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This study investigates the radiation shielding properties of magnesium oxychloride cement (MOC)
using acidic and basic pumice aggregates. Experimental tests and XCOM simulations revealed that
acidic pumice provided superior attenuation, especially at low energies, while basic pumice offered
advantages in mass efficiency. Findings highlight potential of MOC as an eco-friendly, functional
construction material.

Figure 2. Preparation of samples A: Pouring ingredients into a container, B: Mixing the
ingredients, C: Removing the samples from the mold/Sekil 2: Numunelerin hazirlanmasi A:
Malzemelerin bir kaba bosaltilmasi, B: Malzemelerin karistirilmasi, C: Numunelerin kaliptan
ctkarilmasi

Highlights (Onemli noktalar)

» Acidic pumice aggregate showed superior radiation shielding, especially at low energies.
/ Asidik pomza agregasi diisiik enerjilerde iistiin radyasyon zirhlama zelligi gostermistir.

»  Basic pumice provided better mass attenuation efficiency, particularly at higher energies.
/ Bazik pomza ozellikle yiiksek enerjilerde daha iyi kiitle zayiflatma verimliligi
saglamustir.

»  Experimental results were slightly higher than XCOM predictions, confirming material
effectiveness. / Deneysel sonuclar XCOM tahminlerinden biraz daha yiiksek ¢ikmus,
malzemenin etkinligini dogrulamigstir.

»  Findings highlight the potential of MOC-based concretes as eco-friendly functional
building materials. / Bulgular, MOC esasli betonlarin ¢evre dostu islevsel yapt
malzemeleri olma potansiyelini ortaya koymaktadur.

Aim (Amag): This study aims to investigate the radiation shielding properties of magnesium
oxychloride cement concretes containing acidic and basic pumice aggregates. / Bu ¢calisma, asidik
ve bazik pomza agregalart iceren magnezyum oksikloriir ¢imentosu betonlarimin radyasyon
zirhlama ozelliklerini incelemeyi amaglamaktadr.

Originality (Ozgiinlitk): The study presents a comparative evaluation of acidic and basic pumice
in MOC concretes, providing new insights into their effectiveness in radiation shielding
applications. /Calisma, MOC betonlarinda asidik ve bazik pomzamin karsilastirmall
degerlendirmesini sunarak radyasyon zirhlama uygulamalarindaki etkinliklerine dair yeni bulgular
ortaya koymaktadir.

Results (Bulgular): Experimental findings showed that acidic pumice concretes have higher
attenuation capacity at lower energies, while basic pumice concretes offer mass efficiency
advantages at higher energies. /Deneysel bulgular, asidik pomza betonlarimin diisiik enerjilerde
daha yiiksek zayiflatma kapasitesine sahip oldugunu, bazik pomza betonlarimin ise yiiksek
enerjilerde kiitle verimliligi avantaji sundugunu géstermigtir.

Conclusion (Sonug): Acidic pumice is more effective for compact shielding applications, while
basic pumice is suitable for lightweight structures, highlighting the versatility of MOC-based
concretes. /Asidik pomza kompakt zirhlama uygulamalari icin daha etkili, bazik pomza ise hafif
yapilar igin uygun bulunmus, bu durum MOC esash betonlarin ¢ok yonliiliigiinii ortaya koymustur.
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Abstract

New-generation cements are increasingly being investigated due to their potential for low carbon
emissions and reduced environmental impacts. Magnesium oxychloride cement (MOC) is an
innovative binder formed by the reaction of magnesia powder with MgCl. solution, offering
properties such as high early strength, good workability, low density, and fire resistance. In this
study, pumice was used as an aggregate in MOC-based concrete, and the radiation shielding
properties of the resulting concrete were investigated using both experimental methods and
XCOM calculations. Basic and acidic pumice aggregates, commonly used in lightweight concrete
production, were compared. The results showed that experimental radiation shielding values were
slightly higher than XCOM predictions, particularly at low energies. This highlights the critical
importance of material selection and the potential for innovative mix designs to enhance concrete
performance.

