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Obsidians are naturally occurring structures which have great interest and are widely used
in engineering, nuclear and medical applications. Obsidian, a glassy volcanic rock, is
formed as a result of volcanic activity and lava eruptions. In the present study, it is aimed

to determine the radiation protection parameters of obsidians with different colours in
order to examine the radiation shielding capabilities of the samples. The parameters were
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determined in the range of 4keV-100 GeV photon energies by using Phy-X/PSD code. In
order to make a meaningful analyse for the radiation shielding potentials of the obsidians,
the calculated mass attenuation and linear attenuation coefficients were compared with
ordinary concrete which can be widely used as shielding material in the nuclear

1. Introduction

The increase in radiation applications in our daily
lives leads to the investigation of radiation protection
and therefore alternative radiation protective
materials. Many researches were carried out for
determining radiation shielding properties of
different materials before [1-8]. Obsidian is a natural
glassy structure associated to volcanic rocks. Since
the glassy volcanic rocks are formed as a result of
volcanic activity and lava eruptions, regional
differences add various features to the structures.
Mexico, Ecuador, Japan, Turkey, Iran, Georgia and
Armenia can be considered among the countries with
high volcanic activity where the large obsidian
deposits are formed. Obsidians can have different
colours due to their compositions. Black to brown
colours of obsidians are caused by iron and other
transition elements of ingredients [9]. Due to the
great interest in such structures, obsidians were
studied widely before [7,10-13]. Aygun et al.
reported the spectroscopic features and radiation
shielding potentials of four obsidians from different
regions in Turkey [7]. Aygun and Aygun studied
radiation protection properties of Rize-ikizdere and
Van-Ercis obsidians by Phy-X/PSD code [8]. Build
up factors of natural black obsidian ores extracted
from Artvin and Van regions [11]. Acikgoz et al.

studied the physical, structural, and mechanical
properties of natural volcanic obsidian glass doped
with Er,Os [12]. Radionuclide and absorption
properties of 14 Ikizdere obsidian samples were
reported and it was concluded that obsidian is a
potential material in radiation protection [13].

In this study, it is aimed to calculate radiation
shielding parameters of the different coloured
obsidians reported by Safaryan et al. [9]. For this
purpose, we used a Phy-X/PSD code which can
calculate quickly and accurately all specified
shielding parameters such as mass attenuation
coefficient (MAC), linear attenuation coefficient
(LAC), effective atomic number (Zes), half-value
layer (HVL), tenth-value layer (TVL), total
electronic cross section (ECS), total atomic cross
section (ACS), effective electron number (Nes),
effective conductivity (Cer) and fast neutron
removal cross section (FNRCS) in photon energies
between 4keV and 100GeV [14].

2. Material and Methods

The MAC can be determined by the Beer—Lambert
given as:

I =lyeHt 1)
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tm = = In(lo/1)/pt = In(lo/D)/tm )

where lo, 1, p (g/cm?), um(cm?/g), u(cm™2), t (cm) and
tm (g/cm?) are incident and attenuated photon
intensities, density of material, mass, linear
attenuation coefficients, the thickness and sample
mass thickness (the mass per unit area), respectively.

If the sample has various elements, the total MAC
for any compound can be given by Eq. (3) [15];

1/p = Xiwi(1/p)i ®)
ACS (0a) for any sample can be obtained by the
equation;
ACS = 04 = - (u/p) )
ECS (o,) is given by the following equation [16]

ECS =0, = 2% (5)

eff

By using the Equations (4) and (5), we can find the
Zogy of the material as follows;

Jq

Zeff = O'_e (6)
We can calculate N, as follows [17],
N eff=tm ™

HVL and TVL are the thickness related parameters.
MFP is the average distance at which a photon
travels through the material between two
interactions. The u is used to calculate the
parameters given by

In(2)

HVL =", (8)
MFP = % 9)
TVL = "‘% (10)

Ce s of the sample can be calculated by the equation
[18]:

Nerrpet
Ce = (=107 (11)

FNRCS (X R) values of the sample can be obtained
with the following equation [19,20]:

SR=%p R/ (12)

where p; is the partial density of the material and

(2 R/ pi is the mass removal cross-section of the i
constituent element.

