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Silicone rubber has been gained interest throughout the world due to its novel 

applications such in automotive industry, healthcare supplies and nuclear 

applications. Therefore, this work deals with the study of bismuth silicone 

rubber composite as a gamma ray shielding material. The Gamma ray 

attenuation coefficients of the composite were determined at gamma ray 

energies emitted from 
232

Th and 
60

Co radioactive sources. The detection 

technique is based on Hyper Pure Germanium detector (HPGe) under good 

geometry conditions. The total mass attenuation coefficients (µ/ρ) have been 

estimated based on the measured total linear attenuation coefficients (µ) as a 

function of bismuth silicone rubber composite concentrations. The results 

revealed that radiation shielding performance increases with increasing 

bismuth additive in silicone rubber. Theoretical mass attenuation coefficients 

were calculated using WinXCom program (version 3.1). A good correlation 

was observed between the experimental and theoretical mass attenuation 

coefficients. The dependence of the mechanical properties for silicone rubber 

filled with bismuth compound at different concentration have been studied 

and discussed.   

 
Copy Right, IJAR, 2015,. All rights reserved 

 

 
INTRODUCTION 

 

A variety of materials can be used for radiation shielding for nuclear radiation [1-2]. For shield designs, gamma ray 

was one of the main types of nuclear radiation, which have to be considered. High effective atomic number can be 

more efficiently attenuate gamma rays [3- 4]. 

 

Recently, there was a continuous demand for improved polymers for use as shielding materials [5-6]. 

Shielding structures could be realized by using absorbing materials such as polymeric composites with suitable 

filler. These materials must have specific requests first of all good shielding effectiveness (SE), lightness, good 

mechanical properties, good processability, and low cost [7-8].  Gamma ray shielding performance could be 

achieved with composite materials comprising a polymer matrix filled with materials, of high atomic number such 

as lead, bismuth and barium [9]. Therefore, by increasing the filler content a higher gamma ray shielding efficiency 

will be obtained [10-11]. Nowadays, silicone rubber is used in a large variety of applications because it has low 

density, large degree of flexibility, thermal resistance, radiation resistance...etc. [12-13]. Therefore, in this study, an 

attempted has been devoted to prepare the polymer composite for radiation shielding using silicone rubber as a 
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polymer matrix and bismuth (Bi) which has high effective atomic number as filler with different concentrations. 

Then, the gamma ray attenuation coefficients and the mechanical properties as a function of gamma ray energy and 

filler concentrations were investigated. 

 Theoretical aspect 

   Attenuation measurements   

The linear attenuation coefficient can be calculated according to The Lambert-Beer law which 

describes attenuation of a monoenergetic beam as follow [14] 

                            I = Ioe
-µx

                              (1) 

           

Where I = transmitted gamma radiation intensity, Io = incident gamma radiation intensity, x = is the 

thickness of the absorbing medium, µ = is the linear attenuation coefficient. 

 

For photons in an attenuating medium, the mass attenuation coefficient (µ/ρ) is given by
 
[15] 

                                     (2) 

 

Where ρ is the density of the shield material 

 

 Experimental Procedure 

 Sample preparation  

Different ratios of bismuth and silicone rubber 20, 40, 60 and 80 phr (parts per hundred parts of rubber) 

were weighed and then mixed on a laboratory two-roll mills (outside diameter 470 mm , working distance 300 mm, 

speed of slow roll 24 rpm and fraction ratio of 1 : 1.4) in accordance with ASTM D3182-07, the composite were 

subjected to sheeting on the mill and are cured in an electrically heated hydraulic press at 152
o
 ± 1

o
C and a pressure 

of about 4MPa. The optimum cure time (Tc90) of the mixes was obtained from a rheometer (Monsanto Oscillating 

Disc Rheometer, USA) according to ASTM: D2084. The composites were produced with dimensions 4 cm x 4 cm.  

For mechanical tests the composites were mixed with other rubber ingredients (stearic acid 2 phr, zinc 

oxide 5 phr, peroxide 2 phr), to improve its durability along with its mechanical properties. 

  

 Attenuation measurement  

The gamma ray shielding parameters of the prepared composites were obtained for energy lines, emitted 

from 
232

Th and 
60

Co  point sources, using narrow beam geometry. The diagram of the geometry was shown in figure 

(1). The experimental arrangement consists of Hyper Pure Germanium detector (HPGe) with relative efficiency 30% 

relative to a 3"× 3" NaI (Ti) detector, active volume 62.3 cm
3
 and energy resolution 1.8 keV at 1.33 MeV γ-lines. 