Asidik ve Bazik Pomza Agregalh Magnezyum Oksikloriir Cimentosunun
Radyasyon Zirhlama Ozelliklerinin Belirlenmesi

Makale Bilgisi

Arastirma makalesi
Basvuru: 01/05/2025
Diizeltme: 09/09/2025
Kabul: 12/09/2025

Anahtar Kelimeler

Magnezyum oksikloriir
Cimento

Pomza

Radyasyon zirhlama

Yeni nesil ¢imentolar, diisiik karbon emisyonlar1 ve ¢evresel etkileri azaltma potansiyelleri
nedeniyle giderek daha fazla arastirilmaktadir. Magnezyum oksikloriir ¢imentosu (MOC),
magnezya tozunun MgCl: ¢6zeltisi ile reaksiyonu sonucu olusan, yiiksek erken dayanim, iyi
islenebilirlik, diisiik yogunluk ve yangma dayaniklilik gibi 6zelliklere sahip yenilikgi bir
baglayicidir. Bu ¢alismada, MOC esasli betonda agrega olarak pomza kullanilmis ve elde edilen
betonun radyasyon zirhlama oOzellikleri hem deneysel yontemlerle hem de XCOM
hesaplamalariyla incelenmistir. Hafif beton iiretiminde yaygin olarak tercih edilen bazik ve asidik
pomza agregalart karsilastirilmistir. Sonuglar, deneysel radyasyon tutuculuk degerlerinin
ozellikle diisiik enerjilerde XCOM tahminlerinden biraz daha yiiksek oldugunu gostermistir. Bu
durum, malzeme seciminin kritik 6nemini ve betonun performansini artirmak icin yenilikgi
karisim tasarimlariin potansiyelini ortaya koymaktadir.

1. INTRODUCTION (GIRiS)

Magnesium-based cement, also known as Sorel
cement, differs from Portland cement in terms of
production technology and is a new-generation
binder that is being researched to prevent Portland
cement from releasing high carbon and damaging
the environment structure. Magnesium-based
cement is a combination of a cross-linking agent
that reacts with the calcined magnesite component
to form a solidified binder matrix. Concrete
mixtures prepared with magnesium oxychloride
cement (MOC) can have high compressive strength
between 55 and 69 MPa within 48 hours when
properly formulated. Concrete produced with MOC
is a very stable building material against heating,

freezing, and thawing cycles. MOC is produced by
mixing water, magnesium oxide (MgO), and
magnesium chloride (MgCl.) for a certain period
[1,2]. MOC has a shorter setting time than regular
Portland cement, but it has less water resistance. A
certain amount of phosphoric acid is added to the
mixture to minimize the disadvantage of MOC
against water. The properties of MOC have been
investigated in terms of MgO/MgCl, and
H,O/MgCl, molar ratios. The changes in
MgO/MgCl, and H,O/MgCl, molar ratios greatly
affect the mechanical properties of MOC. The most
preferred ranges for design purposes are 11-17
MgO/MgCl; and 12-18 H,O/MgCl, for a binder
with a majority of 5MgO MgCl,-8H,0O (phase 5)
crystals. However, the MgO/MgCl; mole ratio plays
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a major role in determining the H,O/MgCl, mole
ratio, primarily to regulate the workability of the
paste [3,4].

Research was conducted on various usage ratios of
several MOC types, including 13 mol fixed
magnesite, 12 mol water, and 0.5 to 1.9 mol
magnesium chloride. It was found that as the
amount of magnesium chloride used in MOC
increased, the compressive strength, initial and final
setting times, and water solubility values of the
samples also increased. The maximum compressive
strength value was found in the 1.5 mol magnesium
chloride samples used in MOC. According to X-ray
diffraction analysis (XRD) studies, Phase 5, 5 Mg
(OH)2*MgCl,-6H,0, gradually increased, while
hydrated magnesia, Mg (OH)., gradually decreased.
According to experiments using a scanning electron
microscope (SEM), phase 5 needle-shaped crystals
are very good at strengthening the MOC matrix.
Using the sample with the best strength among those
made using MOC, a nanocomposite containing SiC
nanoparticles was created. It was stated that this
composite does not carry the risk of grain growth
and does not require melting or burning for
sintering. With the high concentration of needle-
shaped reinforcing crystals in Phase 5, the increase
of magnesium chloride in the matrix, and the nano-
sized aggregate particles of SiC, the production of
stronger nanocomposites can be realized [4-6].

