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The present study presents the effect of heat treatment on TL and EPR of dumortierite. It was found that applying
a heat treatment at 1200 °C for 1h, followed by slow cooling to room temperature, is optimal for improving its TL
sensitivity. The glow curves of the sensitized dumortierite sample show TL emission bands centered at 350, 475,
and 580 nm. The kinetic parameters of the TL peaks were obtained using the Tm-Tstop and deconvolution

methods. In addition, sensitized dumortierite exhibits a linear response with y-radiation dose and low fading in
its TL response. Studies using the technique of EPR were carried out to investigate the defect center EPR signals
observed after y-irradiation. A single defect center with an axially symmetric g-tensor was observed with prin-
cipal values g| = 2.0009 and g, = 2.0017. The center was attributed to an F center and appears to correlate with

the TL peak at 200 °C.

1. Introduction

Thermoluminescence (TL) arises from the presence of intrinsic and
extrinsic point defects within the crystal lattice matrix and Electron
Paramagnetic Resonance (EPR) is observable from such defects if they
are paramagnetic with unpaired electrons [1-3]. Therefore, it is
important to explore and elucidate the correlation between TL and EPR,
in the specific case of dumortierite, the mineral studied in the present
investigation. The dumortierite crystal group is divided into three
groups: (1) dumortierite (Al, [[])AlgBSi3016(0,0H)s; (2) magnesiodu-
mortierite (Mg, [[])AlgBSi3016(0,0H),; (3) and holtite (Al,Ta, [[])AlgB
(Si, Sb, As)3015(0,0H, []);, where [] represents a cation or anion va-
cancy [4].

Dumortierite is an aluminum borosilicate, being the second most
abundant borosilicate after tourmaline [5]. This crystal can form as
pegmatites, aplites, and in medium-to high-grade metamorphic rocks
and can be of regional or contact type [6]. There is dumortierite of
different colors, and it presents pleochroism, observing colors such as
blue, violet, lilac, red, yellow, and brown [7]. Intense blue dumortierite
occurs in Veheragala, north of Habarana, Sri Lanka, and there are more

than 40 localities worldwide where dumortierite occurs [8].

The chemical analysis of some dumortierite samples shows the
presence of compounds in higher concentrations, such as P,0s, MgO,
TiOs, Feo03, FeO, Hy0, BoO3 [9], Al;03, and SiO5. On the other hand,
other works showed the presence of Asy03, Sbo0O3, Taz0s, and NbyOs in
significant amounts, and a few samples of this crystal contain Bi>* [4].

Horn et al. [5] studied dumortierites from different regions of Brazil
(Minas Gerais and Bahia) and other countries such as Canada, United
States, Chile, and Madagascar, using the techniques of EPR, infrared (IR)
spectroscopy, and Mossbauer spectroscopy.

According to Meshram and Ingle [10], the main minerals associated
with natural dumortierite are muscovite, kyanite, pyrophyllite, and
corundum, while dravite, gobbinisite, diaspore, and microcline are
present in smaller proportions. The dumortierite also presents pleoch-
roism from colorless to light pink and from light blue to violet in the
form of needles or fibrous crystals. Choo and Kim [11] used X-ray
diffraction (XRD) and electron microprobe analyzer (EPMA) techniques
to identify the crystalline phases and chemical composition, respec-
tively, of Korean clay samples, showing that dumortierite is formed at an
early stage upon hydrothermal alteration, and then pyrophyllite is
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formed by the addition of silicon to its structure. Werding and Schreyer
[6] synthesized dumortierite using Al,O3, BoO3, SiO3, H20, and H3BO3
for different pressure and temperature conditions. In all the synthesized
samples, they found the presence of quartz attached to the dumortierite.

Studies on other minerals show that heat treatment and y-irradiation
can affect some physical properties, such as TL and EPR. On this back-
ground, in the present work, we have studied the effect of heat treatment
and y-irradiation on the thermoluminescence (TL) and electron para-
magnetic resonance (EPR) properties associated with the luminescent
and paramagnetic centers of natural dumortierite from Peru.

