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Abstract 
A new composite of silicone rubber and boric acid was developed to be used 
as a personal wearing for protection from nuclear radiation. The capability of 
this material for absorbing thermal neutrons of different intensities followed 
by a detonation of nuclear weapon has been investigated. This investigation 
was performed by using californium-252 neutron source of like fission spec-
trum. The thermal neutron flux was measured behind different thicknesses of 
the developed material using a BF3 detector. Two positions of measurements 
were performed; at position near the detonation where the intensity of thermal 
neutron flux is low and at position far from the detonation where the intensity 
of thermal neutron is high. For both cases, the contribution of total thermal, ini-
tial incident and new produced thermal neutron fluxes are measured. The ob-
tained results indicated that, addition of boron with concentration of about 
17% to the silicon rubber tends to decrease the flux by more than 70%. 
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1. Introduction 

Materials composed of light elements are preferred for fast neutron shielding 
because of the large energy loss per collision. Thus, hydrogenous materials like 
water, rubber, polypropylene etc., are very effective for fast neutron shielding, 
especially of energy below 2 MeV. These materials are used to moderate fast 
neutrons within a small thickness to become of thermal energy so can be ab-
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sorbed by most of shielding materials. In addition, absorption of thermal neu-
trons is preferable to take place through the reactions in which high energy 
gamma rays are not emitted [1] [2]. Boron elements absorb thermal neutrons 
with the emission of charged particles and gamma rays of low energy, Eγ = 480 
keV [3] [4].  

Heavy weight elements are the most effective for gamma shielding and at the 
same time degrade the energy of fast neutrons by inelastic scattering collisions 
with the large number of electrons. Attenuation of gamma photons through ma-
terials varies with the atomic number Z, the mass density and the thickness of 
the material or in other words on macroscopic cross sections and material den-
sity [5] [6] [7]. Thus materials such as iron, lead, and bismuth are the best for 
gamma shielding.  

Therefore, to make a composite or a mixture of elements which is capable to 
attenuate both neutrons and gamma rays, the composite or the mixture must 
contain heavy and light absorbing elements. The choice of elements must con-
sider that the elements have to possess a higher energy loss per collision either 
through inelastic or elastic collision or a high absorption cross section without 
emission of high energy gamma rays [8] [9]. In addition, the elements or mate-
rials chosen to absorb thermal neutrons must be placed at a position where 
thermal neutrons are generated or where the neutron flux is high. This means 
that a homogenous or multilayer shield with the neutron absorbing layer at the 
end is the optimum choice for composite shield [10] [11] [12]. Extensive work 
has been devoted for protection purposes against neutrons and gamma rays 
produced as a result of weapons, nuclear accidents, equipment’s associated with 
radiation therapy and several radiation related industrial or research applica-
tions. Composites of natural rubber were prepared with different concentrations 
of boron carbide powder and subjected to thermal neutron radiation shielding 
[13]. It is found that, the first 1.5 cm layer of the composite samples reduced the 
initial direct slow neutron flux by about 85% for the composite containing 57 
wt% followed by an exponential decrease in thickness.  

A composite of natural rubber mixed with boric acid (H3BO3/NR) was used to 
get thermal neutron radiation shielding composites. It was found that the total 
macroscopic cross-section reaches 0.29 cm−1 at 30 phr of H3BO3 [14]. An inclu-
sion of lead oxide (PbO2) in the shielding block made from a mixture of Boric 
acid and borax with natural rubber can slightly increase its thermal neutron 
shielding capability and decrease the effective minimum thickness for gamma 
shielding [15]. Not only the natural rubber but also Ethylene Propylene Diene 
Termonomer (EPDM) synthetic rubber is a good candidate material for neutron 
shielding due to its hydrogen content [16]. Silicone rubbers were originally used 
during World War II in the military applications because it has a good resistance 
to the extreme temperature. Over the years, a lot of advances have been done 
and now, silicone rubbers provide maximum reliability amongst state-of-art 
elastomers. Whether exposed to adverse environments, stored for prolonged pe-
riods or performed under extreme operating conditions, these engineered elas-
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tomers outlive traditional organic rubbers. 
Therefore, the aim of the present work is to produce borated silicone rubber 

composite capable to be used as an emergency personal nuclear radiation shield 
in the form of wearing clothes taking into consideration the well-known advan-
tages of silicone rubber as compared with other polymers. 

2. Experimental Details 
2.1. Sample Mix Design and Composition 

Silicone rubber impregnated with different percentage content of boric acid 
(H3BO3); 9%, 17%, 23%, 29%, 33%, 38% by weight, was mixed by a compressive 
method under temperature of 150˚C and pressure 4 MPa. A rolling machine, 
type Farrell, Lancashire, England was used to perform the mix of the additives 
with the silicone rubber. Figure 1 shows the rolling machine which is used for 
preparation. The sheet of silicon rubber was passed between the two rolls of the 
machine and at the same time the additives was spattered. Special care was taken 
to assure the homogeneity of the produced mix. The prepared mix was com-
pressed in the form of sheet of 4 mm thick; this sheet was used to make samples 
of 40 by 40 mm outer dimensions [13]. 

2.2. Measurements of Composite Attenuation Properties to 
Thermal Neutrons 

Two series of measurements were performed to assess the attenuation properties 
of the mixed materials to thermal neutrons of high and low flux intensities i.e., 
for position far enough from the source and a position near to the source. These 
represent a case far from the source and a case near to the source of fission neu-
trons. For both cases, measurements were performed using a californium-252 
source of like fission spectrum. Thermal neutron flux was measured by a BF3 
detector. 

