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The dosimetric properties of the SOL-GEL a-Al,O3 detectors with several different concentrations of impurities
were studied in beta radiation beams. For the characterization of the detectors, the TL and OSL techniques were
used. A TL spectrum was acquired. The detectors showed adequate OSL and TL dosimetric characteristics, such
as good reproducibility, a glow curve with the peak at ~230 °C at 5 °C/s of heating rate, adequate OSL decay
curve, good linearity of response and high phosphor sensitivity. A thermal treatment study was also performed.

Moreover, the calibration factors and the lower detection limits were determined for beta radiation. These
characteristics indicate the suitability of SOL-GEL a-Al,O3 detectors for the establishment of a transfer system or
alternative/complementary method for beta radiation dosimetry.

1. Introduction

The primary instrument established for the measurement of beta
radiation is the extrapolation chamber (Bohm, 1986; Caldas, 1986).
However, the calibration of dosimeters with this instrument must be
performed under special laboratory conditions, with control of en-
vironmental conditions (temperature, humidity and pressure). In ad-
dition, the ionization chamber is heavy, its entrance window is very
delicate, and the calibration procedures take a long time. The ther-
moluminscence (TL) and optically stimulated luminescence (OSL)
techniques constitute alternative methods for beta radiation measure-
ments.

The TL and OSL dosimeter responses to beta radiation beams have
been studied by several authors (Caldas, 1986; Cross, 1997; Akselrod
et al.,, 1999; Mancosu et al., 2005; Pinto et al., 2008; Yukihara and
McKeever, 2008; Nascimento et al., 2013; Kumar et al., 2013; Kumar
et al., 2016). The material choice of the dosimeter is very important,
because beta radiation is a weakly penetrating radiation.

Thin thermoluminescent (TL) dosimeters of materials with low
atomic number, such as LiF, Li;B4O3, Mg>B407, Al,O3, among other
materials, can be used for the calibration of beta radiation beams
(ICRU, 1997). Some types of thin detectors have been prepared with TL
high-sensitivity phosphors such as Mg,B,0,:Dy, CaSO,4:Dy, Al,05:C e
LiF:Mg,Cu,P. The high sensitivity of the phosphor is very important,
because the required surface density results in a very small amount of
luminescent material (Akselrod et al., 1999).

Al,05:C is the most studied and applied material for OSL, due to its
high sensitivity. The OSL technique with Al,03:C has the advantage
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over TL, that when using light as a stimulus, it avoids the possible
phenomenon of thermal quenching of the main luminescent centers (F-
centers) at high heating rates (Akserlod et al., 1998; Yukihara and
McKeever, 2011). Another problem with this material is the high sen-
sitivity of the TL signal to light exposure (Akselrod et al., 1990). In the
OSL technique by controlling the power and the time of the stimulus in
the OSL reader, a wide range of flexibility in use can be achieved. For
example, if the LED power is increased and the stimulation time is re-
duced, a very fast signal reading is obtained (McKeever and
Moscovitch, 2003; Villani et al., 2017). However, the Al,05:C material
is sensitive to visible light which may cause loss of signal due to light
induced fading (Akselrod et al., 1990), as well as light induced OSL
signal (light induced TL signal). This characteristic of the OSL technique
could influence the measurements with possible errors due to acci-
dental or intentional exposure to light. Therefore, the measurements
require strict dark conditions room (McKeever and Moscovitch, 2003).

Goksu et al. (1999) have shown that thin-layer a-Al,03:C dosi-
meters can be used successfully for the measurement of annual beta
doses for retrospective dosimetry, and also for dating purposes. The
response of Al,O3:C to standard beta radiation sources has been object
of several studies (Akselrod et al., 1999; Pinto et al., 2008; Yukihara
and McKeever, 2008; Yukihara and McKeever, 2011; Nascimento et al.,
2013).