2. Material and methods

The dumortierite studied in this work comes from the city of Canta,
Lima, Peru. This dumortierite sample was crushed and carefully ground
using an agate mortar and pestle, then sieved to retain grains with a
diameter between 0.080 and 0.180 mm for TL and EPR measurements.
Samples with grains smaller than 0.080 mm in diameter were used for X-
ray diffraction (XRD) and X-ray fluorescence (XRF) measurements. The
chemical analysis of the natural dumorteirite was carried out using
PANalytical XRF equipment, model Zatium. The study of the crystalline
structure of the material was performed by powder XRD using a Rigaku
diffractometer, model Miniflex 600, with CuK, radiation (40 kV, 1.5
mA). TL measurements were performed with the Harshaw model 4500
TL reader in a nitrogen atmosphere with a heating rate of 4 °C/s. TL light
was detected using a Hamamatsu R647 photomultiplier tube and a
Schott KG1 filter with a transmission band between 330 and 690 nm.
Five TL reading measurements were carried out to obtain an average TL
glow curve. A mass of 4.0 mg was used for each TL reading. All TL
readings were carried out 24 h after irradiation, sufficient time to reach
TL peak stability, except for the TL fading and emission spectrum
measurements. Irradiations were done using a %°Co y-cell type source
with an activity of 502.88 Ci and a dose rate of 0.64 kGy/h. EPR spectra
were obtained utilizing an EPR spectrometer, model Miniscope 5000,
operating in the X-band with a microwave frequency of 9.42 GHz. All
spectra were obtained at room temperature (25 °C) using a mass of 150
mg of powdered sample placed inside a quartz capillary tube, which in
turn was placed inside the EPR cavity. The recording parameters were:
center field of 337 mT, modulation amplitude of 0.2 mT, modulation
frequency of 100 kHz, and microwave power of 0.01 mW.

3. Results and discussion
3.1. X-ray diffraction (XRD) and X-ray fluorescence (XRF) studies

XRF analysis indicated that the dumortierite sample investigated
here contained SiO, (68.5%), Al,O3 (26.3%), P04 (1.11%), TiO,
(0.83%), SO3 (0.31%), as well as other compounds at very low con-
centrations (Table 1). These compounds may play an important role in
the TL and/or EPR properties of dumortierite.

Fig. 1 shows the diffractogram of the mineral acquired as dumorti-
erite. Structural analysis of the XRD data using the QUALX program
identified the presence of two crystalline phases: the dumortierite phase
with 42% (ICDD PDF-2: No 01-084-1007), and the quartz phase (58%)
(ICDD PDF-2: No 00-046-1045).

3.2. Thermoluminescence (TL) studies

Fig. 2 shows the glow curves of dumortierite previously annealed at
500, 600, 700, 800, 900, and 1200 °C for 1 h and irradiated with a
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Fig. 1. XRD patterns of samples acquired as dumortierite. (@) belongs to quartz
(SiO»), and (v) corresponds to dumortierite.
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Fig. 2. TL glow curves of the dumortierite sample previously heat treated at
500, 600, 700, 800, 900, and 1200 °C for 2 h, and irradiated with a y dose of 2
kGy from a %°Co source before TL reading.

y-radiation dose of 2 kGy. The inset in Fig. 2 shows the natural TL of
dumortierite as received. This sample shows three TL peaks: the first
low-intensity peak at around 160 °C, the second at approximately
260 °C, and the third at 330 °C, which is the most intense and overlaps

Table 1

Chemical composition of natural dumortierite determined by XRF analysis.
Compound SiO, Al,O3 P,0s TiO4 K>0 Fey03 SO3 As503 Ca0o Na,O SrO Cry03 ZrOq Zn0
(mass %) 68.5 26.3 1.11 0.83 0.45 0.36 0.31 0.28 0.23 0.08 0.06 0.02 0.02 0.01
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with the peak at 260 °C. In Fig. 2, we observe that the glow curve varies
in shape and intensity with heat treatment, which may be due to possible
changes (creation and/or destruction) in the concentration of electron
traps and/or recombination centers with annealing. For a heat treatment
at 1200 °C, it can be observed that the TL intensity increases 65 times
compared to the natural TL. Therefore, a heat treatment at 1200 °C was
chosen for all further TL studies.

Fig. 3 shows the TL glow curves for all dumortierite samples previ-
ously heat-treated at 1200 °C and y-irradiated with doses ranging from 5
Gy to 2 kGy. The results of this figure show in principle the presence of
four superimposed peaks centered at 132, 200, 305, and 370 °C; the TL
intensity of the peaks increases with dose, and their position remains
unchanged. This result indicates that possibly most of the TL peaks are of
first-order kinetics. The inset in Fig. 3 shows that for doses above 2 kGy,
the high-temperature peaks (305 and 370 °C) overlap, forming a broad
peak centered at approximately 350 °C. Due to the overlap between the
TL peaks, it is necessary to perform a deconvolution study to analyze the
behavior of each TL peak with dose.

