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Abstract: As a result of the increase in the use of radiation in many application 

areas, it has become an important need to carry out effective studies on protection 

from the harmful effects of radiation. The vast majority of studies on radiation 

protection are based on the principle of reducing and/or holding different types of 

radiation using a shielding material. The main purpose of this study is to evaluate 

the gamma ray shielding properties of different carbide compounds (such as WC, 

Mo2C, TiC, SiC, B4C) by using Phy-X/PSD software at gamma ray energies 

between 0.015 and 15 MeV. To determine the shielding properties of carbide 

samples in the mentioned energy range, parameters such as linear (LAC) and mass 

(MAC) attenuation coefficients, mean free path (MFP), half value (HVL) and tenth 

value (TVL) were calculated.  

 

1. Introduction 

Among the terms used most frequently in both organic and inorganic chemistry is "carbide." Let's tackle 

the main question now: what is carbide? Carbide is a chemical compound composed of metal or semi-

metallic elements and carbon. It exists as an ionic form. The carbide group is attached to the metal or 

semi-metal element by an ionic or covalent bond. The carbides can be divided into several groups 

according to the type of bond that forms between the carbide ion and the metal or semi-metallic element 

[1]. 

 Ionic carbides: Highly electropositive elements such as alkali metals or alkaline earth metals 

combine with carbide ions to form ionic carbides. The strong electrostatic force attracts these ions to 

one another. There is a significant electronegativity difference in this kind of ionic carbide. Calcium 

carbide is one type of ionic carbide [1]. 

 Covalent carbides: Low electropositive elements like silicon and boron combine to form covalent 

carbides. There are little variations in their electronegativity. Silicon carbide and boron carbide are 

two instances of covalent carbides [1]. 

 Interstitial carbides: They are formed with certain lanthanides and transition metals such as Cr, 

Mn, Fe, Co, Ti, and W. In general, they melt quickly and are hard. The C atoms do not change the 

metal's conductivity because they are positioned in octahedral voids within the metal lattice. Carbon 

atoms' undistorted entry into the metal lattice suggests that the interstices should be fairly large 

(possible if the metal's atomic radius is greater than 135 pm). When carbon is added to smaller metals, 

such as those in the 3d series, the lattice is distorted and complex structures arise [1]. 

 Intermediate transition metal carbides: The transition metal ion in these carbides is smaller than 

the critical value of 135 pm, and the structures are more complex rather than interstitial. Several 

stoichiometries are typical. Iron, for instance, can combine to form the carbides Fe3C, Fe7C3, and 

Fe2C. The most well-known of these is found in steels and is called cementite (Fe3C). Compared to 

interstitial carbides, these carbides exhibit greater reactivity. For instance, diluted acids and 

occasionally water can hydrolyze the carbides of Cr, Mn, Fe, Co, and Ni to produce a mixture of 

hydrogen and hydrocarbons. These substances have characteristics in common with the more 

reactive, salt-like carbides as well as the inert interstitials [1]. 
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Human exposure to ionizing radiation has increased as a result of the exponential growth in the use of 

radioactive sources in a variety of fields, including agriculture, industry, space exploration, medicine, 

and energy production, as well as technological and communication advancements. Extended exposure 

could be detrimental to the body's systems. Direct ionizing radiation includes particles like alpha, beta, 

and proton; indirect ionizing radiation includes neutrons, γ-rays, and X-rays [2-5]. In settings like 

nuclear power plants, hospitals, and laboratories where ionizing radiation is present, radiation protection 

shields people's health. Thus, it is essential to use the right protective materials to ensure efficient 

management of radiation waste in addition to minimizing the harmful biological effects of radiation. By 

obstructing direct ionizing radiation from outside sources, protection against indirect ionizing radiation 

is typically adequate. In this regard, low-density structural materials are continuously sought after by 

materials scientists and engineers in order to reduce energy usage, operational costs, and risks associated 

with radiation [6,7]. In the field of radiation protection, materials with qualities like high density, melting 

temperature, mechanical strength, corrosion resistance, and low cost are especially crucial. Due to its 

high density and atomic number (Z), lead (Pb) is a common element used for radiation protection; 

however, it has drawbacks, including high toxicity, low melting point, and poor mechanical strength. It 

is insufficient for radiation protection applications on its own due to these factors [8-11]. Because the 

effects of radiation vary depending on the type and energy of the radiation, understanding how the 

material reacts to radiation is crucial for radiation protection. The mass attenuation coefficient (MAC) 

is one of the most important variables in the interaction between photons and matter. The Beer-Lambert 

law is used to calculate the attenuation of a monoenergetic photon beam that is passing through a thin 

layer of the sample. The fundamental ideas of mean free path (MFP), half value (HVL), and tenth value 

thickness (TVL) are required to comprehend radiation penetration following gamma ray interaction with 

matter [12]. 