Pumice is a light and porous natural stone of
volcanic origin. Formed by releasing gases during
the rapid cooling and solidification of lava, this
stone draws attention with its low density, high heat,
and sound insulation properties. Pumice is an
environmentally friendly and recyclable material,
and it is used as an insulation material, especially in
the construction sector, in the production of
lightweight concrete and mortar [7,8]. Turkey, with
its rich pumice reserves, produces in provinces such
as Nevsehir, Isparta, Kayseri, Van, Agri, and Bitlis,
meeting both domestic market needs and exporting
to the world. Thanks to its lightness, pumice, which
reduces the weight of buildings and provides energy
savings, is an indispensable material for the
construction sector and other industries with its
natural structure and versatile use [9-11]. For this
reason, pumice is widely used in many construction
products.

Pumice is a porous rock type formed because of
volcanic activity. Pumice has been used as
aggregate in the production of lightweight concrete
in many countries of the world. Satisfactory
concrete, lighter than normal concrete with good

insulating characteristics, with high absorption and
shrinkage, can be manufactured using pumice [12].
The pores in pumice are usually unconnected
spaces. For these reasons, it is quite light, has low
permeability, and has high heat and sound
insulation [13, 14]. Pumice is widely used in many
industries, especially in the construction sector.
There are varieties of pumice, such as acidic pumice
and basic pumice. Acidic pumice is rich in silica,
usually containing 63% or more silica. It has more
quartz and feldspar in terms of mineral composition.
Basic pumice has a lower silica ratio, usually
containing 45-52% silica [15-17]. Acidic pumice is
light-colored, light gray, and cream colors, while
Basic pumice is darker, dark gray, and black. Acidic
pumice has a lower density because it is more
porous, but Basic pumice is less porous and
therefore has a higher density. Acidic pumice can
contain a glassier structure, and the rapid cooling
process limits crystallization. Basic Pumice Magma
cools more slowly, so it can contain more crystalline
mineral phases. These differences affect the
physical and chemical properties of pumice and,
therefore, its areas of use. Acidic and basic types of
pumice are important examples to understand the
diversity and versatile usability of this stone. The
acidic and basic properties of pumice make it a
versatile material for both industrial and
environmental applications. Both types of pumice
are used in various areas to maintain sustainability
and ecological balance [18-20].

The low pH level of acidic pumice allows it to be
used effectively in applications with acidic
properties. On the other hand, basic pumice stands
out with its composition structure, which contains
higher proportions of minerals such as iron and
magnesium. This type of pumice can be used in
applications that require alkaline properties,
especially since it is stable in environments with
basic pH levels. Its chemical composition is used in
the definition of pumice. The chemical composition
properties of acidic and basic pumice are given in
Table 1, and the physical properties are given in
Table 2 [21].
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Table 1. Chemical properties of acidic and basic pumice samples (%) (Asidik ve bazik pomza 6rneklerinin

kimyasal 6zellikleri (%))

Compound Acidic Pumice Basic Pumice
SiO; 72.5 45.0
AlO3 14.0 21.0
Fe O3 2.5 7.0
CaO 0.9 11.0
MgO 0.6 7.0
Na,0+K-0 9.0 8.0
LOI 3.0 1
Compound Acidic Pumice Basic Pumice
SiO; 72.5 45.0
AlO3 14.0 21.0
Fe O3 2.5 7.0
Table 2. Physical properties of acidic and basic pumice samples (Asidik ve bazik pomza 6rneklerinin fiziksel
ozellikleri)
Properties Acidic Pumice Basic Pumice
Unit Volume Weight 613 1012
(kg/m?®)
Water Absorption 20.8 9.6

2. MATERIALS AND METHODS (MATERYAL
VE METOD)

In this study, MOC, Magnesium Oxide (MgO), and
Magnesium Chloride (MgCl,) prepared in certain
proportions, were used as binders. The following
chemicals were used for the syntheses:
MgCl.-6H,0 (>99%), MgO (>98%), and deionized
water.

