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Abstract

Gamma radiation poses health and environmental risks, creating the need for sustainable, low-cost, and eco-friendly shielding materials. In this
study, we modified ordinary concrete with palm nut shell ash (PNSA) to examine its mechanical, physical, and gamma ray shielding performance.
The adopted W/C (water-to-cement) ratio was 0.5 for the entire mixtures and the ratio of the samples’ masses to their respective volumes gives
the densities of our samples. The results reported that, as PNSA advances from 0 to 0.15 kg, the concrete density decreased from 2.40 to 2.25
g/cm?, accompanied by a rise in porosity from 14.5% to 21.5% as well as an increase in water absorption from 6.8% to 8.6%, 6.4% to 8%, and 5%
to 7% respectively for 7, 14, and 28 curing days. The mechanical characteristics decrease as PNSA is added to the concrete matrix. The Monte
Carlo N-Particle (MCNP) and Phy-X/PSD simulation results showed that CPNSA?2 had superior linear attenuation coefficient (LAC), confirming
higher gamma ray attenuation ability. Generally, this work displayed the prospect of adding PNSA for the purpose of shielding against the low and
intermediate y-ray energy. This study contributes by introducing palm nut shell ash as a sustainable cement substitute, demonstrating improved
gamma-ray attenuation with CPNSA2, and reducing reliance on costly and toxic conventional shielding materials.
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1. Introduction

*Corresponding author Tel. No.: +234-803-777-2627. The radiation absorbed dose strictly relied on the decay rate
Email address: rilwan.usman@naub.edu.ng (U. Rilwan) of the radiation source, the exposure period, the released photon
energy, the distance between the source and the exposed body
and existence of shielding material [1]. The dangerous effects
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of radiation (cancer of breast [2, 3], lung cancer, skin cancer
and the rest), even though it can be used for cancer treatments
such as liver cancer as reported by Refs. [2, 4], can only be
minimized by using efficient materials for shielding in order to
achieve the prescribed maximum permissible limit [3, 4].

Several investigations are ongoing on which materials could
serve as better additive to concretes in order to safeguard the
innocent public from gamma radiation harms [5-10]. Differ-
ent types and number of materials must be considered to shield
different types of ionizing radiation, different source disintegra-
tions and dosages. Although, other factors exist which neces-
sitate other materials for shielding gamma radiation in terms of
their heaviness, expensiveness, readily availability in the coun-
try, and production process [11, 12].

Mixing cement and other aggregates makes up the concrete
composite. The characteristics of concrete like gamma radia-
tion shielding features and mechanical features may be affected
by the aggregate type. The varying utilization of concrete in
nuclear medicine, nuclear power plants, waste disposal of ra-
dioactive materials and linear accelerators, made it a highly
acceptable shielding material, and also for its cost effective-
ness, ready availability, and environmentally friendly, concrete
is most widely used in building applications [13].

In the quest to enhance the gamma radiation attenuation
characteristics of a concretes, other researchers introduced
hematite to the concrete [14], several studies mixed concretes
with ilmenite [15], and various types of concretes were mixed
with lime by other researchers [16]. There are other types
of concrete were mixed with steel slags [17], and some were
mixed with galena [18]. Numerous researchers mixed their con-
cretes with lead [19], part of them with magnetite [20], a frac-
tion of researchers incorporated theirs with limonite [21], other
ones with barite [22], varieties of concretes were mixed with
waste tire powder as reported by Ref. [23].

Instead of considering local materials as wastes, they could
be utilized in concrete production, as cement’s partial replace-
ment in order to minimize the utilization of cement or as supple-
ment material to enhance the lifespan and strength of concrete
[24], because of its large percentage of SiO, and CaO, it can be
applied in radiation protection applications [25].

Therefore, this work investigates the impact of partially re-
placing cement with palm nut shell ash in physical, mechanical
and gamma radiation ability of a concrete. MCNP-5 code and
Phy-x/PSD were employed to estimate the MAC of the palm
nut shell ash incorporated with concrete in different percent-
ages by mass. The study chooses palm nut shell (PNS) because
of its availability in the area where the research is carried on and
also due to its projected density compared to other local materi-
als found within the area. The study addresses the gap through
investigation of the utilization of the cost-effective and readily
available PNS as partly replacement of cement in concrete for
improved gamma ray shielding.