Fig. 4 shows the behavior of the TL intensity of the peak at 200 °C as
a function of y-radiation dose. It is observed that the intensity of the peak
at 200 °C presents a linear behavior up to a dose of 200 Gy, and then for
doses higher than 200 Gy, it presents a supra-linear behavior, saturating
for doses above 2 kGy.

The number of TL peaks contained in the glow curve and their kinetic
parameters can be determined using two methods: Tm-Tstop [12] and
deconvolution [13]. The Tm-Tstop method allows visualization of the
number of TL peaks and gives information on the kinetic order of each
TL peak. Fig. 5 displays the results of the Tm-Tstop method as outlined
by McKeever [12]. These results indicate compatibility with at least six
contributions associated with continuous electron trap distributions,
with the exception of the first contribution, which is more closely
aligned with a localized distribution, and additionally associated with
general order kinetics (GOK) [13,14]. The invariance of the TL glow
curve position to the dose in the dose-response exercise (Fig. 3) is linked
to models related to the first-order kinetics (FOK) approach [13-15].
Alternatively, if not with FOK, it may align with the GOK approach,
particularly when the order kinetics parameter “b” assumes low values.
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Fig. 3. TL glow curves of the dumortierite sample thermally treated at 1200 °C
and then irradiated with y doses between 5 Gy and 2 kGy. A heating rate of
4 °C/s was maintained, and a mass of approximately 4 mg was used for each
measurement.
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Fig. 4. The graph depicts the relationship between TL intensity and y-radiation
dose for the TL peak at 200 °C. The dashed lines (black) in the graph repre-
sent linearity.
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Fig. 5. Dependence of the maximum peak temperature (Tm) with the pre-
heating temperature (Tstop) of the dumortierite sample. In inset: the decon-
volution graph of the glow curve for the dumortierite samples thermally treated
at 1200 °C and irradiated with a y dose of 100 Gy. Six TL peaks were used with
first-order kinetics (FOK) for each peak, except for peak 1 with general-order
kinetics (GOK).

All of the glow curves in Fig. 3 were subjected to glow curve
deconvolution through the use of the Computerized Glow Curve
Deconvolution (CGCD) theoretical analysis approach, whose mathe-
matical model used to fit experimental measurements is linked to Tm-
Tstop results. The quality of these theoretical fits to experimental data
is checked by the figure of merit (FOM) parameter [16]. The inset of



B.N. Silva-Carrera et al.

Fig. 5 depicts the outcome of the deconvolution analysis of the TL glow
curves, showing a complex trapped electron structure derived from a
linear combination of distributions associated with the FOK approach.
This structure includes a trapped electron density n(E) that correlates
with both continuous and localized electron trap distributions. The
deconvolution analysis performed in this work shows that the TL glow
curves of dumortierite are composed of six peaks in the region between
100 °C and 400 °C.

The kinetic parameters, such as activation energy, maximum tem-
perature, kinetic order, distribution width, and frequency factor, of the
six TL peaks obtained by the deconvolution method for the glow curves
of samples irradiated with y-radiation from 5 to 2000 Gy are shown in
Tables 2 and 3. For all glow curves, the FOM values are less than 3.25%,
indicating that the deconvolution results are optimal. According to
Ref. [16] the FOM parameter is acceptable when it is less than 5%.

The mathematical model utilized to perform the deconvolution
fitting of the experimental curves is based on a linear combination of six
functions, as shown in the following expression:

GOK
I (T) = "Frouizea (Ers  Tvtans vian, b3 T)

i-FOK i i
+ Z Fconlinuous (Ei’ TM“"’ IM“"’G; T) (1)
i=2,34.5.6
Gaussian distribution was used for the trapped electron density n(E)
[13], when assuming analytical functions related to continuous trap
distributions, as follows:

(E-Eo)

@

Fig. 6 shows the emission spectrum of the dumortierite sample after
irradiation with a dose of 80 Gy. This dose was necessary due to the
presence of the monochromator located in front of the photomultiplier
tube. Analyzing the spectrum of the dumortierite sample, we can iden-
tify a main emission that is centered at 350 nm, corresponding to the TL
peaks at 90, 120, and 200 °C. There are also lower emissions at 475 nm
and 580 nm. The emission at 475 nm contributes to the 90 °C TL peak,
and the emission at 580 nm contributes to the 200 °C peak. The presence
of the low temperature peak around 90 °C is due to the fact that the TL
reading to obtain the TL spectrum was taken immediately.

