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Despite intensive research in optically stimulated luminescence (OSL) dosimetry, the number of materials with
suitable properties for practical application remains limited. Among these, magnesium tetraborate (MgB407) has
attracted attention as a potential host because of its effective atomic number, similar to those of water and living
tissues, and the possibility of producing neutron-sensitive material by controlling the content of the '°B isotope.
Specifically, Ce-doped MgB407 has been proposed as a promising OSL material for 2D dosimetry because of its
rapid luminescence. While the literature on polycrystalline sintered MgB4O7:Ce is extensive, the objective of this
work is to produce this material in glass-ceramic form, offering many advantages such as excellent formability
into complex shapes, rapid mass production, easily controlled microstructure, and higher density (zero porosity)
compared to conventional powder-sintered materials, potentially leading to dosimetric improvements. This
paper describes the synthesis route and the effects of various thermal treatments of magnesium borate glass and
the resulting glass-ceramics, along with their fundamental dosimetric properties. The samples heat-treated at
814 °C for 3 h (GC814) exhibited the most intense and stable thermoluminescence peaks, accounting for their
lowest signal fading among the investigated treatment conditions. However, during the OSL readout, diminished
intensity was observed. Analysis of the GC814 emission spectrum revealed TL peaks predominantly outside the
used optical filter’s primary transmittance range, likely contributing to the OSL signal reduction. Regardless of
the thermal-treatment condition, all the samples presented excellent repeatability of the OSL response, with
standard deviations ranging from 0.1 % to 0.7 %, underscoring the advantages of glass-ceramics over sintered
ceramics. From step-annealing analysis, an optimal preheat treatment temperature was identified, and the
activation energy of the three main peaks was determined. The encouraging results indicate the potential of this
glass-ceramic as a practical OSL dosimeter and justify further investigation to optimize its OSL properties.

1. Introduction address volume averaging effects, lack of charged particle equilibrium,

and partial occlusion of the radiation source [1].

Over the past decades, the refinement of modern three-dimensional
radiotherapy techniques, such as Intensity Modulated Radiotherapy
(IMRT), Stereotactic Radiosurgery (SRS), Stereotactic Ablative Radia-
tion Therapy (SABR), and Volumetric Modulated Arc Therapy (VMAT),
has enabled the delivery of very high doses to complex planning target
volumes. As a result, there is a vital need for comprehensive spatially
resolved measurements of delivered dose distributions to ensure the
safety and accuracy of treatment plans for patients. These detectors
require high spatial resolution, accounting for the steep gradient of the
radiation field and beam alignment, and good energy dependence, to

Additionally, dosimetry in the presence of magnetic fields, such as
those in Magnetic Resonance Imaging-Guided Radiation Therapy [2]
and ultra-high dose rates of FLASH therapy [3], poses challenging as-
pects that are pushing the development of techniques capable of
handling these extreme conditions [4]. The detectors currently imple-
mented and studied have their limitations.

Among the alternative techniques being investigated, two-
dimensional luminescence dosimetry, including techniques based on
optically stimulated luminescence (OSL), thermoluminescence (TL),
radioluminescence/scintillators (RL/SC), and radio-photoluminescence
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(RPL) [1,5-71, has been considered a promising candidate [7,8]. Each
technique has its advantages and disadvantages, but the completely
optical readout systems of RPL and OSL are particularly suited for
developing measurement techniques in high dose-gradient fields [9,10]
and benefit from the established technology of laser-scanning readout
systems, widely used in computed radiography [11].

The phenomena of TL and OSL involve the emission of energy pre-
viously stored through the trapping of charged carriers, typically
induced by exposure to ionizing or non-ionizing radiation. This stored
energy is released in the form of light during thermal and optical stim-
ulation, respectively. The fundamental theory of TL and OSL is based on
the presence of imperfections, impurities, and defects within an other-
wise ordered crystal lattice. These imperfections create discrete allowed
energy levels within the forbidden energy gap, which are capable of
capturing electrons or holes [12].