Ionizing radiation technology is being used more often these days, particularly in industrial and medical 

settings. Owing to this rise, numerous scientists have been working on creating various shield materials 

to lessen the negative effects of ionizing radiation. Materials like various composites (compounds and 

mixtures), alloys, concretes, glasses, and polymers are typically included in these shield materials [13-

58]. 

In the present research, the radiation attenuation parameters of some carbide compounds belonging to 

different classes were determined theoretically using Phy-X/PSD software [59]. First of all, the linear 

(LAC) and mass (MAC) attenuation coefficients of carbide compounds were calculated. Thickness 

parameters such as mean free path (MFP), half value (HVL) and tenth value (TVL) were calculated 

using the linear attenuation coefficient (LAC). 

 

 

2. Materials and Methods 
The interaction mechanisms of photons with matter differ from the interaction mechanisms of charged 

particles. As a photon enters a material, some of them are absorbed, some are transmitted through the 

material without interacting, and others are dispersed away from the original photon, as is the case with 

low-energy photons. The incident photon energy, shield material, and experimental conditions all have 

a significant impact on the likelihood that these activities will take place. More attenuation indicates a 

preferred shielding material for a given thickness. Thus, the Lambert-Beer law's expression of 

attenuation is the primary factor in determining the choice of shielding material. The Beer-Lambert law, 

the law of exponential attenuation, is formulated as follows for the variation between the incident and 

transmitted gamma-ray intensities of a given thickness of material [12]. 

 

𝐼 = 𝐼0𝑒−𝜇𝑥       (1) 

I

I
Ln

x
cmLAC 01 1

),(      (2) 

 

where I0 is the gamma intensity emitted from the radioactive source, I is the attenuated gamma intensities 

obtained by placing the shield material between detector and radioactive source, μ (cm-1) is the linear 

attenuation coefficient (LAC) and x is the thickness of the shield material.  
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The mass attenuation coefficient (MAC) μ/ρ in cm2g-1 is given as the ratio between the linear attenuation 

coefficient μ and the density of the shield material. The MAC μ/ρ for any composite material is given 

by the following relationship at a given photon energy: 

 

𝜇𝑚 = (𝜇 𝜌⁄ ) = ∑ 𝑤𝑖𝑖 (𝜇 𝜌⁄ )𝑖       (3) 

 

where wi and (μ/ρ)i are the weight fraction (% Wf.) and MAC of the ith element in the chemical 

composition of the shield material. It is possible to calculate the wi values with the equation given below. 

 

𝑤𝑖 =
𝐴𝑖𝑎𝑖

∑ 𝐴𝑖𝑎𝑖𝑖
         (4) 

 

where Ai and ai are the atomic weight and atomic number of the ith element in the composition of the 

shield material, respectively.  

The Phy-X/PSD database can determine shielding values for photon energies between 0.015MeV and 

100GeV for any material's molecular or elemental structure [59]. The software accounts for the chemical 

makeup and density of the constituents while calculating these characteristics. Different shielding 

parameters such as MAC, LAC, MFP, HVL and TVL can be calculated for each material using 

theoretical MAC values. 

Thickness parameters such as mean free path (MFP, λ), half value layer (HVL, X1/2), and tenth value 

layer (TVL, X1/10) are used to determine the radiation shielding characteristics of materials, and these 

thickness parameters are calculated as an inverse function of the linear attenuation coefficient of the 

shield material. HVL, TVL and MFP are defined as required material thickness values that reduce the 

radiation intensity on the material to 10%, 50% and 36.8%, respectively. Equation (5)-(7) is used to 

calculate these parameters mathematically. 

 

𝑀𝐹𝑃 (𝜆, 𝑐𝑚) =
1

𝜇
      (5) 



2
),( 2/1

Ln
cmXHVL       (6) 



10
),( 10/1

Ln
cmXTVL       (7) 

 

 

3. Results and Discussions 

Gamma ray attenuation parameters of the carbide samples selected within the scope of the study were 

obtained using Phy-X/PSD software. The results obtained for MAC and LAC values are shown in Figure 

1. 

