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Nanocrystallization processes of inorganic and biological materials yield a wide
range of electrical, optical, and structural properties. This process focuses
specifically on the potential of certain elements as fluorophores and unique host
materials. These elements have unique properties, especially luminescence, which
depends on their size. It occurs when impurities are added to the framework that
limit quantum effects. The results of innovative research on the
thermoluminescence (TL) properties of nanostructured materials are very
promising. In this work, we aim to create high-performance materials to improve
radiation exposure measurement instruments. In this paper, we report on the
thermoluminescent properties of self-agglomerated CaSO4:Samarium  (Sm)

Keywords: samples prepared using an environmentally friendly coprecipitation method.
“?gﬁ%ﬁl;fmn’ Unlike conventional techniques, no additional binder is required to create solid
Radiation CaS0.:Sm samples. When subjected to beta particle irradiation, these materials
Phosphorus exhibit peak TL intensity at 490 K at a heating rate of 4.8 K/s. It exhibits twice the
Luminescent sensitivity of the TLD-100 dosimeter already on the market. Additionaly, the

minimum detection level for these samples was found to be lessthan 0.71mGy.The
investigation shows that computerized glow curve decomposition, as part of the
residual emission curve fitting approach created by McKeever, shows that the
emission curve is composed of four separate TL peaks exhibiting intermediate-
order motion.

1. Introduction

The fields of materials science, biotechnology, and
genetics have al shown significant interest in nanoscience
and nanotechnology [1-14]. In recent years, the
importance of nanomaterials in the field of luminescence
has increased significantly due to their improved optical,
electrical, and structural properties [15-16]. These
materials have shown potentia as effective phosphorsin
a variety of display applications, including flat panel
displays powered by low-energy sources, solar energy
conversion systems, optica amplifiers, and TLD

phosphors. Over the past two decades, various new
physical and chemical synthesis techniques have been
devel oped to facilitate the production of nanoparticles and
nanorods using different ceramic materials [17-18].
Furthermore, recent studies have shown that factors such
as shape, size, incorporation of impurities at various
locations, and the presence or absence of specific defects
can influence the optical, luminescent, and other relevant
properties of these nanomaterials. It was revealed how it
affects.
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Thermoluminescence (TL), also known as thermaly
stimulated luminescence, is a powerful technique
commonly used to determine ionizing radiation exposure.
The main components used in TL dosimeters (TLDs) are
primarily inorganic crystalline materials, commonly
available in chip, single crystal, or microcrystaline
dimensions [19-20]. TL is a widely used and highly
reliable method for measuring ionizing radiation that
utilizes inorganic crystalline minerals as its dosimeter.
These are known as thermoluminescence dosimeters
(TLDs). These materials exist as single crystals, chips, or
microcrystalline powders and have the important function
of accurately monitoring radiation administration. Recent
advances in TL research have reveaed the significant
potential of nanomaterials in this field, demonstrating
properties such as improved sensitivity and saturability at
high doses [21-22]. Additionally, research on glowing
ceramic micro- or nanoparticles has revealed promising
applications in radiation measurements, such as medical
imaging, high-energy physics, and non-destructive
testing. Over the past two decades, there has been a
significant increase in the idea of using various ceramic
materials as radiation detectors [22-24]. This illustrates
the changing landscape of TL technology and its
increasing scope of applications.Current TLD materials
consist of inorganic crystaline compounds called
phosphates. These materials have the ability to emit
visiblelight radiation when properly stimulated. Theseare
commonly found in several forms, including chips, single
crystals, or microcrystalline powders.  Severad
commercially available top-level domainsaccomplishthis
purpose under different brand identities. Some of the best-
known examplesare LiF:Mg, Ti (TLD-100), LiF:Mg, Cu,
P (TLD-700H), CaF»:Dy (TLD-200), CaSO4:Dy (TLD -
900), Al>,03:C (TLD-500) (Table 1). The research focuses
S.

