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HIGHLIGHTS

ABSTRACT

This study focuses on the ability of both ZnO and GdzOgs used as doping agents in glass
in order to replace shielding for lead purposes. The choices of metal-transition oxide and
rare earth oxide doping aim to compare shielding results, given their different properties.
A thermal study of two series of Zinc oxide and Gadolinium oxide in different percentages
is performed. The radiation attenuation properties of these doped glasses were developed.
Experimental measurements were performed using a photon spectrometer. Photons
incident from Co-60 and Cs-137 sources with main energies of 662, 1173, and 1332 keV
were applied to the shield. This study demonstrated that adding either Gadolinium
oxide or Zinc oxide to medical glass enhances the radiation attenuation ability, with a
preference given to Gadolinium Oxide glass doping. In terms of radiation attenuation,
the results obtained with Gadolinium Oxide are comparable to those obtained with lead
oxide-doped glass. In addition to the attenuation factors, the thermal properties of each
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1 Introduction

Tonizing radiation can be derived from various sources, in-
dustrial and natural (Durante and Cucinotta, 2011). The
understanding and characterization of radiation rely on
the analysis of its behavior, which is determined by its
energy and type (Kohsiek et al., 2007). Radiation is pri-
marily categorized into two main types. The first encom-
passes bosonic particles and electromagnetic waves, while
the second includes massive particles that possess both
mass and energy. This group comprises charged particles,
such as alpha and beta particles, as well as protons, along-
side neutral particles like neutrons (Alcocer and Alcocer,
2021; Kleinknecht, 1998). A fundamental consideration
for any location that handles radiation sources, particu-
larly ionizing radiation, is to enhance preventive measures
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and safety protocols (Part, 2011). Ionizing radiation, par-
ticularly gamma rays and X-rays, can significantly harm
living cells in the human body, animals and plants through
their effects on DNA, leading to disruptions in its molecu-
lar structure. Indeed, when cells are exposed to radiation,
they can become damaged or die and these damaged or
dead cells may lead to cancer or genetic abnormalities.
Consequently, while the fundamental principles of protec-
tion against ionizing radiation are relatively straightfor-
ward to discuss and understand in theory, their practical
application presents numerous complexities. By using ma-
terials that can shield against radiation, like ceramics, it
provides vital safety for workers and the general public in
settings and establishments that handle ionizing radiation
sources, whether they are industrial, medical, or other fa-
cilities that use radiation sources (Tanny, 2015; Gunoglu
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and Akkurt, 2021). Tt is possible to mitigate the impact of
radiation doses utilized in various applications. Each cate-
gory of radiation, determined by its source’s intensity and
type, necessitates a specific protective strategy tailored to
its characteristics. While the primary determinant of re-
duced radiation exposure is the thickness of the protective
material, the type and thickness of this material must also
be adapted based on the energy levels and classification of
the radiation involved (Osei-Mensah et al., 2012; Waheed
et al., 2025). Three fundamental actions can prevent or
lessen the harm that ionizing radiation causes, according
to the protection from ionizing radiation principle: first,
cutting down on exposure duration. Second, increasing as
much as possible the distance between the source and the
exposed individual, and third, employing protective gear
(Oto et al., 2019). These factors are therefore regarded as
the essential components of radiation protection, whether
direct or indirect. Radiation doses can be absorbed and
decreased by utilizing shields made with the proper geo-
metric shapes and dimensions. High-density materials like
lead, concrete, and ceramics are generally good at protect-
ing against radiation. Doping glass with ZnO is also used
as coming material against (Obaid et al., 2018; Almuqrin
et al., 2024).

