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Abstract: The usage of radioactive sources has grown recently due to the advancement of nuclear science and technology
in a variety of disciplines, including nuclear research facilities, nuclear power plants, space exploration, and medical care.
This study is aimed at investigating the gamma radiation shielding capability of fabricated concrete doped with coconut
shell ash at different mixing ratios (x=5, 10, 15, 20, 25, 30, 35, 40) wt%, and X-ray Fluorescence (XRF) technique was
used to determine the elemental composition of the composites, WinXcom software were used to generate the attenuation
coefficients. The result shows that the maximum (minimum) mass attenuation coefficient values were obtained at photon
energies of 0.02 (15.00) MeV for all samples (A1-A8), which shows a reduction in MAC values as energy increases for the
entire sample. The trend of the linear attenuation coefficient appears to be similar to that of the mass attenuation
coefficient. The half-value thickness and mean free path appear to be similar and generally increase with photon energy for
all the samples. These indicate that penetration is directly proportional to the energy of photons; hence, for higher energy
photons, a thicker absorbing material is required. The fabricated concrete doped with coconut shell ash shows better
attenuation capability than ordinary concrete and slightly below the shielding capability of lead.
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wide-ranging use of radioactive materials need the search
for novel, low-cost shielding alternatives that are locally
accessible. The new substance should be reasonably priced,
environmentally friendly, and ideally use industrial
leftovers. Waste production has multiplied as a result of
industrialization. Coal fly ash is one of these wastes, and
because of its pozzolanic character, it can be employed in

1 Introduction

Microsoft Word Gamma radiations have proven to be the
most challenging to control out of all the radiations
produced by radioactive materials [1]. This is because
gamma radiation has greater penetrating power. Solid-state
tailored materials with a relatively high density and good

radiation shielding capabilities could be used to effectively
shield against gamma radiation [2]. The usage of
radioactive sources has grown recently due to the
advancement of nuclear science and technology in a variety
of disciplines, including nuclear research facilities, nuclear
power plants, space exploration, medical care, and
agriculture. Biological radiation shields must offer
employees enough protection at a fair price to ensure safe
working conditions. Numerous details concerning photon
penetration and energy deposition in biological shielding
and other dosimetric materials can be learned from the
mass attenuation coefficient [3-6].

The traditional gamma-ray shielding materials are lead and
concrete. The rapidly growing nuclear industry and the

the construction of bricks [7]. Since ancient times, clay has
been used to make bricks because it is a naturally occurring
material made up of fine-grained minerals that is plastic
when wet and hard when dried or fired. Clay soils also have
better photon energy absorption properties than other soils

[71.
2 Experimental Section
2.1 Materials

The materials that were used are:

Coconut shell husk ash, cement, aggregates (stone and
gravel),

*Corresponding author e-mail: sidimuhammad@nsuk.edu.ng

© 2026 NSP
Natural Sciences Publishing Cor.


http://dx.doi.org/10.18576/jrna/110207

178 S o

1. Abdul Malik et al.: Investigation of Gamma Radiation ...

2.2 Theory

2.2.1 Linear Attenuation Coefficient

The linear attenuation coefficient (4), which is a crucial
factor in determining how gamma radiation interacts with
incident materials, was explained by [8] as shown in the
equation below:;

()
> ° (1)

Where I, is the intensity of the incident gamma-ray photon,
while | is the transmitted gamma-ray photons through a
target of absorber thickness x.

2.2.2 Mass Attenuation Coefficient

[9] have highlighted that the mass attenuation coefficient
(Wp) was calculated to check the ability of the studied
materials as shielding to rays without depending on the
density of the material, by dividing the experimentally
calculated (p) for a given material by its density (p) using
the equation below:

MAaC — ££
~ 2)
2.2.3 Half-Value Layer (HVL)

This factor is the absorption thickness required to decrease
the incident radiation to 50% of its initial value and is
evaluated using equation [10]:

HvL — In2
AL 3)

2.2.4 Tenth-Value Layer (TVL)

In contrast to the HVL, the TVL measures the thickness
needed to reduce gamma radiation intensity to 10% of its
initial value. The TVL equation is given as follows [11-12]:

TVL — InN10
ad 4)

2.2.5 Mean Free Path

The mean free path, mfp, which is defined as the average
distance between two successive photon interactions, can
be calculated using the equation below [13-14]:

MEP — =

y;
©®)
2.2.6 Bulk Density

The calculation of the bulk densities of the samples was

carried out by measuring the mass of the samples and their
respective volumes. According to [15], the formula for
calculating the bulk density (pg,) Of the composite is
presented below.

p=
Mcement , Msharp-sand ;| Mgranite +

Veement Vsharp-sand Vgranite
Mcoconut—shell—ash (6)

Vcoconut—shell-ash

Where V is the composite volume, cm®, M is the mass of
the composite component, and p is the density of the
composite component, g/cm®.