3. Results and Discussions

The chemical compositions of different coloured
obsidians are given in Table 1 [9]. Variations of the
calculated MAC values of the obsidians versus
photon energies (4keVV-100GeV) are shown in Fig.
1(a). At low energies (1-100keV) where the
photoelectric process (PE) is predominant, a
decrease in MAC values with increasing energy is
observed. In mid-energy region (100keV-5MeV)
where the Compton scattering (CS) is dominant,
MAC values slightly changed. Above 5 MeV, the
Pair production (PP) process starts and an increase
in MAC values is obtained with increasing energy
[5,21].

Table 1. Chemical compositions of black, brown and
gray obsidians.

Obsidi SiO, AlL,O Fe, | CaO Mg SO; | NaO+
an O3 (@) K20

3
Gray 73.60 | 1453 | 069 | 1.20 | 025 | 031 8.92

Black 7446 | 1420 | 112 | 125 | 028 | 0.14 8.23

Brown | 76.96 | 13.33 | 096 | 1.19 | 0.22 | 0.16 6.97

LAC is an important parameter for defining the
photon-matter interaction. The value of LAC
depends on both MAC and density of sample.
Variation of the calculated LAC values versus
photon energies (4keV-100GeV) is shown in Fig.
1(b). Differences of LAC values are greater than
those of MAC values depending on the density
effect. It was obtained that the MAC values of the
obsidians are very near to each other for the given
energies. Obsidians are arranged according to their
LAC values as brown>black >gray. Comparison of
MAC and LAC values of obsidians with those of
ordinary concrete (OC), reported by Bashter [22], to
evaluate the shielding potential of the samples is
given in Table 2. It can be observed that obsidians
show higher protection features than OC.

The interaction possibility of per atom and per
electron in a unit volume of any material is given by
ACS and ECS, respectively. Dependence of ACS
and ECS values on incident photon energies are
given in Fig. 2(a-b). The obsidian with higher ACS
and ECS values can be accepted as better shielding
obsidian. According to the obtained results for ACS
and ECS parameters of the samples, the shielding
potential cannot be determined clearly. The HVL
and TVL parameters give the information about the
penetration ability of the radiations in materials.
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Figure 1. The changes of MAC (a) and LAC (b) values
as a function of incident photon energy.
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Figure 2. The variations of ACS (a) and ECS (b) values
as a function of incident photon energy.
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HVL, TVL and MFP parameters changing as a
function of incident photon energies are given in Fig
3(a-c). In the mid-energy region with CS, most
photons are more likely to be scattered. Therefore,
their absorption probabilities are lower and hence
thicker materials are required and longer MFP would
be. As a result of this, an increase in HVL, MFP and
TVL values can be observed in the mid-energy
region. It is preferred to have low HVL, MFP and
TVL values in the high energy regions for better
shielding property.
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values versus incident photon energy.
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Table 2. MAC and LAC values of the obsidians and OC between the energies of 10keV and 1GeV.