Moreover, OSL detectors may offer advantages such as independence
from dose-rate and magnetic field effects. While Chen and Leung [13]
theoretically predicted dose-rate dependence in TL and OSL detectors in
a simplified model and under limited conditions, experimental data
have shown the opposite [14-16]. Regarding magnetic fields, Spindel-
dreier et al. [17] reported a relatively small dose response decrease of
—1.3 % per T (95 % confidence interval: 1.9 % to —0.7 %) and no sig-
nificant angular dependence by the magnetic field for OSL detectors.

Despite these potential advantages, the number of materials suitable
for practical application remains limited. For instance, the only two
commercially available OSL materials, Al;03:C and BeO, exhibit rele-
vant drawbacks, such as a relatively low saturation limit [18] and long
luminescence lifetime [19,20], hindering their use in high dose ranges
and 2D dosimetry, respectively. These limitations further substantiate
the need for new OSL materials.

Among the several new OSL materials investigated [21], magnesium
tetraborate (MgB40O7) has attracted attention as a host material for
dosimetry-based techniques like OSL and TL because of its effective
atomic number (Zes = 8.4), similar to those of water (Zeg = 7.51) and
living tissues (Zesf = 7.35-7.65), and the possibility of producing a
neutron-sensitive material by controlling the host content of the °B
isotope [22].

Gustafson et al. [23] determined the luminescence lifetime associ-
ated with the Ce3" 5d — 4f emission in polycrystalline MgB4O7 (31.5
ns), which is appropriate for laser scanning in imaging applications as
this short lifetime prevents pixel bleeding [19], making its use for 2D
dosimetry feasible. The Ce-doped MgB4O; also presents a suitable trap
depth for OSL dosimetry, with one strong TL glow peak at around 240 °C
and two shoulder peaks: one at 170 °C and the other at 300 °C [24].

Although extensive literature exists on sintered Ce-doped [24-26], as
well as co-doped with Gd, Na, and Li [27-29] magnesium tetraborate, to
our knowledge, there are no reports on this material in glass-ceramic
(GC) form. A MgB407:Ce GC could potentially have improved dosi-
metric properties because of its higher density and more uniform
microstructure compared to conventional powder-sintered materials.
Moreover, GC synthesis offers other advantages like good formability
into complex shapes and rapid mass production, favorable for practical
application and commercialization [29].

Therefore, the objective of this work is to demonstrate the feasibility
of obtaining a MgB407:Ce glass-ceramic, and to investigate the optimal
crystallization temperature and resulting microstructure to optimize its
basic OSL dosimetric properties; a complete dosimetric characterization
is beyond the scope of this study.

2. Materials and methods
2.1. Sample preparation
In theory, to obtain MgB4O7 phase crystals embedded in a residual

glass matrix, the molar ratio between B,O3 and MgO should be
approximately 2:1. However, evaporation of some boron during the
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melting process necessitates the use of higher proportions of this
chemical element [29]. In practice, we produced a series of batches with
varying concentrations of these precursors, including the Ce*>* dopant.
Most as-made samples turned out to be partially or completely crys-
talized, rather than being glassy as expected.

Empirically, we found a suitable proportion of the Ce®'-doped
magnesium borate to be 55B;03 — 45MgO — 0.3CeO3 (mol%), which was
subsequently normalized to obtain 100 %. For production, the pre-
cursors MgO (Sigma-Aldrich, 99 %, source MKCR6037), B2O3 (Sigma
Aldrich, 99.98 %, source MKCF9909), and CeO5 (Sigma Aldrich, 99 %)
were weighted and uniformly mixed in a high-speed mixer at 1200 rpm
for 5 min. The mixture was then melted at ~1250 °C for 1 h in a plat-
inum crucible. The final glass was obtained by pouring the melt and
splat-cooling it between two steel plates, yielding glassy samples
approximately 2.5 mm thick. Following the glass synthesis, both powder
and small monoliths were prepared for further investigation. The pow-
der was sieved to select grains of ~60 pm, while the as-made glass was
cut using a diamond saw into 25 monoliths. These monoliths were then
polished using sandpapers of 320, 400, 500, 600, and 1200 mesh,
resulting in dimensions of approximately 5 x 5 mm? and a thickness of
0.6 mm.