2.3 Methods

2.3.1 Fabrication and Processing of Concrete —
Coconut Shell Ash (CSA) Waste

The coconut shells were picked from piles at some
locations in Keffi, Nasarawa State. The shells were washed
and dried. The shells were burnt into ashes at a temperature
of 200° 'C using a muffle furnace. The resulting substances
were spread to cool down. After the cooling, the substances
were pulverized and sieved with a 2 mm mesh into
powdered substances.

2.3.2 Fabrication of Concrete — Coconut Shell
Ash (CSA) Composite

The concrete matrix(Aggregates) was mixed with coconut
shell ash powder at different percentages by weight, as
shown in Table 3.2, to obtain samples Al, A2, A3, A4, A5,
A6, A7, and A8 (x = 5, 10, 15, 20, 25, 30, 35, 40)wt%.
About 25 ml of water was added to each mixture, stirred,
molded into a disc of diameter 20 mm and height 20 mm,
and allowed to dry at room temperature for a few days until
a constant weight is achieved. The concretes was mixed
with 5%, 10%, 15%, 20%, 25%, 30% and 35% of the
coconut shell ash at a mixing proportion by weight of
0.475kg: 1kg: 1kg: 0.025kg, 0.45kg: 1kg: 1kg: 0.05kg,
0.425kg: 1kg: 1kg: 0.075kg, 0.4kg: 1kg: 1kg: 0.1kg,
0.375kg: 1kg: 1kg: 0.125kg, 0.35kg: 1kg: 1kg: 0.15kg and
0.325kg: 1kg: 1kg: 0.175kg respectively of cement:sharp-
sand:granite: coconut-shell-ash.

Eight (8) samples were made from the mixtures, which are
2 cm thick, labelled sample Al (5%), A2 (10%), A3 (15%),
A4 (20%), A5 (25%), A6 (30%), A7 (35%), and A8 (40%)
respectively. The samples were further oven dried at a
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lower temperature of about 100 "C for two hours to remove
any traces of water content left in the samples.

Table 1: Mixing Proportion of Concrete and Coconut Shell
Ash.

Sample | Concrete Metrix CSA

code Content% by Content% by
weight weight

A 9 5

1 5

A 9 1

2 0 0

A 8 1

3 5 5

A 8 2

4 0 0

A 7 2

5 5 5

A 7 3

6 0 0

A 6 3

7 5 5

A 6 4

8 0 0

2.3.3 Elemental Analysis of the Fabricated
Composites

The chemical compositions of fabricated concretes were
obtained using Thermo Scientific X-ray Fluorescence
(XRF) with Model Number ARL-QUANT'X-EDXRF-
Analyzer and Serial Number 9952120 (see Figure 1). XRF
analysis was done using the standard method with Montana
soil SRM 2710 for the Geological Sample, while IAEA —
155 Why Powder for Biological Sample as a Thermo Fisher
Scientific standard reference material. Two (2) grams of
each of the samples was weighed and then placed on a
sample holder and covered with cotton wool to prevent it
from spraying.

Fig. 1: ARL QUANT'X EDXRF Analyzer.

Table 2: Elemental Composition of the Samples.

Sample Composition (wt%)

Fe:03 SiOz Al:03 Mgo P20s SOs Ca0 K:0 Sro
Al 1.075 33.050 8.693 6.923 0.249 1.168 21.490 1.459 4.043 6.238
(5%)
A2 1,251
(10%)

34.010 7.740 4.958 1.490 1521 23.46 1.964 4.562 6.422

A3 1188 32310 7353 4710 1416 1445 22290 1866 4334 6476
(15%)
Al 2158 35840 1952 0897 5508 2671 24610 2699 4627 6501
(20%)
A5 2050 34050 1854 0852 5233 2538 23380 2564 4396  6.638
(25%)
A6 1359 34720 4700 3845 3797 1767 24170 1979 4621 6722
(30%)
A7 1291 32980 4465 3653  3.608 1679 22960 1880 4390 6876
(35%)
A8 1226 31.330 4242 3470 3427 1595 21820 1786 4170 6976
(40%)

Capability of the Samples

In this study, the gamma radiation shielding capability
(GRSC) parameters of the samples were evaluated using
WinXCOM  software. The quantitative elemental
compositions of the samples obtained using EDXRF
techniques, as well as their densities, served as input data to
the WinXCOM software. The computations are based on
Bragg’s Law.

