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Neutron Attenuation Coefficients for Different Types of Egyptian Wood

Karriman Reda, Seham A. Said, M. Fayez-Hassan, B.A. Tartor and I.I. Bashter1 2 2 1 1

Physics Department, Faculty of Science, Zagazig University, Zagazig, Egypt1

Experimental Nuclear Physics Department, NRC, EAEA, Cairo, Egypt2

Abstract: The neutron shielding effect of small cylindrical Egyptian wood assemblies containing Mosky, Zan,
Aro, Contar, Balot and Orange tree have been tested for Am-Be neutron source. Measurementswere carried out
using indium activation detectors. Neutron macroscopic total cross section, mean free path and half value layer
were evaluated from the measured data for homogenous wood samples and a multilayer arrangement of ordinary
concrete with orange tree samples. A comparison between data measured in wood samples shows that the
orange tree samples give high neutron attenuation than others. The experimental results show a good
correlation between neutron attenuation coefficients and wood density.
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INTRODUCTION For the calculation of theoretical attenuation

Since the turn of the 20 century neutrons are used (carbon, hydrogen and oxygen)were taken into??h

in  many  fields, including neutron imaging,  boron consideration.  While  hydrogen  account  only  for 6%
neutron capture therapy for cancer treatment, elemental (by wt) of wood, over 90% of the attenuation can be
analysisand the modest increase in the number of attributed to this element. Nitrogen and other trace
radiation  fountains  such as communication sets and elements were estimated to have a negligible impact on
high-energy medical equipment.For protecting human the theoretical attenuation coefficient. The neutron
from hazardous effects, of these neutron fields, metallic attenuation with different shielding materials including
and non-metallic shields such as polymers are  most often woodhas been reported [8, 9, 10, 11, 12, 13, 14, 15, 16, 17].
employed.Ever since neutrons are electrically neutral they The aim of this study was to determine the
cannot be simply stopped via electromagnetic attenuation coefficients of Mosky, Zan, Aro, Contar,
interactions in the same way that charged element Balot and Orange tree wood samples for slow neutrons
can.Fast neutrons need to be thermalized by an experimentally. The experiments were carried using an
appropriate material before being  captured.  Therefore, Am-Be neutron source and the indium activation
the effectiveness of any given material in shielding detectors.
against  neutron  source  depends  on the material
density, hydrogen and boron  contents,  material MATERIALS AND METHODS
thickness and the geometry of the neutron source being
shielded [1, 2, 3, 4, 5, 6, 7]. In this work, we study different six types of wood

Wood was found to be as effective per unit length as materials based on their densities as neutron shielding
concrete for shielding slow and intermediate energy materials. The wood samples are Mosky, Aro, Contar,
neutrons because it has hydrogen content. In the past Zan, Ballot and Orange tree. We collected them from
wood has been discouraged as a shielding material Egyptian  markets  and reshaping them cylindrically with
because of its flammability. Recently, chemical treated 7 cm diameter and different thickness. The  densities of
wood that is nearly completed fireproof has become the wood samples were determined by measuring their
available. Althoughwood has low density but it may be masses and dimensions. Table 1 shows the Egyptian
used as shielding material because it has low cost, common name, the scientific name and density of the used
contains hydrogen and easy to form into different shapes. wood samples.

coefficients, only the three main elemental components
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Fig. 1: Schematic arrangements of the Am-Be neutron irradiation facility

Fig. 2: Setup for the gamma-ray spectroscopy system

Table 1: Density ( ), macroscopic cross section ( ), half value layer (HVL) and mean free path ( ) for wood samples
Egyptian name Scientific name Density [g/cm ]  [cm ] HVL [cm]  [cm]3 -1

Mosky (M) Pine wood 0.4001 0.2028 3.418 4.931
Zan (Z) Fagus wood 0.6010 0.2316 2.993 4.318
Contar (C) Contar wood 0.6558 0.3215 2.156 3.110
Balot (B) Ash wood 0.7122 0.3361 2.062 2.975
Orange tree (O) Orange tree 0.7418 0.3528 1.965 2.834
Aro (A) Oak wood 0.7579 0.3182 2.178 3.143

Fig. 3: The multilayers arrangement of an ordinary the material is given by Beer-Lambert’s law as;
concrete sample "O.C" and orange wood samples
"O , O , O ". I(x) = I e (1)1 2 3

An Americium-Beryllium neutron source was used
for the samples irradiation with neutrons. Heavy
hydrogenous  material,  such   Caprolactam  C6H11NO
(2cm thick)  was  used  for  slowing down neutron
energies.  The  activation  detector  used for emergent
slow  neutron  measurements  was  the  metallic indium
foils which placed behind each wood sample as shown in
Fig. 1. The emission  gammaraysfrom  the  neutron-indium
reaction In (n, )  In were measured using a high115 116

resolution HPGe -ray spectrometry system as shown in
Fig. 2.