2. Methodology

2.1. Preparation of the samples

Ordinary concrete was modified in this work by partially re-
placing cement with palm nut shell ash (PNSA). Four concrete
samples were fabricated (one composed of cement, sand (fine
aggregate), and granite (coarse aggregate), and the other three
composed of cement, sand, granite, and PNSA, with the PNSA
replacing the cement in different % by grams). The water-to-
cement ratio (W/C) adopted in this work is 0.5. The cement in
the concrete was partially replaced by PNSA in percentages of
0 %, 10 %, 20 % and 30 % for samples CPNSA1, CPNSA2,
CPNSA3 and CPNSA4 in the same order, respectively. In the
fabrication of the control concrete (concrete sample CPNSA1)
as in Table 1, 0.5 kg of cement was stirred with 1 kg of sand for
15 minutes before adding the needed quantity of water while
stirring for another 15 minutes, then 1 kg of granite was added
and the stirring was continued for further 10 minutes to attain
homogeneity. For fabrication of the concrete with 10 %, 20
%, and 30 % replacement of cement by PNSA (concrete sam-
ple CPNSA2, CPNSA3, and CPNSA4), 0.45 kg, 0.4 kg, and
0.35 kg of cement, 0.05 kg, 0.1 kg, and 0.15 kg of PNSA un-
derwent the same fabrication procedure as CPNSA1. The mix-
tures obtained were molded with a cylindrical plastic pipe of
height (thickness) 6 cm and diameter 2 cm as can be seen in
Figure 1. The fabricated cylindrical concrete samples whose
densities ranged between 2.25 g/cm? to 2.4 g/cm® were finally
packed and labeled for physical property test (density, porosity
and water absorption tests), mechanical property test (compres-
sive strength, flexural strength, and elastic modulus test) and
EDXREF analysis to examine the chemical compositions in the
samples as presented in Table 2.

The concrete samples’ density ([p], g/cm3) is the ratio of
the dried samples’ mass ([M], grams) to the volume ([V], cm?).
Measurement of the samples’ M values utilized digital weigh-
ing balance (SF-400) whereas the volume was obtained from
the relation given by Ref. [26] in equation (1).

V = nr?h(cm?®), €))]

where r and h are the radius and height of the samples respec-
tively. The sample’s densities were computed according to Ref.
[26] using equation (2).
m
Py
The porosity (P, %) of the fabricated samples was gotten by
immersing the sample of the concrete in water for period of 48h
and the weight was measured and recorded as saturated mass,
then the samples were oven-dried at 105 °C for another 48h,
and then re-measured and re-recorded the weight as dried mass.
The absorbed water volume (Vp in cm®) was then calculated
according to Ref. [26] via equation (3).

(g/m). )

Vy(cm?) =
[mass of saturated samples — mass of dry samples] X pyater

3



Rilwan et al. / J. Nig. Soc. Phys. Sci. 8 (2026) 2872 3

Figure 1. Procedure for the fabrication of concrete samples.
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Figure 2. SEM micrographs for the fabricated concretes samples: (a) CPNSA1 (b) CPNSA2 (c) CPNSA3 (d) CPNSA4.

Table 1. Mix proportion of the fabricated concretes.

Sample ID C (kg) S (kg) G (kg) PNSA (kg) D (g/cm?)
CPNSALI 0.50 1 1 0.00 2.40
CPNSA2 0.45 1 1 0.05 2.35
CPNSA3 0.40 1 1 0.10 2.30
CPNSA4 0.35 1 1 0.15 2.25

C = cement; S = sand; G = granite; PNSA = palm nut shell ash; D = density.

Then value P (%) can be determined according to Ref. [27] by
equation (4).

Vp
P(%) = (7 x 100). @)

The capability of withstanding the pressure from all axis is re-
ferred to as the comprehensive strength (oc, Kg/cm?) of the
concrete [27]. In another view, it is referred to as the force
per unit area required for a concrete to crack [27]. The samples

in the form of cylinders were mounted on the load frame. The
drive system was adjusted downward in order to mount pressure
on the samples. All samples were subjected to loading until
they crack at the rate of 0.1 Ns~!. The load cell, applied in se-
ries to the sample, gives the applied load which was converted
to an electrical signal. The compressive strength (o, (MPa)),
flexural strength (Fr (MPa)), and elastic modulus (Ec (GPa))
were computed according to Refs. [27-31] by equation (5), (7),
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Figure 3. The impact of palm nut shell ash (PNSA) concentration on den-
sity and porosity of all fabricated concretes samples (CPNSA1; CPNSA2; CP-

NSA3; CPNSA4.