The ratio of 5 MgO to MgCl.-6H-0 was used for the
synthesis of a stoichiometric phase of MOC with a
composition 5Mg(OH)2-MgCl,-8H,O (termed as
Phase 5, also known as Mg3(OH)sC1-4H.0). To
prepare the first sample, 30.6 g of MgCl,-6H,0 was
dissolved in 19.0 g of deionized water. In the next
step, 30.4 g of magnesium oxide was added, and the
of Phase 5:

5 MgO + MgCl,6H,0 + 3 H,0-5Mg(OH),-MgCl,8H,0 1)

Similarly, the stoichiometric Phase 3
(3Mg(OH),-MgCl,-8H,0 or Mg,(OH),Cl-4H,0)
was prepared by mixing MgO, MgCl,-6H,0 and
H,O in the molar ratio 3:1:5. To prepare the second
sample, 39.1 g of MgCl,-6H,0 was dissolved in

17.3 g of deionized water. In the next step, 23.2 g of
magnesium oxide was added, and the suspension
was intensively stirred for 5 min. The formation of
magnesium oxychloride cement MOC 3-1-8 is
summarized in the following Equation (2):

3 MgO + MgCl,6H,0 + 5 H,0 — 3Mg(OH),"MgCl,8H,0. @)

Suspensions were used to prepare samples. Isparta-
Karakaya and Isparta-Gelincik pumice were used as
aggregate. Sieve analysis was performed to
standardize the granulometry of the aggregates
used, and castings were made according to the
determined granulometry. After the crushing
process, one of the most important parameters to
obtain high-strength concrete is sieve analysis. The
dimensions of the aggregates should have a

distribution by the standards; that is, the general
grain distribution should be known, or the aggregate
grain distribution ratios should be adjusted correctly
to provide a suitable composition and prevent grain
segregation. In this study, acidic and basic pumice
were used. First, MOC was produced with acidic
pumice (MAP) and basic pumice (MBP). Isparta
Karakaya and Isparta Gelincik Pumice are given in
Figure 1.
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Figure 1. Isparta Karakaya and Isparta Gelincik Pumice (Isparta Karakaya ve Isparta Gelincik Pomza)

The radiation shielding properties of the produced
concrete samples were examined. Experiments
were carried out on 3 samples from each series. The

production phase of the samples is given in Figure
2.

Figure 2. Preparation of samples A: Pouring ingredients into a container, B: Mixing the ingredients, C:

Removing the samples from the mold (Numunelerin hazirlanmasi A: Malzemelerin bir kaba bosaltilmas1, B:
Malzemelerin karistirilmasi, C: Numunelerin kaliptan ¢ikarilmast)

Experiments with radiation shielding were
conducted in the Gamma Spectroscopy Laboratory.
A gamma spectroscopy system uses the interaction
of the emitted gamma rays with the Nal (TI)
detector to distinguish them based on their energy.
The radiation shielding experimental setup, Na (T1)
scintillation detector, was used to evaluate radiation
absorption coefficients. The scintillator, which is a
sparkling substance, and the photomultiplier tube,
which houses the photocathode, electrode, electron
multipliers, and anode, are the two primary
components of a scintillation detector. The gamma
ray first enters the scintillator, where it interacts
with certain solid, liquid, or gaseous materials
known as scintillation phosphors to cause ionization
and excitation. Gamma-ray-excited electrons return
to their initial state and release light when the
energy required to remove them from their

environment is insufficient. Photomultiplier tubes
gather the emitted light and transform it into a
voltage pulse. The energy of the radiation
determines the amplitude of this pulse. These
detectors can also be used for energy separation and
counting. With the aid of an amplifier, the gamma
radiation-generated signals in the Nal (T1) detector
are strengthened and shaped to offer the proper
energy separation. The Multi-Channel Analyzer
(MCC), which has 16384 channels, each of which
represents an energy, receives the signal from the
amplifier and transforms it into digital form. The
analyzers digitally transformed data is shown as a
spectrum on the screen. The high-voltage unit
supplies power to the system [22, 23]. As seen in
Figure 3, it will be ensured that the sample is equally
spaced from the source and the detector during the
trials.
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Figure 3. Schematic and real images of the detector and electronic devices that make up the gamma

spectroscopy system (Gama spektroskopisi sistemini olusturan dedektdr ve elektronik cihazlarin sematik ve gergek
goriintiileri)

All concretes were measured using the same
reference measurement. After that, the samples
were positioned between the detector and the
source. Concrete radiation absorption coefficients
were determined using **¥’Cs and ®°Co radioactive

Source Pb Armor

CKA Amplifier HV

sources in tests conducted at 662 keV, 1173 keV,
and 1332 keV energies. In the experiments, it will
be ensured that the sample is at an equal distance
between the source and the detector, as shown in
Figure 4.

