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The purpose of this study was to determine the linear attenuation coeﬃcient, the mass attenuation coeﬃcient, Half
Value Layer. Tenth Value Layer and Mean Free Path for four diﬀerent shielding materials such as aluminium, iron,
zirconium and tungsten. By using the gamma-radiation energies emitted from 152 Eu, 22 N a, 137 Cs, and 60 Co radioactive sources. For this purpose, the attenuation measurements were performed using N aI(T I) detector. Calculated
values of all parameters of the all shielding materials were compared with each other. The results of all presented
parameters show that, tungsten has the best radiation shielding compared to other shielding materials. Then, the
obtained parameters were compared with the theoretical values.

PACS: 03.65.Pm, 03.65.Ge, 61.80.Mk
1. INTRODUCTION

search groups [9-16]. The objective of this study is
to determine the values of above parameters. Then,
Recently, the development of nuclear technology have the obtained the values of parameters were compared
been climbing rapidly because the number of people with theoretical values of shielding materials at difin the world has increased dramatically. Approxi- ferent energy.
mately 16% of the world’s supply of electrical power
has come from nuclear power [1]. This percentage is
2. MATERIALS AND METHODS
noticeably expected to rise day by day. Nevertheless,
on the disadvantageous side, if nuclear power gener- Experimental details
ation is exposed, an accident could aﬀect the health
and safety of the public living in vicinity of it. Nowa- Fig.1 shows the schematic view of the experimental
days, the use of gamma rays in medical diagnostics [2, setup. The used radiation sources comprised 152 Eu,
3], nuclear diagnostics, surgery, industry, agriculture 22 N a, 137 Cs, and 60 Co radioactive elements with dif[4, 5] and research are increasing rapidly [6]. There- ferent energies of 244.67, 344.30, and 788.90 keV for
fore, the knowledge of gamma-ray interaction is gain- 152 Eu, 511.00 keV for 22 N a, 661.00 keV for 137 Cs,
ing more importance from perspective of shielding 1171.00 and 133.00 for 60 Co. The materials used as
against their eﬀect on biological matter. Thus, the the shield are aluminuim, iron, zirconium and tunglinear attenuation coeﬃcient, the mass attenuation sten. The detector in this work is sodium iodide
coeﬃcient, Half Value Layer, Tenth Value Layer and N aI(T I) scintillation detector with a multi ChanMean Free Path are an important parameters that nel Analyzer (MCA). The gamma-ray spectra are
must be known to design and choose a shielding ma- analyzed by the maestro program. The shielding
terial. Gamma-ray interaction with matter relies on materials was placed between the detector and the
the extent of absorption or scattering, incident pho- radioactive source. The distance between the raton energy, type of the material and also on the geo- dioactive source and the shielding material was 5 cm
metrical conditions [7]. There are several type of the and the distance between the detector and the ramost important interaction mechanisms of gamma dioactive source was 9 cm. Data acquisition time was
ray with matter. These interactions are photoelec- chosen as 5 min for each shielding materials. The
tric eﬀect, Compton scattering and pair production. first reading was recorded after passing gamma-rays
These mechanisms of interaction cause the attenua- through the shielding materials. At the beginning,
tion of the incident of gamma-ray [8]. During recent an initial measurement with no shielding material in
years, there are a large number of experimental, the- place was taken. Then, this step was repeated for the
oretical and simulation studies have been applied on diﬀerent shielding materials. All point sources have
the absorbed dose and radiation shielding parameters been repeated five times for each shielding material.
in various way, have been widely studies by many re∗ Corresponding
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Fig.1. Diagram of the experimental setup
The eﬀectiveness of gamma-rays shielding is also described in term of the Tenth Value Layer TVL of the
material. TVL (cm) can be defined as the thickness