Table 2. The chemical composition of the fabricated concretes.

Oxides CPNSA1 CPNSA2 CPNSA3 CPNSA4
CaO 60.84 70.99 67.49 52.84
SiO, 25.24 10.81 13.55 30.57
Na,O  0.61 4.23 2.06 1.50
ALO;  2.96 5.70 5.57 4.84
MgO 2.14 2.64 2.66 1.62
K,O 1.28 1.03 0.61 0.67
Fe,O3  2.16 1.20 2.38 2.38
P,0s 0.99 1.72 1.95 1.50
SO3 0.00 1.48 341 4.09
TiO, 0.00 0.20 0.32 0.00
CO; 3.79 0.00 0.00 0.00

CPNSA = concrete- palm nut shell ash.

and (8).

p 2
o=+ <kg/cm ), ©)
where P is the axial load (kg), and A is the concrete’s cross-
sectional area (cm?), calculated from according to Ref. [27, 31]
in equation (6).

A=2ITr(r+h), (6)
F,(MPa) = 0.7 /o, @)
Ec(MPa) = 5000 /0. (®)

2.2. Evaluation of the gamma-ray shielding

The gamma radiation shielding capability (GRSC) param-
eters of the samples were evaluated using the Monte Carlo
N-Particle (MCNP) code and Phy-X/PSD software. The
fabricated concretes chemical composition which proved by
EDXREF as well as the concretes density were introduced to a
previously constructed MCNP input file. The previously gen-
erated input file was thoroughly explained in numerous earlier
publications [32—35]. The described input file consists of many

10
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Figure 4. Alteration of water absorption capacity (%) for the fabricated con-
cretes at various curing days.

cards such as surface, cell, importance, material, source, physi-
cal, and tally cards. In the source card, the studied gamma-ray
energies were extended over a range of 0.015-15 MeV. After
that, using equation (9), the simulated ATLs tabulated in the
output file were converted to the linear attenuation coeflicient
([LAC], cm~! Then, through these simulated values, the HVL
(cm), lead’s equivalent thickness ([A.,;], cm), MAC (cm?/g), ra-
diation protection efficiency ([RPE], %), and transmission fac-
tor ([TF], %) were computed using equation (9) - (13) as re-
ported by Ref. [7, 36, 37].

1 1,
uem™) = ;ln(l—), )
-1

where p is the material density in g/cm?, I, and I, are the inten-
sities at time zero and at time t respectively. X is the sample
thickness measured in cm, with the MAC in cm?/g.

Estimation of parameters like the HVL, A,, and RPE (%)
were via the p value based on equations (11) - (13) as reported
by Ref. [38].

In2
Aps(em) = —, (11)
u
X(cm) In (L
Aeq(cm) — - ( I )Iead , (12)
ln (Tz)concrele
1, I, -1,
RPE(%) = - = (1—’) x 100. (13)

3. Results and discussion

As could be seen in Figure 2(a-d), micrographs (scanning
electron microscope) normally known as SEM for the entire
samples were captured at the ray’s energy up to 15 kV. The
scaling in um for the concrete sample CPNSA1 (Figure 2a),
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Figure 6. Influence of y-ray energies on the mass attenuation coefficient (W,
cmz/g) of the fabricated concretes using (a) Monte Carlo N-Particle (MCNP-5)
code and (b) Phy-X/PSD program.

CPNSAZ2 (Figure 2b), CPNSA3 (Figure 2c), and CPNSA4 (Fig-
ure 2d) were respectively 50, 100, 100, and 100 ym, where the
range of their enlargement was 8 Kx. The results for the mi-
crographs tell that the blended molecules were closely bonded
in a denser manner and are throughout distributed within the
matrix of the concrete. The produced samples exhibited mini-
mal porosity, which conforms with report of Ref. [5]. In this
research work, it was obviously seen that, when the concentra-
tion of the reused PNSA is added in the control concrete, the
specialty of the partitions of the blended molecules are affected

164 [ EEEN
I cPNSAZ
1.4 [ lcPNsA3z
| Il CPNSA4
1.2 =
—~1.0-
=
Los
L]
5 0.6 -
0.4 4
0.2 -

E (MeV)

Figure 7. Influence of energies on the linear attenuation coefficient (u, cm™")
of the fabricated concretes.

and the molecules become more clustered. This behavior is evi-
dence which confirmed that the addition of the amount of PNSA
in the control concrete samples reduces their crystallinity. This
behavior was similarly noticed in the work report by Ref. [29].