Figure 4. Detector and electronic devices that make up the gamma spectroscopy system (Gama
spektroskopisi sistemini olusturan dedektor ve elektronik cihazlar)

The linear attenuation coefficient (u) is the
probability of radiation interaction with a material
per unit path length. The mass attenuation
coefficient (u/p) is the probability of all types of
interactions (photoelectric, Compton, and pair
production) per unit mass density. Parameters such
as effective atomic number, effective electron
density, half-value layer (HVL), mean free path
(MFP), and X-ray and gamma-ray transmission
factors can be calculated using the mass attenuation
coefficient [24].

p_(_1 L

b= (=) (D) ®
Where x is the thickness of the absorbing material,
lo and | represent the initial radiation intensity and

transmission, respectively.

The total mass attenuation coefficient (puotar) IS the
aggregate of the attenuation coefficients for

photoelectric absorption, Compton scattering, and
pair production for a particular energy photon [25].

Mtotal = Lphotoelectric T Hcompton T Wpair— production (4)

Half-value layer (HVL) is the thickness of radiation
shielding required to reduce the radiation intensity
by half compared to the initial radiation intensity.
Meanwhile, Tenth-value layer (TVL) is the
thickness of radiation shielding required to reduce
the radiation intensity by one-tenth compared to the
initial radiation intensity. Both parameters can be
calculated using the equation [26]:

HVL =1n2/p (5)
TVL =1n 10/p (6)

Mean free path (MFP) is a concept used to measure
the average distance traveled by particles or photons
in a medium before they interact or collide with
other particles. Low-energy photons lose their
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energy over shorter distances, while high-energy
photons require longer distances. This parameter is
defined as a statistical measure used to describe how
often particles or photons will interact in a specific
medium. MFP can be calculated using the value of
the linear attenuation coefficient [27]:

A= @)

1
i
WinXCOM was established to calculate photon
interaction cross-sections and mass attenuation
coefficients for different combinations of elements,
compounds, or mixtures across energy levels
ranging from 1 keV to 100 GeV. This popular and
widely used tool was recently converted to the
Windows platform. Many people have now
modified this standalone program to run in the
Windows environment. For an energy grid set at

2,5
2,0
1,5
1,0
0,5

0,0

standard values with points roughly logarithmically
separated, or for a user-specified grid, WinXCom
can produce cross-sections or attenuation
coefficients. In addition to providing complete mass
attenuation coefficients for compounds, it also
presents partial cross-sections for pair production,
coherent scattering, incoherent scattering, and
photoelectric absorption. Additionally, as total
attenuation coefficients are frequently employed in
gamma-ray transport calculations, they provide
these without the contribution of coherent
scattering.

2. RESULTS (BULGULAR)

In this study, experiments were carried out on 3
samples from each series. The density values of the
produced samples are given in Figure 5.

Density (g/cm?)

MAP-1MAP-2MAP-3 MBP-1 MBP-2 MBP-3

Figure 5. Density values of samples (Numunelerin yogunluk degerleri)

Kilincarslan et al. (2018) [14] produced foam
concrete with Portland cement using Isparta-
Karakaya pumice. They obtained the 28-day
compressive strength values of the foam concretes
with a density of 0.551 g/cm® as 8 MPa and the
thermal conductivity values as 0.14 W/ mK.

Lineer attenuation coefficient (cm!)

MAP-1 MAP-2 MAP-3 MBP-1 MBP-2 MBP-3
H662keV W1173keV m1332keV

0,2000
0,1600
0,1200
0,0800
0,0400

0,0000

Concrete radiation shielding coefficients were
determined using **’Cs and ®°Co radioactive sources
in tests conducted at 662 keV, 1173 keV, and 1332
keV energies. The radiation retention coefficient
values of the samples are given in Figure 6.