The sol-gel process is used to synthesize glasses and crystals by a
colloidal route with an intermediate stage that includes a sol and/or a
gel state. Through this process, it is possible to produce hybrid mate-
rials that do not exist naturally, and very pure and homogeneity pro-
ducts can be obtained by purifying the precursors (Pierre, 1998). The
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sol-gel process can be implemented in a usual infrastructure laboratory
for the synthesis of luminescent materials because it is a relatively in-
expensive method (Rivera, 2011). Neodymium doped and undoped
aluminum oxide samples have been synthesized and produced by the
sol-gel and by Pechini methods for dosimetric purposes. It was possible
to find out that when materials are produced by different methods, they
have different physical and dosimetric characteristics. The TL curves
obtained by these methods are shown and analyzed (Bitencourt et al.,
2010). Ferreira and Santos (2014) reported on the preparation and
characterization of SOL-GEL a-Al,O3 detectors. For the production of
sol-gel detectors, aluminum nitrate dissolved in alcohol was used. The
following metals in the form of nitrates were added as dopants to this
solution: Fe, Mg, Ca, Cr, Ni and Mo, as well as C. These impurities were
added to some samples in their preparation in order to improve the
sensitivity of these detectors, and they showed a TL sensitivity three
times higher than that in samples without these impurities. The fabri-
cation process, the temperature of the thermal treatment, the calcina-
tion time, the heating rates, etc., influence the physicochemical prop-
erties of the doped materials. Tatumi et al. (2012) showed that
calcinated a-Al,O3; samples above 1100 °C exhibited large TL and OSL
signals. The SOL-GEL a-Al,O3; detectors were calcinated in a muffle
furnace at 1200 °C (Ferreira and Santos, 2014). The detectors were ir-
radiated and calibrated in a standard '*’Cs beam, and they were
characterized using the TL technique.

The SOL-GEL a-Al,Os; detectors are of low cost, and they were
produced in a usual laboratory without having to use techniques that
are applied in laboratories for commercial purposes (for example the a-
Al,03:C material). Due to the sensitivity of these detectors, they are a
good choice for beta radiation dosimetry. A study of TL and OSL do-
simetric properties of the aluminum oxide synthesized with the sol-gel
method with several different concentrations of impurities in BSS2 beta
radiation beams has not been published yet.

The objective of the present work was to study the dosimetric
properties of the SOL-GEL a-Al,05 detectors in beta radiation beams for
the establishment of a transfer system or alternative/ complementary
method for beta radiation dosimetry. For the characterization of these
detectors, the TL and OSL techniques were used. The material was
characterized in terms of: thermal treatment study; reproducibility of
response; relative intrinsic sensitivity factor; characterization of TL/
OSL reader collimators; dose-response curves; calibration factors; lower
detection limit; energy dependence; phosphor sensitivity and heating
rate dependence.

2. Materials and methods

The Beta Secondary Standard BSS2 of the Calibration Laboratory
(LCI) of IPEN was used. The main characteristics of the BSS2 sources are
shown in Table 1.

The dosimetric system consists of the detectors, the TL/OSL reader,
the thermal treatment system, and auxiliary materials that allow the
dosimetric procedures.

The SOL-GEL a-Al,0O3 detectors used in this work (named here as a-
Al,O3 detectors), were produced by the sol-gel process using Aluminum
Nitrate dissolved in alcohol as alumina precursor at the Dosimeter

Table 1

Main characteristics of the BSS2 beta sources (BSS2, 2005).
Characteristic Radionuclide

147Pm 85Kr Qﬂsr/QDY

Nominal activity 3.7 GBq 3.7 GBq 460 MBq
Mean beta energy (MeV) 0.06 0.24 0.8
Calibration distance (cm) 20 30 11
Calibration date 19/11/2004 30/11/2004 19/11/2004
Approximate half-life (days) 958 3915 10,483
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Calibration Laboratory of the Centro de Desenvolvimento da Tecnologia
Nuclear/Comissdo Nacional de Energia Nuclear (CDTN/CNEN) by
Ferreira and Santos (2014). The metal nitrates used as dopants were:
Fe, Mg, Ca, Cr, Ni and Mo, and urea as a carbon source. According to
the producer, these detectors have the following dosimetric character-
istics: high sensitivity, coefficient of variation between 2.1% and 3.8%
for 15 irradiations, good linearity of response and good reproducibility
(Ferreira and Santos, 2014).

The oa-Al,O3; detectors present: (4.59 = 0.01) mm diameter;
(1.119 = 0.010) mm thickness; and (51.8 = 0.4) mg mass.

For TL and OSL measurements, the RIS® TL/OSL-DA20 system was
used. The system allows up to 48 samples to be individually heated up
to 700 °C. The measurements are performed in a vacuum chamber. The
emitted luminescence is measured by a light detection system com-
posed of a photomultiplier and suitable detection filters (DTU Nutech,
2015).

