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Highlights
* Gamma-ray shielding properties of rocks and concrete have been studied.
» Feldspathic basalt is a good candidate for gamma shielding applications.

* Gamma-ray shielding properties of concrete can be improved with the addition
of basalt rock.

Abstract

Gamma shielding parameters such as mass attenuation coefficient (u/p), effective atomic number
(Zer) and electron density (Nefr) have been measured and calculated for rocks and concrete in the
energy range 122-1330keV. The measurements have been carried out at 122, 356, 511, 662, 1170,
1275, 1330keV gamma ray energies using a gamma spectrometer includes a Nal(TI) scintillation
detector and MCA card. The atomic and electronic cross sections have also been investigated.
Experimental and calculated (WinXCom) values were compared, and good agreement has been
observed within the experimental error. The obtained results showed that feldspathic basalt,
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compact basalt, volcanic rock, dolerite and pink granite are more efficient than the sandstone and
concrete for gamma ray shielding applications.

Introduction

Study of the interaction of gamma radiations with matter is an important subject in the field of
nuclear medicine, diagnostics, radiation protection and radiation physics and chemistry. The
probability of radiation interacting with a material per unit path length is called the linear
attenuation coefficient (i), and is of great importance in radiation shielding. The mass attenuation
coefficient (p/p), which is defined as the 1 per unit mass of the material, is the basic physical
quantity characterizing the diffusion and penetration gamma radiations in the materials. Scattering
and absorption of gamma radiations are related to the density and atomic numbers of the material,
therefore knowledge of (p1/p), atomic cross section (oy), electronic cross section (og]), Zefr and Negr are
of prime importance. The glass, concrete and rock are used in the radiation shielding technology
because of its high attenuation cross-section for X-rays, Gamma ray photons and neutrons (Abdo,
2002, Singh et al., 2008). Typical applications of these materials are in the construction of hospitals
(X-ray unit and therapy room), nuclear research laboratories, power stations, particle accelerators
and radioactive waste disposal units.

Investigation of the physical parameters such as (11/p), o, e, Zefr and Negr of rocks and concretes is
useful for understanding their physical properties. A comparison of predicted and experimental
values of attenuation coefficients provides a check on the validity of physical parameters such as X-
ray emission rates, fluorescence yields and jump ratio (Sitamahalakshmi et al., 2015). In composite
materials, a single number cannot represent the atomic number uniquely in the entire energy
region for photon interactions. This unique number for complex materials is called Z¢f, which is
varying with energy. The effective atomic number is a convenient parameter for understanding the
attenuation of X-rays and gamma photons in composites (Manohara et al., 2007). The accurate
value of Z.¢ is very useful for medical radiation dosimetry, imaging and technological applications.

Nowadays, radiations and radioisotopes are used in many diverse fields such as medical diagnosis,
medicine, nuclear and food industry, scientific research. Therefore gamma ray shielding
investigation of various material gains great attention. Tabulations of (11/p) and the mass energy
absorption coefficients for 40 elements and 45 mixtures and some compounds over the energy
range from 1keV to 20MeV have been reported by Hubbell (1982). Chantler published tabulations
of scattering cross-sections and quantities related to (1/p). A computer program XCOM was
developed by the Berger and Hubbell (1987), which calculates attenuation coefficients and photon
cross sections for elements compounds and mixtures in the energy range 1keV to 100GeV. This
widely used program transformed to windows platform called WinXCOM (Gerward, 2001). Using
XCOM and WinXCOM, many attempts have been made to calculate attenuation coefficients for
different elements, compounds and mixtures. Kaewkhao et al. (2010) determined the (11/p)
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experimentally and theoretically for borate-bismuth glass system. Un and Demir (2013) calculated
(1/p), Zegr and Negr of heavy-weight and normal-weight concrete, and observed that iron, barium
and calcium concentration of the concretes is more capable for X- or gamma radiation shielding.
Demir andKeles (2006) performed a narrow beam transmission experiment using Am-241 and
Ba-133 for concrete containing boron waste, and found out that (11/p) is increased with increasing
boron concentration in the concrete. Medhat (2009) determined the (11/p) for the building materials
using a high-resolution HPGe spectrometer detector, and showed that a brick covered with cement
can shield about 49-67% more radiations than brick itself. In recent years, A great number of
researchers reported (1/p), Zesr and Negr in different materials such as concretes (Akkurt et al., 2012,
Medhat, 2012, Oto et al., 2015, Oto et al., 2016), alloys (Singh et al., 2014, Kaewkhaoa et al., 2008),
compound and mixtures (Awasarmol et al., 2017a, Awasarmol et al., 2017b; Bhosale et al., 2016a,
2016b; Gaikwad et al., 2016; Pawar and Bichile, 2013; Un and Sahin, 2011) and glasses (Matori et al.,
2017, Singh et al., 2014). Oto et al. (2016) calculated Z.¢ and effective removal cross-sections of
magnetite concrete for gamma and fast neutron shielding.

In this paper, mass attenuation coefficients (11/p) of some rocks and a concrete have been measured
in the energy range 122-1330keV and calculated using the computer code WinXCom. Then atomic
and electronic cross sections, effective atomic number and electron density have been determined
using (11/p) for same energies. This work also includes a comparison of attenuation coefficients of
rocks with concrete. Present results could be very useful in radiation shielding applications for
construction of nuclear power plants, X-ray and radiotherapy units.

Section snippets

Experimental details

Concrete has been produced using the ordinary Portland cement (PC 42.5) and normal sand. A
constant water (w) to cement (c) ratio (w/c = 50%) and 25% normal sand concentration was selected
for concrete preparation. Rocks and produced concrete samples were ground separately and sieved
with 400 mesh. These samples were heated (at 60°C) in a muffle furnace for 48h. The chemical
contents of the concrete and rock samples were measured by X- ray fluorescence spectrometer
(XRF, SPECTRO XEPOS, AMETEK), ...

Results and discussions

The chemical composition of a concrete and the rock samples used in this work are given in Table 1.
The values of (n/p) for the rocks and a concrete have been measured at gamma energies from 122 to
1330keV and calculated using WinXCom, are shown in Table 2. Fig. 2 shows the trends of measured
(n/p) values for all samples at photon energies from 122 to 1330keV. It is clearly seen from this
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figure that (1/p) depends on the gamma-ray energy. It is obviously seen from Fig. 2 that the values
of...

Conclusion

Gamma rays shielding properties of the rocks and concrete have been studied. Results of the (p/p),
o and og| increase with decreasing incident gamma ray energy. It is noticed that Zeg and Negr
depend on elements of the materials and incoming photon energies. The mass attenuation
coefficient of feldspathic basalt, compact basalt, volcanic rock, dolerite and pink granite is higher
than sandstone and concrete. This means that the feldspathic basalt, compact basalt, volcanic rock,
dolerite and...
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