To determine the optimal crystallization temperature for the best
dosimetric properties of the material, five groups of five as-made glass
monoliths were heat-treated at 630 °C, 676 °C, 722 °C, 768 °C, and 814
°C for 3 h. This was performed in an oven assembled at the Center for
Research, Technology, and Education in Vitreous Materials (CeRTEV -
Federal University of Sao Carlos, Brazil), which uses a ZAS (mullite-
zirconia) internal tube and operates at temperatures up to (1100 + 1)
°C. The selected temperatures were based on the evaluation of the glass
transition temperature (Tg) and the crystallization temperature (Ty),
obtained from differential scanning calorimetry (DSC) using a Netzsch
DSC 404 calorimeter. The measurement was performed on both powder
(~32 mg) and monolith samples, with a heating profile starting from
room temperature to 1100 °C, at a rate of 10 °C/min.

For simplicity, the GC samples of each group were named GC630,
GC676, GC722, GC768, and GC814, corresponding to their thermal-
treatment temperatures in Celsius degrees.

2.2. Characterization

The powders of the samples were used to determine the phase
composition of the crystalline materials. This was performed utilizing an
X-ray diffractometer, model Ultima IV RIGAKU, equipped with a CuK,
radiation (A = 1.54 [o\). The X-ray tube was operated at 40 kV and 20 mA,
scanning in 20 from 10 to 80°, with steps of 0.02°.s7!, at room tem-
perature. The X-ray diffractograms were then matched to patterns from
the International Center for Diffraction Data (ICDD) PDF.

TL and OSL measurements were carried out using a Risp TL/OSL
reader, model DA-20 (Risg National Laboratory, Denmark). OSL data
were collected using a Hoya U-340 filter (7.0 mm thickness, trans-
mission between 290 nm and 390 nm, Hoya Corp.), while no filter was
used for the TL readouts, which were performed at a heating rate of 1
°C/s in the presence of N5 to prevent oxidation and suppress spurious
signals. No preheat treatment aimed at depleting the unstable peaks was
conducted in any of the investigations. The irradiation procedure was
conducted using a°°Sr/°°Y beta source (0.08 Gy/s, in 2023) integrated
into the reader, delivering a dose of 0.8 Gy to the samples for all
investigations.

To obtain the TL emission spectrum, the photomultiplier was
removed from the Risg system, and an optical fiber with a core diameter
of 600 pm, connected to an Ocean Optics QE65 Pro spectrometer
(operating in the 200-1000 nm range), was attached to the reader. The
emission wavelength was measured by heating sample in a controlled
manner up to 350 °C, at heating rate of 1 °C/s. Data were collected using
the Spectra Suite software (Ocean Optics).

After irradiation, step-annealing analysis was performed by
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preheating the sample (Tsp) between 50 °C and 350 °C in 10 °C in-
crements, using a controlled heating rate of 1 °C/s until the desired
temperature was reached, followed by cooling to room temperature. The
TL measurements were then carried out.

3. Results and discussion
3.1. Thermal behavior of the as-made glass

The DSC curve of the as-made Ce-doped magnesium borate glass in
both powder and monolith forms is shown in Fig. 1. The data indicate a
glass transition at ~630 °C for both the powder (in red) and the
monolith (in black). The notable difference of ~71 °C between the
crystallization peak temperatures of the two curves suggests a dominant
superficial crystallization process. This phenomenon indicates the ma-
terial’s outer layers are at a higher energetic level, due to incompletely
fulfilled atomic bonds, making them more susceptible to crystallization.
As aresult, since the powder material has a larger surface area relative to
the monolith, it exhibits a proportionally higher degree of crystalliza-
tion. In general, the powder shows lower temperatures than the mono-
lith, as observed in Fig. 1.

Although the melting temperatures are not influential for this study,
it is important to emphasize its significant gap to the crystallization
temperatures. This difference ensures a good margin for the samples to
remain undeformed during the controlled crystallization processes.

