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Abstract: The indoor environment affects the quality of life, well-being, and productivity. Indoor occupants are affected
by multiple factors such as heat, acoustics, lighting, and electromagnetic radiation. Therefore, cement mixed with basalt
rocks was prepared and the effect of electromagnetic radiation on it was studied. It was clear from the results that cement
mixed with basalt rocks is good at mitigating radiation and absorbing heat from the internal environment. Therefore, it is
possible to use cement mixed with basalt as an internal cladding material to protect against the danger of radiation in
enclosed spaces.
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1 Introduction

The usage of high-tech equipment by individuals, such as smartphones, computers, and televisions, has now become a
necessary and a prerequisite of this era's requirements to give comfort and complete work more quickly. However,
using these cutting-edge tools could expose users to certain possible drawbacks. Numerous recent research has
demonstrated that electromagnetic radiation from modern workplaces and home electronics is a source of radioactive
contamination and that it can have negative health effects [1, 2]. Radiation protection should be considered from the
standpoint of health issues to sustain human well-being [3].

Factors that have an impact on how people live within buildings serve as a representation of indoor environmental
quality. According to Holmgren M et al., indoor environmental quality in businesses enhances employees' physical and
emotional well-being, which raises productivity. [4]. The raw material basalt stone has a variety of benefits, including
thermal insulation, fire resistance, excellent durability, and resistance to water and moisture. This substance has the
potential to be employed as cladding for indoor construction.

To investigate its qualities, this research prepares and evaluates a cement-based composite. The investigation of how
gamma radiation interacts with matter is an essential subject in the domains of nuclear medicine, diagnostics, radiation
protection, radiation physics, and radiation chemistry. The probability of radiation interacting with a material per unit
length is known as the linear attenuation coefficient (i), which has a substantial effect on radiation shielding. The mass
attenuation coefficient (m), which is determined as the substance's per unit mass, is the primary physical parameter that
describes how gamma rays diffuse and penetrate through materials.

Understanding (m), (t), (el), the effective atomic number Zeff, and the effective electron number Neff is crucial because
gamma radiation scattering, and absorption are associated with the density and atomic number of the material [5].
Ionizing radiation has been used in medicine to treat and manage malignant tumors using X-rays and high-energy
gamma rays. The benefits and risks of this radiation are known to humans. Traditional blocks and multi-leaf collimators
(MLCs) have been made from high atomic number (High-Z) materials to produce better beams and reduce the radiation
absorbed by healthy tissue. As one of the most popular materials used for radiation shielding in nuclear reactors and
radiation therapy centers, as well as for limiting radiation leakage from radioactive sources, in concrete, lead (Pb) is
currently the most widely used material due to its high atomic number (Z), low cost, and availability [6]. It is a cheap
substance with a big capacity for mixing a lot of secondary source materials and trash [7].

To replace potentially dangerous cementitious composites with lead with environmentally friendly materials like basalt,
extensive research is being conducted in this area. The most common form of basalt, a dark-colored, fine-grained
volcanic rock, is the boulder. It is frequently utilized as an aggregate in construction projects after being crushed. More
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than 50% of the compounds in basalt rocks are oxides of silicon (Si02), with the remainder being oxides of aluminum
(AI203), iron (Fe203), magnesium (MgO), calcium (Ca), sodium (Na), and potassium (K20) [8] [9]. The most
hazardous greenhouse gas in the world, carbon dioxide, can be absorbed and converted by basalt into solid rocks or
stones that dissolve within the basalt's internal components. This decrease in the amount of carbon dioxide in the Earth's
atmosphere causes an increase in global temperature [6].

The balance of energy resources required to support economic growth in both the industrialized and developing globe
must include cheap and plentiful fossil fuels. On the other hand, large cuts in carbon dioxide emissions are needed to
mitigate the impacts of climate change caused by rising atmospheric carbon dioxide concentrations. [7]. Therefore, the
manufacturing of Portland cement grafted with various proportions of basalt was taken into consideration to close the
gap between the necessity of using fossil fuels and the reduction of carbon dioxide emissions at the same time to protect
the environment and slow down global warming.

Based on the review of the literature, it can be believed that there have been few or few recent scientific findings
regarding the effects of basalt powders, and further study is necessary to fully comprehend how basalt particle size and
content affect the structural, physical, mechanical, radiological, and carbon absorption properties of concrete protection.