The analysis of the physical properties (density and poros-
ity) of the investigated concrete samples as shown in Figure 3. It
revealed that, as the PNSA content is increasing, the density of
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Figure 8. Representation of lead equivalent thickness (A4, cm) against energy.

the samples decreases, while its porosity increases. This trend
of increase in porosity when the density decreases is the normal
trend for the concrete material, agreeing with the report of Ref.
[29]. One of the preferred indicators that tell how durable a
concrete will be according to Ref. [29] is water absorption. As
such, water absorption in this study was estimated according to
the standard set by BS EN 1097-5 in 2008 by using a ventilated
oven and a measuring balance. The water absorption after 7,
14 and 28 days of curing for the prepared concrete samples is
presented in Figure 4. After 7, 14, and 28 days of curing, the
water absorption of the fabricated concretes increases by 44 %,
27 % and 14 %, respectively. For all the samples, the water
absorption decreases as the curing days increases. This phe-
nomenon can best be explained by concrete overall voids, since
according to Ref. [29], water permits entrance into concrete’s
voids. The calcium-silicate-hydrate (C-S-H) for the concretes
increases and overall voids decreases as the curing period in-
creases. The water absorption of the fabricated concretes is in-
creasing as the content of PNSA is added to the concrete matrix,
showing conformity with the report of Ref. [8]. The increas-
ing of water absorption may be attributed to the increase in the
overall concrete voids which might have resulted in presence of
high carbon particle in the PNSA as reported by Ref. [28].

The results for the mechanical properties such as compres-
sive strength, flexural strength and elastic modulus of the fab-
ricated concretes after 7, 14, and 28 days of wetting curing are
depicted in Figure 5a, 5b, and 5c. It was observed that, the
compressive and flexural strength as well as elastic modulus
increases as the curing days increases from 7, 14 and 28 days.
But it decreases as the content of PNSA is added to the concrete
matrix for CPNSA2, CPNSA3 and CPNSA4. These results are
in line with the result reported by Ref. [28]. The reduced me-
chanical properties (compressive strength, elastic modulus and
flexural strength) can be attributed to the increase in the concen-
tration of CaO in the samples as the content of PNSA is added
to the concrete matrix. This result agrees with the report of Ref.
[28].

This work succeeded in computing the mass absorption co-
efficient (MAC) for all the produced concretes samples by uti-
lization of two simulation software (Monte Carlo N-Particle
(MCNP-5) and Phy-X/PSD). The results of the comparison
between the MAC of the two-simulation software MCNP-5
and Phy-X/PSD for all the prepared concretes are presented
in Table 3, where the close agreement, with deviations below
+0.45%, confirms the reliability of both methods and validates
CPNSAZ2’s superior y-ray attenuation capability. As also pre-
sented in Figure 6a and 6b, the outcome of the two-simulation
software was seen to have a close matching with difference
ranging +1 %. The produced concrete CPNSA2 possessed a
superior value of the MAC (0.668 - 0.024 cm?g™"), then CP-
NSA3 (0.666 - 0.024 cm?g~!), after which CPNSA1 (0.629 -
0.024 cm?g~") follows, and the last produced sample CPNSA4
(0.597 - 0.023 cm?g~!) proved to have the least value for MAC
within the energy range of 0.05-15 MeV. The reduction in the
MAC values with increased y-photon energy is attributed to the
y-ray interaction modes photoelectric (PE), Compton scattering
(CS), and Pair production (PP) which are the main interactions
in the low, intermediate, and high energies, respectively. This
result is in line with the report published by Refs. [26-29].

