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Abstract - The gamma ray attenuation in inorganic materials was measured using transmission experiment. 

Measured results of attenuation parameters were compared with theoretical results obtained from XCOM 

code. Attenuation parameters were measured for composite inorganic materials such as mass attenuation 

coefficient,total attenuation cross section ,electronic cross section, molar extinction coefficient, effective 

electron density, effective atomic number. Gamma ray transmission experiment was used for experimental 

procedure. Six radioactive sources were used to irradiade gamma rays. Gamma ray sources emit energies 122 

keV to 1330 keV were used to irradiate inorganic materials. Attenuation parameters were observed to vary 

with the intensity of photons and decreased with increment of energy. Chromium oxide and Calcium oxide 

have the highest mass attenuation coefficient as compared to other materials. Thus it was concluded 

Chromium oxide and Calcium oxide that are good candidates in the preparation of efficient gamma ray 

shielding materials. 

Keywords : Mass attenuation coefficient, Total attenuation cross section , Electronic cross section , Effective 

atomic number, Effective  electron density. 

 

INTRODUCTION 

The mass attenuation coefficient of low Z- dosimetric and tissue substitute materials have been estimated . 

MCNP simulation results agreed with experimental results and with the Win-XCOM results (A.M.Khayyat 

etal,2015 ).The concrete samples containing  tincal  have been observed more effective than ordinary concrete 

for gamma  ray shielding application(B.Otto etal,2012). Mass attenuation coefficient values of few 

carbohydrates have been noticed  are dependent on the physical and chemical environments 

(Bibifatima.m.ladaf etal,2015). Mass attenuation coefficient computed  using  by two methods such as 

graphical method and transmission method for sample of unknown chemical composition at low energy (more 
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etal,2016).Attenuation parameters mass attenuation coefficient ,mass energy absorption coefficient,  kerma 

factoreffective atomic number investigated for soft tissue (Degrelle,2016). Gamma ray attenuation coefficient 

for elastin protein  determined using a narrow collimated beam method ,obtained results shown excellent 

accuracy with the theoretical data (salehi,2015).The effective atomic number and electron density of 

superconductor at different energy levels has   measured  (Essam,2013). A new empirical formula investigated 

for elements those are atmic number greater than one and less than ninty two ,which is useful in radiation 

physics and dosimetry(H.Balta, etal,2008). Author carried out the experimental work for collagen protein   

which are biologically compounds to and measured  attenuation coefficient (Manjunatha etal,2017). From the 

experimental data it is clear that mass attenuation coefficient is depends in inident photon energy, 

experimental mass attenuation coefficient estimated 1-4 % (Mautaz etal,2012).  Mass attenuation values 

affected by deviation in physical and chemical environmental samples have reported by pawar bichile  

(Mustafa etal,2012).  Attenuation property in saturated fatty acid investigated at diagnostic energy range 

,attenuation coefficient of butyric acid was observed higher than  other fatty acid  (pawar etal ,2013). Biswas et 

al., reported  attenuation in polyboron and shown that attenuation changes  with concentration of high and low 

atomic number constituents elements (kore etal,2016). The effective atomic number are useful parameters for 

low Z- materials at all energies greater than 1 keV electron density is closely related to effective atomic 

numbers, (Biswas etal,2015).Few amino acids like histidine ,luicine ,lysine,methionine,phenylalanine, 

threonine,tryptophan and valine were studied it was observed that parameters changes with energy and 

composition of amino acids (Manohra etal,2008).   The sugars rhamnose ,melezitos,and raffinose has a lower 

effective atomic number compared to other sugars (Gowda etal,2005). The effective atomic number and 

electron density has been calculated of TLD compounds (Shivllinge etal,2004) . Attenuation parameters such 

as effective atomic numbers and effective electron density has been calculated for, narcotic drugs ,which is 

usefulin medical diagnostic (Gounhalli etal,2012). whole the radiological components of organic nonlinear 

optical are important in diagnostics ,domestic material is depends on its chemical composition(Awasarmol etal 

2016). The measured total attenuation cross section of elements are useful for dosimetry and radiation 

shielding purpose (Tupe etal 2012).  

In the present study, mass attenuation coefficient, total attenuation cross section, electronic cross section, 

effective atomic numbers and effective electronic density of inorganic composites materials such Calcium 

oxide Carbonic acid Chromium oxide Magnesium carbonate  Disulfure Dichloride and Aluminium nitrate 

have determined experimentally in the energy range 122 keV to 1330 keV.  

 

EXPERIMENTAL DETAILS 

The µm of selected samples was measured using the gamma ray transmission experiment (Fig.1). A gamma ray 

spectrometer (NUCLEONIX, GR611M) includes a 3x3 (inch) NaI (Tl) well type scinitllation detector 

connected to the multichannel analyzer (MCA) card, was used to perform the experiments. The NaI(Tl) 

scintillation detector has the following specifications; NaI(Tl) crystal of  0.656" diameter and 1.546" depth, 

coupled optically with bialkali phototube, magnetic/light shield and  8.2% energy resolution at 0.662 MeV. 