In view of validating our subsequent calculations, we first
evaluated the linear attenuation coefficient (u) using
WinXCOM software. The obtained values at energies
ranging from 0.02 MeV to 15.00 MeV gamma energies
using WinXCOM [16-17].

3 Results and Discussion

The WinXCom computer software was used to generate the
mass attenuation coefficient for the energy range 0.02 to 15
MeV, presented in Tables. The linear attenuation
coefficient, half-value layer, tenth-value, and mean free
path values were calculated using Microsoft Excel software
and are presented in Figures 1, 2, 3, and 4, respectively.
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g. 2: Mass attenuation coefficient samples.
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Fig.3: Mass attenuation coefficient samples
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Fig.5: Tenth Value Layer Spectra of Samples.
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Fig. 6: Mean Free Path of Samples.

The mass attenuation coefficient (MAC) versus photon
power spectra of the eight studied fabricated concrete
doped with coconut shell ash are presented in Figure 1.

From the figure, the decrease in MAC values from 0.02 to
15 MeV shows a reduction in MAC value as energy
increases for the entire sample. Compton scattering is the
cause of the observed drop in MAC values as photon
energy increases, and at low photon energy, the increase in
MAC values is a result of the dominance or prevalence of
photoelectric interaction (absorption). For the present
fabricated concrete doped coconut shell ash, the maximum
(minimum) MAC values were obtained at photon energies
of 0.02 (15.00) MeV for all materials (A1-A8).

The variation in the value of the linear attenuation
coefficient (LAC) as a function of energy is depicted in
Figure 2. It was noted that the mass absorption coefficient
and the linear attenuation coefficient seem to follow a
similar trend. However, there is a relative difference in the
linear attenuation coefficient from that observed for MAC,
which is due to the density of the composites. At lower
photon energy, LAC values are high, due to dominance of
photoelectric absorption, while the reason for the decline in
LAC values with increasing photon energy is the increasing
significance of Compton scattering.

The half-value layer of photons in the investigated
fabricated concrete doped with coconut shell ash as a
function of photon energy is presented in Figure 3. The
HVL is inverse to that of LAC and MAC. For every
sample, the HVL typically increases with photon energy.

As photon energy rises, the contribution of Compton
scattering decreases, and photoelectric absorption becomes
more significant, increasing HVL values. At lower photon
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energy, Compton scattering tends to be the dominant
interaction, which leads to a decrease in HVL values. This
indicates that higher energy photons appear to be more
penetrating; hence, more thickness of absorbing material is
required to absorb them.

The tenth value layer of photons in the investigated
fabricated concrete doped with coconut shell ash as a
function of photon energy is presented in Figure 4. For
every sample, the TVL normally improves with photon
energy. When photon energy increases, the contribution of
Compton scattering decreases and photoelectric absorption
becomes more significant, resulting in an increase in TVL
values. At lower photon energy, Compton scattering tends
to be the dominant interaction, which leads to a decrease in
TVL values. This indicates that higher energy photons
appear to be more penetrating; hence, more thickness of
absorbing material is required to absorb them.

The calculated mean free path as a function of energy is
shown in Figure 5. The figure is similar to that of HVL and
TVL, and increases with an increase in photon energy due
to the contribution of photoelectric absorption interaction
being reduced, and Compton scattering dominates the
interaction and becomes more significant. This indicates
that higher energy photons travel further into the samples
due to reduced interaction cross sections of the processes
leading to photon absorption. The reduction in the MFP
values at lower photon energy is because photoelectric
absorption dominates the interaction [18].

4 Conclusions

Fabricated concrete doped with coconut shell ash was
investigated in this study using the WinXCom software,
which indicates that the maximum (minimum) mass
absorption coefficient values were obtained at photon
energies of 0.02 (15.00) MeV for all samples (Al-A8),
which shows a better shielding capability. The trend of the
linear absorption coefficient appears to be similar to that of
the mass absorption coefficient. From half-value thickness
and tenth-value thickness, it indicates that penetration is
directly proportional to the energy of photons; hence, for
higher energy photons, a thicker absorbing material is
required. The fabricated concrete doped with coconut shell
ash shows better attenuation capability than ordinary
concrete and slightly below the shielding capability of lead.
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