on the thermoluminescence (TL) properties of
LiFnanocubes when exposed to gamma rays and C®* ions.
Specifically, samples doped with Eu and Th have been
shown to be particularly sensitive among the mentioned
samples [22-27]. The dosimetric performance of Al,Os
nanoparticles has been investigated with respect to their
response to gamma rays and C® ions a 85 MeV.
Experiments show a particularly consistent response and
little fading of the TL in the Th-doped sample.Research
shows the formation of nano- and micro-sized CaSO.
particles and investigates how different dopants (Tb, Dy,
and Eu) affect their thermoluminescent properties after
exposure to gamma rays it was done. Samples containing
Eu and Tb exhibit distinctive TL peaks at 250-270 °C
[28]. These samples show direct dose correlation in the
range 12 Gy to 11 kGy. These properties make it a
particularly ideal phosphor for high-dose dosimetry
applications such asfood and seed irradiation.The process
of creating CaSO.:X typicaly uses sulfuric acid, which
carries considerable hedth risks [29]. Pratik and
colleagues introduced their work on improving a new
high-sensitivity  phosphor  called CaSO04:Dy,Mn,
describing in detail its development and characterization
process. They used traditional recrystallization methodsto
synthesize CaSO4:Dy,Mn. To analyze their properties,
they performed thermoluminescence (TL) studies,
exposing the phosphors to gamma radiation emitted from
Cs-137 at dosesranging from 10 uGy to 100 Gy [15]. This
health risk must be carefully considered. Additionally, this
process causes damage to the environment. For practica
applications, solid-state dosimeters are preferred over
powder-based ones. CaSO; is encapsulated in Teflon or
glass to create a solid sample that is easy to handle, but
this process preventsthe production of pure CaSO. sample

Table 1. Genera attributes of some industrially accessible thermoluminescent dosimeters significant for particular dosimetry[22-29]

TLD Type Effective Main Peak Emission Relative Fading for Useful dose
Atomic (°C) Maximum Sensitivity storagein range
Number Zeff (Nm) dark

LiF: Mg,Ti 8.4 210 410 1 5% [ year 20 uGy-10 Gy
LiF: Mg,Cu,P 8.4 220 410 28 5%/ year 0.2 uGy-10 Gy
Li2B4O7:Cu 7.6 210 378 2 10%/2 month | 10 uGy 10Gy
MgB4O7:Dy 8.6 200 495 12 4%/ month 5 uGy-50 Gy
Mg.SiO4Th 12 210 390-410 45 Negligible 10 uGy 1Gy
CaS0O4:Dy 15.6 230 490-580 35 1%/2 month 2 uGy- 10 Gy
CaSO4:Tm 15.6 230 462 40 1.2%/2 months | 2 uGy- 10 Gy
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Al20z:C 10.4 200 430 65 5%/ year 1 pGy- 10 Gy
CaS04:Sm 151 210 490 67 2%/ Year 0.07 -1.0Gy.
(This work)

In this work, our goal is to create sophisticated materials
that improve the functionality of radiation exposure
measuring systems. These materiadls are designed to
provide increased sensitivity, consistency, low moisture
absorption, and a strong reaction to both radiotherapy and
mixed radiation settings. In order to do this, we
investigated the thermoluminescence properties of self-
aggregated CaSO4:Sm samplesirradiated with  particles.
We considered several factors, including TL response to
irradiation dose, sensitivity in terms of a number of
irradiation-TL readout cycles, lowest detection limit, and
TL fade. Furthermore, computerized emission curve
analysis using a generalized order kinetics model reveals
that the emission curve has four distinct peaks, among
which the order of the main peak isb = 1.47.

2. Experimental

Various Sm-doped CaSO,; materials were prepared using
a solid-state reaction method. The dopant concentration
was varied from 0.02 to 12 mol% of Sm. The synthesis
technique involved carefully mixing the powdered
reagents CaSO40.5H20 (purity >99%) and Sm203
:Sm

(purity >99.9%) using atoast and pestle. The well-mixed
mixture was then placed into an Al:Oz crucible. The
crucible containing this combination was heated to 1200
°Cfor 4 hoursin an ambient air environment in aY amada
Electric electric furnace model ETSS-430.After mixing,
the produced mixture was put into an Al>Os crucible for
heating. The crucible served as a vessel that provided
consistent heating and reduced materia loss throughout
the heat treatment process. The decision to use Al>Oz in
the crucible was intentional due to its high-temperature
stability and inert properties. These properties are
essential to preserve the integrity of the reaction
environment. The filled crucible was then subjected to a
regulated heating schedule with an electric boiler. The
heating procedure was carried out at atemperature of 1200
°C for 4 h under normal air conditions. A prolonged heat
treatment progressively converted the precursor mixture
into the intended Sm-doped CaSO, compound via a solid-
state reaction process. During heating, precise
temperature control was maintained to achieve proper
phase composition and structural integrity of the
composite material. Figure 1 shows the pictorid
representation of synthesis of CaSO4