The detectors were irradiated using a RIS@® 2°Sr/?°Y beta source
with 0.5 Gy for the thermal treatment study, reproducibility of response
test, characterization of TL/OSL reader collimators, OSL and TL re-
sponse, and heating rate dependence study. Also, the detectors were
irradiated in the BSS2 beta radiation beams with different doses for the
dose-response curves, the determination of the calibration factors, the
lower detection limit (LDL) determination, the phosphor sensitivity and
the energy dependence studies. The measurements were taken in a dark
room to avoid the influence of light on the response. For all TL mea-
surements, the heating rate was 5 °C/s and the maximum temperature
was 350 °C. The TL measurements were performed in a N, atmosphere.
The emission from the samples was detected by a photomultiplier tube
after passing through the Hoya U-340 UV filter with 7.5 mm thickness
and 45 mm diameter (transmission band 250-390 nm FWHM). For OSL
measurements, the constant light intensity (CW-OSL) mode was pro-
vided by 470 nm blue LEDs with a 60 s counting and 90% of power.

In addition to all components of the RIS® TL/OSL-DA20 system,
there are four collimators (diameter of 20 mm) in LCI/IPEN whose
function is to increase or decrease the intensity of the luminescent
signal. The internal holes of the black cardboard paper collimators are
approximately: 1.9 mm; 2.5 mm; 5.8 mm and 10 mm (Collimators 1, 2,
3 and 4). It has been shown that for certain absorbed dose values, the
photomultiplier reader reached the limit established for its operation.
Therefore, a study for signal collimators response was necessary. To
determine the collimator correction factors, Eq. (1) was used:

Foa= MO/IW_COI (€8]

where M, is the mean value of the dosimeter response without the use
of collimator, and M,,; is the mean value of the dosimeter response with
the use of collimator.

The study was performed without collimators and after using the
four collimators for both TL and OSL techniques.

For the measurement of the TL spectrum, the Ocean Optics QE65
Pro Spectrometer was used. This spectrometer has a detector with
1044 x 64 element CCD array from Hamamatsu and its spectral range
is 200 up to 1100 nm with window (QE65 Pro, 2018). The optical fiber
used was a UV-vis solarization-resistant fiber, with 1.0 mm core dia-
meter, and it presents a relative transmission better than 80% in the
range of 250 — 900 nm.

The thermal treatment was carried out in a Provecto Analytica
furnace, model MFLO1000. The characteristics of this furnace are the
following: heating provided by a microwave system, heating rate of
0.95°C/s, and maximum temperature of (1000 + 3)°C. This was the
treatment chosen for the detectors, because both OSL and TL techniques
were utilized.

In Fig. 1 the irradiation holder of the dosimeters and the holder for
carrying out the annealing treatment are shown. The holder material
for the irradiation is polymethyl methacrylate (PMMA), with the fol-
lowing dimensions: 110 mm X 110 mm x 18 mm. This holder allows
the simultaneous irradiation of 25 dosimeters, and the holder cover is a
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Fig. 1. Holders for: irradiation of the dosimeters (1 and 2) and for carrying out the thermal treatment (3).

polyester film sheet (Hostaphan) of 0.015mm. The material of the
annealing holder is copper, and it has the following dimensions:
75mm X 80 mm X 8 mm. This holder allows the placement of 56 do-
simeters.

The determination of the dosimetric system calibration factor was
carried out in two different ways. The first method consisted in aver-
aging all the individual factors for absorbed doses, and the second one
consisted in a linear fitting of the calibration curve (Furetta, 2008).

The lower detection limit was determined taking three times the
standard deviation of the zero dose reading (Furetta, 2008; Furetta and
Weng, 1998).

3. Results and discussion

The results of the tests and studies carried out are presented in this
section.

3.1. TL spectrum

Fig. 2 shows the TL spectrum as a function of temperature and
wavelength, recorded at 5 K/s by a spectrometer and an optical fiber. A
sample was irradiated at 10 Gy using the RIS@® TL/OSL-DA20 °°Sr/?°Y
source. The spectrum revealed peaks at around 420nm, 700nm,
750 nm and 800 nm. The dosimetric peak of SOL-GEL a-Al,O; is at
around 508K (235 °C) and 420 nm. This band coincides with emission
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Fig. 2. TL emission spectrum of a a-Al,O3 detector irradiated with 10 Gy using
the RIS@ TL/OSL-DA20 (*°Sr/°°Y).

bands in F center (oxygen vacancies with two electron captures)
(Yukihara et al., 2003; Akselrod et al., 2006). The infrared emission (IR)
centered near 700 nm is probably attributed to the presence of Fe** as
impurity in the crystal lattice (Valle et al., 2004). Some authors asso-
ciated the emission at 750 nm to the F, " (2Mg) centers (Akselrod and
Akselrod, 2006; Rodriguez et al., 2011; Kalita and Chithambo, 2017).
The strong emission in the 800 nm band could also be associated with
the presence of Fe** in the crystal (Rotman et al., 1989; Varney et al.,
2011).

