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In this study, boralyn (boron carbide–aluminum metal matrix composite material — Al/B4C) composite ma-
terials were investigated on shielding effect against gamma and neutron radiations. The samples were prepared as
5 wt%, 10 wt%, 15 wt%, and 20 wt% reinforcement content and for each content of material has composed in five
different average particle sized (3 µm, 53 µm, 113 µm, 200 µm, and 500 µm). Linear and mass attenuation coeffi-
cients were calculated experimentally for each composite material against Cs-137 gamma source. Theoretical mass
attenuation coefficients of material were calculated by using XCOM computer code. Then the theoretical results
were compared with experimental results. Then, macroscopic cross-section values were calculated experimentally
for each composite material against Pu–Be neutron source. As the conclusion of the study, it could be understood
that in spite of decrease of the attenuation coefficient against gamma radiation, the adding materials give rise to
increase the shielding ability of material against neutron radiation.
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1. Introduction

Radiation shielding involves at placing a shielding ma-
terial between the ionizing radiations source and the
worker or the environment [1]. There are several factors
that influence the selection and use of radioactive shield-
ing materials. Considerations such as attenuation effec-
tiveness, strength, resistance to damage, thermal proper-
ties, and cost efficiency can affect radiation protection in
various ways [2].

Boron carbide (B4C) is a very hard (9.5+ in Mohs
scale), low specific gravity (2.52), covalent ceramic that
offers distinct advantages for applications involving neu-
tron absorption, wear resistance and impact resistance.
The extreme sensitivity of B4C to brittle fracture (Klc =
3.7 MPa m1/2) and the difficulties associated with fab-
ricating fully dense microstructures are serious limita-
tions [3–6]. By using certain additive, it is more suitable
for production or manufacturing of them.

Aluminium alloys are still the subjects of intense stud-
ies, as their low density gives additional advantages in
several applications. These alloys have started to re-
place cast iron and bronze to manufacture wear resistance
parts [7]. Aluminum reinforced boron carbide compos-
ite gives interesting features such as high strength and
high hardness [8, 9]. These characteristics have made
this composite as a very potential material in engineer-
ing field. The usage of aluminum reinforced with boron
carbide composite becomes especially in neutron appli-
cation due to its ability to absorb neutron very well.
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Boron carbide is a material having a higher strength
than aluminum with the reading of 2.75 Mohs compared
to 9.3 Mohs. Thus, the increase in the quantity of boron
carbide in the composites increases the strength of the
Al/B4C composites [10].

In this study, the shielding effect of boralyn against
gamma and neutron radiations were investigated.

2. Materials and methods

Gamma ray transmission technique based on mea-
suring the attenuation photons of an incident radiation
beam which are absorbed when pass across the materi-
als. NaI scintillation detector was used for detection of
gamma photons of Cs-137 source [11]. Materials were
placed between source and detector. Attenuation coef-
ficient is determined for a given material by interposing
increasing thickness of materials. Special precautions are
taken to reduce scattered radiations by using collimators.
Pu–Be neutron source in howitzer was used for neutron
experiments with paraffin collimators.

Fig. 1. Schematic view of gamma setup.

The Beer law establishes the relationship between the
attenuated radiation intensity. It can be written as
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I = I0 exp(−µx), where I0 is incident gamma ray beam
intensity. It is emergent gamma ray beam intensity
(count/s), µ is the linear attenuation coefficient of the
sample and x is the thickness of the sample (cm) [12].
The mass attenuation coefficient µm can be written as
µm = µ/ρ where µ is the mass attenuation coefficient and
ρ is the density of the sample. Figure 1 shows gamma
setup schematically.

The attenuation relationship for aluminium–boron car-
bide composite against neutron radiation can be ex-
pressed as I = I0 e

−Nσax where I0 and I are intensities
of incoming and outgoing neutrons flux, N is the atomic
nuclear number per cubic centimetres, x is the thickness
of the absorber and σa is the neutron absorbing cross-
section [13]. Figure 2 shows neutron setup schematically.

Fig. 2. Schematic view of neutron setup.

Fig. 3. SEM views of composite materials which have
different average boron carbide particle size: (a) 3 µm
(×1000), (b) 53 µm (×500), (c) 113 µm (×150),
(d) 200 µm (×39) and (e) 500 µm (×39).

Aluminium–boron carbide metal matrix composite
materials were tested as radiation shielding material
against gamma and neutron radiation. Composite mate-
rials were used in experiments produced by cold pressing
method at 540 ◦C under 200 bar pressure for 3 min. Com-
posite materials have four different boron carbide content

(5, 10, 15, and 20 wt%) and each content of composite
material have five different boron carbide average parti-
cle size (3, 53, 113, 200, and 500 µm) [14]. The scanning
electron microscope (SEM) views of materials are shown
in Fig. 3.

From the SEM views of materials, there can be ob-
served homogeneous distribution of B4C particle in com-
posite materials.

3. The experimental results

The graphs of relative intensity-material thickness for
the composite materials against Cs-137 radioisotope were
plotted in Fig. 4.

