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The purpose of this study was to determine the gamma-ray linear and mass attenuation coefficients, half value layer, tenth value layer
and mean free path for four shielding materials: aluminium, iron, zirconium and tungsten at the y-rays emitted from '**Eu, 2Na, 137Cs,
and ®°Co radioactive sources using Nal (T1) detector. These parameters for different shielding materials were compared. The results show
that tungsten is the best gamma-radiation shielding material among the materials under consideration. The measured attenuation coeffi-
cients were compared also with the theoretical values.
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[enbio NAHHOTO MCCIEN0BAHMS OBUIO OTPEIENIEHHE TMHEWHOTO M MACCOBOTO KOO(O(GHUIMEHTOB OCIAGIEHHs Y-U3ITyUEHHs, CIIOS MAaTEPUa-
J1a, YMEHBIIAIOIIEr0 HHTCHCUBHOCTD Y-U3ay4eHus B 2 u 10 pa3, u cpenHel UIMHbI cBOOOAHOTO npobera (OTOHOB B aJIFIOMUHUM, XKeJe3e,
LIUPKOHHU M BOJNb(paMe I Y-JIyueil, MCIyCKAaeMbIX PaJAualMOHHBIMH HcTouHukamu S2Eu, 2?Na, 3’Cs u “Co ¢ nomouisio
Nal(T1)- nerexropa. [[puBOAMTCS CPABHEHHME BEIMYMH 3THX [1APAMETPOB, H3MEPEHHBIX B PA3HbIX MOTIOMIAIONINX Y-U3TyYEHUE MaTepPHa-
nax. Pe3yibTaThl W3MEpEHHi MOKA3BIBAIOT, YTO CPEIU PACCMOTPEHHBIX MATEPUAIOB BOJIL(DPAM SBISETCS HAWIYYIIHM MATEPHUAJIOM,
OCTabNSIOIMM Y-H3TyueHHre. [IpOBEIEHO CpaBHEHHE M3MEPEHHBIX KOI(D(HUIMEHTOB OCIAOIEHNS Y-H3ITyYEHHs] C 3HAUEHUAMH 3THX KO-
3G OHUUMEHTOB, IOy YEHHBIMA TEOPETHIECKH.

KnioueBble cj0Ba: K03(hQUIMEHTH OCIa0ICHNS Y-U3IIydeHHs, BOIb(paM, MaTepHAaIbl, OCIA0JSMIONINE Y-U3IIydeHHEe, CPeRHss JIMHA
cBOOOIHOTO TIpobera poToHa, CIION MaTepuaa, yMEHbIIAOINA HHTEHCUBHOCTD Y-u3Ty4eHus B 2 1 10 pas.

DOI: 10.21517/0202-3822-2020-43-2-25-30

INTRODUCTION

By the end of the last century, the development of nuclear technology has been climbing rapidly since the
world population has increased dramatically. Approximately 16% of the world electrical power production has
come from nuclear power [1—3]. Unfortunately, accidents at nuclear power plants affected the health of the
population living in vicinity of these plants. Nowadays, using of y-rays in medical diagnostics [4, 5], nuclear
diagnostics, surgery, industry, agriculture and research are increasing [6, 7]. Therefore, the knowledge of y-ray
interaction with materials is gaining more importance from perspective of shielding against their effect on bio-
logical matter. Therefore, the linear and mass attenuation coefficients, half value layer (HVL), tenth value layer
(TVL) and mean free path (MFP) are important parameters that must be known to designers choosing shielding
materials.

Interaction of y-rays with matter depends on the extent of y-rays absorption or scattering, incident photon
energy, type of the material and also on the geometrical conditions [8]. There are several types of the most im-
portant mechanisms of y-ray interaction with matter. These interactions are photoelectric effect, Compton scat-
tering and pair particles production. These interaction mechanisms cause the attenuation of the incident y-rays [9]

During recent years, many experimental, theoretical and simulation studies have been performed on ab-
sorbed y-dose and radiation shielding parameters in various ways, by different research groups [10—17]. The
objective of this study was to determine the values of above parameters. Then, obtained values of the parameters
were compared with the corresponding theoretical values of the same parameters at different energies.
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EXPERIMENTAL DETAILS

