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ABSTRACT: Nowadays, radiation shielding becomes vital. So, the
main purpose of this study is to evaluate the characteristics and
performance of six types of raw wood materials (Mosky, Zan,
Contar, Balot, Orange tree and Aro) usually used in Egypt. Linear,
mass attenuation coefficients and half value layer of wood species
were measured at gamma-ray energy range from (30-2203 keV).
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KEY WORDS :
Gamma radiation Measurements were performed using aHPGe gamma spectrometer
shielding detector.The intensities of the emergent radiation were measured,

Wood materials
Attenuation coefficients
Half value layer

when each of these woods were placed between the detector and
radioactive sources (133Ba-226Ra). Analysis of results showed a
strong correlation between wood density and attenuation
coefficients. The lowest value of linear attenuation coefficient
determined for each wood type is 0.040 cm ! at energy 609 keV for
Mosky. On the other hand the highest value of linear attenuation
coefficient at the same energy is, 0.078 cm! for Aro. So, Aro could
selected and serve as a more favorable radiation shielding material
against gamma ray.

*Corresponding Author: karrimanegy37@gmail.com

1. INTRODUCTION

Radiation shielding is essential for the increase in the number of radiation sources such

protection of human and environment because
the harmful effects of ionizing radiation can
cause significant health hazards. With the
development of technology, human health has
started to be exposed to extra radiation which
can damage the human cell (Betui 2012). Since
the turn of the 20th century human lifestyle and
environment have changed due to the drastic

as communication devices and high-energy
medical equipment (Archer 1983).There are
three basic rules in order to be protected from
radiation. These are time of exposure to
radiation , distance and shielding where the
latter is the most important one (Akkurt et al.
2015; Ozavci and Cetin 2016). Metal shields
and non-metallic shields such as polymers are
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most often employed .Various materials, placed
between a source and a detector can affect the
amount of radiation transmitted from the source
to the receptor (Woods 1982).

Lead, copper, mercury and concrete are
the most commonly materials used for
shielding. To shield a gamma ray, the linear
attenuation coefficient should be known. The
linear attenuation coefficient p (cm™) is defined
as the probability of radiation interacting with
the material per unit path length (Martin 2006).
Traditional radiation-shielding materials such as
lead, copper, mercury and concrete are not very
suitable due to their high cost, high density, and
adverse effects on the environment (Harish et al.
2009; Mann et al. 2015; Sayyed 2016; Mirji and
Lobo 2017). Many different types of materials
developed and tested which include biological

2. THEORETICAL BACKGROUND

When a gamma ray of intensity lo is
incident on a material of thickness x, the
attenuation of the neutron by the material is
given by;

I= Ine_“x {1)

where | is the intensity after passage the
thickness x and p is the linear attenuation
coefficient.

n 1 Io
-= —in- (2)
p px I

Where p is the density of the wood
species. The Half Value Layer (HVL) is the
thickness of the material at which the initial
radiation intensity is reduced by one-half and it
is related to (u) by:

0.693

HVL = " (3)

materials, elements, compound, and some
building materials (Chitralekha etal. 2005;
Baltas etal. 2007; Akkurt 2009; Akkurt et al.
2006).. We use a wood as new shielding
material due to its flexibility, light weight and
low cost. Wood is extensively used as asource
of chemicals for new materials and applications.
Wood may be used as it is or after suitable
chemical modification. Attenuation coefficients
and density are characteristics that can best be
used in sorting radiation attenuation abilities of
wood species (Adebo and Ero2012). For this
purpose the radiation shielding characteristics of
six wood samples have been measured. For this
investigation a wide gamma energy range from
30 keV to 2203 keV and HPGe detector gamma
& X-ray detector with 70% efficiency was used.

Attenuation coefficients, density
and half value layers are characteristics that can
best be used in sorting radiation attenuation
abilities of wood species.