When a neutron of intensity I  is incident on a0

material of thickness x, the attenuation of the neutron by

0
x



0 0
( ) ( ) 1/xx xp x dx xe dx

∞ ∞ −∑= = ∑ = ∑∫ ∫
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where I(x) isthe intensity after passage the thickness x. by a neutron without a collision. The value of  obtained
and  is theneutron attenuation coefficient called from the probability function p(x) by determining the
macroscopic totalcross section.The neutron transmission average distance traveled, that is [18];
ratio (I/I ) is given by;o

I(x) = I  e (2)0
x

Macroscopic cross section, half value layers and sample  and  orange wood samples (1cm thickness each)
mean free path generally characterize the attenuation of is shown in Figure 3. The ordinary concretesample has a
neutrons in shielding materials. density of 2.3 g/cm  andit made from 77% wt. sand, 15%

The half value layer (HVL) of neutrons is the wt. Portland cement and 8% wt. water.
thickness of the material at which the initial neutron
intensity is reduced by one half and it is related to  by; RESULTS AND DISCUSSION

HVL = 0.693/ (3) Fig. 4 shows the relation between neutron

The mean freepath ( ) of neutrons is the average which the macroscopic cross section ( ), half value layer
distance that a neutron moves between collisions and it (HVL) and mean free path ( ) values were determined and
is  equal  to  the  average value of x, the distance traversed listed in Table 1.

(4)

A multilayer arrangement of a 3cm ordinary concrete

3

transmission ratioln (I/I ) and wood thicknesses from0

Fig. 4: Relation between the neutron transmission ratio ln (I/I ) and the wood sample thicknesses.0



World Appl. Sci. J., 36 (5): 674-679, 2018

677

Fig. 5: The relation between neutron macroscopic cross section and samples density

Fig. 6: Relation between half value layer and the mean free path with samples density

Fig. 7: The neutron transmission ratio [Ln (I/I )] before and after using the ordinary concrete sample.0
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Table 2: Macroscopic cross section ( ), half value layer (HVL) and mean
free path ( ) of orange tree and normal concrete samples.

Sample name  [cm ] HVL [cm] [cm]-1

Orange tree (O) 0.3528 1.965 2.834
Ordinary concrete (O.C) 0.6323 1.096 1.581
Stack of (O + O.C) 0.4694 1.476 2.130

Although hydrogen represents only a fraction
ofabout 6%wt. in the elemental structure of wood, it
accounts for more than 90% of the neutron attenuation.
The hydrogen content entails the high attenuation
coeficients of wood [8]. The Pine wood has the lowest
density (0.4001 g/cm ) while the Aro type has the highest3

one (0.7579 g/cm ). It is noticed that the orange wood has3

the  highest  neutron  attenuation   coefficient  values.
This is due to its high density (0.7418 g/cm ) and itmay be3

due to the highest water contents in orange tree samples.
So, it is the best wood types for neutron attenuation and
it can be considered as ashielding material for slow
neutrons.

It can be seen that the attenuation coefficient of
wood is directly proportional to its density however; this
study exhibits some inconsistencies for the lower Aro
attenuation than that expected for it with highest density
as shown in Figure 5 (for ) and in Table 1 (for , HVL
and ). It should be mentioned that Aro samples deviated
from the trend because it is treated with special chemicals
and not the same like the natural one.

Fig. 6 represents the relation between the two
attenuation coefficients “half value thickness (HVL) and
mean free path ( )” and sample density ( ). It can be seen
that the two attenuation coefficients(HVL and ) are the
best attenuation values for orange tree samples rather
than the two similar values for Aro samples with the
highest density. 

For the multilayer mode (Fig. 3), the orange wood is
used in making stack configuration with ordinary
concrete, which improve its neutron attenuations (  from
0.3528 cm to 0.4694 cm , HVL from 1.965 to 1.476 and1 1

from 2.834 to 2.130 cm) as shown in Fig. 7 and Table 2.
Using a thin ordinary concrete (3 cm) with orange samples
reduce the half value thickness to about 25%.

CONCLUSIONS

The locally available Egyptian Mosky, Zan, Aro,
Contar, Balot and Orange tree wood samples have great
economic potential for use as a slow neutron shielding.
The attenuation coefficients;macroscopic cross section
( ), half value layer (HVL) and mean free path ( )

measured in this study reflects the good quality of these
locally shielding materials (Table 1). These coefficientscan
be effectively used for practical shielding calculations and
are found to be highly dependenton the thickness and
density of the shielding materials.This study exhibits
some inconsistencies for the lower Aro attenuation than
that expected for it with highest density because it is
treated with special chemicals and not the same like the
natural one. It is noticed that the orange wood has the
highest neutron attenuation coefficient values. This is
due to its high density (0.7418 g/cm ) and to the highest3

water contents in orange tree samples. This study will
provide the basic data to a shielding material database for
neutron transport calculation. These materials can be
effectively utilized as the slow neutron shields
surrounding the radiation installations to reduce the
emitted radiations to the permissible level.
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