 
Figure 1. LAC and MAC values as a function of photon energy for carbide samples. 
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As seen in Figure 1, the highest values for both MAC and LAC values were obtained in the WC sample 

and the lowest values were obtained in the B4C sample. Also in Figure 1, the LAC and MAC values 

obtained for all samples vary depending on the energy of the interacting gamma rays. This change can 

be explained as the decrease of LAC and MAC values against increasing gamma ray energy.  

Theoretical results obtained in a wide photon energy range appear to result from different interactions 

in different energy regions. That is, there is a sharp decrease in attenuation at photon energies lower than 

0.1 MeV (low energy region), a smooth decrease in photon energies between 0.1 MeV and 10 MeV 

(mid energy region), and at photon energies greater than 10 MeV (high energy region) has a soft 

increase. Maximum LAC and MAC values for the present composites were observed in the low photon 

energy region at 0.015 MeV. Then, it was observed that the LAC and MAC values decreased with the 

increase of photon energy. Above 5 MeV thereafter, the LAC and MAC values have a very weak 

dependence on the photon energy. This relationship of LAC and MAC to photon energy is associated 

with partial photon interaction. In the low photon energy region (0.015–0.4 MeV), the photoelectric 

effect, which is inverse to the energy (ie, E-3.5) and depending on the atomic number as Z4-5, is reported 

to be the main process in which photons interact with matter. In the intermediate photon energy region 

(0.4–5 MeV), Compton scattering is the main interaction. In this interaction, the cross section depends 

on the Z atomic number and the logE energy. Finally, in the high photon energy region (5–15 MeV), 

double generation becomes dominant, which is proportional to Z2 and E [21]. 

Based on the theoretical LAC results for gamma energies between 0.015 MeV and 15 MeV, the mean 

free path (MFP), half value layer (HVL) and tenth value layer (TVL) were calculated for the carbide 

samples. The MFP values obtained for all carbide samples as a function of energy are given in Figure 

2.  

 

 
Figure 2. MFP values as a function of photon energy for carbide samples 

 

From the results obtained, it is clear that the highest MFP value belongs to the B4C sample and the 

lowest MFP value belongs to the WC sample. As can be seen from Figure 2, the distance traveled by 

gamma rays between two successful interactions is shorter for low-energy gamma rays and longer for 

high-energy gamma rays. So MFPs are proportional to increased energy. This behavior may be due to 

the dominance of the photoelectric effect in regions with low photon energy. Due to the dominance of 

Compton scattering in the mid-energy region from 0.4 to 5 MeV, a gradual increase in MFP values can 

be observed as the energy increases. Since pair formation predominates in the high energy region greater 

than 5 MeV, slight increases in MFP values may occur. 

The thickness of the carbide samples used in the study was calculated to reduce the incoming gamma 

ray intensity by half to one tenth. The resulting HVL and TVL thicknesses are shown in Figure 3,4.  
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Figure 3. HVL values as a function of photon energy for carbide samples 

 

 
Figure 4. TVL values as a function of photon energy for carbide samples 

 

As can be seen from Figure 3,4, the highest result for HVL for all gamma energies was found for the 

B4C sample. It can be said that the change of HVL and TVL values depending on the energy of the 

gamma rays shows similar behavior with the MFP. 

 

4. Conclusions 

In this study, some radiation shielding parameters of 5 different carbide samples (such as WC, Mo2C, 

TiC, SiC, B4C) were calculated using the user-friendly online server Phy-X/PSD. The software has 

facilitated calculation of various important parameters such as MAC, LAC, MFP, HVL and TVL in 

wide energy range (i.e. 0.015 MeV–15 MeV). In light of the findings obtained from this study, it was 

observed that the MAC and LAC results obtained for all carbide samples decreased with increasing 

gamma energy. It has been revealed that MFP, HVL and TVL parameters related to the thickness of the 

material increase with increasing energy. In other words, it can be said that MFP, HVL and TVL values 

change inversely proportional to LAC values. When all parameters were evaluated, it was revealed that 

WC, one of the carbide samples examined in the study, had a higher performance in terms of gamma 

ray shielding than other samples. 
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