Fig. 1 shows the schematic view of the experimental setup. Used radiation sources comprised radioactive
elements with different energies of 244.67, 344.3 and 788.9 keV for '*?Eu, 511.0 keV for *Na, 661 keV for
137Cs, 1171 and 1333 keV for °Co. Materials used as the shield were aluminium, iron, zirconium and tung-
sten. Sodium iodide Nal (TI) scintillation detector with a multi-channel analyzer (MCA) was applied in this
study. The y-ray spectra were analyzed by the maestro program.
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Fig. 1. Diagram of the experimental setup

Computer

Shielding materials were placed between the detector and the radioactive source. The distance between the ra-
dioactive source and the shielding material was 5 cm and the distance between the detector and the radioactive source
was 9 cm. At the beginning, an initial measurement was performed without shielding material. Then the readings
were recorded after passing y-rays through the shielding materials. Data acquisition time was chosen as 5 min for
each shielding material. All point measurements have been repeated five times for each shielding material.

THEORETICAL CALCULATIONS

This section summarizes background theoretical relations used for determination of linear attenuation coef-
ficient p, mass attenuation coefficient um, HVL, TVL and MFP. According to Lambert-Beer’s law, y-rays are
attenuated passing through an absorber [18]. The equation (1) describes the intensity of the transmitted beam (/)
at any thickness of the absorber x, cm:

1= Ie™. (1

Here Iy is the unmitigated y-beam intensity and p, cm™ is the linear y-ray attenuation coefficient of the ab-

sorber with the thickness x, cm. The linear attenuation coefficient is related to many factors such as the shielding

material, the incident y-ray energy and the density of the material [19]. Rearrangement of equation (1) gives the
following equation for the value of the y-ray linear attenuation coefficient:

lni

p=——to @)
X

The mass attenuation coefficient pi,,, cm?/g is equal to the ratio of the linear attenuation coefficient of the
absorber to its density p, g/cm’:

n, =" (3)
p
This parameter is used in the calculations of many photon interaction parameters [20].
There are three terms generally used in the assessment of the effectiveness of radiation shielding: HVL, TVL and
MFP. HVL, cm is the thickness of a shield or an absorber, at which the intensity of transmitted ray is one half of the
initial intensity [21]. HVL is related to the linear attenuation coefficient value and is determined by the equation [22]:

HVL = In2 = 0693 . 4)

n 5
MFP, cm is the average distance between two successive collisions of y-ray. It is described by the following
equation [23]:

MEP = l. )

i
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The effectiveness of y-rays shielding is also described by the TVL of the material. TVL, cm is the thickness
of a shield or an absorber that attenuates a radiation beam to 10% of its initial radiation intensity level and is

described by the following equation [24]:

Typ Inl0_ 2303
mooow
RESULTS AND ANALYSIS

(6)

In this study, the linear and mass attenuation coefficients, HVL, TVL and MFP of four shielding materials:
aluminium, iron, zirconium and tungsten have been measured for y-rays emitted by various radioactive sources.

Table 1 demonstrates the experimental values of the y-ray linear attenuation coefficients for four shielding

materials. They were obtained by measuring the intensities of y-rays passed through the different absorbers. It is
evident from this table that the linear attenuation coefficient for tungsten has the highest value, and for alumini-
um it is the lowest. The highest linear attenuation coefficient value of tungsten is connected with its high atomic
number and high density, which promote y-ray attenuation. Table 1 and Fig. 2 show that the linear y-ray attenua-
tion coefficients decrease with increasing incident energy. The experimental linear attenuation coefficient values
were compared with the corresponding theoretical values [25—27]. Table 1 and Fig. 2 show good agreement
between the experimental and theoretical values of the y-ray linear attenuation coefficients.
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Fig. 2. The graph of linear attenuation coefficient against photon energy for four shielding materials: @ — aluminium; b — iron; ¢ —

zirconium; d — tungsten; m — experiment; ® — theory
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Table 1. Values of the experimental and theoretical gamma ray linear attenuation coefficients p (cm™) for four shielding materials

Nuclides |Enerey. keV Aluminium Iron Zirconium Tungsten
&Y, Experiment | Theory | Experiment | Theory | Experiment| Theory | Experiment| Theory
152By 244.67 3.61-107" 3.35-107! 1.14 1.15 1.46 1.46 1.11-10" 1.51-10!
3443 3.01-107" 2.86-107! 9.11-10°! 8.65-10°! 9.93-10°! 8.59-10°! 5.03 6.25
Na 511.0 2.29-107" 2.31-107! 5.74-107! 6.63-107" 5.13-107! 5.67-107! 2.40 2.66
137Cs 661.0 1.92-10°! 2.00-107! 4.89-107! 5.78-10°! 421-107! 5.06-107! 1.61 2.11
12Ey 778.9 1.66-10°! 1.87-107! 4.17-107! 5.27-10" 3.98-10°! 4.28-107! 1.29 1.56
Co 1171 1.39-107! 1.48-107! 3.91-107! 4.79-107! 2.99-107! 3.36:107! 9.93-107! 1.08
1333 1.35-10"! 1.37-10! 3.86-107! 3.84-10"! 2.81-107! 3.06-107! 7.42-107! 9.65-10"!