Fig. 4. Relative intensity-thickness graphs with dif-
ferent boron carbide average particle size against Cs-
137 gamma source for particle size as (a) 3 µm,
(b) 53 µm, (c) 113 µm, (d) 200 µm, and (e) 500 µm.

Fig. 5. (a) Boron carbide content versus gamma at-
tenuation coefficient. (b) Boron carbide particle sized
versus gamma attenuation coefficient.

From Fig. 4, the linear attenuation values were in-
creased with increase of boron carbide reinforcing ratio
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TABLE I

Experimental and theoretical values of mass attenuation
coefficients.

Boron carbide Boron
Mass attenuation coefficient

average particle carbide
µ/ρ [10−2 cm2/g]

size [µm] [vol.%] exp.
theor.

(XCOM)
diff.
[%]

3

5 7.513± 0.07 7.456 0.8
10 7.427± 0.03 7.446 0.3
15 7.365± 0.06 7.436 1.0
20 7.261± 0.05 7.426 2.2

53

5 7.474± 0.010 7.456 0.2
10 7.406± 0.009 7.446 0.5
15 7.280± 0.005 7.436 2.1
20 7.102± 0.011 7.426 4.4

113

5 7.308± 0.007 7.456 2.0
10 7.206± 0.012 7.446 3.2
15 7.116± 0.010 7.436 4.3
20 6.977± 0.013 7.426 6.0

200

5 7.297± 0.010 7.456 2.1
10 7.173± 0.009 7.446 3.7
15 6.998± 0.004 7.436 5.9
20 6.958± 0.006 7.426 6.3

500

5 7.196± 0.004 7.456 3.5
10 7.121± 0.004 7.446 4.4
15 6.938± 0.006 7.436 6.7
20 6.774± 0.022 7.426 8.8

TABLE II

Experimental values of macroscopic cross-section values.

Boron carbide average
particle size [µm]

Boron carbide
[vol.%]

Macroscopic cross-
section Σ [cm−1]

3

5 0.292± 0.002
10 0.341± 0.002

15 0.388± 0.005

20 0.439± 0.003

53

5 0.323± 0.003
10 0.396± 0.001

15 0.458± 0.004

20 0.531± 0.003

113

5 0.304± 0.006
10 0.381± 0.000

15 0.403± 0.002

20 0.460± 0.007

200

5 0.349± 0.004
10 0.410± 0.005

15 0.453± 0.002

20 0.510± 0.005

500

5 0.335± 0.000
10 0.384± 0.002

15 0.459± 0.001

20 0.517± 0.001

in the aluminum–boron carbide composites. The ex-
perimental mass attenuation coefficients (µ/ρ) were cal-
culated for all boron carbide reinforced boron carbide–
aluminum composites from the graphs by Origin 8 com-
puter program. On the other hand, the theoretical mass
attenuation coefficients were calculated from XCOM
computer code [15]. The difference percentages between
theoretical and experimental values were calculated. Ex-
perimental, theoretical mass attenuation coefficients and
their difference percentages were given in Table I.

From Fig. 5a, mass attenuation coefficient decreased
with the increase the boron carbide ratio in the compo-
sition for our prepared samples. Effect of boron carbide
average particle size on gamma ray shielding was also in-
vestigated. In addition, decreasing average boron carbide
particle size caused higher linear and mass attenuation
coefficients (Fig. 5b).

Fig. 6. Macroscopic cross-section value versus material
thickness as boron carbide particle size, (a) 3 µm par-
ticle size, (b) 53 µm particle size, (c) 113 µm particle
size, (d) 200 µm particle size, and (e) 500 µm particle
size.

Fig. 7. (a) Macroscopic cross-section value versus
boron carbide content composite material. (b) Macro-
scopic cross-section versus boron carbide average parti-
cle size.
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In case of neutron attenuation, thermal neutron re-
moval cross-sections of the composites were investigated.
In Fig. 6, the relative intensity-material thickness for
composite materials graphs were plotted. Experimen-
tal macroscopic cross-section values were given in Ta-
ble II. Macroscopic cross-section values decreased with
the increase of the boron carbide ratio in the composition
(Fig. 7a). In addition, decrease of average boron carbide
particle size caused higher macroscopic cross-section val-
ues (Fig. 7b).

4. Conclusion

The linear and mass attenuation coefficients were car-
ried out for composites by using transmission techniques.
The effects of boron carbide percentage in material and
size of boron carbide particles on gamma and neutron
attenuation property were determined. It is concluded
that increase of the boron carbide reinforcing ratio in
the boralyn composites causes higher linear attenuation
coefficients. Furthermore, decrease of the boron carbide
particle size causes higher linear and mass gamma attenu-
ation coefficients of the materials against Cs-137 gamma
radioisotope source. Increase of the boron carbide re-
inforcing ratio in the boralyn composites causes higher
macroscopic neutron cross-section values. Besides that,
increase of average boron carbide particle size causes
higher macroscopic cross-section of the boralyn material
against Pu–Be neutron source.
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