Mindfully going through Figure 7, concrete sample CP-
NSA2 was observed to have possessed a superior value of the
LAC (1.570-0.057 cm™") out of all the produced concrete sam-
ples, then CPNSA3 (1.532-0.056 cm™!), thereafter, sample CP-
NSATI (1.510-0.057 cm™!) follows, and CPNSA4 (1.342-0.053
cm™') being the last concrete sample, possessed the smallest
value of the linear absorption coefficient (LAC). The reduction
in the value of the LAC with the enhanced y-photon energy is
attributed to the same reason discussed previously in the MAC
section. This result is in line with the report published by Ref.
[30, 34]. As described in Figure 8, the fabricated concretes fat-
ness that possessed a similar protection strength with a unit fat-
ness of ordinary lead at distinct y-photon-energies. There was
a considerable fall in A,, within the energy range of .015-0.05
MeYV, being the photon electron interaction energy region. Such
diminishing could be connected to decrease in the LAC value
of Pb (dropping by closely 97 %) as well as the produced sam-
ples of concretes (dropping by almost 97 % to 98 %), as the
energy advanced from 0.012 to 0.017 MeV. At 0.1 MeV, A,
rises as 125.76 cm (CPNSA1), 125.56 cm (CPNSA2), 128.429
cm (CPNSA3), and 136.918 cm (CPNSA4) respectively, which
is related to the K-edge possessed by Pb. There was a smooth
drop in the lead equivalent values for the prepared concretes be-
tween 17.405 cm to 4.78 cm for CPNSAL, 17.759 cm to 4.887
cm for CPNSA2, 18.146 cm to 4.993 cm for CPNSA3, and
18.608 cm to 5.102 cm for CPNSA4 at the intermediate in-
terval of energy as it increases from 0.3 MeV to 1.408 MeV.
The steady reductions could be connected to the normal reduc-
tion of the values of LAC observed in the produced samples of
concretes which reach 60.72% (CPNSA1), 60.88% (CPNSA?2),
61.35% (CPNSA3), and 61.42% (CPNSA4) reduction, whereas
the diminishing reaches 78% in the case of ordinary Pb. Be-
tween 2.5 MeV and 15 MeV, the A, values tend to increase
slowly. The increment of A,, value could be assigned to ad-
vancement in the value of LAC of the produced samples of



Rilwan et al. / J. Nig. Soc. Phys. Sci. 8 (2026) 2872 7

8o |(a)]
| == 4
70 - -
"‘"Eﬂ-. ’
&
E 50 -
E -
= 40 -
g ]
E}Bﬂ—
&2{]_. | - (:F"NEF&1.
1= e CPNSA2
L x 4 CPNSA3
SRR A

E (MeV)

100 -
(b m— CPMNSAA
|—l s CPNSAZ
80 — A— CPNSA3
J v CPMSAA
g 80
= |
= 40
(1 |
(1.
—

20 - ™
.
- q'h..‘\__-___‘
T w T T T bl ] ¥ ] L} T " ]
o 5 10 15 20 25 3
Concrete's thickness (cm)

Figure 9. Reliance of transmission factor of the fabricated concretes on (a) y- energy and (b) concrete’s thickness.

4]
Q
Lol bl b lol,l

RPE (%) at 5 cm Thickness
o
o

T T
12 14 16

o =2 8 1
E (MaW)
100 4 (b
g o0 1l
= 80
b4 E
_3_- 80
= 40 = CPNSA1
= | e  CPNSAZ
B2 20 4 & CPNSAZ3
oc 4 - CPNSA4
D T T T T T T T
o 5 10 15 20 25 30

Concrete’s thickness (cm)

Figure 10. Reliance of radiation protection efficiency of the fabricated concretes
on (a) y- energy and (b) concrete’s thickness.

concretes, that advanced by 16.05% (CPNSAL1), 17.03% (CP-
NSA2), 14.66% (CPNSA3), and 13.89% (CPNSA4) from 4.5-
15 MeV as the percentage of Pb is improved by 30.2 %. Addi-
tionally, the increased concentration of PNSA elevates the A,
values through the samples reduced LAC with increased con-
centration of PNSA. There is a close similarity that existed be-
tween the A, result of this study with the results that was pub-
lished by Refs. [30-37].

Additionally, Figure 9a illustrates how the values of the
LAC differs as a function of y-ray energy and its effects
of the transmission factor (TF) values for all the formed
samples of concretes. Following the results presented in

Figure 9a, the values of the TF was in the order of
CPNSA4>CPNSA3>CPNSA1>CPNSA2. The increase of y-
ray energy from 0.05-15 MeV raises the TF for the fabricated
concrete samples of 5 cm thickness between 0.05-75.17% (for
the CPNSA1), 0.04-75.21% (for the CPNSA2), 0.05-75.73%
(for the CPNSA3), and 0.12-76.77% (for the CPNSA4). For the
photon or gamma energies smaller compared to 0.05 MeV, the
value of the TF that was observed was relatively zero and all the
photons energies that were given out from the main sources of
the radiation were absorbed with in concrete boundaries. There
exists a great similarity between the TF results recorded in this
current work and the ones recorded in the work of Refs. [38—
45].

