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Abstract 
 

In this work, mechanical and neutron attenuation properties of thermoplastic natural rubber (TPNR) blends filled 
with boron carbide (B4C) have been studied as a function of filler loading. Thermoplastic natural rubber of high 
density polyethylene/natural rubber (HDPE/NR) blends with different amounts of boron carbide (0-20 wt%) have 
been prepared via melt mixing method. All samples were subjected to tensile and neutron transmission test. The 
results showed that tensile strength and elongation at break of the composites were found to decrease with 
increasing filler loading. On the other hand, neutron shielding performance of the composites were found to 
improve significantly with the addition of B4C into TPNR matrix.  
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Abstrak 
 

Dalam kajian ini, sifat mekanikal dan pengecilan neutron adunan getah asli termoplastik (TPNR) yang diisi 
dengan boron karbida (B4C) telah dikaji sebagai fungsi muatan pengisi. Getah asli thermoplastik (TPNR) adunan 
polietilena berketumpatan tinggi / getah asli (HDPE / NR) dengan jumlah boron karbida yang berbeza (0-20wt%) 
telah disediakan melalui kaedah pengadunan cair. Semua sampel telah dikenakan ujian tegangan dan transmisi 
neutron. Keputusan menunjukkan kekuatan tegangan dan pemanjangan pada takat putus komposit telah menurun 
dengan peningkatan beban pengisi. Sebaliknya, prestasi perisaian neutron komposit didapati bertambah dengan 
ketara dengan penambahan B4C ke dalam matrik TPNR. 
 
 

INTRODUCTION 
 

Many shielding materials have been designed against the harm of different types of radiation to the human body. 
Today, polymer-based lightweight composites have been chosen by the radiation protection industry. Neutrons 
shielding unlike other forms of radiations introduces some complications because of the wide range of energy that 
must be considered (Igwesi and Thomas, 2014). High speed neutrons are more difficult to shield against because 
absorption cross sections are much lower at higher energies. Thus, it is first necessary to moderate high energy 
neutrons through elastic or inelastic scattering interactions.  

 
It is widely known that hydrogenous materials are used as neutron shielding for their effectiveness of neutron 
moderation. Materials such as water, polyethylene, polyester with higher hydrogen content have greater chance 
of shielding neutrons (Mensah et al., 2012 and Harrison et al. 2008). The addition of a suitable element like boron 
into this polymer promotes the absorption of neutrons and reduces secondary gamma radiation. Boron is an 
excellent choice to absorb neutrons due to its high neutrons cross section which is 3840 barns (Tariq and 
Muhammad, 2008). 

 
In this work, thermoplastic natural rubber (TPNR) composites consist of high density polyethylene/natural rubber 
(HDPE/NR) blends were fabricated to be used as neutron shielding. The unique properties of elastic and rigid of 
thermoplastic natural rubber make it an attractive materials to be used as matrix and it could provide wide area 
coverage that require radiation shielding. Boron carbide (B4C) with high thermal neutron cross-section was used 
as filler in order to provide shielding effect against thermal neutrons (Chilton et al., 1984; Shultis and Faw, 1996 
and Price et al., 1957). Then the mechanical and attenuation properties of the TPNR/B4C composites were studied 
as a function of filler loading. 
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MATERIALS AND METHOD 
 

Sample preparation 
 
Composites with various filler loadings were prepared by melt mixing method. Natural rubber (NR) was mixed 
with high density polyethylene (HDPE) and different amounts of boron carbide (B4C) to get composites with 
different concentrations (0, 5, 10, 15 and 20 wt%). Liquid natural rubber (LNR) was used as a compatibilizer. 
Mixing was done in Haake internal mixer for 15 minutes at 135oC. The composite compound was then heated 
press at 135 oC to form a slab. 
 
Tensile test 
 
For tensile test, dumbbell-shaped specimens were cut according to ASTM D638-91a with 1 mm thickness. Tensile 
strength and elongation at break were measured using Instron 8874 tensile test machine with cross-head speed of 
50 mm/min at room temperature. The test was performed according to ASTM D638 with maximum load of 5000 
N. Five specimens were tested for each sample types and the average of the values was taken. 
 
Neutron transmission 
 
To investigate the attenuation properties of the composites against neutron, transmission tests were performed by 
measuring the ratio of incident and transmitted neutron fluxes. Samples with 1 mm thickness were exposed to 
thermal neutron for equal interval of time using the thermal neutron beam from Malaysian Nuclear Agency’s 1 
MW TRIGA reactor. Samples were installed at the beam port located 719 cm from the source. The transmitted 
beam was collected using a fission chamber detector (Model 3053, LND Inc.). The neutron transmission factor 
were calculated according to Eqn 1. Note that I and Io can be represented as the transmitted and incident neutron 
fluxes, respectively (Kipcak, 2011). 
 