For case 1, the material under investigation was fixed behind a polypropylene 
as a fast neutron moderator of 8 cm thick. The transmitted thermal neutron flux  

 

 
Figure 1. Rolling machine (The two roll mill, Farrell, Lancashire, England). 
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was measured with and without cadmium sheet of 1 mm thick placed before the 
investigated samples. In case 2, the thermal neutron flux was measured without 
the polypropylene layer with and without cadmium sheet. Figure 2 shows a 
layout of the experimental arrangement.  

3. Results and Discussion 
3.1. Thermal Neutron Attenuation 

There are two types of thermal neutrons; the first type is that initially originated 
from the neutron source. The second type is that originated from the attenuation 
and/or moderation process of the initial fast neutron inside the shield.  

The measured thermal neutron fluxes (relative values) behind the borate sili-
cone rubber of different thicknesses are shown in Figure 3. The plotted attenua- 

 

 

Figure 2. Block diagram of BF3 detector arrangement. 
 

 

Figure 3. Attenuation of thermal neutron fluxes in silicon rubber. 
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tion relations are given for total, initial thermal and new produced thermal neu-
trons. These relations show that, the flux intensity decreases with increasing 
sample thickness for both total and initial incident thermal neutrons. However, 
the measured new produced thermal neutrons do not show the same behavior, 
they show nearly the same flux value behind the measured thicknesses. The 
plotted relation for new produced thermal neutron shows that, the flux intensity 
does not decrease by increasing the sample thickness, but shows a slightly in-
crease. This could be attributed to the fact that, the rate of fast neutron modera-
tion increases by increasing the thickness in spite of being relatively small. The 
plotted relations also show that the contribution of new produced thermal neu-
trons is less than 15% and therefore its contribution to the total absorbed dose is 
negligible. 

3.2. Attenuation of Thermal Neutron Flux in Borated Silicone  
Rubber 

Figures 4-7 shows the plotted attenuation relations for total, initial, and new 
produced thermal neutrons in silicon rubber with 9%, 17%, 23%, and 29% con-
centrations of boric acid by weight. The attenuation relations in these figures 
show that, they have nearly the same shape and attenuation profile like their 
counter parts for plain silicone rubber. They also show that the initial incident 
thermal neutrons give the main contribution in total measured thermal neutron 
flux. However, the contribution of new produced thermal neutrons is very low 
and does not show any appreciable change with the increasing of sample thick-
nesses. These could be attributed to the fact that they are largely dependent on 
the distribution of fast neutrons passing through the sample material. 

 

 

Figure 4. Attenuation of thermal neutron fluxes in silicone rubber with 9% boric acid.  
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Figure 5. Attenuation of thermal neutron fluxes in silicone rubber with 17% boric acid. 
 

 

Figure 6. Attenuation of thermal neutron fluxes in silicone rubber with 23% boric acid. 

3.3. Dependence of Thermal Neutron Flux Distribution on Boron 
Concentration in Silicone Rubber 

Figure 8 shows the plotted bars for total, initial, and new produced thermal 
neutron in silicone rubber with different concentrations of boric acid. The pre-
sented intensity bars show that the flux intensity of total, initial incident neu-
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trons decreases sharply for silicone rubber with 17% by weight of boric acid 
concentration. However, for the others boric acid concentrations >17% the de-
crease is very low and does not show any appreciable difference. They also show 
that the initial incident thermal neutrons give the main concentration to total 

 

 

Figure 7. Attenuation of thermal neutron fluxes in silicone rubber with 29% boric acid. 
 

 

Figure 8. Dependence of thermal neutrons distribution in silicone rubber on different 
boric acid concentrations. 
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thermal neutrons passed through the developed material. Moreover, the borated 
developed material has slight or negligible effect on the new produced thermal 
neutrons. 

3.4. Dependence of Attenuation Properties on Neutron Source 
Position 

Figure 9 shows the plotted flux intensity bars for total, initial, and new produced 
thermal neutrons measured in silicone rubber for neutron source placed at two 
positions from the investigated materials. The first position is near to the center 
of detonation where, the flux intensity of thermal neutrons is very low since the 
neutrons resulting from fission are mainly fast. The second position is far from 
the detonation center where the flux intensity of thermal neutrons is high due to 
the moderation of fast neutrons by the nuclei of light elements and water mois-
ture exists in the atmosphere. The flux intensity bars given in Figure 9, show the 
flux intensity of measured total, initial and new produced thermal neutrons at 
two different positions, near and far distance from the source. They also show 
that at positions far from detonation, the initial thermal neutrons give the main 
contribution to the total thermal neutrons passed through the investigated ma-
terial.  

4. Conclusions 

In the present work an experimental intensive study is performed to produce a 
suitable neutron shielding material to be used as a personal wearing shield. The 
obtained results can be used to derive the following remarks: 

 

 

Figure 9. Dependence of thermal neutron fluxes as a function of thickness behind sili-
cone rubber irradiated with high and low fluxes. 
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• The total thermal neutron flux penetrated through the developed material 
decreases with increasing the thickness while the flux intensity of new pro-
duced thermal neutron does not show any change. In addition, the contribu-
tion of new produced thermal neutrons to the total thermal neutrons is very 
low or negligible.  

• A boron free material thickness of about 10 mm depresses the neutron flux 
intensity by more than 40%. However, in case of silicone rubber with 17% 
boric acid concentration the depression in flux intensity increases by more 
than 70%. For higher concentrations no appreciable change was observed. 

Finally, the obtained results concerning the neutron shielding properties of 
the prepared silicone rubber composite a long with its well-known superior 
thermal & mechanical properties increase its capability as personal wearing 
shield. 
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