A good TL dosimeter should have a constant TL response at room
temperature for a large period after absorbing the radiation energy, i.e.,
have a minimum fading (reduction of the TL response at room temper-
ature) up to the TL reading. The fading is related to the ease of electron
release from unstable traps at room temperature. For this reason, a TL
response fading study was performed for the dumortierite sample pre-
viously heat treated at 1200 °C, and irradiated with a dose of 80 Gy, and
stored in a dark room at room temperature for different times. Fig. 7
shows the peak fading plot at 132, 200, 305, and 370 °C using the
maximum TL intensity. We can observe that the peak intensity at 132
and 200 °C shows a decay of 7% and 2%, respectively, in the first 3 h,

Table 2
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and then both peaks remain unchanged with storage time up to a 30-day
test. On the other hand, the TL glow peaks at 305 and 370° present a low
intensity response. However, both peaks present good stability with
storage time. The good TL response and the stability of the luminescent
signal corresponding to the TL peak at 200 °C indicate that this material
is promising for dosimetry.

3.3. Electron paramagnetic resonance (EPR) studies

The effect of heat treatment on the EPR spectrum of the natural
dumortierite sample before irradiation was also investigated. For this
study, the powdered natural dumortierite sample was heat treated at
500, 600, 700, 800, 900, and 1200 °C for an interval of 1 h. Fig. 8 shows
the EPR spectra for each heat treatment, irradiated with a y-radiation
dose of 1 kGy. It is observed that the EPR intensity of the signals around
g = 2.001 increases with the treatment temperature, being the most
intense for a 1200 °C heat treatment. A similar result presents the TL
response of this material with the same heat treatment, evidencing a
possible correlation between defect centers responsible for the TL
response and the EPR spectrum. The room-temperature EPR spectrum of
the y-irradiated dumortierite sample with heat treatment at 1200 °C is
shown in Fig. 8 (y-dose: 1 kGy). The spectrum exhibits a distinct shape
indicative of a defect center displaying an axially symmetric g-tensor
while lacking hyperfine splitting. Thermal annealing experiments reveal
the presence of a single center, denoted as center I, in y-irradiated
dumortierite mineral. The specific assignment of this center will be
addressed in subsequent discussions. The principal g-values of the center
are determined to be g = 2.0009 and g, = 2.0017 and the linewidth is
about 1 Gauss.

To study the effect of radiation exposure on the EPR spectrum, the
dumortierite sample, previously heat-treated at 1200 °C, was irradiated
with y-rays in the dose range of 5 Gy and 2 kGy. Fig. 9 shows that the
EPR peak-peak intensity of center I increases with the irradiation dose.
The inset of Fig. 9 shows the EPR response of center I as a function of
y-radiation dose between 5 Gy and 2 kGy. Analyzing the dose-response
curve with logarithmic axes in the same scale, it can be observed that the
EPR response has a linear behavior in the dose range from 5 Gy to 100 G,
then a sub-linear behavior up to 1 kGy, and for doses above this value it
saturates.

XRD analysis has shown that the dominant component of the mineral
is quartz. Several defect centers can form in an oxide system like quartz
upon y-irradiation. These are the well-known E'-center, Ge center, per-
oxy radical, Al center, and Ti center. Some of these centers, like the Al
center and the Ti center, are observable at low temperatures due to their
short spin-lattice relaxation times. On the other hand, the E-center, the
Ge center, and the peroxy radical are seen at room temperature. A
number of studies have been carried out on the E-center, and the center
displays an axial g-tensor with principal values of g; = 2.0018 and g, =
2.0005 [17]. The Ge center is characterized by the g-values 1.9959,

Details of activation energy (E), maximum temperature (T), kinetics order (b), distribution width (), and frequency factors (s) of the TL peaks 1, 2, 3 of the dumortierite
crystal obtained by the deconvolution method of the glow curves for different doses. Bottom: the average.