The selection of appropriate materials to safeguard
workers from radiation exposure is a fundamental aspect
of radiation protection. This includes the effectiveness of
shielding, which is contingent upon the types of materials
employed, as these vary according to the radiation type.
To increase the density and improve the luminous quali-
ties, doping elements are added to the glass. GdsO3 doped
glass exhibits some particular physical and chemical prop-
erties that set it apart from other materials through its
transparency and lightweight nature (Eevon et al., 2016;
Chen et al., 2003). The physical characteristics of glass
are altered when doping oxide powder is added. Gener-
ally, Gadolinium doped glass composition is affected when
exposed to ionizing radiation and this has a significant
impact on the resulting materials’ characteristics. Addi-
tionally, the incorporation of oxide components into its
composition enhances its utility across a range of appli-
cations, particularly in radiation protection technologies
(Al-Buriahi et al., 2025). Several studies have been car-
ried out on the properties of Gadolinium oxide doped glass
as a shield against ionizing radiation (Al-Hadeethi et al.,
2019; Li et al., 2017). Moreover, it is notable for its diverse
applications across multiple sectors, including both biolog-
ical sciences and contemporary industrial innovations. In
industrial settings, gadolinium oxide is employed in con-
junction with luminescent networks to enhance the char-
acteristics of specialized sensors and luminescent materials
(Sayyed et al., 2025a). Also, Gadolinium oxide is recog-
nized for its chemical stability and thermal stability, ex-
hibiting a low energy threshold of approximately 300-600
cm~!, which can be further improved by the incorpora-
tion of lanthanide ions (Hazarika and Mohanta, 2013; He
et al., 2017). It is regarded as one of the most valuable
composite materials for enhancing the properties of con-
trast agents in medical imaging, particularly in magnetic
resonance and fluorescence applications. This efficacy can
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be attributed to the valence of gadolinium within the ma-
trix, which facilitates the formation of a highly stable 4f
electron shell containing seven unpaired spins, thereby en-
dowing the material with significant magnetization prop-
erties (Ansari et al., 2019).

Gadolinium Oxide (GdO3) exhibits remarkable opti-
cal properties, characterized by its ability to absorb spe-
cific wavelengths while maintaining transparency. This
versatility renders it particularly effective as a shield
against gamma rays. This is extremely important, as is
the case with CT scans, where professionals such as tech-
nicians and physicists working in this field need a clear
field of view through the window. Additionally, GdsOs3
finds application in various imaging technologies. The
optical characteristics of Gadolinium-containing materi-
als can be further enhanced through the doping of these
materials‘with other lanthanide ions. The introduction of
activator ions creates opportunities for producing materi-
als that demonstrate significant light transmittance, high
Stokes shifts, sharp emission spectra, extended lifetimes,
resistance to ‘bleaching, and pronounced photon absorp-
tion, thereby functioning as an effective barrier to photons.
Furthermore, gadolinium oxide possesses the capability to
modulate excitation and emission wavelengths within des-
ignated ranges. These unique properties facilitate the use
of Gadolinium oxide in-a wide range of photonic applica-
tions, which include both cutting-edge technological inno-
vations and its use as a shield against radiation (Hazarika
and Mohanta, 2013; He et al., 2017). This study seeks to
investigate the effect of the incorporation of Gadolinium
oxide and Zinc oxide (Gd2O3, ZnO) on NagO-MgO-Al,O3-
K50-Si05-Ca0-TiOs-Fes O3 medical glasses in shielding
against gamma rays originating from cobalt and cesium
sources across various energy levels. The used doping lev-
els range from 0 to 20% with a step of 5%.

2 - Theoretical background

2.1 Linear attenuation coefficient (LAC)

The linear attenuation coefficient serves to elucidate how
shielding materials respond to the absorption of photons
emitted from radioactive sources. Denoted as (u), the
linear attenuation coefficient quantifies the proportion of
photons absorbed by the barrier for each unit of thickness
of the absorbing material, with its measurement expressed
in units of cm~!. The linear attenuation coefficient is in-
fluenced primarily by two factors: the thickness of the
shield and the energy of the incident photons (McAlister,
2012). When photons interact with the barrier, Eq. (1)
is employed to calculate the number of photons that suc-
cessfully traverse the material (Johnson, 2017).

I= Ioe_‘“ (].)