3.2. Thermal treatment study

Nineteen detectors were irradiated with a dose of 0.5 Gy of the RIS@
TL/OSL-DA20 °°Sr/°°Y source. The combination of time and annealing
temperature were selected from the data reported in the literature for
a-Al,05:C and Al,O3:Cr materials; for these materials 1 h at 400 °C and
15min at 350 °C are recommended, respectively (Furetta, 2008). In-
itially, the detectors were annealed at the temperature of 400 °C during
30 min. Thereafter, the temperature was raised to 450 °C, 500 °C, 600 °C
and 650 °C, maintaining the time of 30 min. After each thermal treat-
ment, the intrinsic background was obtained, and the average response
was determined.

Table 2 shows the values obtained for the thermal treatment study
for a-Al,03 samples.

It can be observed that for the temperature of 600 °C, the S.D. and
the C.V. presented lower values than for other temperatures. Therefore,
the thermal treatment of 600 °C during 30 min was chosen for re-
utilization of these detectors.

3.3. Reproducibility of response

For this test, nineteen detectors were used. They were irradiated
with identical doses as for the thermal treatment study. Afterwards, a
TL reading, the thermal treatment and a reading of background signal
were carried out. This procedure was repeated for 10 cycles.

The analysis of the mean and S.D. values identified the different
sources of variation in the system reproducibility. The C.V. of each
detector was calculated. Ten detectors were chosen as a batch, because
they presented C.V. values lower than 10%. The total batch reprodu-
cibility was essentially due to the individual reproducibility of each

Table 2
Thermal treatment study for a-Al,O3 detectors (S.D.: Standard deviation of TL
values; C.V.: Coefficient of variation).

Temperature (°C) 400 450 500 600 650

Residual TL (background) (a.u.) 3191 2998 2944 2931 3000
S.D. (a.u.) 87 69 98 62 69
C.V. (%) 2.7 2.3 3.3 2.1 2.3
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Table 3
Relative intrinsic sensitivity factors for each detector group.

Detector Relative intrinsic Detector Relative intrinsic
number sensitivity factor for number sensitivity factor for
OSL TL

1 0.91 + 0.05 11 0.90 + 0.04

2 0.72 + 0.04 12 0.80 + 0.05

8 1.36 = 0.08 16 1.87 = 0.11

9 0.91 + 0.07 18 0.87 + 0.05

10 1.49 = 0.06 19 1.05 = 0.09

detector. Therefore, a relative intrinsic sensitivity factor (or individual
correction factor) for each of them was utilized.

3.4. Relative intrinsic sensitivity factor

Due to the individual sensitivity of each dosimeter, it was necessary
to determine their correction factors. The intrinsic sensitivity factor was
determined by the procedure recommended by Furetta (Furetta, 2008).

The batch was divided into 2 groups of 5 detectors. The first group
was chosen for the OSL technique, and the second one, for the TL
technique. Table 3 shows the values of the relative intrinsic sensitivity
factor for each detector group.

The correction factors lead to the reduction of the uncertainties of
the net readings. The use of the correction factors allowed achieving a
better reproducibility of the response of the system.

3.5. Characterization of TL/OSL reader collimators

The a-Al,05 detectors exhibit high sensitivity to radiation. For the
dose-response curve determination, a dose range of the radiation
sources should be established. It has been shown that for certain ab-
sorbed doses, the photomultiplier reader reaches the limit established
for its operation. Therefore, a study of the response variation with
different collimators was necessary.

This study was performed without any collimator, and with the four
collimators for both TL and OSL techniques. A dose of 0.5Gy at the
RIS® TL/OSL-DA20 (°°Sr/°°Y) was established. From the values of the
integral of the response curves when using the collimators, and without
using them, the correction factors were determined for all of the col-
limators (Table 4).