The detector was coupled through an amplifier to the computer with MCA plug-in card. Because of the sensitivity of 

HPGe detector, it is usual to shield them from the environment. Therefore, lead shield of thickness 5 cm was used in 

this study. 

 
    Fig.1 Experimental setup of narrow beam transmission method. 

 Mechanical measurements  

The tensile strength, elongation at break and Young's modulus were determined using a Zwick tensile 

machine Model 1425 in accordance with ASTM D 412. The hardness was measured using the Shore A 

Durometer according to ASTM D 2240. 
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 Results and discussion 

 Gamma ray attenuation of bismuth silicone rubber composite  

 

The linear attenuation coefficient (μ), of the composite was determined experimentally by interposing 

different layer thicknesses of the testing samples between the gamma ray point source and the detector (HPGe). the 

energy lines of gamma rays  which emitted from 
232

Th and 
60

Co radioactive gamma ray sources are shown in figure 

(2).  

The linear attenuation coefficients increase linearly with increasing Bi content, and it is also observed that 

the linear attenuation coefficient decrease by increasing the energy of gamma rays for all composition under this 

investigation. The observed behavior of linear attenuation coefficients is attributed to the high atomic number of 

bismuth which leads to high absorption for gamma rays. 

 

 
 

Fig.2 Linear attenuation coefficients of γ-rays emitted from 
232

Th and 
60

Co sources at different bismuth concentrations. 

  

The experimental and theoretical mass attenuation coefficients were plotted as a function of gamma ray 

energies for different bismuth concentration as shown in figure (3). It is observed that the mass attenuation 

coefficient increases with the weight fraction of bismuth content and inversely proportional to photon energy. 
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Fig. 3 Mass attenuation coefficients of the composite samples as a function of gamma ray energies 

 

 

The calculated values of half value layers are listed in table (1). The half value layers decreases with the 

bismuth concentration increase, indicating an improvement of the attenuation properties for the investigated silicone rubber 

samples and this attributed to the increase in the density of the sample and the high value of mass attenuation coefficients. 

 

Table 1: Half value layer (HVL) for silicone rubber composites at different gamma ray energies 

Gamma ray 

energies keV 

 

Bi=0 

(phr) 

 

Bi=20 

(phr) 

HVL(cm) 

Bi=40 

(phr) 

 

Bi=60 

(phr) 

 

Bi=80 

(phr) 

 

 
583.19 5.890 2.720 1.647 1.242 1.116 81.050 

727 6.205 3.347 2.182 1.777 1.550 75.017 

911.2 6.856 3.840 2.504 2.221 1.918 72.025 

1332.49 8.412 4.976 3.416 2.845 2.490 70.402 

 

 Mechanical testing of the composite 

 

Figure (4) shows the variation of the Hardness Shore A, of silicone rubber with different bismuth 

concentration. It is observed that the addition of the bismuth content shows an increase in hardness, may be 

attributed to as more filler (Bi) is incorporated in the rubber matrix, the plasticity of the rubber chain is reduced 

resulting in more rigid composites. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 The variation of Hardness shore A with the filler content X (phr), for Silicone rubber filled with bismuth 

compound 

 

 

Figure (5) shows the variation of the elongation at break, tensile strength and young modulus of silicone 

rubber with different bismuth concentration. 

It is clear from the figure that an increase in the filler loading results in significant increase in the tensile 

strength, elongation at break, and Young’s modulus which indicates the reinforcement effect of the filler until the 

maximum is attained at filler content 60 phr . Further increase of the filler loading leads to decrease the tensile 

strength, elongation at break, and Young’s modulus. This can be due to the ability of bismuth filler to form 

aggregates. Therefore for small amounts of the filler loadings, good rubber-filler interactions will be occur as a 

result of good dispersions of the fillers into the matrix. 
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Fig.5 The variation of (A) Young's modulus E (MPa) (B) Tensile strength (MPa), and (C) Elongation at break,% 

with the filler content X (phr), for Silicone rubber filled with bismuth compoun 

 

 Conclusion  

In the present work gamma ray attenuation coefficients of silicone rubber filled with bismuth content at 

different concentrations were investigated. The linear attenuation coefficient and the mass attenuation coefficient 

increases by the increase of bismuth filler content in the prepared composites. 