In this context, Iy denotes the quantity of photons emitted
from the source toward the barrier, while (I) signify the
number of photons that successfully penetrate and pass
through the barrier. The variable x indicates the thick-
ness of the protective shield employed, and the (u) sym-
bol represents the attenuation coefficient. In our study,
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we utilized Cs-137 sources and Co-60. Figure 1 illustrates
the intensity (Ip) of photons emitted by utilized sources,
depicted by the red line for Cs-137 and blue line for Co-60
(dashed lines). The solid line represents the photons pass-
ing through the barrier as a function of radiation energy
with source Cs-137, Co-60.
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Figure 1: Schematic representation of the incident and trans-
mitted intensity through the barrier versus frequency of radi-
ations originating from sources (Cs-137; Co-60).

2.2 Parameters for photons attenuation
2.2.1 Mean Free Path (MPF)

When radiation penetrates a material, it loses energy
through collisions that occur as it moves through the
substance. The average distance between these collisions
serves as an indicator of the specific interactions taking
place. This distance is’ known as the mean free path, which
functions as a protective measure against radiation. Fur-
thermore, the mean free path is inversely related to the
material’s linear attenuation coefficients (Akkurt et al.,
2010).

MFP (cm) = % 2)

2.2.2 Half Value Layer (HVL)

The half-value layer (HVL) is a key metric commonly em-
ployed to quantify the penetration capability of gamma
rays through a given material, representing the distance
required for the intensity of radiation to diminish to half
of its original value. This measure is typically expressed
in centimeters. Consequently, a greater capacity for radi-
ation transmittance corresponds with a higher HVL. The
HVL can be calculated using Eq. (3) (Johnson, 2017).

v = 22 3)
1

2.2.3 Tenth Value Layer (TVL)

The ability of gamma rays to penetrate a material to a
specified depth, referred to as one-tenth of the initial in-
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tensity, is termed the tenth-value layer (TVL). The cal-
culation of the TVL is expressed by Eq. (4) (Johnson,
2017).

v = 220 (4)
W

Calculating the half-value layer (HVL) and tenth-value
layer (TVL) values offers significant insights into the ca-
pacity of photons to penetrate a radioactive barrier, effec-
tively gauging their penetration probability. These con-
cepts are pivotal in elucidating the design parameters of
radiation shielding. The HVL specifically quantifies the
material thickness necessary to reduce the intensity of pho-
tons emitted from a source to half of their original value,
indicating that the intensity of the incident photons is
diminished by 50% at this thickness, albeit at varying en-
ergy levels. In contrast, the TVL denotes the thickness
required to attenuate the radiation to one-tenth of the in-
cident intensity. The mean free path (MFP) serves as a
critical and validated parameter in assessing the efficacy of
shielding materials in attenuating radiation along its tra-
jectory. The calculations for HVL, TVL, and MFP were
derived from the linear attenuation coefficient (LAC), em-
ploying Egs. (2), (3) and (4) for their determination.

3 Experiment

3.1 Samples preparation

Gd203/Zn0O doped medical Glass samples were prepared
in the laboratory at Afyon Kocatepe University for Zinc
oxide doped-glass, and at the Laboratory of Soft Mat-
ter Physics and Fluid Physics (LP2MPF), Faculty of Sci-
ences of Tunis, for Gadolinium oxide doped-glass. Neu-
tral or currently named medical glass had been prepared
by melt-quenching technology. The chemical composi-
tions of glasses are displayed in Table 1. Drawing reagent
grade NaQO-MgO-AIQO3-K20-SiOQ-C&O-TiOQ-F@QO?, as
raw materials. In order to achieve its fusion, the mix-
ture powders underwent heat treatment at a temperature
of 1200 °C for 20 min. After this process, the prepared
sample was placed in an oven at a temperature of 400 °C
for 10 h to facilitate gradual cohesion and solidification.
Finally, the sample was left to cool naturally at room tem-
perature to the final shape of a disk 20 mm in diameter and
8 mm thickness approximately. Under similar experimen-
tal conditions, Gd2O3 and ZnO-doped medical glass sam-
ples have been fabricated by adding GdsO3 or ZnO to the
medical glass powder by keeping a mass of 5gm for each
sample. The purity of both Zinc oxide and Gadolinium
oxide utilized in this research was 99%. The oxide/glass
weight ratios were 0.00, 5%, 10%, 15% and 20%. For the
samples designated as (0% ZnO, 0% Gd303), (Gd2Os-
5%), (Gd203-10%), (Gd203-15%), (Gd203-20%), (ZnO-
5%), (Zn0O-10%), (Zn0O-15%) and (Zn0O-20%) respectively.
Each prepared sample was fashioned into a disc measuring
20 mm in diameter and 8 mm in thickness, with each disc
weighing 5 grams Fig. 2.