For the GC processing, the transformation temperatures adopted are
those of the monolith, namely Ty = 630 °C and T, = 814 °C, as it is the
form chosen for the intended applications.

3.2. Structural analysis

The XRD patterns of the GC samples for each thermal treatment are
shown in Fig. 2. The patterns reveal that the samples subjected to 630 °C
and 676 °C retained their amorphous glassy structure, while those
exposed to 722 °C, 768 °C, and 814 °C were successfully crystallized.

The predominant phases of the crystalized samples are MgsB2Os
(PDF #86-531) and MgB4O; (PDF #76-666), as identified in Fig. 2. The
main distinction between these XRD patterns is the intensity variation of
certain peaks relative to others. For example, with an increase in the
crystallization temperature utilized, there is a noticeable rise in the in-
tensity of certain MgB4O; phase peaks, such as at 20 ~17°, while the
peak at 20 = 35° corresponding to the Mg,;B,Os phase, decreases
significantly. That suggests a formation preference of the MgB4O7 phase
at higher temperatures.
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Fig. 1. DSC curve of the as-made glass in the powder and monolith forms.
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Fig. 2. XRD patterns of the prepared samples and b) reference data of the
MgB4O; (PDF #76-666) and Mg»B»Os (PDF #86-531) crystalline phases of the
crystallized samples.

The conclusions drawn from the XRD pattern analysis can be quali-
tatively corroborated by the visual appearance of the thermally treated
samples shown in Fig. 3, which exhibit a gradual increase in opacity,
characteristic of the crystallization process.

3.3. Effect of thermal treatments

The effect of post-synthesis thermal treatments on the luminescence
properties of the Ce-doped magnesium borate was investigated. Fig. 3
shows the TL glow curves of one GC sample from each treatment con-
dition. As expected, the samples that retained a glass matrix presented a
completely distinct curve shape, featuring one large peak (P1) with
maximum intensity around 100 °C. This is similar to the MgB4O; glass
without any dopant, reported by Bakhsh et al. [30]. P1 is also observed
in the curves of the crystallized samples but in a much smaller propor-
tion. The higher crystallization temperatures tend to favor the MgB407
phase over the MgsB20Os phase, which might explain the differences
between the samples, particularly the GC722, which shows no P2 and

GC630

S S

1cm

GC676 GC722 GC768 GC814

Fig. 3. Appearance of the samples for each treatment condition.
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P4, in contrast to GC768 and GC814. This indicates that a higher pro-
portion of the MgB407 phase might be preferable for the dosimetric
properties of the material.

Regarding the shape of the GC722 TL glow curve, it closely resembles
those reported by Kitagawa et al. [29], who investigated a magnesium
borate glass-ceramic doped with cerium and lithium. In contrast, the
GC768 and GC814 TL glow curves perfectly match that described by
Dogan and Yazici [24] for their Ce-doped MgB4O; produced by a
“melting point method”, resulting in a polycrystalline power.

In contrast to the behavior of the TL curves, the integral of the OSL
curves decreased with increasing treatment temperature, as shown in
Fig. 5. To investigate this trend, the emission spectrum of the GC814
sample was obtained. As shown in Fig. 6, the majority of the emission is
concentrated in the red/infrared region, around 700 nm, suggesting that
a significant portion of the emission is being blocked by the Hoya U-340
optical filter used during the measurements. This filter primarily
transmits photons in the 290-390 nm range.

This loss of sensitivity can be totally or partially mitigated by
replacing the optical filter with a more suitable option available for the
equipment. The first option is the Schott BG3 filter, which exhibits
nearly 1.0 transmittance for photons from 700 nm to 900 nm range,
aligning with the emission spectrum of GC814. However, this filter also
transmits photons in the blue region, necessitating the use of different
stimulation LEDs to prevent damage to the photomultiplier. Addition-
ally, the electron traps may not be responsive to the new stimulation
LEDs. The second alternative is the Schott UG11 filter, which has a peak
transmittance of approximately 0.3 in the infrared region at 720 nm —
considerably lower than that of the first option — but allows for the
continued use of blue stimulation LEDs. Since neither filter was available
for the present study, the investigation proceeded with the Hoya U-340
filter.