Mass attenuation coefficient (cm?/g)
MAP-1 MAP-2 MAP-3 MBP-1 MBP-2 MBP-3
m662keV m1173keV ®1332 keV

0,1000
0,0800
0,0600
0,0400
0,0200

0,0000

Figure 6. Lineer and mass attenuation coefficient values of samples (Numunelerin dogrusal ve kiitle zayiflama
katsayis1 degerleri)
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The findings in the table compare the linear and
mass attenuation coefficients of MAP and MBP
materials at different energies (662 keV, 1173 keV,
and 1332 keV) and reveal the radiation attenuation
performances of these materials. In terms of linear
attenuation coefficient, it is observed that MAP has
higher values compared to MBP at all energies.
MAP, which shows a higher linear attenuation
coefficient of 44% at 662 keV, 38% at 1173 keV,
and 33% at 1332 keV, contributes to the absorption
of photons. However, this difference decreases as
the energy increases, i.e., the superiority of MAP for
high-energy photons decreases relatively. The main
reason for this is that the probability of high-energy
photons interacting with the material decreases, and
they can penetrate deeper. On the other hand, when
evaluated in terms of mass attenuation coefficient,
it is observed that MBP has higher values compared
to MAP. With a higher mass attenuation coefficient
of 3% at 662 keV, 7.5% at 1173 keV, and 11.5% at
1332 keV, MBP shows more radiation attenuation
per unit mass. This indicates that MBP is
advantageous in terms of low density while
maintaining a relatively strong attenuation capacity.
The fact that the mass attenuation advantage of
MBP increases as the energy increases indicates that
this material can be an effective option for high-
energy photons.

In many different applications, radiation concrete is
essential for preventing damaging ionizing radiation

HVL (cm)
8 [ ]
¢ 1]
6 1ol
! 1 !
P S

A662keV m1173keV 1332 keV

[28,29]. It is an essential component of reactor
containment buildings, spent fuel storage, and waste
disposal facilities in nuclear power plants, and it is
vital for protecting both the environment and
employees. To provide a secure environment for
patients, employees, and guests, medical facilities
also use radiation shielding concrete to construct the
walls, floors, and ceilings of diagnostic imaging and
radiation therapy rooms [30]. Additionally, it is
necessary for industrial radiography facilities,
which allow for safe non-destructive testing in the
construction, automotive, and aerospace industries
[31, 32]. Radiation shielding concrete is essential to
the safety and compliance of research labs that work
with radioactive materials. It is used by the military
in command centers and bunkers to shield
equipment and people from nuclear threats. By
isolating radioactive materials in nuclear waste
storage, radiation shielding concrete stops radiation
from seeping into the surrounding environment
[33]. Additionally, it protects employees when
handling and producing medicinal isotopes in
radiopharmaceutical manufacturing. All things
considered, radiation-shielding concrete is essential
for maintaining safety and legal compliance while
promoting the advantageous application of radiation
in various industries. HVL and TVL values of the
sample are given in Figure 7, and MFP values are
given in Figure 8. In Figures 7 and 8, the first three
bars show MAP values and the last three bars show
MBP values.

TVL (cm)
30
® ¢ ¢
[ | T l‘
A
20 . . . i A
| | | | |
s 1 1 i

10

A662keV m1173keV @1332keV

Figure 7. HVL and TVL values of the samples at 662 keV, 1173 keV and 1332 keV energies (662 keV,
1173 keV ve 1332 keV enerjilerindeki numunelerin HVL ve TVL degerleri)

When the HVL and TVL values are evaluated, it is
seen that both the HVL and TVL values of the MBP
material are higher than those of MAP at all
energies. For example, at 662 keV, the HVL for
MAP is 4.20 cm, while it is 6.05 cm for MBP,
meaning that the half-value thickness of MBP is
44% higher than that of MAP. Similarly, at 1332
keV, the HVL for MAP is 5.56 cm, while it is 7.42

cm for MBP, indicating that MBP requires more
thickness. A similar trend is observed in terms of
TVL values; at 662 keV, the TVL value of MAP is
13.95 cm, while it is 20.12 cm for MBP, indicating
that MBP requires 44% more thickness than MAP
to reduce the radiation to one-tenth.
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These results show that MAP is a better attenuator
compared to MBP, that is, it absorbs more radiation
with less material. The difference is more
pronounced, especially at low energies, and it is
seen that the difference decreases as the energy
increases. While the difference between MAP and
MBP decreases at 1332 keV, it is still understood

that MAP is a better attenuator. These findings show
that MAP is a more advantageous material for
effective protection with a thinner layer in radiation
shielding applications, but MBP can also be
considered if other factors, such as lightness or cost,
come into play. The MFP values obtained in the
study are given in Figure 8.