Basalt stones exist widely in Egypt; which encourages to use of basalt in creating carbon absorbent materials; This
urged the researcher to find a way to exploit basalt in the built environment and use it as a cladding material for indoor
spaces; to reduce the carbon emissions, Figurel explains some of basalt quarries in Egypt.

This study aims to conduct a comprehensive experimental evaluation of the effect of cement mixed with basalt on the
gamma-ray shielding properties.
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Fig. 1: explains some of the basalt quarries in Egypt.
2 Materials and Methods

2.1. Materials

CEM cement paste was manufactured using Portland cement and tap water, as this type of cement has many
advantages, including very practical, and it has a gradual increase in its initial strength, its density is rather high
compared to other types, as in Table 1, in addition to its high resistance to chemical reactions. Table 1 gives us
Information about the chemical composition of cement and the proportion of each compound within it.
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Table 1: Chemical compositions of Portland cement [wt.%]

Material | CaO | Si0: | ALOs | Fex05 | MgO | Nax0 | K,0 | 0SS om | Specific  Density
ignition (g/cm?)
CEM 63.1 | 177 |62 44 |18 |01 |09 [3.5 3.11

Basalt rock extracted from nature was used and crushed for two hours to obtain it in powder form. Then, it was added to
the production of cement paste with a fixed ratio of water and different proportions of basalt. As indicated in Table 2,
five series of mixed cement pastes with basalt contain 0, 5, 10, 15, and 20 by weight. Using a lab mill, grinding was
carried out as follows: first, gradual grinding for 25 seconds; second, quick grinding. By utilizing toluene as the
immersion fluid in the Archimedes technique, the density (p) of the prepared samples was measured.

Table 2: Design of basalt cement paste mixture.

Paste Cement [g] Water [g] Basalt particles [g]
CBO 1000 400 0

CBS5 950 400 50

CB10 900 400 100

CBI15 850 400 150

CB20 800 400 200

2.2. Measurement of radiation attenuation coefficients

Gamma-ray attenuation tests were performed using a proprietary technique and the use of a beam collector to minimize
the scattering of photons back into the detector, eliminating the need for accumulation correction. Figure 2 depicts the
actual experimental setup for gamma-ray attenuation measurements. For varying photon energies, radioactive sources
with an activity of ten mega each were used: 133Ba, 60Co, 137Cs, and 232Th. Each image peak was received between
102 and 104 counts, which were recorded at the specified count time. The arrangement uses a 2-cm collimator for
gamma-ray shielding. Figure 2 depicts the actual experimental setup for gamma-ray attenuation measurements.

Gamma source Lead shielding Detector collimator
Source
collimator v
Nal(Tl) scintillation R
detector W Amp MCA
Lead shielding Lead shielding

EHT

Sample

Fig. 2: Experimental configuration for Gamma radiation attenuation measurement.

Measurement was made using gamma radiation lines with energies of 80, 356, 662, 911, 1173.23, and 1332.49 keV,
generated by standard radioactive sources 131Ba, 137C, and 60Co, to determine the attenuation coefficients of basalt
cement putty samples. The detection system energy and efficiency calibration also used these standard sources. Beer's
law was applied to the measured incident (I0) and transmitted (I) photon intensity to calculate the linear attenuation
coefficient values, (Eq. 1) [8, 9, 1]:

u =%ln(l/10) (1)
where is the material thickness (in cm).

Since the density of the attenuation is medium, the value also depends on the state of the substance (solid, liquid, or
gaseous). Therefore, in the shielding analysis, the linear attenuation coefficient

is chosen to be normalized per unit intensity, u/p(cm2/g), is chosen. (Eq. 2).
u/p =§ln(l/10) ()

where x is the sample mass thickness (cm2/g) [9,10].

© 2024 NSP
Natural Sciences Publishing Cor.



380 SRS = H. Saudi et al.: A Framework for Studying...

3 Results and discussion

Figure 3 shows the current values of the density and depicts their relationships with the Concentration of basalt cement
paste mixture. The density increases by adding basalt to the cement. The increase in density is because the basalt
contains[11] more than 10% iron oxide, which has a higher density, as well as 17% aluminum oxide compared to
Portland cement.
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Fig. 3: Density of different concentrations of basalt cement paste mixture (wt%).