To further investigate the reasons behind the decrease in OSL in-
tensity, especially in GC814, which exhibited the greatest loss, we
analyzed its TL curves before and after the OSL readout. The results,
shown in Fig. 7, suggest that P4 is the only peak whose trapping centers
are not emptied by the optical stimulation of blue LEDs. Since the
emergence of P4 is directly related to the increased treatment temper-
ature, this observation may provide an additional explanation for the
loss of intensity from TL to OSL measurements.
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i P3 ——GC630
1 ——GC676
8x10* —GC722
——GC768
1 —GC814
5 6x10° -
s |
>
e 4
@ 5x10'
2
£ |
= 3x10*
2x10* 4
0 ) ¥ 1 * 1 A 1 L
50 100 150 200 250 300 350

Temperature (°C)

Fig. 4. TL glow curves of one GC sample of each thermal treatment, all
normalized by the mass and with the apparent peaks indicated.
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Fig. 5. OSL curves of one GC sample of each thermal treatment, all normalized
by the mass and with the apparent peaks indicated.
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Fig. 6. Emission spectra of GC814.

3.4. OSL and TL fading

The total OSL fading curves for a sample of each treatment condition
are presented in Fig. 8, where the OSL signal was plotted as a function of
the delay time between irradiation and readout. As observed in Table 1,
the GC630 and GC676 samples showed the highest intensities for
readouts carried out immediately after the irradiation. However,
because of their shallow electron trap nature, their signal drops steeply
within a few minutes after irradiation, ultimately losing about 97 % of
their initial intensity after a 360-min delay. The GC722 sample experi-
enced a similar decline, although it displayed a peak at a higher tem-
perature (Fig. 4). This might be attributed to its emission spectra, where
the more stable peak is absorbed by the OSL filter, as previously sug-
gested. This phenomenon also accounts for the lower initial intensities
observed in the GC768 and GC814 samples compared to others.

The deep trap-related peaks in the GC768 and GC814 samples justify



D.A.A. de Vasconcelos et al.

1x10° -

before OSL

5 ]
1x10 — — after OSL

u
(-]
x
-
o
S

TL intensity (a.u.)
(2]
X
3

4x10° -

2x10*

-

- === T
100 150 200
Temperature (°C)

T T T 1
50 250 300 350

Fig. 7. Comparison between the TL of GC814 before and after OSL readout for
60 s. A heating rate of 1 °C/s was employed and no optical filter was used for
the TL measurements.
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Fig. 8. OSL fading for samples of each treatment condition. Each data point
represents the average and standard deviation of five measurements of a sam-
ple. The integral of the OSL curve was calculated subtracted from the readout of
the respective non-irradiated sample and normalized by the average mass of
all samples.

their much smaller fading over time, likely related to the less stable
peaks P1 and P2. It is also noteworthy that for these two samples, which
underwent higher thermal-treatment temperatures, there was a slight
increase in intensity between the delay times of 0 and 1 min. This could
indicate anomalous fading, possibly due to quantum tunneling [31].
However, this phenomenon is usually related to a decrease, not an
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increase, in signal intensity over time. Therefore, further investigation is
required to understand the underlying mechanism more
comprehensively.

The GC814 sample’s characteristics, mainly its higher TL intensity
and peaks at higher temperatures, which tend to be more stable over
time, make it a favorable candidate for dosimetric applications
compared to other samples with different treatment conditions. Thus, its
TL fading was further investigated. The results, shown in Fig. 9,
demonstrate the curve behavior over time, up to 360 min after irradi-
ation and before readout. As expected, the shallow traps associated with
P1 are responsible for the signal’s disappearance after the investigated
time, significantly reducing the intensity of P2. These are the two main
factors behind the fading observed for the GC814 sample in Fig. 8, as P3
and P4 are associated with deep electron traps. The decrease in the
maximum intensity of P3 is most likely a result of the diminishing tail of
P2, as there is no change on the right side of P3, and it has been reported
to be stable at that temperature [24,29].