In contrary, Figure 9b revealed the calculated TF values
against the concrete thickness of all samples at energy of 1.408
MeV. It was obviously seen that, at different thickness, the val-
ues of the TF were dropping uniformly, which is due to the
path through which the y-photons follows. within the concrete
samples, an increase in the y-ray path-length enhances the in-
teractions resulted by photon-electrons, which later advances
the tendency to which the photons are absorbed. As a result,
the TF values reduced between 87.99-2.15% (for the CPNSA1
sample), 88.23-2.34% (for the CPNSA2 sample), 88.47-2.53%
(for the CPNSA3 sample), and 88.70-2.74% (for the CPNSA4
sample), increasing the concrete’s thickness between 1-30 cm,
respectively, agreeing with report of Refs. [28, 46].

Figure 10a and 10b demonstrate the variation of RPE,
which reduces as the energy of y-photon advances for the fabri-
cated concretes versus the concrete’s thickness and the energy
of y-photon. The drop in this is because of the fall in the cross-
section when the energy of photons advances, confirming pre-
vention of the complete photon absorption by the produced con-
crete samples. For produced concretes with 5 cm thickness, a
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Table 3. Comparison between the Monte Carlo N-Particle (MCNP-5) and Phy-X/PSD mass attenuation coeflicient for the prepared concretes at different energies.

Energy Mass attenuation coefficient (cm?/g)
MeV)

CPNSAL CPNSA2 CPNSA3 CPNSA4

MCNP- Phy- Diff MCNP- Phy- Diff MCNP- Phy- Diff MCNP- Phy- Diff

5 X/PSD (%) 5 X/PSD (%) 5 X/PSD (%) 5 X/PSD (%)
0.015 16.283 16.280 0.019 17.654 17.650 0.023 17.539 17.530 0.049 15.184 15.180 0.028
0.03  2.288 2.287 0.054 2.468 2.467 0.052 2.457 2.455 0.063 2.140 2.139 0.039
0.05 0.629 0.629 0.052 0.668 0.668 0.056 0.666 0.666 0.047 0.597 0.596 0.057
0.08 0.270 0.270 0.039 0.279 0.279 0.069 0.279 0.279 0.042 0.262 0.262 0.053
0.1 0.208 0.208 0.031 0.212 0.212 0.057 0.212 0.212 0.042 0.203 0.203 0.030
0.15 0.152 0.152 -0.061  0.153 0.153 -0.093  0.153 0.153 -0.070  0.150 0.151 -0.086
0.3 0.109 0.109 -0.112  0.109 0.109 -0.113  0.109 0.109 -0.120  0.109 0.109 -0.067
0.5 0.088 0.088 -0.075  0.088 0.088 -0.079  0.088 0.088 -0.077  0.088 0.088 -0.083
0.662 0.077 0.077 -0.121  0.077 0.077 -0.123  0.077 0.077 -0.120  0.077 0.077 -0.118
0.8 0.071 0.071 -0.093  0.071 0.071 -0.086  0.071 0.071 -0.081 0.071 0.071 -0.085
1.173  0.059 0.059 -0.439  0.058 0.059 -0.440 0.058 0.059 -0.450  0.058 0.059 -0.424
1.332  0.055 0.055 -0.372  0.055 0.055 -0.378  0.055 0.055 -0.390  0.055 0.055 -0.373
1.408 0.053 0.054 -0.374  0.053 0.053 -0.393  0.053 0.053 -0.387  0.053 0.053 -0.374
2.5 0.040 0.040 -0.224  0.040 0.040 -0.243  0.040 0.040 -0.229  0.040 0.040 -0.233
5 0.030 0.030 -0.233  0.030 0.030 -0.235  0.030 0.030 -0.229  0.030 0.030 -0.250
8 0.026 0.026 -0.202  0.026 0.026 -0.229  0.026 0.026 -0.216  0.026 0.026 -0.236
10 0.025 0.025 -0.222  0.025 0.025 -0.204  0.025 0.025 -0.233  0.025 0.025 -0.236
15 0.024 0.024 -0.214  0.024 0.024 -0.225  0.024 0.024 -0.198  0.023 0.024 -0.231
CPNSA = concrete- palm nut shell ash.