The density of the different samples is measured by the
immersion method based on Archimedes’ principle accord-
ing to the following Eq. (5). The liquid used for immersion
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Table 1: Chemical Characteristics of the Synthesized Samples (w%).

First doping Gd203 Gd203 ZIIO Gd203 ZIIO Gd203 ZIIO Gd203 ZIIO
0% 5% 5% 10% 10% 15% 15% 20% 20%
Second doping ZnO 0%

Na20 14.49 13.77 13.77 13.04 13.04 12.32 12.32 11.59 11.59
MgO 2.31 2.19 2.19 2.08 2.08 1.96 1.96 1.85 1.85
Al O3 2.64 2.51 2.51 2.38 2.38 2.24 2.24 2.11 2.11
K20 0.59 0.56 0.56 0.53 0.53 0.5 0.5 0.74 0.74
SiO2 69.03 65.58  65.58  62.13 62.13 58.68  58.68  55.22 55.22
CaO 10.23 9.72 9.72 9.21 9.21 8.7 8.7 8.18 8.18
TiO2 0.1 0.1 0.1 0.09 0.09 0.09 0.09 0.08 0.08
FexO3 0.61 0.58 0.58 0.55 0.55 0.52 0.52 0.49 0.49
Gd203 0.0 5.0 5.0 10.0 10.0 15.0 15.0 20.0 20.0

ZnO 0.0

(a)

Non-doped -
Zero (Gdy0s / Zn0)

Figure 2: Glass samples doped with Gd203 (a) and ZnO (b).

is distilled water. The measuring device includes a bal-
ance suitable for dry measurement and/or with a sample
immersed in water. This device allows a relative accuracy
of 0.01 g.em™3 (Rahman et al., 2014).

Wai'r‘
S — (5)
where pg represents ‘the density of the distilled water,
which is 1 g.cm™3. Weir refers to the weight of the glass
when it is in air, whereas Wt represents the weight when
it is in water. Table 2 shows densities of different doped
glass samples used in the experiments. Across variousra-
tios, densities of GdyOj3 (respectively ZnO)-doped glass
samples vary from 2.745 to 3.482 g.cm™3 (respectively
from 2.655 to 3.122 g.cm~3). These values are significantly
lower than those of lead-doped glasses with densities vary-
ing from 3.181 to 4.153 g.cm™? for equivalent percentages
(Alsaif et al., 2024). For clarity, the values of the densities
in Table 2 are summarized in Fig. 3.

3.2 (DSC) measurements

Differential Scanning Calorimetry is a technique of choice
for thermal investigations. Easy to use, rapid and reli-
able, and etc. The principle of this method consists in
following and measuring, using thermocouples, the differ-
ence in temperatures between the studied sample and one
inactive reference body. DSC analyses were carried out
during cooling using a specific device, the “Linseis DSC
PT 16007, which allows recordings over a wide tempera-
ture range from -50 °C to 1400 °C (Azeem et al., 2023).

density (g/cm®)

Ratio (%)

Figure 3: Densities of Pb, ZnO and Gd2O3-doped glass sam-
ples across various ratios.