Vertical narrow beam geometry was used to determine the linear attenuation coefficient of basalt cement paste, as
illustrated in Figure 2. As shown in Figure 4, for example, I and 10 represent the gamma radiation intensity of energy E
that is measured using a container with and without a thickness of t. We then calculate the linear attenuation coefficient
() from the slope, and the mass (/) attenuation coefficients using the density. Table 3 displays the experimental values
for the linear attenuation coefficient. Naturally, when basalt content rises, so do the linear attenuation coefficients.
Basalt includes FeO, which likewise has the property of attenuating radiation, which may explain this behavior. With an
increase, the linear attenuation declines. [12, 13]. The interaction of photons with various concentrations of basalt
cement paste mixture can be used as an explanation for photoelectricity, Compton scattering, and pair generation
mechanisms. The photoelectric effect has a higher attenuation factor at low energy than other effects. Based on the
Compton effect's attenuation coefficient [14,15,16]. Figure 5 displays the mass attenuation coefficients (MAC) values
from an experimental and theoretical study for the incident gamma, the thing that prevents photoelectricity from
working. Half-value layer thickness (HVL) is a parameter for the attenuation coefficient. It alludes to the 50% reduction
in radiation intensity caused by the material thickness. Table 4's measured HVL values demonstrate that thinner layers
were needed since pastes with higher basalt concentrations had lower HVL. [13,14]. For the incident gamma energy
range (10-3 MeV - 105 MeV), experimental and theoretical results of mass attenuation coefficients (MAC) values are
displayed in Fig. 5. The experimental result and the calculated data by XCOM and PHY-X are in good agreement, as
shown in Fig. 5. Furthermore, an abrupt peak occurs, and the MAC values drop with an increase in energy up to 0.1
MeV. Figure 5 shows that the composition of the samples of basalt cement paste mixture and the energy of the -photon
are the two key determinants of MAC values. In the low energy zone, all compositions have relatively high MAC
values. As the basalt ratio rises, the MAC value rises as well. Based on the predominance of the photoelectric
phenomena, where the cross-section of this interaction largely depends on the atomic number, the high values of the
MAC in the low energy zone may be established. Furthermore, due to the dominance of Compton scattering in this
zone, MAC values at intermediate energy (energy greater than 1022 keV) fluctuate for all samples within a small range
and exhibit less energy-dependent behavior. Additionally, there is a weak relationship between MAC and the chemical
makeup of the samples. Due to the pair production process supremacy at high energies, MAC values are nearly
constant, and the attenuation behavior becomes consistent across all samples.

To examine the shielding efficiency of the basalt cement, paste mixture system, the results of the MAC were compared
with those of another shielding material such as concrete. The chosen concrete types are ordinary concrete, barite
concrete, and iron concrete. The concrete densities and MAC values at 0.662 MeV are given in Table 5 [18, 19]. Fig. 6
shows that the basalt cement paste mixture system has higher MAC values than that of the three concrete types. These
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findings demonstrate that the basalt cement paste mixture in the current study has an adequate level of -photon shielding
efficacy. The effective atomic number (Zeff) plays a major role in the evaluation of the energy-related variable as an
alternative material [20, 21]. Gamma-ray absorption, for example, depends on the composite's Zeff and photon energy.
The attenuation characteristics of the materials are assessed using the Zeff parameter. The Zeff is a measure of the
percentage of sample electrons involved in photon-atom interactions. Utilizing the Phy-X/PSD and WinXcom
programs, the Zeff for the examined basalt cement paste combination was assessed. Fig. 7 depicts the variations in Zeff
values of all investigated basalt cement paste mixtures with photon energies ranging from 0.05 to 10 MeV. According
to Figure 7, the mixture of basalt cement paste and Zeff has the highest photon energy values, E 0.1 MeV (i.e., the
photoelectric zone). The Zeff fluctuations were negligible and attained their smallest values in the energy range between
0.4 and 3 MeV (Compton scattering). Additionally, for high gamma photon energies greater than 3 MeV, when pair
production is predominant, there is a modest increase in the Zeff values. the effective electron density or effective
electron number per unit mass, [20, 23] The change of Neff values with photon energy as Zeff, where Neff is directly
proportional to Zeff, showed similar behavior. The Neff varies abruptly with photon energy, as seen in Fig. 8, and
abrupt leaps in the low energy area are connected to the photoelectric absorption edge. In addition, when pair creation
increasingly takes over as the primary interaction mechanism, the Neff rapidly declines with photon energy increase and
begins to climb with a slight slope above 3 MeV.