MFP (cm)
12
10 ¢ 2 !
! |
T
6 A A A
4
2
0
A 662 keV 1173 keV @1332 keV

Figure 8. MFP values of the samples at 662 keV, 1173 keV and 1332 keV energies (662 keV, 1173 keV ve
1332 keV enerjilerindeki numunelerin MFP degerleri)

Mean free path values at 662 keV energy are on
average 6.059037 in MAP samples and 7.661328 in
MBP samples. Mean free path values at 1173 keV
energy are on average 7.050643 in MAP samples
and 8.885692 in MBP samples. Mean free path
values at 1332 keV energy are on average 8.021529
in MAP samples and 10.703606 in MBP samples.
The difference between MAP and MBP samples is
also clearly seen in the Mean Free Path (MFP)
values. MFP shows how far photons can travel in a
material without colliding and expresses the
permeability of the material to the photon beam. At
662 keV, 1173 keV, and 1332 keV, the MFP values
of the MAP sample are lower than those of the MBP
sample at each energy level. For example, at 662
keV, the MFP value of the MAP sample is
6.059037, while that of the MBP sample is
7.661328. This indicates that the MAP sample
causes photons to collide at shorter distances;
therefore, the photons are absorbed more quickly in
the material. It is observed that MFP values increase
as energy increases in both samples. This is related
to the fact that as photon energy increases, photons
are attenuated less in the material and can travel

longer distances. In general, the MBP sample allows
photons to travel longer distances than the MAP
sample because the MFP values of the MBP are
higher at each energy level. This means that the
MBP has a lower attenuation of the photon beam,
and the photons are free to move in this material for
a longer time. The MAP sample, on the other hand,
has shorter MFP values, which means that the
photons attenuate more quickly and collide at
shorter distances.

The values obtained at 662 keV, 1173 keV, and
1332 keV energies, because of entering the data into
the WinxCOM program output examples are given
in Figure 9 for the MAP sample and Figure 10 for
the MBP sample.
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Figure 9. WinxCOM mass attenuation coefficient values of the MAP sample at 662 keV, 1173 keV and

1332 keV energies (MAP érneginin 662 keV, 1173 keV ve 1332 keV enerjilerindeki WinxCOM Kkiitle zayiflama katsay1st
degerleri)
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Figure 10. WinxCOM mass attenuation coefficient values of the MBP sample at 662 keV, 1173 keV and

1332 keV energies (MBP éreginin 662 keV, 1173 keV ve 1332 keV enerjilerindeki WinxCOM kiitle zayiflama katsayisi
degerleri)

The mass attenuation coefficient values of the MAP  the mass attenuation coefficient values of the MBP
samples obtained according to the experimental and  samples are shown in Figure 12.
XCOM analysis results are given in Figure 11, and
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3 o1 g o1 T 01
5 . \E, . % e
~ - o
E 0,08 . 'g 0,08 . :g 0,08 .
'S e — = e ——— 0 = e — @
£ 006 £ 006 g 0,06
] 2 8
8 8 5
c
§ 0,04 S 0,04 g 0,04
= = E]
g 2 5 —XCOM
5 002 —XCOM £ 0,02 —XCOM % 0,02 !
§ ® Experimental - o Experimental 2 ® Experimental
g o g 0 z o
= 0 500 1000 1500 0 500 1000 1500 0 500 1000 1500
Energy (keV) Energy (keV) Energy (keV)

Figure 11. Experimental and XCOM values of the MAP sample (MAP 6rneginin deneysel ve XCOM degerleri)
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Figure 12. Experimental and XCOM values of the

It is observed that the experimental results are
slightly higher than the XCOM values at all energy
levels (662 keV, 1173 keV, and 1332 keV). For
example, for MAP 1, the experimental value at 662
keV is 0.0878 while the XCOM value is 0.07676,
which is approximately 14.4% higher than the
experimental measurement. Similarly, at 1173 keV,
the experimental value is 0.0754 while the XCOM
is 0.0659, which is also approximately 14.4%
higher. At 1332 keV, the difference decreases to
1.2%. Similar trends are also valid for MAP 2 and
MAP 3. The experimental value of MAP 2 at 662
keV is 0.0869, which is 13.2% higher than XCOM,
but this difference decreases to 0.5% at 1332 keV.
The same trend continues for MAP 3, there is a
difference of 13.6% at 662 keV, decreasing to 0.5%
at 1332 keV. These findings show that the
experimental results are higher than the XCOM
calculations at low energies, but the difference
decreases as the energy increases. In general, it was
determined that there is a good agreement between
the XCOM data and the experimental findings.