The mechanical properties of the composites increase by increasing bismuth content. The optimum loaded 

silicone rubber with bismuth filler content for tensile strength, elongation at break and young modulus is 60 phr 

while at higher concentration these properties decreased due to the agglomeration of bismuth in silicone rubber. The 

present study shows that the bismuth silicone rubber can attenuate gamma ray and has a significant improvement in 

its mechanical properties and can replace lead that has high toxicity.  

 



ISSN 2320-5407                           International Journal of Advanced Research (2015), Volume 3, Issue 6, 1035-1039 

1041 

 

References 

 Eskandar Asadi Amirabadi, Marzieh Salimi, Nima Ghal-Eh, Gholam Reza Etaati, and Hossien Asadi, (2013) 

“Study of Neutron and Gamma Radiation Protective Shield” International Journal of Innovation and Applied 

Studies, Vol. 3, No. 4, PP. 1079–1085. 

 Siqi Xu,'' A Novel Ultra-light Structure for Radiation Shielding''(2008) MSc. Thesis, Nuclear Engineering 

Raleigh, North Carolina. 

 Nehad A. Saleh , (2013) ''Shielding for Gamma Ray and Beta Particles Made from Rubber Composite'' 

International Journal of Current Engineering and Technology, Vol.3, No.4, PP.   1387-1390. 

  Y. El Mahroug, B. Tellili, and  C. Souga, (2013)'' Calculation of gamma and neutron shielding parameters 

for some materials polyethylene-based'', International Journal of Physics and Research Vol.3, No. 1, PP. 

33-40. 

 Turgay Korkut, Osman Gencel, Erol Kam, and  Witold Brostow, (2013) “X-Ray,Gamma, and Neutron 

Radiation Tests on Epoxy-Ferrochromium Slag Composites by Experiments and Monte Carlo 

Simulations”, International Journal of Polymer Analysis and Characterization, Vol. 18, No. 3, PP. 224-231. 

 K. H. Mahdi, Z. S. Ahmed, and A. F. Mkhaiber'' Calculation and Study of Gamma ray Attenuation 

Coefficients for Different Composites''(2012) Ibn Al-Haitham Journal for Pure and Applied Science Vol. 

25,  No. 3, PP. 133-141. 

 Barba, A. A., G. Lamberti, M. D'Amore, and D. Acierno, (2006) “Carbon Black/Silicone Rubber Blends as 

Absorbing Materials to Reduce Electro Magnetic Interferences (EMI)" Polymer Bulletin, Vol. 57, PP. 587-

593. 

 V. Harish, N. Nagaiah and H. G. Harish Kumar, (2012)'' Lead Oxides Filled Isophthalic Resin Polymer 

Composites for Gamma Radiation Shielding Applications'', Indian Journal of Pure &Applied Physics 

Vol.50, PP. 847-850. 

 Daniel R. McAlister, (2013)'' Gamma Ray Attenuation Properties of Common Shielding Materials'' PG 

Research Foundation, University of Lane Lisle, USA. 

 D. R. Paul, and J. E. Mark, (2013) “Fillers for Polysiloxane (Silicone) Elastomers” Progress in Polymer 

Science, Vol. 35, PP. 893–901.  

 G. Pan, J. E. Mark, and D. W. Schaefer, (2003) “Synthesis and Characterization Of Fillers of Controlled 

Structure Based on Polyhedral Oligomeric Silsesquioxane Cages and Their Use in Reinforcing Siloxane 

Elastomers” Journal of Polymer Science Part B: Polymer Physics, Vol. 41, PP. 3314–3323.  

 C. Morari, I. Balan, J. Pintea, E. Chitanu, and I. Iordache, (2011) '' Electrical Conductivity and 

Electromagnetic Shielding Effectiveness of Silicone Rubber Filled With Ferrite and Graphite'' Progress In 

Electromagnetics Research M, Vol. 21, PP. 93-104, 201. 

 V. Rajini, and K. Udaya kumar, (2009) “Degradation in Silicone Rubber Under AC or DC Voltages in 

Radiation Environment” IEEE Transactions on Dielectrics and Electrical Insulation. Vol. 16, No. 3, PP. 

834-841.. 

 G.F. Knoll, (2002) “Radiation Detection and Measurement”, University of Michigan, Ann Arbor. 

  G. Nelson, D. Reilly (1991) “Gamma-Ray Interactions with Matter”, in Passive Nondestructive Analysis 

of Nuclear Materials, Los Alamos National Laboratory, PP. 27-42. 

 

 

 