Dose FOM Peak 1: GOK (Localized) Peak 2: FOK (Continuous) Peak 3: FOK (Continuous)
G %

@ ) E(eV) T(°C) b ssh E (eV) T (°C) o (eV) ssh E (eV) T (°C) o (eV) ssh
5 2.76 1.3885 13454 1.3962 5.66-10'°  1.71119 162.46 0.079778 2.63-10%° 1.8598 198.71 0.071392 2.84.10%°
10 3.25 1.4037 135.40 1.3742 8.07-10'®  1.70476 164.26 0.080194 1.81-10%° 1.8742 199.47 0.070595 3.77-10%°
20 2.73 1.4065 134.32 1.3715 9.80-10'®  1.70516 162.06 0.080175 2.33-10% 1.8747 201.48 0.070568 3.11-10%
50 1.85 1.4075 131.31 1.3654 1.3810"7  1.70089 158.32 0.080452 3.12-10" 1.8780 203.70 0.070401 2.70-10"°

100 2.08 1.4136  129.74 1.3600 1.95.10'7  1.70283 155.09 0.080330 4.73.10%° 1.8790 206.14 0.070339 2.18-10%°

200 2.36 1.4136 13391 1.4100 1.26:10"7  1.70283 153.80 0.080330 5.47-10%° 1.8790 208.40 0.070339 1.74-10%°

500 1.64 1.4123 130.58 1.3631 1.71-10"7  1.70222 152.32 0.080364 6.35.10"° 1.8779 210.02 0.070401 1.44-10"

1000 3.24 1.4013  130.90 1.3799  1.20-107  1.70501 152.72 0.080151 6.56-10'° 1.8773 210.80 0.070431 1.32:10"°

2000 2.39 1.4057 132.83 1.3709 1.12.10'®  1.70216 156.19 0.080370 4.10-10%° 1.8755 212.89 0.070527 1.03-10%°

Average 1.7041 157.5 0.08024 4.12(2)- 1.875 205.7 0.07056 2.3(1)-
@ ) 3 10" @) ) @ 10"
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Table 3
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Details of activation energy (E), maximum temperature (T), order of kinetics (b), distribution width (o), and frequency factors (s) of the TL peaks 4, 5, and 6 of the
dumortierite crystal obtained by the deconvolution method of the glow curves for different doses. Bottom: the average.

Dose (Gy) FOM Peak 4: FOK (Continuous) Peak 5: FOK (Continuous) Peak 6: FOK (Continuous)
%
%) E (eV) T (°C) o (eV) s(sh E (eV) T (°C) o (eV) sGs™H E (eV) T (°C) o (eV) ssh
5 2.76 1.9546 254.9 0.08120 1.47-10'8 21612 32237  0.07070 5.52.10%7 2.6225 369.1 0.04714 1.12:10%°
10 3.25 1.9953 256.7 0.07873 3.13-10'8 22269  321.46  0.06745 2.19-10'8 2.7986 369.3 0.03910 2.84-10%
20 2.73 1.9941 265.1 0.07879 1.50-10'8 2.2344  321.74  0.06708 2.49.10%8 2.7995 369.8 0.03896 2.77-10%
50 1.85 1.9914 2712 0.07893 8.55.10'7 22295  320.95  0.06737 2.40-10'® 2.7568 371.6  0.04091 1.09-10%
100 2.08 2.0075 277.5 0.07802 7.24-10%7 22435 32092  0.06662 3.18.10'8 2.8511 375.4 0.03678 4.50-10%
200 2.36 2.0075 281.3 0.07802 5.38.10"7 2.2435 33273  0.06662 1.30-10'8 2.8511 382.4 0.03678 2.55-10%
500 1.64 2.0038 280.8  0.07814 5.17.10"7 22501  318.68  0.06638 4.32:10'® 2.7597 382.4  0.04126 4.90-10%°
1000 3.24 2.0110 271.3 0.07793 1.30-108 22410  320.80  0.06677 3.05-10'8 2.7402 378.7 0.04154 4.59.10%°
2000 2.39 1.9940 262.8 0.07886 1.82-10'8 22127  320.30  0.06829 1.80-10'8 2.6881 381.5 0.04310 1.44-10%°
Average 1.995 269 0.0787 1.2(1)- 2.227 322(1) 0.0675 2.4(1)- 2.763 376 0.0406 1.85(2)-
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Fig. 6. 3D representation (bottom) and contour plot (top) of the TL spectrum of
the dumortierite sample previously treated at 1200 °C and irradiated with a
dose of 80 Gy.