The reduction of the area under the TL curves between the data
related to the delay times of 0 and 360 min for the GC814 sample was
approximately 16 %. For practical purposes, a pre-heat treatment can be
carried out before the measurement to eliminate P1 and P2 peaks,
focusing only on the stable peaks and thereby reducing material fading.

3.5. Repeatability of OSL response

The repeatability of the response of all 25 monoliths was evaluated,
and the results are shown in Table 1. The data represent the average and
standard deviation of five measurements of each sample irradiated with
0.8 Gy. The integral of the OSL curve was calculated, subtracted from
the readout of the respective non-irradiated sample, and normalized by
the average mass of all monoliths.
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] Delay Time -GCS14
8x10° ——0 min
o] —1 m!n

7x10" ——2min
Texto'] __omn
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1x10*
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Fig. 9. TL curves with different delay times between the irradiation and the
readout of the GC814 sample.

Table 1
Repeatability of the OSL response for all samples of each thermal-treatment condition (average of 5 measurements x10° - arbitrary units).
Samples GC630 GC676 GC722 GC768 GC814
X S.D. (%) X S.D. (%) X S.D. (%) X S.D. (%) X S.D. (%)
1 1.65 0.48 1.63 0.41 1.07 0.51 0.91 0.14 0.53 0.18
2 1.45 0.20 1.95 0.67 0.95 0.36 0.84 0.57 0.41 0.34
3 1.54 0.39 1.64 0.46 0.98 0.70 1.01 0.29 0.57 0.71
4 1.67 0.47 1.35 0.21 1.10 0.43 0.95 0.28 0.37 0.31
5 1.55 0.23 1.60 0.25 0.87 0.65 0.98 0.16 0.42 0.32
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Although the number of samples for each group was not designed to
enable a full dosimetric characterization, it was still possible to identify
some unique features of our material, such as the very low standard
deviation, ranging from 0.1 to 0.7, for all samples, regardless of the
structural differences due to the varying thermal-treatment tempera-
tures. These figures ratify the potential of a properly conducted GC
synthesis, rarely seen in the literature, as noted in a review by Oliveira
et al. [32]. Such low standard deviations are advantageous for any
application, but their importance is particularly pronounced in radio-
therapy. However, further investigation is needed to confirm whether
this level of repeatability is maintained at higher doses.

3.6. Step-annealing

To gain a deeper understanding of the thermal stability of the trap-
ping centers and propose an appropriate preheat treatment to reduce
fading due to shallow traps and enhance the repeatability and repro-
ducibility of the GC814 samples, a step-annealing test was conducted.
The glow curves corresponding to each step-annealing condition are
shown in Fig. 10, along with the maximum TL intensity of each curve. As
the preheat temperature increases, P1 begins depleting. However,
because of its relatively small size compared to the other peaks, its
fading has minimal impact on the overall integral of the glow curve, as
indicated by the trend line associated with P1. At a preheat temperature
of approximately 130 °C, P1 is fully depleted, and the electrons trapped
in P2-related trap begin releasing, continuing up to a preheat tempera-
ture of around 190 °C. This is indicated by the green symbol and rep-
resents the suggested optimal preheat condition, effectively depleting
the unstable traps without significantly affecting the stable ones (P3 and
P4). P3 begins being impacted at temperatures of 200 °C and above,
resulting in a sharp decrease in the integral of the glow curve, con-
firming this peak as the most intense. Unlike the other peaks, P4 does not
exhibit linear depletion behavior, which will be discussed further in the
subsequent analysis.

