest HVL value between 0.08 MeV

and 10 MeV. On the other hand, CrTe has the highest

HVL and TVL values, ranging from 0.004 to 5.2 cm

(for HVL) and (0.014 to 20.9 cm for TVL). These

results imply that the higher the alloy density, the

lower the HVL and TVL values, which indicates the

effect of the density on the alloys shielding ability.

This conclusion agrees with the findings obtained by

Hamad et al., who practically measured the attenu-

ation factors for FexSe0.5Te0.5 alloys and found that

the Fe0.95Se0.5Te0.5 alloy with a density of 5.836 g/cm3

has the minimum HVL values [39].

The figures above demonstrate that all present

alloy samples have small HVL and TVL values at low

photon energies. For instance, the HVL is reported as

0.0042, 0.0023, 0.0028, and 0.0012 cm for CrTe, GeTe,

SnTe and PbTe alloys respectively at 15 keV, while

the TVL for the same alloys are 0.0141, 0.0076, 0.0093,

and 0.0039 cm. This trend may be due to the advan-

tage of the photoelectric effect in this region. We can

conclude that a thin alloy sample is required for

shielding the low-energy radiation. As the photon

energy increases to the medium energy region, the
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Fig. 4 The mass attenuation coefficient as a function of the

energy for the prepared alloys
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HVL and TVL values gradually increase. This trend

in HVL and TVL occurs because of the dominance of

Compton scattering. This implies that it is important

to increase the alloys’ dimension to enhance the

shielding capability, especially if used in applications

requiring relatively high energy. The slight increase

in HVL values at higher energy can be attributed to

the pair production process’s dominance at these

energies. At the last tested energy, HVL values are as

follows: 5.23 cm, 3.70 cm, 3.07 cm, and 1.97 cm for

CrTe, GeTe, SnTe, and PbTe, respectively. In the

same energy range, TVL takes the following values:

17.36 cm, 12.29 cm, 10.23 cm, and 6.53 cm for CrTe,

GeTe, SnTe, and PbTe, respectively. The densities are

3.4075 g/cm3 and 6.8615 g/cm3 for CrTe and PbTe,

respectively. So, when the density is doubled, a

reduction in the HVL by a factor of 2.65 is found at

15 MeV, while a reduction of TVL by a factor of 1.88

is found at the same energy. At moderate energy (say

1 MeV), a reduction by a factor of 2.27 and 2.25 is

found in HVL and TVL, respectively, due to the

enhancement of the density from 3.4075 g/cm3 to

6.8615 g/cm3.

The prepared alloys’ effective atomic number (Zeff)

was evaluated from the Phy-X software [45]. The

obtained results are shown in Fig. 8. The Zeff of PbTe

is higher than that of other alloys. This high value is

mainly due to lead (Pb) content, with a high atomic

number (82). Similarly, the Zeff of CrTe and GeTe is

nearly the same at low energy, but for E[ 100 keV,

the CrTe alloy has the lowest Zeff compared with

present alloys. From the figure, the Zeff of all the

studied alloys changes with increasing the energy,

except for SnTe, which is relatively constant with

energy. The constancy in the Zeff for SnTe can be

explained according to the atomic number of Sn and

Te. These two elements have a close atomic number

(50 for Sn and 52 for Te), which explains Zeff’s con-

stancy. For instance, the Zeff values are 51.06 at

15 keV, 50.33 at 30 keV, 51.04 at 0.2 MeV, 51.00 at

1 MeV and 51.01 at 15 MeV. It is found that the Zeff is

less than 52 and higher than 50 (between the atomic

number of Sn and Te). This constancy in Zeff matches

the Zeff values reported for Ag–Pd alloy [52]. For

E[ 100 keV, the Zeff follows the trend: CrTe\
GeTe\ SnTe\PbTe. PbTe has the greatest Zeff at all

energies. It is well known that Zeff directly correlates

with radiation shielding ability, which explains why

the PbTe alloys prove to have superior protection

potential. Electron density (Neff) is another parameter

that can be used to describe the materials character-

ization. The electron density can be determined from

the linear attenuation coefficient (LAC) values.

Figure 9 shows the electron density (Neff) of all-

alloy samples. From Fig. 9, it is obvious that CrTe

(lowest density) owns the highest electron density,

followed by GeTe. The CrTe and GeTe samples have

the same trends at all energy, while the behavior for

SnTe and PbTe is completely different due to the

difference in elements in each alloy.