The results of this study suggest that both MAP and
MBP concretes possess unique properties that make
them suitable for specific industrial applications.
MAP concretes, which demonstrate high radiation
shielding capacity, are particularly promising for
use in nuclear facilities, medical radiology rooms,
and research laboratories where exposure to gamma
and X-ray radiation is a critical concern. Their
ability to attenuate radiation efficiently, combined
with satisfactory mechanical performance, ensures
both safety and structural integrity in such
environments. On the other hand, MBP concretes,
incorporating lightweight aggregates such as
pumice, offer reduced density while maintaining
adequate mechanical properties. These
characteristics make MBP concretes ideal for
applications  where  weight  reduction s
advantageous, such as in high-rise buildings, long-
span structures, or modular construction. The
reduced dead load can lead to lower structural
demands, cost savings, and improved seismic
performance, all while maintaining environmental

MBP sample (MBP émeginin deneysel ve XCOM degerleri)

benefits due to the use of sustainable aggregates.
Overall, the selection between MAP and MBP
concretes should consider both functional
requirements such as radiation shielding versus
lightweight structural performance and
environmental and economic factors. These insights
highlight the versatility of MOC-based concretes
and point to opportunities for further optimization
in industrial applications.

3. CONCLUSIONS (SONUCLAR)

In conclusion, the findings of this study provide a
comprehensive comparison of the radiation
attenuation properties of MAP and MBP materials
at different photon energies, highlighting their
respective advantages in radiation shielding
applications. The linear attenuation coefficient
analysis demonstrates that MAP exhibits superior
photon absorption capabilities compared to MBP
across all energy levels, with the difference being
more pronounced at lower energies. This indicates
that MAP is a more effective shielding material for
lower-energy photons, where the probability of
interaction is higher. However, as photon energy
increases, the difference between MAP and MBP
decreases, suggesting that high-energy photons
penetrate both materials more easily, reducing
MAPs relative advantage. In contrast, the mass
attenuation coefficient results reveal that MBP
performs better than MAP in terms of radiation
attenuation per unit mass, particularly at higher
energies. This suggests that MBP could be a more
efficient choice when material density or weight
reduction is a key consideration, making it
potentially advantageous in applications where
lightweight shielding is required.

The HVL and TVL values further reinforce these
observations by showing that MBP requires greater
thickness than MAP to achieve the same level of
radiation attenuation. At all photon energies, both
HVL and TVL values for MBP are higher than those
of MAP, emphasizing that MAP is a more effective
attenuator, requiring less material to achieve the
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desired shielding effect. This property makes MAP
a preferable option in scenarios where space and
material efficiency are critical. However, the
increasing HVL and TVL differences at higher
energies also indicate that MBP's relative
effectiveness improves as energy increases. The
MFP results also align with these trends, as MAP
consistently exhibits lower MFP values than MBP,
confirming that photons travel shorter distances
before undergoing interactions in MAP. This
indicates that MAP can attenuate photons over a
shorter distance, further confirming its effectiveness
as a shielding material. On the other hand, MBP 's
higher MFP values indicate that it allows photons to
travel longer distances without interactions, making
it less effective for shielding but potentially suitable
for other applications where controlled photon
transmission is required.

Additionally, the comparison between experimental
and XCOM data reveals a consistent trend where
experimental attenuation values are slightly higher
than XCOM predictions, particularly at lower
energies. Despite these differences, the overall
agreement between experimental and XCOM data
suggests that theoretical models provide reliable
estimates for attenuation coefficients, with
experimental ~ validation  offering  valuable
refinements. Overall, these findings highlight that
acidic pumice is a highly effective material for
radiation shielding, especially in applications
requiring compact, high-performance barriers.
However, basic pumice remains a viable alternative
in applications where material density and weight
considerations play a crucial role. The study
highlights the importance of selecting shielding
materials based on specific application needs,
energy levels, and practical constraints, ensuring
optimal radiation protection in various scenarios.
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