 

 

 
Other shielding parameters such as macroscopic cross sections (Ʃ) and half value layer of the composites were 
also studied.  Macroscopic cross sections (Ʃ) can be calculated according to the Beer-Lambert Law: 
 

 
 
where x is the thickness of the sample while half value layer (HVL) were calculated using following equation:  
   
                                                                       

 
 
 

RESULTS AND DISCUSSION 
 

Mechanical properties 
 
The tensile strength and elongation at break of TPNR/B4C composites at different B4C loading are shown in Fig. 
1 and Fig. 2 respectively. The mechanical properties of composites are significantly affected by the addition of 
B4C. In particular the tensile strength decreases by loading B4C into TPNR. The tensile strength decreases from 
3.9 Mpa to 2.74 when TPNR is loaded with 5 wt% of B4C. Only 1.82 Mpa of tensile strength is observed at 20 
wt% loaded samples. This might be due to the poor interfacial adhesion between the filler particles and the 
polymer matrix at higher loading (Jaewoo et al., 2014).  
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Figure 1. Tensile strength of the composites as a function of filler loading. 

 
Figure 2.  Elongation at break of the composites as a function of filler loading. 

 
 
At high B4C loadings, the aggregations and agglomeration of the filler in the TPNR matrix may have formed. 
Hence, it reduce the tensile strength of the TPNR/B4C composites. The addition of B4C increase the concentration 
of this filler in the TPNR matrix. As a result, it cause the agglomeration and interruption to the filler-matrix 
bonding (Sirichai, 2012). Wang and Chen (2013) reported in their study that lower amounts of filler can easily 
disperse in the composites. Thus, it produce to a significant improvement in the filler matrix-interfacial bonding. 
This improvement lead to a better dispersion of the filler in the matrix. As a result, the efficiency of the stress 
transfer from matrix to filler phase increased.  
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Elongation at break of the composites shows similar trend like tensile strength. The addition of the B4C also affects 
the elongation of the TPNR. The elongation at break value decreases from 162.96% to 55.55% by loading 5 wt% 
of B4C. As the filler loading increases, the elongation at break tend to decrease. The lowest value of 21.29% can 
be observed at maximum filler loading of 20 wt%. The decreasing of elongation at break at higher filler loading 
is due to the enhancement in rigidity of the composites (Ismail, 2013). Azahari et al., (2012) stated that the 
reduction in elongation at break may possibly affected by the attractive forces between the fillers and the polymer 
molecules. They further explained that the forces restrict the free mobility of the polymer chains to form a cross-
linked network. Thus, it will increase the resistance to stretch upon the application of strain.  
 
Neutron attenuation 
 
The neutron shielding characteristics of TPNR/B4C composites at various filler loadings (0-20 wt%) were 
determined. Fig. 3 shows neutron transmission factor of TPNR/B4C composites as a function of filler loading. 
The neat TPNR reveals transmission factor value of 0.674. The incorporation of B4C filler into TPNR matrix 
decreases the transmission factor and the value reaches to 0.302 at 20 wt% of B4C. 

 
Figure 3. Neutron transmission factor versus filler loading for TPNR/B4C composites. 

 
 
For the macroscopic cross section, the results show that the highest value comes from a composite containing 20 
wt% of B4C. The attenuation of the 20 wt% B4C composite is about 217% higher than the unloaded one. The 
macroscopic cross section is the probability that a neutron will undergo a reaction per unit path length travelled 
in the material. Therefore, the greater the macroscopic cross section values, the higher the number of neutron that 
can be absorbed by shielding material.  Increasing the percentage of B4C filler also causes the half value layer 
(HVL) to decrease. Half value layer indicates the required thickness of an absorber to reduce the radiation level 
to half of its initial value (Biswas, 2016). In this work, HVL decreases from 0.207 cm to 0.065 cm with a weight 
percent of B4C increase from 0% to 20% indicating an improvement of the attenuation properties of the 
composites. The results of the attenuation properties of all composites are summarized in Table 1. 
  
 

Table 1. Attenuation properties of TPNR composites at various B4C loadings. 
 

 
Filler loading  

(wt%) 
Transmission factor 

I/Io 
Macroscopic cross section 

(cm-1) 
Half value layer 

(cm) 
0 0.674 3.343 0.207 
5 0.543 5.085 0.136 
10 0.428 7.015 0.099 
15 0.352 8.692 0.080 
20 0.302 10.604 0.065 
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CONCLUSION 
 

TPNR/B4C composites with various B4C loadings were successfully fabricated and studied. Tensile and neutron 
transmission tests were conducted to investigate the effect of B4C on mechanical and neutron attenuation 
properties of TPNR/B4C composites. It has been found that tensile strength and elongation at break of the 
composites were decreased with increasing filler loading. On the other hand, neutron attenuation of the composites 
were found to improve significantly with the increase in the amount of B4C into TPNR matrix.  
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