3.6. OSL and TL response of the a-Al,O3 detectors

Figs. 3 and 4 show the OSL decay curves and the glow curves of the
a-Al,03 detectors. The glow curves for the three beta sources presented
the dosimetric peak at approximately 230 °C. Akselrod et al. (1996)
reported on a dosimetric peak at about 190 °C for a thin powder layer of
Al,03:C detectors for a 5°C/s heating rate. The material producer re-
ported for these detectors a dosimetric peak at 198 °C in gamma beams
of *37Cs for a 2°C/s heating rate (Ferreira and Santos, 2014), but the
dosimetric characteristics of this material may differ from one labora-
tory to another, and they depend on the reading conditions.

Table 4
Correction factors for the collimators.

Collimator Correction factor

OSL TL
Without 1 1
1 739.1 + 56.4 493.0 = 74.1
2 169.0 = 10.9 117.3 = 109
3 29.99 + 2.04 29.3 + 2.4
4 9.5 + 0.5 9.5 + 0.7
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Fig. 3. Optically stimulated luminescence (OSL) decay curves of a-Al,O3 de-
tectors in BSS2 beta radiation beams.
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Fig. 4. Thermoluminescence (TL) glow curves of a-Al,O3 detectors in BSS2 beta
radiation beams. The maximum emission was observed at 230 °C (heating rate
of 5°C/s).
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Fig. 6. Detectors of a-Al,03 OSL and TL dose-response to 85Kr beta radiation
beam.

3.7. Dose-response curves

The OSL and TL dose-response curves of °°Sr/°°Y, 8%Kr and '*Pm
sources are shown in Figs. 5, 6 and 7, respectively. For the °°Sr/°°Y
source, the dose range was 5 mGy to 1 Gy; for the 8°Kr source, the range
was 5-500 mGy, and for the *’Pm source, the range was 5-30 mGy.
The OSL and TL dose responses were obtained by plotting the OSL and
TL intensity versus dose, and the data was fitted to a straight line using
a standard linear regression. For the °°Sr/°°Y source, the coefficient of
determination (R?) of the linear regression was 0.97223 for OSL and
0.97982 for TL. For the ®°Kr source, R?> was 0.99881 for OSL and
0.99572 for TL. For the '*”Pm source, R> was 0.99015 for OSL and
0.8895 for TL. It can be considered that the responses present linearity
over the investigated dose ranges. In the case of the '*’Pm source, the
uncertainties were large, and the TL dose-response curve showed the R*
coefficient different from unity due to the attenuation in the air that is
characteristic of this source. In addition, at the time of the study this
source had an activity of only 0.13 GBq.

Akselrod et al. (1996) reported on linearity in the TL dose range
from 10 pGy to 15 Gy for the °°Sr/°°Y beta source. Pinto et al. (2008)

10° - = OSL
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L/ s
o
=~ i 2
8
o 10°4
2
2 S
& 1
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10° ————rry ——————
10° 10’ 10°

Absorbed dose (mGy)

Fig. 7. Detectors of a-Al,03, OSL and TL dose-response to '“”Pm beta radiation
beam.
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Table 5
Calibration factors for a-Al,O5 detectors.

Source OSL calibration factor (mGy/u.a.)
Calculation Linear fitting Difference (%)
%0gr/20Y (5.5 = 0.4) x 10° (5.70 + 0.26) x 10°® 3.5
85Kr (3.18 = 0.08) x 10° (3.26 = 0.19) x 10°® 2.5
147pm (4.03 = 0.33) x 10™ (4.2 = 0.4) x 10* 4.0
TL calibration factor (mGy/u.a.)
90gr/2°Y (1.23 + 0.08) x 10° (1.24 + 0.06) x 10° 0.8

85Kr (5.9 + 0.3) x 10°
197pm (1.03 + 0.11) x 10°®

(6.2 = 0.3) x 10° 4.8
(1.04 + 0.12) x 10°® 1.0

reported on linearity in the OSL dose range from 0.1 mGy to 10 mGy for
the 2°Sr/°°Y beta source.

Table 5 shows the OSL and TL calibration factors for a-Al,O3 de-
tectors. The calibration factors were obtained by linear fitting, and by
calculating the mean values of the absorbed dose individual factors. The
calibration factors obtained in both cases are within the range of un-
certainties. The differences were smaller than 5%.

3.8. Lower detection limit

The lower detection limit (LDL) was determined for the OSL and TL
techniques for each source. The results are shown in Table 6.

The values in Table 6 show that the a-Al,O5; detectors present a
lower LDL for the OSL response than for the TL response. The results
obtained show that these detectors are suitable for the measurement of
very low doses. Akselrod et al. (1996) detected TL doses as small as
10 uGy for the °°Sr/°°Y beta source.