When compared to other areas, the region where photoelectric absorption dominates has a higher rate of free electron
generation. The photons in this range are more likely to interact with target material electrons because they have lower
energy and longer wavelengths [24]. Due to the high probability, more photons are absorbed by electrons, producing
more free electrons.

When compared to other areas, the region where photoelectric absorption dominates has a higher rate of free electron
generation. The photons in this range are more likely to interact with target material electrons because they have lower
energy and longer wavelengths[24]. Due to the high probability, more photons are absorbed by electrons, producing
more free electrons.

The neutron is particularly significant since it is uncharged, interacts only with atomic nuclei results in indirect
ionization, and has a greater capacity for penetrating materials. The attenuation notion describes how well a substance
can guard against neutrons. The macroscopic effective removal cross-section is one characteristic that affects neutron
attenuation [25, 26]. Using fast neutron removal cross-sections, the basalt cement paste's effectiveness as a neutron
shield was assessed. (XR). Phy-X software was used to estimate the fast neutron effective removal cross-section values
for the basalt cement pastes system. Fig. 9 represents the calculated XR values of basalt cement pastes at different ratios.
The ZR values slightly increase with the basalt content because the LR of basalt is higher than that of cement.
Therefore, when basalt cement pastes are utilized for shielding against gamma and neutron rays, the glass density must
be taken into consideration.
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Fig. 4: Plot of I/Io Vs thickness t for CB15 at different energies

Table 3: Experimental linear attenuation coefficients with the gamma photon energy of basalt cement pastes

Paste Energy (MeV)
0.08 0.356 0.662 0911 1.173 1.333 2.614
CBO0 0.859 0.383 0.245 0.215 0.187 0.168 0.126
CB5 1.419 0.546 0.292 0.251 0.221 0.21 0.151
CBI10 1.948 0.679 0.318 0.272 0.234 0.221 0.159
CBI5 1.969 0.837 0.349 0.293 0.249 0.237 0.169
CB20 2.845 1.02 0.377 0.317 0.27 0.261 0.173
Table 4: The experimental HVL (in cm) of basalt cement pastes with experimental errors of less than 5%.
HVL (cm)
Sample name g/ﬁ% 0238 MeV | 0.662 MeV | 0.911 MeV | 1.173 Mev | 1333 MeV | 2.614 MeV
CB0 0.84 1.79 2.73 3.18 3.69 3.89 5.49
CB5 0.52 1.24 2.33 2.68 3.11 3.38 4.69
CB10 0.38 1.16 2.14 2.53 2.9 3.15 441
CB15 0.33 0.81 1.93 241 2.72 2.91 4.11
CB20 0.18 0.63 1.79 2.21 2.53 2.75 3.84
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Fig. 5: Experimental, XCOM, and PHY-X MAC values versus the incident photon energy in range (10-3 MeV - 1.5

MeV).
Table 5: The chemical composition of ordinary concrete [4][5]
Material Density (g/cm? MAC
662 KeV at (cm?/g)
Ordinary concrete 23 0.0778
Barite concrete 3.5 0.078
Iron Concrete 4.5 0.0777

© 2024 NSP
Natural Sciences Publishing Cor.



Inf. Sci. Lett. 13, No. 2, 377-386 (2024)

/_http://www.naturalspublishing.com/Journals.asp

S ) 383

0.084 T———————
" CB20 || concrete
(“ ””” 7‘1 ‘_”JCB
0.082
8 o
“E 0.080 - | )
\J . I
2 CBO
> Cn
0.078 - 1 AR
0.076 SRR
2 3 4
Density (g/cm’)

Fig. 6: An experimental MAC value of basalt cement pastes compared with concrete density.
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Fig. 7: Zeff dependence on y energy of basalt cement pastes system
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Fig. 8: Neff dependence on y energy of basalt cement pastes system
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4 Conclusions

The outline of the study is summarized in the composition of basalt cement. The intensity and attenuation coefficients,
respectively, were considered while calculating the study coefficients. The attenuation coefficients were seen to
decrease while the average layer thickness increased with increasing basalt concentration. Multiple factors affect the
quality of life and well-being of people in indoor spaces, such as heat, acoustics, lighting, electromagnetic radiation
(radio waves, gamma rays, neutron, visible light, and X-rays), and many other factors that greatly affect their
performance and productivity resulting from the use of electricity in buildings for electrical appliances and equipment.
The results proved that basalt cement as a cladding material for indoor spaces provides protection from radiation
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hazards and reduces the temperature in indoor spaces, especially with the increase in the percentage of basalt.
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