In this work, I summaries theoretical background re- of a shield or an absorber that would attenuate a
lations that were utilized for the determination linear radiation beam to 10% of its radiation level and is
attenuation coeﬃcient µ, mass attenuation coeﬃcient obtained using following equation [23]:
µm , Half Value Layer HVL, Tenth Value Layer TVL
ln 10
2.303
and Mean Free Path MFP. According to LambertTV L =
≃
.
(6)
Beer’s law, gamma rays are attenuated when the
µ
µ
fractional radiation intensity passing through an ab3. RESULTS AND ANALYSIS
sorber as compared to the source intensity [17]. The
following equation describes the transmitted beam at
In this study, the linear attenuation coeﬃcient, the
any thickness of the absorber.
mass attenuation coeﬃcient, Half Value Layer, Tenth
−µx
I = I0 e
,
(1)
Value Layer and Mean Free Path of the four shielding
where I0 and I are the un-attenuated and attenuated materials such as such as aluminium, iron, zirconium
gamma ray beam intensities, µ (cm−1 ) is the linear and tungsten have been calculated at various radioacattenuation coeﬃcient of the absorber and x (cm) is tive sources. Table 1 demonstrate the experimental
the thickness of the material. The linear attenua- values of the linear attenuation coeﬃcient for four
tion coeﬃcient is related to many factors such as types of shielding material. It obtained by measurthe shielding material, the incident gamma-ray en- ing the intensities of gamma-ray passed through the
ergy and the density of the material [18]. Rearrange absorbers respectively. It is clear from the Table 1,
equation (1) for the value of the linear attenuation the linear attenuation coeﬃcient values for tungsten
coeﬃcient is calculated by the following equation:
has the highest value, and aluminum the lowest. The
highest linear attenuation coeﬃcient of tungsten maln(I/I0 )
µ=
.
(2) terial is due to its containment of high-atomic number
x
and high-density that are more eﬀective for gammaThe mass attenuation coeﬃcient µm (cm2 /g) can be ray attenuation. As seen from Table 1 and Fig.2, the
defined as a ratio of the linear attenuation coeﬃcient values of the linear attenuation coeﬃcient decreases
of the absorber to unit density. This parameter is im- with increasing incident energy. Therefore, the linportant to use in the calculation of many photon in- ear attenuation coeﬃcient depend upon the energy
teraction parameters [19]. The relationship between of incident gamma. Then, the experimental linear
the linear attenuation coeﬃcient and the mass atten- attenuation coeﬃcient values are compared the theuation coeﬃcient is also given as follows:
oretical linear attenuation values [24-26]. It is clear
1
µm = µ ,
(3) Table 1 and Fig.2 there is a good agreement between
ρ
the experimental and theoretical values of the linear
3
where ρ is the density of the material (g/cm ). There attenuation coeﬃcient.
Another parameter measured in this word for the
are three terminologies generally used in the eﬀectiveness of radiation shielding known as Half Value Layer gamma-ray interactions is mass attenuation coeﬃHVL, Tenth Value Layer TVL and Mean Free Path cient. The values of the mass attenuation coeﬃcient
MFP. HVL (cm) is the thickness of a shield or an ab- of the four shielding materials measured by using
sorber at which the transmitted intensity is one half equation (3). The experimental mass attenuation cothe initial intensity [20]. HVL is related to the linear eﬃcient of the shielding materials at the mentioned
attenuation coeﬃcient value and is determined by the radioactive sources have been shown in Table 2. From
the Table 2, it can be seen that tungsten also has
next equation [21]:
higher value of the mass attenuation coeﬃcient over
9.693
ln 2
≃
.
(4) all the gamma sources compared with other shielding
HV L =
µ
µ
materials due to its high atomic number and high
Moreover, Mean Free Path MFP (cm) is described density. Moreover, the experimental and theoretical
as the average distance between two successive colli- values of mass attenuation coeﬃcient are in a good
sions of gamma-ray. It is expressed by the equation agreement [24-26].
as follows [22]:
1
MFP = .
(5)
61
µ
Theoretical calculations