The number of unbound electrons inside the sub-

stance may be changed according to different types of

interaction between photons and materials. This

Fig. 7 The tenth value layer as a function of the energy for the

prepared alloys Fig. 8 The effective atomic number as a function of the energy

for the prepared alloys
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variation in unbound electron numbers can affect

electron density (effective electron number) in the

substance. So, increasing the photon energy can lead

to a change in electrical conductivity (Ceff) of the

substances depending on electron density. In this

work, we present the Ceff in Fig. 10. We note from

Fig. 10 that the PbTe has the highest Ceff within all the

energy ranges, followed by SnTe, GeTe, and CrTe,

respectively. This behavior is related to alloy sam-

ples’ density values and electron density, as listed in

Table 1. The density values are 6.862, 5.232, 4.747, and

3.408 g/cm3 for PbTe, SnTe, GeTe, and CrTe. The

relation between Neff and Ceff is presented in Fig. 11.

The figure shows the same behavior for Ceff and Neff

with energy.

Figure 12 presents the prepared alloys’ exposure

buildup factor (EBF) at 1, 10, 20, and 40 mfp. The

trend in the EBF for the four alloys is similar at the

four investigated penetration depths. At the first two

energies, the four alloys show almost the same EBF

values, and this is clearly seen in Fig. 13, where we

plotted the EBF for the tested alloys at 0.015 MeV to

confirm that the different alloys have almost the same

EBF values at this energy (around 1). As shown from

Fig. 12, at low energy, a peak in EBF is observed,

which occurs at 30 keV, near the K absorption edge of

Te. Also, we can see another small peak observed for

PbTe alloy at around 0.1 MeV. Moreover, the

observed peak for SnTe and PbTe is sharper than that

for CrTe and GeTe. For E[ 0.1 MeV, the EBF

increases with energy. The EBF values for PbTe alloy

(representing the green triangle) are lower than those

of CrTe, GeTe, and SnTe. This is correct for

E\ 10 MeV. The data in Fig. 12 also shows that the

EBF curves have a Gaussian distribution shape in the

moderate energy range, with a maximum value in

average energy at about 1 MeV in Fig. 12 a and b.

While, in Fig. 12c and d, we can see that the EBF

attains the maximum values for E[ 8 MeV. One can

see that the EBF values given in Fig. 12d are higher

than those given in Fig. 12a–c, while the lowest val-

ues are reported at 1 MFP. This trend suggests that

increasing the penetration depth is found to

remarkably influence the EBF values.

Fig. 9 The electron density as a function of the energy for the

prepared alloys

Fig. 10 The electrical conductivity as a function of the energy for

the prepared alloys

Fig. 11 The relation between the electron density and electrical

conductivity
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Figure 14a, b, and c show the projected range for

various charged particles like alpha, proton, and

electron. The projected range represents the distance

travel for charged particles inside the materials

before depositing their energy. It is obvious that the

electron has the highest projected range, then proton

and an alpha particle. The project range depends on

the mass and the charge of the particle. Here, the

alpha particle has the highest mass and charge

compared with other charged particles, protons, and

electrons. CrTe shows the highest projected range

compared with GeTe, SnTe, and PbTe. This result is

compatible with density for all samples. In contrast,

the removal cross-section for fast neutron (RR) is

represented in Fig. 14d. This parameter was deter-

mined via the Phy-X program. The RR values for

CrTe, GeTe, SnTe and PbTe are 0.053, 0.071, 0.072 and

0.079 cm-1, respectively. The RR for prepared alloys

were compared with ordinary concrete (OC), Basalt

(BM), steel magnet (SM) concrete, and Graphene that

have RR values are 0.106, 0.122, 0.111, and

0.093 cm-1, respectively. The RR for alloy samples

was lower than the other samples.

5 Conclusion

Four Te-based alloy samples were prepared and

studied for possible use in radiation shielding

applications. The XRD results reveal a second phase

for CrTe, while a single phase is obtained in the rest

of the samples (PbTe, SnTe, and GeTe). The alloy

samples’ densities are 3.4075, 4.7478, 5.2323, and

6.8615 g/cm3 for CrTe, GeTe, SnTe, and PbTe,

(a) (b)

(c) (d)

Fig. 12 The exposure buildup factor as a function of the energy for the prepared alloys

Fig. 13 The exposure buildup factor as a function of the

penetration depth at 0.015 MeV

J Mater Sci: Mater Electron (2021) 32:26798–26811 26807



respectively. The density values gave us a good

indication for the sample that has superior radiation

shielding properties. Two programs (Geant4 and

XCOM) were utilized to determine the MAC; the

relative deviation between these programs’ values is

very low. The SnTe showed the lowest HVL results

within the energy range from 30 to 80 keV; after this

range, the PbTe displays the lowest HVL at energy

E[ 100 MeV. The Zeff value for the PbTe alloy was

higher than other samples due to the higher atomic

number for Te and Pb. The EBF values showed the

same behavior for all samples, while the EBF values

were the same for all samples at 0.015 MeV. The

projected range for the CrTe was the highest for all

charged particles, while the PbTe showed the highest

RR. Based on the obtained results, we conclude that

the PbTe has superior shielding properties for pho-

tons, neutrons, and charged particles. So PbTe can be

used as a radiation shielding substance.
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