3. MATERIALS and METHODS

Six wood samples, Mosky (Pine wood),
Zan (Fagus wood), Contar, Balot (Ash wood),
Orange wood and Aro (Oak wood), which
usually used in Egypt are collected and dried in
order to get rid of moisture under 20° C for an
hour. The densities of wood samples were
determined by measuring their masses and
dimensions. Radioactive sources (**°Ra -**Ba)
were placed at a convenient distance from the
sample. The gamma rays are allowed to pass
through the first sample for a time of about 200
sec and the transmitted spectra are collected
using CANBERRA MCA (4096 ch.) as shown
in figure 1.
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Fig. 1: Arrangements of HPGe Spectrometer System.

From the spectra, showed in figures 2 and
3, the area of the gamma line at energies (30,
80,186, 242, 295, 351, 356, 609, 768, 1120,
1238, 1764 and 2203 keV) which corresponding
to the thickness of the absorber was determined.
Then another sample was added to the earlier
one and the spectrum taken. The same
measurements were repeated for the rest of the
samples. A graph between logarithms of the
transmitted counts vs. the absorber thickness
was drawn. The graphs were observed to be

straight lines. Figure 4 represent the relation
between linear attenuation coefficient (u) of
woods and gamma ray energy. From this figure,
the linear attenuation coefficient value increases
with the increasing of sample density for all
gamma energies, except for Orange tree samples
(p=0.7418 g/cm®) which the p value is lower
than Balot (p=0.7122 g/cm®) for all gamma
energies due to the elementals composition of
Orange tree samples.
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Fig. 2: Spectra of Ba-133 for Balot Samples.
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Fig. 3: Spectra of Ra-226 for Balot Samples.
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Fig. 4: Plot of linear attenuation coefficient (cm™) against gamma-ray energy (keV) for wood
samples.
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4. RESULTS and DISCUSSIONS

Figures 5 and 6, represent the relation
between In (1/1,) and wood sample thickness for
the lowest gamma-ray energy 30 keV and the
highest gamma-ray energy 2203 keV,
respectively. Similar figures were plotted for all
remains gamma energies (80,186, 242, 295,
351, 356, 609, 768, 1120, 1238 and 1764 keV)
from which the linear attenuation coefficient (L)
was determined and listed in Table 1.

We can notice that Aro wood has the
highest attenuation coefficient so, it is the best
attenuator for gamma rays and it is considered
as a good material used for radiation shielding
and construction of attenuating material. On the

other side Mosky wood has the lowest
attenuation coefficient compared to all other
wood samples so; it is a low quality material for
gamma radiation shielding. The values of mass
attenuation coefficient (u/p) are calculated and
are listed in Table 2.

Table 3 shows the calculation of half
value layer (HVL) of various wood samples.
The lowest half value layer of wood has the
highest attenuation ability; this implies a good
absorber of radiation. It can be seen that Aro
wood, when compared with other woods, has
the lowest half value layer and Mosky wood has
the highest half value layer.

Table 1: Egyptian sample common names, Samples density (p) and linear attenuation coefficient u

[cm™].
wid | Dy el
smple | (remy | 3) | 80 | 105 | 22 | 295 | 350 | 3% | 609 | 768 | 1120 [ 1238 [ 1764 | 220
Mosky(M) | 04001 | 0.091| 0069 | 0060 | 0.060 | 004 | 0.045 | 0043 | 0.040 [ 0.032 | 0.029 | 0025 | 0024 | 0.0%
an(Z) | qgoq0 (0473 (0492 [ 0020 | 0:108 | 0.094 | 0.08 | 0073 | 0071 | 0071 [ 0067 | 0052 | 0042 | 0.038
Comar(C) | ggssp [0108 011t |0t | 0070 | 007 | 0073 | 0070 | 0080|0051 | 0054 | 004 [ 003 | 002
BOOA(B) | q7p | 0200 | 0437 [ 0118 | 0165 | 0100 | 00% | 00 [ 007 | 006 | 0052 | 0054 | 00 | 00
Orange(O) | 7419 | 0204 | 0435 | 0420 | 0096 | 0088 | 0085 | 0.090 | 0067 | 0061 | 0056 | 0.0%2 | 0028 | 0025
Mo(A) | gz (026 |01 |09 01| 0tz | 00 [ ofor oo | oot | oort | 0ok | 0o | 00

Table 2: Mass attenuation coefficient (u/p, cm?/gm) for wood samples.