Alumina Crucibles

Fig. 1. Experimental processto synthesis CaSO4:Sm

3. Important Performance parameter

Systemsthat undergo electrical or fundamental changesto
enable optica reading of radiation exposure are called
optica storage phosphors or materials. These
fluorophores emit light, have stable or substablecenters,
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and can be read many times by optical excitation. The
main recombination pathway uses impurity integration to
transition from surface states to impurity states. The
radiative efficiency of impurity-induced emission
increases as the confinement of impurity-induced changes
to transition metals or rare earth elements increases.
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Radiometric  properties that influence phosphor
performance and future applications include the
investigation of thermoluminescence emission curves, TL

emission spectra, dose-response, fading behavior,
reproducibility, and reusability [30].

Glow Curve

In radiotherapy measurements, different

thermol uminescence properties must be considered when
selecting a radiation dosimetry device for radiotherapy
measurements. Adjustment of radiation dose estimation
and radiation exposure field ensures adequate accuracy
within the required medium and creates a favorable
characteristic relationship between accuracy and
dosimeter response, as well aslinearity between radiation
dose and response; Sensitivity to the signal and TL
emission curve must be evauated. In addition, the
suitability of the system for monitoring and evaluation of
radiation applicationsis evaluated by careful investigation
and validation of specific parameters.

TL Glow Curve

The shalow traps closest to the conductive band empty
quickly at room temperature, causing discernible TL
signal attenuation. On the other hand, radiometric traps
require a dightly higher energy input to release the
trapped eectrons, which is usually the key indicator for
radiometric analysis and forms a peak in the TL output.
High temperature annealing is a useful technique for
emptying deeply buried traps that require significant
amounts of energy. As a result, the maximum peak
intensity of TL increases with radiation exposure.

TL Response

Thermoluminescent dosimeters are characterized by a
linear relationship between TL (thermoluminescent)
radiation and absorbed dose. This correlation is essential
for accurate radiation dosimetry. Certain
thermoluminescent materials have a noticeable effect on
various linearities, ensuring accurate readings. Typically,
the response of TL phosphors shows a linear trend at low
doses, transitions to superlinear at intermediate doses, and
finally reaches saturation at high doses

4. Results and Discussion

Figure 2 shows the peak intensities of TL emission after
CaS0s4: Sm samples with different iodine concentrations
(0.2, 0.4, 1.0, and 1.2mol%) were exposed to 2.5 Gy of
beta particle irradiation. This irradiation setting was
chosen to reproduce authentic environmental exposure
situations. The sample containing 4.5 mol% Sm showed
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the strongest TL emission, thus suggesting its potentia in
applications  requiring radiation dosimetry and
fluorescence properties for displays and sensors.
Therefore, samples containing this specific Sm
concentration were selected to ensure the best
performance and consistency in future characterization.
Additional investigations were conducted to further the
investigation and explore the chemica composition and
function of potassum iodide in the CaSOs matrix.
Photol uminescence spectroscopy was used to confirm the
presence of iodine in the sample and determine its
oxidation state.
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Fig. 2: Peak intensitiesof TL emission after CaSOa4: Sm samples
with different Sm concentrations
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Figure 3 shows the photol uminescence emission spectrum
produced by activating the synthesized CaSO4: Sm sample
with 394 nm light. The excitation wavelength was
intentionally chosen to match the absorption peak of
iodineions.

THEI

BOO00 f%’

i
£
o]
=]

000

It ensity [a.u.]

j _
‘ R} ! %
i)

a‘;m‘k

I:l T T T T T T T T T T T H#’f T

b ) B 12 Ly vl
¥Wavelenath {nim)

Fig. 3. Photoluminescence emission spectrum produced by

activating the synthesized CaSO4: Sm
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This ensured effective excitation and accurate emission
signal detection.Distinct peaks at 587, 620, and 702 nmin
the PL (fluorescence light) emission spectrum indicate the
emission of photons by iodine ions in the CaSO4 matrix.
The emission peak indicates the transition that occurs
within the energy level of the Sm® ions in the sample,
indicating the presence of Sm**in the sample. Thelocation
and intensity of the emission peaks provide important
information about the interaction of theiodineion with its
surrounding environment and host lattice.