Gamma ray sources 57Co, 133Ba, 22Na, 137Cs, 54Mn and 60Co were used to obtain 122, 356, 511, 662, 840, 1170, 

1275, 1330 Kev energies. An Anuspect computer program was used to analyze the -ray spectrum. The glasses 

were the thickness in the range 0.5 to 1.5 mm, irradiated by a narrow beam of gamma rays. In order to produce 

the narrow beam, gamma ray source was kept in a lead collimator of cylindrical shape with 0.52 orifice and 

collimators were placed in front of the lead cylinder to get 0.42 cm beam of gamma rays. The source-detector 

distance was 40 cm. The samples were placed one by one between the source and detector to measure 

attenuated intensity of gamma rays for 1000 s. The measured counts for the intensities without (I0) and with 

glass (attenuated, I) were used to determine µm for all the selected samples by the following equation; 

tI

I
m






1
ln 0











       (1) 

Where  and t are the density and thickness of the selected glasses, respectively. The total attenuation cross 

section measured using the following formula. 

бtot = µm (
𝑀

𝑁𝐴
)        (2) 
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Where M= (=∑niAi Molecular weight of the sample and NA is Avogadro’s number.  

Also ni  and Ai are number of atom and atomic mass, respectively. 

The total electronic cross section calculated using the following formula  

бt = 
𝑖

𝑁𝐴
 ⅀ 

𝑓𝑖𝐴𝑖

𝑧𝑖
 (µm)I        (3) 

Where fi is the number fraction of atoms of elements. The effective atomic number (Zeff) calculated using the 

following for 

Zeff  = 
бtot

бele
          (4) 

The effective electron desity (Neff) calculated using the following formula. 

Neff = 
µm

бele
  = 

N𝐴

𝑀
 Zeff  ∑ 𝑛𝑖𝑖         (5) 

 

Fig. 1 The schematic view of the experimental set up. 

 

RESULTS AND DISCUSSION 

The mean atomic number and molar mass of Calcium oxide Carbonic acid Chromium oxide Magnesium 

carbonate  Disulfure Dichloride and Aluminium nitrate were calculated from their chemical formula is 

presented in Table.1. The < Z > is found in the range of 5.3335 to 16.501. 

Table1. Mean atomic number (Z) calculated from the chemical formula for composite inorganic materials. 
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Measured values of along with theoretical results are given in Table.2 and plotted in ``Fig.2.  It is seen from 

the table and figure that decreases with the increment energy of gamma ray. A fairly good harmony between 

the measured and calculated (XCOM) results is observed. It is also seen from Fig.2 that m decreases rapidly 

with energy up to 1170 keV then decrease slowly. This may be because of Compton and pair production 

photon interaction processes. The Chromium oxide and Calcium oxide  has m  values 0.204 and 0.186 at 122 

keV which are highest results among the selected samples as shown in Table2 and Fig.2. It is also observed 

that Carbonic acid Magnesium carbonate  Disulfure Dichloride and Aluminium nitrate  have almost similar 

range of m results. It is also observed that barium sulfate has high m values for low to high energies (122 -

1330 keV). Thus it is indicated that Chromium oxide is a potential candidate for gamma ray shielding. 

 

Table 2 

 

 

Fig.2. Typical plots of µm Versus Energy for Composite Inorganic  materials. 
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Table 3 

 

Table 4 

 

 

 

Table 5 

 

 

  



Copyrights @Kalahari Journals Vol.7 No.7 (July, 2022) 

International Journal of Mechanical Engineering 

214 

Table 6 

 

 

Table 7 

 

 

Fig.3 The typical plots of  Zeff  versus energy for composite Inorganic materials. 
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Fig.4 .The typical plots of б tot   versus  energy  for composite Inorganic materials. 

 

 

Fig.5.The typical plots of б e   versus  energy  for composite Inorganic materials. 
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Fig.6.The typical plots of є  versus  energy  for composite Inorganic materials. 

 

 

Fig.7. Energy versus effective electron density( Neff) of composite inorganic materials. 
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using Eq.(5). The results of Zeff are plotted in Fig.5 and displayed in Table 5. It is seen that Zeff vary slowly 

with increase in gamma ray energy and tends to almost constant with the increment of energy. The energy 

independent behavior of Zeff is seen in all selected samples. Results of Zeff are observed close to their 

calculated results of mean atomic number. Effective electron density (Neff) calculated using Zeff is given in 

Table 6. The results of Neff are also plotted in Fig. 6. It is observed that Neff vary very little with energy of 

gamma ray. The Zeff and Neff are closely related through Eq.(5). Thus it is obvious that Zeff and Neff show 

similar nature with energy. 

CONCLUSIONS 

Experimental and theoretical results gamma ray attenuation coefficients investigated for all selected samples in 

the energy range 122-1330 keV. It was observed, gamma ray attenuation parameters changes with the increase 

in energy. It is found that Chromium oxide  and Calcium oxide have better gamma ray attenuation capability 

among selected samples. Finally it is concluded that Chromium oxide is potential at 122 keVcandidate for 

preparation of efficient gamma ray shielding material. 
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