To extract the individual TL components of the glow curve and es-
timate the activation energy of the traps, the Repeated Initial Rise (RIR)
method was applied. This method is widely used because its primary
advantage is that it does not depend on the kinetics of the peaks. It is
based on the assumption that variations in the concentration of charge
carriers can be disregarded at temperatures below the maximum in-
tensity temperature of the respective peak (Ty,) [33]. This procedure
allows for the adjustment of the equation I(T) = Cexp(—E /kT) to
determine the activation energies of this peak [34], where I is the TL
glow curve intensity (a.u.), C is a constant, k is Boltzmann’s constant,
and E and T are the activation energy (eV) and temperature (K),
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P1 P2 I 6x10°
s 3 =
1.5x10° - .y .
. “u:-o.. - 5x100 &
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Fig. 10. Remanent TL curves after each preheat temperature of the step-
annealing for the GC814 sample and the respective integral of each curve.
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respectively.

Fig. 11 shows the Ty-Tsop graphs, highlighting three distinct
regions—E,, E5 and E3—corresponding to the three main peaks, P2, P3
and P4, located at approximately 165 °C, 230 °C, and 260 °C, respec-
tively. Because of the proportional size of P1 and its proximity to P2, it
was not possible to distinguish them using preheats of steps of 10 °C.

The first two regions exhibit a plateau, indicative of a well-defined
energy associated with first-order kinetics peaks. In contrast, the third
region, related to P4, lacks a plateau, as also observed in Fig. 10 with its
non-linear depletion. That behavior can be attributed to one of two
possible explanations: either the dosimetric peak consists of several
closely spaced first-order kinetics peaks, or it involves a complex
structure that includes at least one peak with a kinetic order greater than
one [35].

Table 2 summarizes the identified activation energies and their
associated errors. Additionally, the intermediate points between regions
2 and 3, as depicted in Fig. 11, cannot be directly attributed to either P3
or P4, as the TL signal intensity was insufficient to produce statistically
reliable data.

4. Summary and conclusions

In this study, we successfully produced Ce-doped magnesium borate
glass-ceramics with a nominal composition of 55B,03 — 45MgO —
0.3CeO (mol%) through several thermal treatments. We verified the
crystallization of glass samples subjected to three treatment tempera-
tures, noting that some samples remained in their glassy state. The glass-
ceramics exhibited two crystal phases, Mg>B20s and MgB4O7, with the
latter prevailing at higher crystallization temperatures.

Among all the treatment conditions investigated, the GC814 sample
showed the most favorable dosimetric properties, characterized by
intense and stable peaks. Nevertheless, analysis of its emission spectrum
revealed that the peaks are predominantly in the red/infrared region,
outside the primary transmittance range of the optical filter used. This,
along with the presence of a peak that is non-optically sensitive to the
LED stimulation, likely explains the significant reduction in its OSL
signal — a limitation that could be mitigated by utilizing a more appro-
priate optical filter. Moreover, an important observation was the
consistent repeatability of the OSL response across all glass and GC
samples regardless of the thermal-treatment condition, with standard
deviations ranging from 0.1 % to 0.7 %, ratifying the efficacy of the
developed materials.

A more comprehensive understanding of the thermal stability of the

E3 = 0.903 +/- 0.020 eV @

260 L]

280 -+

2404 Ep =1.504 +/- 0.006 eV

g
< 220
= 220
'—

200 -

Eq = 0.959 +/- 0.006 eV
180 .
160 .
50 100 150 200 250 300
Tstop (°C)

Fig. 11. The graph of Tp,-Tsop for a GC814 sample.
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Table 2
Activation energies (eV) obtained for each of the three regions, and their cor-
responding temperatures.

Peak Region Tstop (°C) Tm (°C) Activation Energy (eV) Error (eV)
1 El * * * *

2 50-150 165 0.96 0.006

3 Eo 160-230 228 1.50 0.007

4 Es3 240-290 265 0.90 0.02

trapping centers was obtained through a step-annealing analysis, which,
in conjunction with the Repeated Initial Rise method, enabled the
determination of the activation energies of the three main peaks of the
GC814 sample. The step-annealing data also allowed for the establish-
ment of an optimal temperature for a preheat treatment designed to
effectively deplete the unstable peaks. The presented positive results
corroborate the potential of this material as a practical OSL dosimeter,
which warrants further investigation to optimize the OSL properties.
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