Figure 4 shows the optical Glow curves of CaSO4:Sm
when the betaparticleirradiation dose was varied between
0.07 and 1.0Gy. The graph clearly shows that multiple
glow curves appear and the intensity of the TL increases
at higher doses. Experiments also included larger doses
reaching up to 180Gy, which will be discussed later.
Surprisingly, there was no significant change in the
maximum value of TL.The view factor calculated by
analyzing the light curve peaks is 0.46, close to the
expected value of 0.41, indicating a first-order process.
The modest deviation from the predicted values suggests
the presence of many individua peaks and/or the
influence of non-linear kineticaly ordered TL
processes.The TL peak, located at around 476.15 K, has
potential for dosimetry applications. Less pronounced
peaks may also be seen at 444.23 K and above 777.31 K,
enhancing the understanding of  CaSO4Sm
‘sthermol uminescence propertiesin different situations.
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Fig. 4. optical Glow curves of CaSO.: Sm when the beta
particle irradiation dose was varied between 0.07 and 1.0Gy.
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Figure 5(a) showstheintegrated TL (ITL) associated with
beta particle irradiation from 0.07 to 1Gy. Figure 5(b)
shows the behavior of the ITL for doses up to 130Gy. An
interesting pattern is observed, with a superlinear trend at
smaller doses, but a sublinear relationship observed at
doses above 11Gy with signs of saturation above 53Gy.
Thelowest detection limit (LDL) is0.68mGy and depends
on the sample and the reading device used. Although LDL
values were cal culated and showed alinear dependence at
low doses, the method used to irradiate the sampl es cannot
deliver doses below 84mGy. Further studies are needed to
study the TL properties of CaSO, synthesized at low
doses, and its response to different radiation doses should
be thoroughly investigated.
Figure 6 shows the correlation between integrated TL
(ITL) and post-irradiation TL reading interval. The TL
signal shows impressive consistency across the
observed period. Exposure to radiation reduces the
initial integrated TL by 2.4% when the samples are
stored in the dark at room temperature.
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Fig. 5. Integrated TL associated with beta particle irradiation
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All samples were uniformly exposed to 1.0 Gy of beta
particleirradiation. This continuous behavior indicatesthe
reliability of the TL signa over different time intervals
and exposure situations.
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Fig. 6. Correlation between integrated TL (ITL) and post-
irradiation TL reading interval
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Figure 7 shows the rel ationship between Ty and Tsror(K)
using a graph created by recording the first TL maximum
associated with the glow curve after partia cleaning to a
specific temperature. The graph showsthree distinct peaks
that match the light curve shown in Figure 4. Figure 4
shows a stable peak position regardless of dose changes,
whereas the curvature of the step in Figure 8 indicates the
presence of a non-linear response. This computational
process begins by analyzing the residual emission curve
associated with the highest T«op temperature, aming to
isolate the most prominent TL peak and accurately assess
its capture parameters. After accurately determining these
parameters, the next step is to resolve the residual
emission curves associated with lower Tstop
temperatures. This process involves resolving subsequent
individual peaks while maintaining the best peak kinetic
parameters.

RE0

Fig. 7. Relationship between Ty and Tsror(K)
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Figure 8 show the configuration of the glow curves at
temperatures of 543 K. These curves show different TL
peaks, such asthe high-temperature TL peak at 643 K seen
in Fig. 8 and the main and satellite peaks located at lower
temperatures.
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Fig. 8. Glow curves at temperatures of 543 K
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5. Conclusion

This study investigates the thermoluminescent properties
of self-aggregated CaSO4:Sm upon exposure to beta
particle radiation. The synthesized CaSO, exhibits self-
aggregation ability, eliminating the need for additional
binding elements in creating 100% CaSO.:Sm solid
samples. The synthesis of CaSO, is a smple and
economical technique that involves an ecologically
favorable chemical process.The pelleted sample exhibitsa
pronounced thermoluminescence (TL) peak at 200 °C
when heated at a rate of 5 °C/s. The sample is twice the
sengitivity of the TLD-100 dosimeter currently on the
market, with a detection threshold of less than 1.0 mGy.
Although this study focuses on beta particle exposure,
previous studies mentioned in Section 1 have shown that
different forms of radiation can aso cause
thermoluminescence in CaSOs.Computerized emission
curve anaysis showed that the residua emission curve
from the McKeever test was composed of four discrete
peaks with intermediate-order kinetics. This detailed
analysis has improved our knowledge about the
thermoluminescence properties of CaSO4:Sm when
exposed to PB-particle radiation, opening its potential
applications in dosmetry and radiation detection in
different regions.
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