wood
sample

Density

E ke

(g/em3)

|

80

186

L

2%

31 | 356 | 609

168

120

1238

1764

03

Mosky (M)

04001

027

01

0.151

0.1%

0121

0.412 | 0407 { 0401

0.080

007

0.063

00%

00%

Zan(2)

05010

0288

0187

0200

017

0.1%

0443 | 0122 0118

0118

011

0.0%

0070

0,063

Contar (C)

06558

02%

0.169

01%

012

0118

04111 0107 { 0091

007

0.083

00m

003

0048

Balot(B)

0z

028

019

0.166

0.161

013

0133 | 0126 [ 0108

0.0%

0074

007

0.061

0.062

Orange(0)

0.7418

027

018

0.162

018

0119

0.418 | 0121 0090

0.082

0076

004

003

004

Ao (A)

0.7579

028

047

0.184

014

0134

042 | 0433 | 0.12

0.0%

00%

0.069

009

002
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Table 3: Half value layer (HVL, cm) for wood samples.

E (keV]
wood | Density el
SMPle | (g/cm3)
30| 80 | 186 | 242 | 295 | 351 | 3% | 609 | 766 | 1120 | 123 | 1764 | 2203
Mosky(M) | 04001 | 7064 (1012 | 1149 | 1157 | 14.32 | 1947 | 16.15 [ 17.20 | 2166 | 24.00 | 27.50 | 2949 | 44.14
Zan(Z) | 06010 {400 | 618 [ 576 | 643 | 740 | 6.05 | 944 | 973 | 960 [10.26 | 1338 | 16.54 | 16.36
Contar(C) | 06558 |35 6.24 | 848 | 875 | 693 | 956 | 991 | 1159 | 1359 1276 | 1471 | 21.19 | 2200
Balot(B) | 01122 [ 332 | 5.07 | 586 | 6.03 | 636 | 733 | 773 | 925 | 10.37 | 13.23 | 1291 | 15.86 | 5.1
Orange(0) | 07418 (339 | 510 [ 578 | 726 | 7.84 | 792 | 702 [ 1037 [ 1134 | 1229 | 2146 | 2484 | 2172
No(A) | 07579 |321) 5.3 | 496 | 635 | 683 | 726 | 6.86 | 893 | 975 | 975 | 13.23 | 1561 | 1768
mos ko Balot
e '|'|—1ickn3555 {cm) 1o - ° 2I'I-~|i|\'.:l‘v.n;ss [cm:;l =
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° ‘I'hickn:ss {cm) - . ° 'él'hickniss [crné] ;3
contar Aro
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Fig. (5): Plot of In(lo/1) against wood sample thickness for 30 KeV gamma-ray energy.
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Fig. (6): Plot of In(lo/l) against wood sample thickness for

5. CONCLUSION

Radiation shielding is an important issue
S0, many researchers have been done in this
field and also it should be continued. The
locally available Egyptian Mosky, Zan, Aro,
Contar, Balot and Orange tree wood samples
have great economic potential for use as a
gamma radiation shielding. The attenuation
coefficients; linear attenuation coefficient (p),

Balot

W = -0.0441x + F.STL9

o 3 = (=3 8
Thickness (cm)

Orange

W= -0.025x + 7.7519

Thickness (cm)

Aro

10.6 - W = -0.0392x + F.5731
10.55 - -
105 - >
1045 -
A0 a4
10.35
103
A0 25 -

102 -

1o.1LS

10.1 T T T
o =1 a = =

Thickness (cm)

2203 KeV gamma-ray energy.

mass attenuation coefficient (i/p) and half value
layer (HVL) measured in this study reflects the
good quality of these locally shielding materials
(tables 1-3). These coefficients can be
effectively used for practical shielding
calculations and are found to be highly
dependent on the thickness and density of the
shielding materials. It is found that attenuation
coefficient, for the investigated wood samples,
inversely proportional with photon energy and
directly proportional with density of wood. It

K. Reda/ BFSZU 50 (2020)




was observed that in terms of radiation shielding
Aro samples were more suitable, than other
tested wood samples, due to its high density
(0.757 glcm®). These materials can be
effectively employed as the gamma ray shields
nearby the radiation installations to reduce the
produced radiations to the permissible level.
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