Black Black Brown Brown Gray Gray ocC ocC

Energy MAC LAC MAC LAC MAC LAC MAC LAC
MeVv cm?*/g l/cm cm?*/g l/cm cm?/g l/em cm?/g l/cm
1.00E-02 48.17 115.6 48.07 1225 47.80 110.4 22.56 51.89
1.50E-02 15.18 36.44 15.14 38.63 15.05 34.78 7.079 16.28
2.00E-02 6.652 15.96 6.635 16.91 6.594 15.232 3.105 7.142
3.00E-02 2.119 5.087 2.114 5.391 2.101 4.854 1.048 2410
4.00E-02 0.994 2.386 0.992 2.529 0.986 2.278 0.541 1.245
5.00E-02 0.589 1.413 0.587 1.498 0.584 1.350 0.358 0.824
6.00E-02 0.407 0.977 0.406 1.036 0.405 0.935 0.241 0.555
8.00E-02 0.258 0.619 0.258 0.657 0.257 0.594 0.204 0.469
1.00E-01 0.201 0.481 0.200 0.511 0.200 0.462 0.172 0.396
1.50E-01 0.149 0.357 0.149 0.379 0.149 0.343 0.142 0.328
2.00E-01 0.128 0.308 0.128 0.327 0.128 0.296 0.127 0.292
3.00E-01 0.107 0.258 0.107 0.274 0.107 0.248 0.108 0.249
4.00E-01 0.095 0.228 0.095 0.243 0.095 0.220 0.096 0.222
5.00E-01 0.086 0.208 0.087 0.221 0.086 0.200 0.088 0.202
6.00E-01 0.080 0.191 0.080 0.204 0.080 0.184 0.079 0.183
8.00E-01 0.070 0.168 0.070 0.178 0.070 0.161 0.071 0.164
1.00E+00 0.063 0.151 0.063 0.160 0.063 0.145 0.064 0.147
1.50E+00 0.051 0.123 0.051 0.130 0.051 0.118 0.052 0.120
2.00E+00 0.044 0.106 0.044 0.113 0.044 0.102 0.045 0.103
3.00E+00 0.036 0.087 0.036 0.093 0.036 0.084 0.036 0.084
4.00E+00 0.032 0.077 0.032 0.082 0.032 0.074 0.031 0.073
5.00E+00 0.029 0.071 0.029 0.075 0.029 0.068 0.028 0.066
6.00E+00 0.028 0.067 0.028 0.071 0.028 0.064 0.026 0.061
8.00E+00 0.026 0.062 0.026 0.065 0.026 0.059 0.024 0.056
1.00E+01 0.025 0.059 0.025 0.063 0.025 0.057 0.022 0.052
1.50E+01 0.024 0.057 0.024 0.060 0.024 0.055 0.021 0.048
2.00E+01 0.024 0.057 0.024 0.060 0.024 0.054 0.019 0.043
5.00E+01 0.026 0.061 0.026 0.065 0.026 0.059 0.021 0.048
1.00E+02 0.028 0.067 0.028 0.072 0.028 0.065 0.022 0.052
5.00E+02 0.033 0.079 0.033 0.084 0.033 0.076 0.026 0.061
1.00E+03 0.034 0.082 0.034 0.087 0.034 0.079 0.027 0.063
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Figure 4. HVL values of obsidians and OC for 100 keV,1
MeV, 100 MeV and 100 GeV.

It was obtained that HVL, MFP and TVL values of
the studied obsidians are brown<black<gray.
Comparison of HVL values of obsidians and OC for
100 keV,1 MeV, 100 MeV and 100 GeV can be seen
in Fig. 4. The energy dependence of Zesr, Nerrand Cese
are given in Fig. 5(a-c). In the low energy region due
to the photoelectric effect, maximum Z. values
were obtained. By increasing energy, these values
decreased sharply. The values gradually increased
and be stable in high energies. It was seen that Zes
values of the obsidians are very close. Nes is one of
the parameter that represents the effective
conductivity of the compound depending on the
excitatory photon energy [17]. As shown in Fig. 5,
the change of the Nesr values on the incident photon
energies is similar with the change of Zes; values. The
interactions between photons and material with PE,
CS, and PP interaction processes can change the
number of free electrons in the material. The order
of Cer values in the given energies is
brown>black>gray.

Fast neutron attenuation ability of the samples is also
determined by Phy-X/PSD. FNRCS values of black,
gray and brown obsidians are obtained as 0.073,
0.070 and 0.078, respectively. It is obtained that
brown obsidian has higher neutron attenuation
among the obsidians. It can be seen that FNRCS
values of the obsidians are higher than the other
reported samples (Fig. 6).

4. Conclusions

In this study, radiation-matter interaction parameters
of colored obsidians were obtained to determine the
radiation shielding capabilities. For this purpose, the
MAC, LAC, HVL, TVL, MFP, ACS, ECS, Zef, Nef,
Cerr and FNRCS parameters of the present samples
were calculated by Phy-X / PSD code in the range of
4keV-100GeV. According to the obtained results,
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Figure 5. The changes of Zeff (a) Neff (b) and Ceff (c)
values as a function of incident photon energy.
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although, some of the parameters of the studied
obsidians have near values, it was concluded that
brown obsidian has the highest shielding potential
compared to others. FNRCS is also greater for brown
obsidian than the others, therefore fast neutron
attenuation potential is higher for brown sample.
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