3.9. Energy dependence

The a-Al,03 detectors were exposed to 5 mGy of the BSS2 beta ra-
diation sources. The °°Sr/°°Y source was considered as a reference, and
the results of OSL and TL response were normalized to the energy from
this source. Fig. 8 shows the variation of the OSL and TL responses as a
function of the beam energy. The response was normalized to the
205r/°%Y source intensity.

A strong energy dependence of these detectors to the BSS2 beta
radiation system can be observed. The results are similar to those ob-
tained by Akselrod et al. (1996), Akselrod et al. (1999) and Pinto et al.
(2008) for Al;05:C detectors. The material producer reported also an
energy dependence of the SOL-GEL a-Al,O3 detectors in photon beams
from 33 keV to 662 keV (Ferreira and Santos, 2014).

3.10. Phosphor sensitivity

The sensitivity of a phosphor is expressed by:
s = I/(D*m) 2

where I is the OSL or TL emission; D is the given dose in the linear
region of the calibration curve, and m is the phosphor mass (Furetta,
2008).

The dose of 50 mGy was chosen for the cases of *°Sr/?°Y and ®°Kr
sources, and 10 mGy for *”Pm source. Table 7 shows the intrinsic

Table 6
Lower detection limits, as function of the beam energy.
Source Energy (MeV) LDL (uGy)
OSL TL
%05r/%%y 0.80 5.40 + 0.20 11.2 = 0.6
85Kr 0.24 22.8 + 1.3 47.7 + 2.5
197pm 0.06 624.2 + 53.4 1406.03 = 167.08
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Fig. 8. Energy dependence of OSL and TL response of a-Al,O3 detectors to beta
radiation.

Table 7
Intrinsic sensitivity of the a-Al,O3 detectors for the OSL and TL responses of
20gr/2%y, 85Kr and '*’Pm sources.

Sensitivity (Counts/mGy.g)

9OSr/90Y 85Kr 147Pm
OSL
(2.9 = 0.8) x 10° (6.04 + 0.24) x 10° (5.8 = 0.6) x 10*
TL
(2.5 + 0.9) x 10° (5.30 + 0.26) x 10° (5.1 = 0,6) x 10*
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Fig. 9. Glow curves of a-Al,O3 samples at different heating rates and variation
of the a-Al,03 detectors TL response as a function of the readout heating rate of
the RIS@ TL/OSL-DA20 (°°Sr/*°Y).

phosphor sensitivity values for the OSL and TL responses of each
source.

From these results, it can be observed that the material a-Al,O3 has
a high intrinsic sensitivity to beta radiation. The sensitivity of the OSL
response is greater than that of the TL response.
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3.11. Heating rate dependence

For the study of the heating rate dependence in the readout, the
detectors were exposed to the °°Sr/°°Y reader source radiation beam.
The reader was configured for a heating rate of 2 °C/s to 10 °C/s. Fig. 9
shows the glow curves of detector 8 that was chosen arbitrarily for the
visualization purposes. The detector showed a decrease in TL response
as the heating rate was increased. As the heating rate increased, the
peak temperature shifted, and its intensity was reduced. Fig. 9 shows
also the a-Al,03 detector TL response as a function of the variation of
the readout heating rate. By increasing the heating rate, a considerable
increase of the crystal surface electrons is produced. According to the
literature, the materials present different responses when the heating
rate in the reader is varied. Alumina shows a TL signal loss as the
heating rate increases (McKeever et al., 1995; Akserlod et al., 1998;
Kitis, 2002; Pagonis et al., 2011; Kalita and Chithambo, 2017). This
behavior suggests that the a-Al,O3 detectors are susceptible to thermal
quenching, but it remains as a subject for further research.

4. Conclusions

The dosimetric properties of the a-Al,O; detectors were in-
vestigated in standard beta radiation beams. A study of thermal treat-
ments was carried out. The TL spectrum recorded at 5K/s after beta
irradiation to 10 Gy revealed peaks at approximately 420 nm, 700 nm,
750 nm and 800 nm. The detectors showed suitable OSL and TL dosi-
metric characteristics, such as good reproducibility, a glow curve with a
230 °C TL peak, adequate OSL decay curve, good linearity of response
and high phosphor sensitivity. The detectors are appropriate for the
measurement of very low doses. These characteristics indicate the
suitability of a-Al,O3 for the establishment of a transfer system or an
alternative/complementary method for beta radiation dosimetry.
Future investigations are necessary for the study of the heating rate
dependence and the phenomenon of thermal quenching.
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