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In this study, the gamma radiation attenuation was investigated for different composite metallic foams, soil
and standard sand samples. Gamma transmission technique with narrow beam geometry, Co-60 radiation source
were used in experimental studies. The measurements were used to calculate the linear attenuation coefficients
and porosities of these materials. The results were compared according to radiation attenuation and porosity
distribution of porous media. The metallic foams had large and non-homogeneous porosity values, therefore sand
and soil showed better radiation attenuation property. However, the saturated silica foam had large ability of
gamma ray attenuation as well as dry soil.
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1. Introduction

Gamma radiation shielding is a main part of radia-
tion protection for indispensable applications of radiation
such as medicine, industry, nuclear researches and their
applications. Therefore, many studies are investigated on
different shielding materials. A shielding material pro-
duced by a metallurgical solid waste containing lead was
used for gamma radiation shielding in [1]. This mate-
rial was proposed as a shielding material against gamma
radiation for buildings. Shielding aprons were manufac-
tured from barium sulfate as a potential substitute for
the lead aprons used most commonly for medical radi-
ation shielding in [2]. Especially medical and industrial
applications of gamma radiation require large amount of
shielding materials. The composite metal foams which
have porosity are light materials [3–5]. The potential
of utilizing the light-weight composite metal foams as
shielding material replacing current heavy materials was
used for attenuation of low energy gamma ray with ad-
ditional advantages such as high energy absorption and
excellent heat rejection capabilities [6]. In this study, the
gamma ray attenuation and porosity values for metal-
lic foams and other porous media which contains silicon
were examined by gamma transmission technique.

2. Materials and methods

As the gamma rays pass through a dry porous medium,
the intensity of the gamma rays is attenuated in accor-
dance with the Lambert–Beer law as follows:

I = I0 exp(−µx). (1)
I0, I, x [cm] and µ [cm−1] show respectively the incoming
radiation intensity, the intensity of attenuated radiation
by material, the material thickness and the linear attenu-
ation coefficient of material, respectively. The porosity of
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the materials (ε) is calculated by using attenuated radia-
tion intensity of dry and fully saturated porous material
as follows [7]:

ε =

(
1 +

xµw

ln(I/Is)

)−1

. (2)

Is and µw [cm−1], respectively, refer to the attenuated
radiation intensity of fully saturated material and the
linear attenuation coefficient of water.

In this study, the radiation attenuations of porous me-
dia were examined by using gamma transmission setup
with narrow beam geometry as shown in Fig. 1. The ex-
perimental studies were performed for dry and fully sat-
urated porous materials by using Co-60 radiation source
(1.33 MeV). Two kinds of metallic open cell foams, soil
and standard sand were used as porous media and the
water was used for saturation of media.

Fig. 1. Gamma transmission setup with narrow beam
geometry.

3. Results and discussions

In this study, the gamma transmission measurements
were carried out with dry porous materials, then all of the
materials were saturated by water and the gamma trans-
missions from saturated materials were measured in the
same experimental conditions. In all of the experiments,
the measurements were done in the three vertical points
of the center line of the materials. SiC and Al2O3 foams
were represented by S1-6, A1-4, respectively in the study.
The linear attenuation coefficients of each samples were
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calculated according to Eq. (1) by using the experimen-
tal results. The average of the attenuation coefficients
for three different points is shown in Table I.

TABLE I

The average linear attenuation coefficients of dry metallic
foams.

Dry metallic
foam

µmean

[cm−1]
Dry metallic

foam
µmean

[cm−1]
S1 0.012051 S6 0.040991
S2 0.026988 A1 0.043627
S3 0.019808 A2 0.074482
S4 0.010647 A3 0.014073
S5 0.034753 A4 0.027505

The same measurements were performed for the sam-
ples fully saturated with water in a plexiglass container
to evaluate their porosities. Equation (2) was used to
evaluate the porosities of the samples. As a result, the
mean porosity values of SiC between 0.651171–0.579493
and of Al2O3 foams 0.458046 were found, respectively.

The dry and wet studies were performed for standard
Ottawa sand and soil sample from Samsun which is in
the north of Turkey. The properties of these materials
are given by Table II. The major component of sand and
soil is SiO2 and SiC metal foam has also Si component.
A comparison according to linear attenuation coefficients,
which represent radiation attenuation property of mate-
rial, for dry and saturated porous media and porosities
of SiC metal foam, sand and soil were given in Table III.

TABLE II

The properties of standard Ottawa sand [7] and the chem-
ical components of soil sample [8].

Ottawa sand Samsun soil
Chemical
structure

SiO2
Chemical
structure

[%]

structure clean, particulate SiO2 59.00
mesh [µm] 600–800 Al2O3 20.60

average particle
radius [µm] 720 Fe2O3 10.60

volumetric density
[g/cm3] 1.74 CaO 3.02

TABLE III

The comparison of materials including Si.

Material (I/I0)dry
µdry

[cm−1]
(I/I0)saturated

µsaturated
[cm−1]

εmean

S3(SiC) 0.961191 0.019808 0.847171 0.083435 0.579493
soil 0.851379 0.080459 0.796245 0.114236 0.332739

standard
sand 0.819898 0.090397 0.772188 0.117579 0.318290

Otherwise, SiC metallic foam blocks were consecutively
put into between the collimators and source, the measure-
ments were taken from upper-mid points of the blocks.
The same procedure was applied to Al2O3 foams, the ra-
diation attenuation results was given in Fig. 2 as relative
counts versus thickness.

Fig. 2. Radiation atttenuation in SiC and Al2O3

metallic foam blocks.

4. Conclusion

Radiation attenuation properties and porosities of
metallic open cell foams, sand, and soil were examined by
using gamma ray attenuation technique. SiC and Al2O3

metallic foams have large porosity values, therefore the
linear attenuation coefficients of sand and soil were found
greater than that of foams. The porosity values and also
linear attenuation coefficients of foams were not homoge-
neous locally. However, the saturated SiC metallic foam
had a linear attenuation coefficient almost that of dry
soil. Also, it is observed that the radiation was attenu-
ated by Al2O3 foam blocks in shorter distance than by
SiC blocks.
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