0.05 to 15 MeV advancement in y-photon energy resulted in
the radiation protection efficiency (RPE) drop by 75.15% (CP- ceNsAs

NSA1), 75.20% (CPNSA2), 75.72% (CPNSA3), and 76.74%
(CPNSA4), aligning with the report of Ref. [29]. Figure 5b
depicts the values for the RPE at 1.408 MeV. At this energy,
the RPE of the investigated concrete samples were increased
with the increase of sample thickness, showing the impact of
thickness on the gamma ray attenuation properties. It should
be noted, however, that even though at low thickness the values
of RPE reported to be significantly lower, some as low as 5 %,
compared to higher thicknesses. These values are almost 48.2%
and 60.7% at intermediate and higher thickness respectively.
Hence, it is vital to consider thickness when assessing the ef-
fect of shielding of radiation, especially for space-constraints.
The result of this work is in close agreement with the results of
Ref. [28, 47].

In Figure 11, we compared the results for the LACs of the
prepared concretes with those of previously published concretes
at photon energy of 0.662 MeV to facilitate the validation of the
presently studied concretes’ shielding ability [8, 27-30]. This
comparison showed that at 0.662 MeV, samples CPNSA1, CP-
NSA2, CPNSA3 and CPNSA4 had p values of 0.185, 0181,
0.178 and 0.174 cm™', respectively. The above-mentioned val-
ues of u are superior compared to 0% (0.145 cm™"), 10% (0.151
em™), 20% (0.150 cm™"), 30% (0.158 cm™") and 40% (0.161
cm™!) as reported by Ref. [27], EC (0.167 cm™ 1), B2C (0.175
cm™!), and BC2C (0.178 cm™!) as reported by Ref. [28], MO
(0.0306 cm~!), M1 (0.0479 cm™!), M2 (0.0543 cm™!), M3
(0.0691 cm™!), M4 (0.0757 cm™!), M5 (0.0891 cm™!), M6

M2

o PDNUSS

I 0.662 MeV | =

.00 0.05 0.10 015 0.20

Linear Attenuation Coefficient (LAC, cm™)

Figure 11. At photon energy of 0.662 MeV, a comparison for the developed
concretes’ linear attenuation coefficient to that of previously reported concretes.

(0.1018 cm™'), M7 (0.11306 cm™") as reported by Ref. [29],
and D (0.171 cm™') as reported by Ref. [8]. On the con-
trary, the LAC values of the prepared concretes in this work
are reported to be lower than that obtained for the concretes
S1 (0.1916 cm™'), S2 (0.1909 cm™!), S3 (0.1928 cm™!), S4
(0.1944 cm™"), S5 (0.2065 cm™") as reported by Ref. [30]. The
increased content of Bi;O3 which ranged from 20 to 40 wt %
in concrete samples S1-S5 may be the reason for the higher p
values in samples S1, S2, S3, S4 and S5, respectively.
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4. Conclusion

In the current study, ordinary concrete was modified to
improve its gamma radiation shielding features through par-
tial replacement of cement by PNSA. The study chooses palm
nut shell ash (PNSA) because it is readily available. It is
cost-effective, environmentally friendly, and contains a lot of
heavy metals such as potassium, calcium and magnesium. Four
samples of concretes (CPNSA1, CPNSA2, CPNSA3, and CP-
NSA4) with different percentages of PNSA substitute was pre-
pared and exposed to considerable testing. The mechanical
and physical properties, chemical constituent and gamma ray
shielding ability were investigated. The results revealed that,
when the content of PNSA is increased, the concrete density is
decreased. This was accompanied by a rise in porosity as well
as water absorption which could be associated with the con-
crete’s overall voids inside the sample. Even though PNSA is
added to the concrete matrix, there is an observable decrease
in mechanical properties such as flexural strength, compressive
strength and elastic modulus. So, our concrete samples are po-
tentially good for future radiation shielding application. Af-
ter the computations by Monte Carlo N-Particle (MCNP) code
Phy-X/PSD simulation software, it was observed that concrete
sample CPNSA2 proved the superior LAC, confirming higher
gamma ray attenuation ability. The current study further com-
pares the p values with previous literatures. The results from
this study further emphasized the importance of prioritizing
thickness of a material in gamma ray shielding purposes. Gen-
erally, this study presented a detailed insight for the optimized
performance of concretes, displaying its prospect for the pur-
pose of shielding of gamma radiation.

Data availability

The supporting data for this finding will be available upon
reasonable request.
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