3.3 (FE-SEM) and (EDX) analysis

The morphology of the sample was studied by utilizing a
IGMA variable pressure scanning electron microscope (Fe-
SEM). The x-ray spectrometer embedded in the scanning
system also provides energy dispersive spectra (EDS) for
localized chemical analysis. The EDX mapping was done
of some randomly selected regions on the samples.
Figures 4-a and 4-b represent the FE-SEM micro-
graphs; they show the morphology of the samples. Nano-
particles of an average diameter of around 200 nm form
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Table 2: Densities of ZnO and Gd203-doped glass samples across various ratios.

Rate (%) 0 5 10 15 20
ZnO  2.5+0.01 2.65540.01 2.811+0.01 2.966+0.01 3.122+0.01
Glass density (g.cm™3) GdeOs  2.540.01  2.745£0.01 2.99140.01 3.236+0.01  3.48240.01
Pb,O  2.540.01 3,181+0.01 3,452+0.01 3,87540.01 4,153+0.01

(MGZn0-10%)

) % (MGzno-10%)

Figure 4: (a) Fe-SEM micrographs for the 10% ZnO-doped-glass, (b) Fe-SEM micrographs for the 10% Gd2O3-doped-glass.
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Figure 5: (a) EDX spectra for the (ZnO-10%), (b) EDX spectra (Gd203-10%).

micrometer-sized aggregates of ZnO/Gd2O3-doped-Glass
material. The representative EDX spectra, shown in Figs.
5-a and 5-b were collated from a randomly chosen site of
the samples, confirming the perfect missibility of all the
materials used in the prepared doped glass. A similar
conclusion was reported by Azeem et al. in a mixture
of GdsO3 doped with Ni, Zn and FesO4 Nano-particles
(Le Losq et al., 2022).

Analysis of selected particles in the mixture shows that
the bulk of the particles mainly contains Gd (=8.97 wt
%), oxygen (~49.62 wt%) and Silicon (~21.99 wt%) for
10% Gd203 doped-glass and Zn (~8.58 wt %), oxygen
(~52.35wt%) and Silicon (~21.07 wt%) for 10% GdyO3
doped-glass.

3.4 Photons ray Spectrometer

Gamma ray spectroscopy is extensively employed across
various disciplines, requires the measurement of ionizing
radiation. This technique for assessing ionizing radiation
is regarded as a straightforward, non-destructive means of
quantifying the photons emitted from a source and de-
tected by an instrument. While a variety of measure-
ment devices are available, each possesses unique tech-
nological features. For instance, the Nal(T1) scintillation
detector is notable for its high accuracy and efficiency,
while also being relatively cost-effective. An illustrative
case of researchers utilizing gamma spectroscopy is that of
Alexander Akkurt, who employed a scintillation detector
to measure linear attenuation coefficients (Akkurt et al.,
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Figure 6: Visual representation of the photon spectrometer and its associated electronic components.

Figure 7: Representation of the NaI(Tl) Detector.

2022). As depicted in Fig. 6, the spectrometer features
a schematic layout. The ionizing radiation measurement
system comprises a Nal(T1) scintillation detector with a
crystal dimension of 3 inches by 3 inches. Modeling of a
3" x 3" Nal(Tl) Scintillation Detector System by Monte
Carlo Code Program YaynTr: Bildiri / Tam MetinBildiri,
Sleyman Demirel niversitesi.

Additionally, Fig. 7 provides an image of the NaI(T1)
detector, which is complemented by an accounting system.
The Nal(T1) detector is a model ORTEC® that consists
of several basic components: a 3" x 3" crystal, a pream-
plifier, a multichannel analyser with 16384 channels, and
a PC to record the data. The signals from the detector
were analyzed by MCA using ORTEC® Maestro® soft-
ware (Akkurt, 2015). The energy resolution of Nal (TI)
detector (6.9% @ 662 keV) and other parameters of the
detection system have been described elsewhere (ORTEC,
2020).