Another parameter measured in this study for the y-ray interaction with materials

1S mass attenuation co-

efficient. Its values for the same four shielding materials were determined using equation (3). The experi-
mental y-ray mass attenuation coefficients of the shielding materials with the mentioned radioactive sources
are shown in Table 2, demonstrating that tungsten also has the highest values of the y-ray mass attenuation
coefficients over all the y-sources compared with other shielding materials due to its high atomic number and
high density. The experimental and theoretical values of the mass attenuation coefficients are in good agree-
ment [25—27]. The variation of the mass attenuation coefficients with incident y-ray energy for the four
shielding materials are represented in Fig. 3, where it is clearly shown that y-ray mass attenuation coefficients
also depend on the y-radiation incident energy decreasing with increasing y-ray incident energy.

T able2. Values of the experimental and theoretical gamma ray mass attenuation coefficients pim (cm?%g) for four shielding materials

Nuclides |Enerey. keV Aluminium Iron Zirconium Tungsten
b £Ys Experiment | Theory | Experiment | Theory | Experiment| Theory | Experiment| Theory
152Eu 244.67 1.32-107! 1.22-107! 1.44-107! 1.46-107! 2.23-107! 2.24-107! 5.76-107! 7.84-107!
3443 1.10-107! 1.04-107! 1.16-107! 1.10-107! 1.52-107! 1.32-107! 2.61-107! 3.24-107!
2Na 511.0 8.36:107 8.43-107 7.29-1072 8.42:107 7.87-1072 8.70-1072 1.24-107! 1.38-107!
137Cs 661.0 7.01-1072 7.31-107 6.21-1072 7.34.1072 6.46-1072 7.76-1072 8.35-107 1.09-107!
152By 778.9 6.06-1072 6.82-107 5.30-107 6.69-1072 6.10-1072 6.56-102 | 6.69-107 8.07-1072
%Co 1171 5.07-1072 5.40-102 | 4.97-107 6.08:102 | 4.59-107 5.15-107 5.15-107 5.58-107
1333 4.93-1072 5.00-102 | 4.90-102 | 4.88:102 | 431-102% | 469102 | 3.84:107? 5.00-1072
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Fig. 3. The graph of mass attenuation coefficient against photon energy for four shielding materials: ¢ —aluminium; b — iron; ¢ — zir-

conium; d — tungsten; m — experiment; ® — theory
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The y-ray HVL, TVL and MFP are also important parameters in designing any radiation shielding. Their
value for shielding materials under consideration are given in Fig. 4. Aluminium has the highest values of HVL,
TVL and MFP, while tungsten has the lowest values of these parameters. The lower HVL, TVL and MFP values
of any shielding material are better for shielding purposes. All the above-mentioned parameters are similar for
the iron and zirconium, although each of these materials has different density. Fig. 4 also shows that HVL, TVL
and MFP increase with increasing the incident energy, as is expected basing on the mass attenuation coefficient
behavior.
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Fig. 4. Variation of HVL (a), MFP (b) and TVL (c¢) for four shielding materials: —m—— — aluminium; —e—— — iron; —A— —
zirconium; — V¥ —— — tungsten
CONCLUSION

In the present investigation, the y-ray attenuation properties of four shielding materials have been evaluated
and discussed. The values of the linear and mass attenuation coefficients decrease with increasing incident ener-
gy. Tungsten appears to be the best y-ray shielding material among the four materials under consideration due to
its higher atomic number and density. It has the highest linear and mass attenuation coefficients compared to
other considered shielding materials. The experimental results agree with the theoretical values.

The values of HVL, TVL and MFP were also determined for four materials. Aluminium absorber has the
highest values of the above parameters and tungsten absorber has the lowest values. The lower HVL, TVL and
MFP values of any shielding material are better for shielding purposes.
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