Table 1. Values of the experimental and theoretical linear attenuation coeﬃcient µ (cm−1 ) for four types
shielding material
Nuclides
Eu-152
Na-22
Cs-137
Eu-152
Co-60

Energy
(keV)
244.67
344.30
511.00
661.00
778.90
1171.00
1333.00

Aluminium
Exp.
3.61E-01
3.01E-01
2.29E-01
1.92E-01
1.66E-01
1.39E-01
1.35E-01

Theory
3.35E-01
2.86E-01
2.31E-01
2.00E-01
1.87E-01
1.48E-01
1.37E-01

Iron
Exp.
1.14E+00
9.11E-01
5.74E-01
4.89E-01
4.17E-01
3.91E-01
3.86E-01

Theory
1.15E+00
8.65E-01
6.63E-01
5.78E-01
5.27E-01
4.79E-01
3.84E-01

Zirconium
Exp.
1.46E+00
9.93E-01
5.13E-01
4.21E-01
3.98E-01
2.99E-01
2.81E-01

Theory
1.46E+00
8.59E-01
5.67E-01
5.06E-01
4.28E-01
3.36E-01
3.06E-01

Tungsten
Exp.
1.11E+01
5.03E+00
2.40E+00
1.61E+00
1.29E+00
9.93E-01
7.42E-01

Theory
1.51E+01
6.25E+00
2.66E+00
2.11E+00
1.56E+00
1.08E+00
9.65E-01

Fig.2. The graph of linear attenuation coeﬃcient against photon energy for four types shielding material
The variation of the mass attenuation coeﬃcient
with incident energy of the four shielding materials
are represented by Fig.3. From Fig.3, it is clearly
shown that gamma ray mass attenuation coeﬃcient
also relies on the incident energy. Therefore, the mass
attenuation coeﬃcient also decreases with increasing
incident energy. Half Value Layer, Tenth Value Layer
and Mean Free Path are also there important parameters in designing any radiation shielding. HVL,
TVL, and MFP of the shielding materials are given
in Fig.4.

62

It can be seen that the aluminuim has the highest
value of HVL, TVL, and MFP. While, Tungsten has
the lowest value of the parameters. The lower HVL,
TVL and MFP values of any shielding material is
the better shielding performance. All parameters are
nearly similar for the iron compared to zirconium.
Although each of them has a diﬀerent density, where
ordinary iron shielding showed very poor results.
Fig.4 also shows that HVL, TVL, and MFP are seen
to increase with increasing the incident energy, as
expected based on the mass attenuation coeﬃcient.

Table 2. Values of the experimental and theoretical linear attenuation coeﬃcient µ (cm−1 ) for four types
shielding material
Nuclides
Eu-152
Na-22
Cs-137
Eu-152
Co-60

Energy
(keV)
244.67
344.30
511.00
661.00
778.90
1171.00
1333.00

Aluminium
Exp.
1.32E-01
1.10E-01
8.36E-02
7.01E-02
6.06E-02
5.07E-02
4.93E-02

Theory
1.22E-01
1.04E-01
8.43E-02
7.31E-02
6.82E-02
5.40E-02
5.00E-02

Iron
Exp.
1.44E-01
1.16E-01
7.29E-02
6.21E-02
5.30E-02
4.97E-02
4.90E-02

Theory
1.46E-01
1.10E-01
8.42E-02
7.34E-02
6.69E-02
6.08E-02
4.88E-02

Zirconium
Exp.
2.23E-01
1.52E-01
7.87E-02
6.46E-02
6.10E-02
4.59E-02
4.31E-02

Theory
2.24E-01
1.32E-01
8.70E-02
7.76E-02
6.56E-02
5.15E-02
4.69E-02

Tungsten
Exp.
5.76E-01
2.61E-01
1.24E-01
8.35E-02
6.69E-02
5.15E-02
3.84E-02

Theory
7.84E-01
3.24E-01
1.38E-01
1.09E-01
8.07E-02
5.58E-02
5.00E-02

Fig.3. The graph of mass attenuation coeﬃcient against photon energy for four types shielding material
4. CONCLUSIONS
In the present investigation, the attenuation properties of four types of shielding materials have been
evaluated and discussed in terms of attenuation coeﬃcient. The values of the linear attenuation coefficient and the mass attenuation coeﬃcient decrease
with increasing incident energy.
Therefore, tungsten appears as a good shielding
material due to its higher value of atomic number and
density. Therefore, Tungsten has the highest values

of the linear attenuation coeﬃcient and the mass attenuation coeﬃcient compared to other shielding materials. The experimental results quite agreed with
the theoretical values. The values of Half Value Layer
HVL, Tenth Value Layer TVL, and Mean Free Path
MFP were also determine for each materials. Aluminium absorber has the highest value of the above
parameters and tungsten absorber has the lowest
value. The lower HVL, TVL, and MFP values of
any shielding material is the better shielding performance.
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ÐÀÑ×ÅÒÛ ÏÀÐÀÌÅÒÐÎÂ ÏÎÃËÎÙÅÍÈß ÃÀÌÌÀ-ÈÇËÓ×ÅÍÈß ÄËß
ÀËÞÌÈÍÈß, ÆÅËÅÇÀ, ÖÈÐÊÎÍÈß È ÂÎËÜÔÐÀÌÀ