This database represents the geometric configuration
generated by photons. Typically, we initiate activation of
the crystal using a thalidomide activator; this is neces-
sary because the crystal ceases to function as a result of
electron transfer. The scintillation detector, comprising a
photocathode and a photomultiplier tube (PMT), is em-
ployed to detect the emitted photon rays. The detector
utilized for this purpose is sodium iodide doped with thal-
lium (NaITl). The process begins with the absorption of
a photon by the detector device, which subsequently con-
verts this photon into light, primarily in the near-visible
spectrum. The cathode plays a critical role by transform-
ing the incoming photons from the source into an electron
beam. Following this conversion, the electrons are inten-
sified by reflective mirror diodes. Once amplified, the re-
sulting pulse is directed to the spectral analysis program
for further evaluation (Leo, 1988).
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Figure 8: DSC diagram for non-doped medical glass.

4 Results and discussions

4.1

(DSC) Differential scanning calorimetry measurements are
performed during cooling at a constant gradient of 5 © per
minute. Figure 8 shows the DSC diagram associated with
non-doped medical glass. The measurement results are
summarized in Fig. 9 for the two series doped with Zinc
oxide and Gadolinium oxide. The different curves present
several breaks and changes in appearance characteristic of
mixtures of several constituents in these samples. The ob-
servation of the DSC curves makes it possible to detect the
presence of three main phase transitions during cooling for
all the samples analyzed. The first is that corresponding
to the glass transition. It occurs at a temperature noted
T,. The second corresponds to the appearance of the crys-
talline phase at the temperature 7,. Finally, the melting
takes place at the temperature Ty. Figure 10 represents

Thermal analysis
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Figure 9: DSC diagrams for series of Gd203 doped-glass (a) and ZnO doped-glass (b).
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Figure 11: Evolution of the LAC as a function of energy for each doped sample: ZnO (a), Gd203 (b) And 5% Pb (c).

the evolution of the temperatures Ty, T¢, T, as a function
of the doping percentage.

The measurement results show a slight change in the
phase transition temperatures with doping. This increase
is higher for Gadolinium oxide-doped samples than those
doped with Zinc oxide. This evolution is particularly ex-
pected for samples with high doping, given that the melt-
ing temperatures of the doping entities are 2420 ° for
Gadolinium oxide and 1975 ° for Zinc oxide (OZgﬁr et al.,
2005).

4.2 LAC measurements

The radiation shielding characteristics of the various pre-
pared glass samples have been evaluated, with measure-
ments conducted in accordance with the parameters out-
lined in Section 3. The linear attenuation coefficients (1)
were derived and are presented as a function of gamma
ray energy for each sample type in Fig. 11. Analysis of
these figures reveals that the linear attenuation coefficients
exhibit a linear decrease as gamma ray energy increases.
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By comparing A and form B, the results confirmed that
Gd;Og, represented by form B, has greater protective ca-
pacity than ZnO in form A, which is consistent with the
published study (Sayyed et al., 2025b).

In Fig. 12, the LAC in the studied samples is plotted
as a function of the doping ratios (a and c¢) and of the den-
sities (b and d). These diagrams show a superior ability of
doping with Gadolinium oxide to attenuate the irradiation
doses in all wavelengths used compared to Zinc oxide at
equal percentages. The LAC values measured in this study
(Gd203, ZnO) for doped samples are comparable to those
reported in the literature for lead-doped glass, where ()
changes from 0.75 to 7.25 cm ™! depending on the doping

rate and its nature (Mukamil et al., 2022). Arzu Poyraz et
al found values of about 0.32 to 0.42 cm ™" in the first mix-
ture A(50% ZrBa, 50%PbO) and 0.62 cm ™! to 0.75 cm™*
for the second mixture B(50% ZrB,. 50%Pb0O. 10%CuO.
10%Zn0. 30%TiO2) (Poyraz et al., 2025).