1.9970, and 2.0005 [18]. Peroxy radical also displays a rhombic
g-tensor, like Ge center, with principal values of 2.0014, 2.0074, and
2.067 [19].

Apart from these centers, F™ center (an electron trapped at an anion
vacancy) may also be formed induced by y-irradiation. In its first
observation in an alkali halide system, a large linewidth of about 100
Gauss was observed for the center [20]. The inherent linewidth, how-
ever, is about 1 Gauss as observed in MgO [21]. The width of the line
varies across different systems, depending on the degree of electron
delocalization and its interaction with the nearest cations situated one
bond length away from the anion vacancy. The neighboring ions may
also include ions in the successive shells. Further, the magnetic moments
and the relative abundance of the isotopes of the neighboring ions are
also important factors that contribute to the linewidth displayed by the
center. Large linewidths are exhibited by the center in alkali halides as
there is considerable delocalization of the unpaired spin. The unpaired
electron in these systems interacts not only with the immediate neigh-
bors but also with alkali and halide ions in successive neighboring shells.
Examples of alkali halides where large linewidths are observed are KCl
(20 Gauss) and LiCl (56 Gauss) [22]. In BaO [23], a linewidth of 3.5

Fig. 7. Normalized TL fading of peaks at 132 and 200 °C as a function of
storage time interval.

Gauss is observed. In addition to alkali halides, an electron trapped at an
anion vacancy (i.e., F* center) has been observed in oxide systems. In
general, F" center displays a g-value that is isotropic and close to the
free-electron value of 2.0023. However, the g-shift can be positive or
negative. In the present mineral system, the g-shifts are negative and the
linewidth is not large. These observations allow a tentative assignment
of the center to an F' center. Fig. 10 displays the thermal annealing
behavior of the center. It is observed that the center becomes unstable at
about 95 °C and the intensity begins to decrease and the center decays in
the temperature range 95 °C — 225 °C. It thus appears that center I could
be associated with the TL peak at 200 °C.

It may be mentioned that the observed g-values appear to be similar
to the ones exhibited by the E-center. However, g| > g, for the E-center
and the defect center in the present mineral exhibits g-values where g| <
gL. Further, it is well known that the E'-center ESR signal saturates at
very low microwave powers (at about 0.1 mW). Fig. 11 displays the
microwave power saturation behavior of the E-center [24]. A micro-
wave power saturation experiment has been carried out for the center
observed in the present system and the results are presented in the inset
of Fig. 11. It is seen that the signal saturates at about 1.0 mW. These
observations and the observed g-values exclude the assignment of the
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observed center in dumortierite to an E'-center.

It is observed that center I displays an axially symmetric g-tensor. F*
centers characterized by an axially symmetric g-tensor have been
observed in Yttria stabilized Zirconia (YSZ; ZrO4: Y) [25], and CaZrOs:
Tb [26]. The g-shifts are negative in these systems. In general, F' centers
exhibit isotropic g-values. The axial nature of the g-tensor in YSZ was
interpreted by invoking the presence of a symmetry-breaking defect
center at an anion site close to the F' center that explains the axial
nature of the g-tensor. A neutral F center (an oxygen vacancy with two
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electrons) was considered that has a probability of forming in the YSZ
lattice due to the presence of oxygen vacancies. In quartz lattice, oxygen
vacancies will be present and y-irradiation can induce F center forma-
tion close to the center L. It may be mentioned that an F' center with
axially symmetric g-tensor along with positive g-shifts has been observed
in X-irradiated Sodium p-alumina (g = 2.0076 and g, = 2.0032) [27].

4. Conclusions

The investigation of the crystal structure and chemical composition
by XRD and XREF, respectively, showed the presence of dumortierite and
quartz crystals in the sample acquired as dumortierite. The shape and
intensity of the TL glow curve of dumortierite show high dependence on
the heat treatment temperature. For a heat treatment temperature of
1200 °C for 1 h, it shows the highest sensitization in its TL response. The
dumortierite sample with heat treatment at 1200 °C shows six TL peaks
in the region of 100 — 400 °C; these peaks have low fading. Moreover, the
peaks around 200 °C show a linear behavior with y-radiation dose. A
single defect center has been observed in the y-irradiated mineral
dumortierite, and the center is tentatively identified as an F* center. The
center correlates with the TL peak at 132 °C and 200 °C.
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