Hiwa Mohammad Qadr

Öåëüþ ðàáîòû áûëî îïðåäåëåíèå êîýôôèöèåíòà ëèíåéíîãî ïîãëîùåíèÿ, êîýôôèöèåíòà ïîëíîãî ïîãëîùåíèÿ, äëèíû ïîãëîùåíèÿ, äëèíû äåñÿòèêðàòíîãî îñëàáëåíèÿ è ñðåäíåãî ñâîáîäíîãî ïðîáåãà äëÿ
ðàçíûõ ìàòåðèàëîâ çàùèòû, òàêèõ êàê: àëþìèíèé, æåëåçî, öèðêîíèé è âîëüôðàì. Èñïîëüçîâàëèñü
ýíåðãèè ãàììà-èçëó÷åíèé îò èñòî÷íèêîâ:

152

ïàðàìåòðîâ ïîãëîùåíèÿ áûëè âûïîëíåíû ñ

Cs è 60 Co. Äëÿ äîñòèæåíèÿ öåëè èçìåðåíèÿ
èñïîëüçîâàíèåì N aI(T I)-äåòåêòîðà. Ïðîâåäåíî ñðàâíåíèå
Eu,

22

N a,

137

âû÷èñëåííûõ âåëè÷èí âñåõ ïàðàìåòðîâ äàííûõ ìàòåðèàëîâ çàùèòû. Ðåçóëüòàòû ïîëó÷åííûõ ïàðàìåòðîâ ïîêàçûâàþò, ÷òî âîëüôðàì ÿâëÿåòñÿ ëó÷øèì â ñðàâíåíèè ñ äðóãèìè ìàòåðèàëàìè çàùèòû. Çàòåì
ýòè ïàðàìåòðû áûëè ñðàâíåíû ñ òåîðåòè÷åñêèìè çíà÷åíèÿìè.

ÐÎÇÐÀÕÓÍÊÈ ÏÀÐÀÌÅÒÐIÂ ÏÎÃËÈÍÀÍÍß ÃÀÌÌÀ-ÂÈÏÐÎÌIÍÞÂÀÍÍß ÄËß
ÀËÞÌIÍIÞ, ÇÀËIÇÀ, ÖÈÐÊÎÍIÞ ÒÀ ÂÎËÜÔÐÀÌÓ

Hiwa Mohammad Qadr

Ìåòîþ ðàáîòè áóëî âèçíà÷åííÿ êîåôiöi¹íòà ëiíiéíîãî ïîãëèíàííÿ, êîåôiöi¹íòà ïîâíîãî ïîãëèíàííÿ,
äîâæèíè ïîãëèíàííÿ, äîâæèíè äåñÿòèêðàòíîãî îñëàáëåííÿ i ñðåäíüîãî âiëüíîãî ïðîáiãó äëÿ ðiçíèõ ìàòåðiàëiâ çàõèñòó, òàêèõ ÿê: àëþìiíié, çàëiçî, öèðêîíié òà âîëüôðàì. Âèêîðèñòîâóâàëèñü åíåðãi¨ ãàììàâèïðîìiíþâàíü âiä äæåðåë:

152

Eu,

22

N a,

137

ïîãëèíàííÿ áóëè âèêîíàíi iç çàñòîñóâàííÿì

Cs i 60 Co. Äëÿ äîñÿãíåííÿ öiëi âèìiðþâàííÿ ïàðàìåòðiâ
N aI(T I)-äåòåêòîðà. Ïðîâåäåíî ïîðiâíÿííÿ îòðèìàíèõ âå-

ëè÷èí âñiõ ïàðàìåòðiâ äàíèõ ìàòåðiàëiâ çàõèñòó. Ðåçóëüòàòè îòðèìàíèõ ïàðàìåòðiâ ïîêàçóþòü, ùî
âîëüôðàì ¹ êðàùèì ó ïîðiâíÿííi ç iíøèìè ìàòåðiàëàìè çàõèñòó. I, íàðåøòi, îòðèìàíi ïàðàìåòðè áóëè
ïîðiâíÿíi ç òåîðåòè÷íèìè âåëè÷èíàìè.
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