4.3 (MFP), (HVL) and (TVL) measurements

To illustrate the radiation shielding capabilities of glass,
additional parameters can be utilized. This includes
the mean free path (MFP), half value layer (HVL), and
tenth value layer (TVL). The (MFP) data for Zinc oxide,
Gadolinium oxide and 5% Pb are shown in Fig. 13, plotted
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Figure 14: Evolution of the Parameter (hvl) as a function of energy for each sample doped with Gd2Os (a), ZnO (b) and 5%

Pb (c).
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Figure 15: Evolution of the Parameter (TVL) as a function of energy for each samples doped with Gd203 (a), ZnO (b) and 5%

Pb (c).

against gamma ray energy for cesium, and cobalt. These
figures demonstrate that the MFP increases with higher
gamma ray energy, with a similar trend observed for both
entities (GdO3, ZnO and 5% Pb). This indicates that dis-
tance plays an important role in reducing exposure and is
necessary to attenuate high-energy gamma rays compared
to low-energy ones. The HVL results, depicted in Fig. 14
for various samples as a function of gamma ray energy,
further reveal that HVL also rises with increasing gamma
ray energy, with cadmium showing a more pronounced
advantage (El-Ghany et al., 2020). This implies that a
longer material thickness is required to shield high-energy
gamma rays effectively. Additionally, Fig. 15 presents the
TVL results as a function of photon beam energy across
different types of glass. It is evident from these figures that
the TVL increases with photon ray energy, suggesting that
the material length necessary to attenuation high-energy
gamma rays exceeds that needed for low-energy gamma
rays. From the results shown in Figs. 14 and 15, we note
that increasing the different weight ratios led to enhancing
the concentration of impurities and thus directly reducing
the HVL and TVL values. This is entirely consistent with
the published results (Mchrara et al., 2021).

5  Conclusions

Since radiation is a part of our daily lives, particularly with
the advancement of technology, it is crucial to be mind-
ful of the potentially harmful consequences that radiation
may have on cells. This requires creating new and lead-
alternative materials. study, doped glass with Gadolin-
ium oxide and Zink oxide (Gd2Os, ZnO) was chosen for
investigation against gamma rays originating from cobalt
and cesium sources across various energy levels of gamma
rays (662, 1173, and 1332 keV), which were created using
Co-60 and Cs-137 sources. The aim of this study is to
compare the effect of adding these oxides to medical glass
on the attenuation of ionizing radiation and to compare
the test results with previous similar studies. In addition
to the effect on the radiation shielding properties, dop-
ing glasses with ZnO and Gd,O3 had an important effect
on the thermal characteristics. Phase transition temper-
atures undergo a slight increase with doping. This in-
crease is higher for Gadolinium oxide-doped samples than
for Zinc oxide-doped samples. This slight increase does
not represent an obstacle to the use of doped glass as a
radiation attenuator, as glass manufacturing methods can



1. H. Sharqi et al.

ignore this increase without additional cost.

Several parameters have been examined in this study
regarding our prepared samples. LAC, HVL, and MFP are
calculated for two series (0%, 5%, 10%, 15%, and 20%) of
doped glass. The first is doped with zinc oxide (ZnO), and
gadolinium oxide (GdzOg3) for the second one. From the
measured results, it was observed that the linear attenua-
tion coefficient decreases with the increasing energy of the
incident gamma rays. On the other hand, it was clearly
seen.

With increasing zinc oxide concentration on the
glasses, the linear attenuation coeflicient increased lin-
early. The results confirm those found in the literature
for different types of doping and mixtures. These results
enabled us to compare the efficiency of both additives to
the glass. Tests showed that gadolinium oxide had a better
effect on the attenuation process with a slight difference in
density. It also provided better transparency while main-
taining a clear, uncolored glass, as is the case with zinc
oxide. In conclusion, we can talk about Gadolinium ox-
ide as an alternative to lead as an additive to glass, as it
provides better transparency and a good ability to atten-
uate ionizing radiation without an enormous increase in
its density.
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