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Abstract. The present study aims to reveal thermoluminescence (TL) features of natural dolomite mineral. In the first stage, the
proper filter was selected as WBB with HR of 2 °Cs™ from RT to 450 °C. The results obtained from TL glow curves showed that
the curves were composed of two peak maxima (pm) located at 102 and 252 °C at doses between 0.11-10 Gy. When examined the
dose dependence of each peak maxima, each of them exhibited a good linear response. The mineral was found to be reusable within
8% and 16% for peak 1 and 2, respectively. The effects of the HRs in the range of 0.5-10 °Cs™ on TL were researched taking into
account the change of the FWHM, Tm, Im and peak area vs HR for each pm and observed an anomalous case increasing TL intensity
with HR. The Tm-Tstop experiment and CGCD analyses performed showed that the curves consist of at least 8 superposition peaks.
The Ea values are in good agreement at both methods and found to be 0.65-1.08 (p1) and 1.4-1.71 eV (p2) applying CGCD method.

INTRODUCTION

Dolomite (CaMg(COs),) is a common mineral consisting of alternate layers of calcite CaCO3; and magnesite
MgCOj; used mostly in industrial fields. One of the most important application areas of dolomite mineral is to use in
the production of fire-resistant materials, used in metallurgy, chemical and ceramic industries [1-2]. In recent years,
besides, several studies on thermoluminescence (TL) characteristic of this mineral have been performed by the
irradiation with gamma rays in general [3-6].

In a study on TL of natural dolomite, Soliman et al. observed that the glow curve of the blue emission band in TL
in the range from room temperature (RT) to 400 °C had peaks at 240 and 270 °C with a heating rate (HR) 4 °C/s. The
laboratory induced glow curve had 10 peaks between 145 and 355 °C for a gamma dose of 10* Gy and the TL response
to gamma-rays was found to be linear over the dose range 500-10* Gy [3]. Ramasamy et al. studied on features of TL
glow curve of ten dolomitic crystals. Two peaks at 270 °C and 335 °C were observed in the natural
thermoluminescence (NTL) measurements whereas an extra peak at 180 °C appeared when the sample had been
exposed to a gamma dose of 200 Gy. Annealing experiments of the samples were carried out at the temperatures in
the range of 200-950 °C for all three TL peaks and annealing temperature of 700 °C for 4 h followed by quenching in
air was found to be in the optimum condition for TL. They also evaluated the kinetic parameters of dolomite crystal
using peak shape (PS) and initial rise (IR) method and concluded that the trapping centers were not influenced by the
annealing process [4]. A theoretical study on concentration quenching (CQ) of TL in dolomite was also performed by
Mostefa el al. It was carried out using the model of 5TOR. The simulated results achieved using their model were
found in harmony with the experimental results put submitted previously in the literature [5]. Soliman et al. studied
again on natural dolomite and observed that their natural dolomite sample gave two peaks at 240 °C and 325 °C in the
green region and four peaks at 225, 240, 270 and 325 °C in the red region. They also obtained sublinearity for both
bands in the range of 1-100 Gy and linearity in the region 200-10*Gy at the dose response curves [6].

In the present study, dose-response, reusability, heating rate (HR) effect and kinetic parameters (activation energy
(Ea), frequency factor (s) and order of kinetic (b)) of natural dolomite samples were investigated to determine the TL
properties of the mineral. To evaluate the kinetic parameters, Tm-Tswop €Xperiment and CGCD (Computed Glow Curve
Deconvolution) analyses were carried out.
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MATERIAL AND METHODS

The natural dolomite samples were supplied from Mersin province in Turkey. The samples were ground to a
powder with an agate mortar, and the powdered samples were sieved at the size of 90 pm then placed in Eppendorf
tubes. The powder samples of 25 mg pressed with pressure of 2 tons/cm? during 20 minutes were converted to thin
pellet form before being analyzed and measured.

All TL measurements of the pellets were performed using an automated Lexsyg Smart TL/OSL reader system
having different filter combinations. The reader system has an internal ®Sr/*°Y source with 1.95 GBq emitting beta
particles with a maximum energy of 2.2 MeV and a dose rate of 0.11 Gys™.

The pellet samples of 25 mg were heated from RT to 450 °C to eliminate the previous history of any geological
information prior to irradiation. In the first stage of the experiment, TL glow curves of the filter test performed using
different band filters were recorded with a constant HR of 2 °Cs? from RT to 450 °C after a dose of 5 Gy. The TL
glow curves to observe dose-response were also recorded at the dose in the range of 0.11-10 Gy with beta irradiation.
In addition, the TL curves of the HRs in the range of 0.5-10 °Cs™ and reusability test were performed with beta dose
of 5 Gy.

RESULTS AND DISCUSSION

Optimum Filter

The selection of the best suitable filter is of great importance to observe the TL signal more efficiently. The
automated Lexsyg Smart TL/OSL reader used in this study provides the opportunity to choose the desired one among
various types of band pass filters inserted between the sample and the photomultiplier tube (PMT). The pellet samples
were exposed to a constant beta dose of 5 Gy for suitable filter selection. Fig. 1 displays a comparison of IRSL
wideband blue (WBB), BSL 365 nm, IRSL 410 nm, and IRSL 565 filters. It can be easily seen from Fig. 1, the highest
TL intensity has been obtained using WBB filter and there are two peak maxima centered at 102 and 252 °C. In the
lights of these results, TL measurements in the present study were carried out using the WBB filter.
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FIGURE 1. The results of filter test of natural dolomite mineral at dose of 5 Gy with heating rate of 2 °Cs*
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A good TL material is expected to respond to different dose levels with the same precision. To evaluate dose-
response of the dolomite pellets TL glow curves were recorded at low beta doses in the range of 0.11 — 10 Gy. Fig. 2
shows TL glow curves of the pellets at the dose of 0.11, 1, 3, 5, 8 and 10 Gy. As seen in Fig. 2, the curves compose
of two peak maxima up to 10 Gy and the TL intensity increased with the increasing beta doses.

In addition, to see the relation between TL intensity and irradiation dose more clearly, a figure (Fig. 3) that shows
the change of peak area versus beta dose is plotted using an equation of the form; TL = aD’. When examined the dose
dependence of each peak maxima, according to area under each peak maxima, each of them exhibits a good linear
response with linearity parameters of b=1.03 and b=1.17 for peak-1 and peak 2, respectively.
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FIGURE 2. TL responses versus doses between 0.11-10 Gy of natural dolomite mineral
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FIGURE 3. The change of peak area versus the dose of natural dolomite mineral for peak 1 and peak 2
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Heating Rate

TL peak shape and position show changes depending on the heating rate (HR). Thus, the influences of the HRs in
the range of 0.5-10 °Cs™* on TL glow peak of natural dolomite pellet were examined with beta irradiation of 5 Gy. The
effects of the HRs are presented in Fig.4. One can see in Fig.4 that (the unit of TL intensity is given as count/ °C) the
peak maxima temperatures of the glow curve shift to higher temperatures with increasing HR. Besides, it is seen in
the figure that behavior of TL intensity of the glow peaks does not exhibit the expected result in the TL theory [7].
The intensity of TL glow peak maxima increases with an increase at HR, which is known as anomalous heating rate
effect. Such an anomalous effect can be resulted from an increase in the probability of radiative transitions compared
to that of the non-radiative transitions [8].

2.0x10* — 1 T — T | E— 1

1.8x10*

1.6x10*

1.4x10*
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—e—peak 2
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FIGURE 4. TL glow curves of natural dolomite mineral measured at various heating rates from 0.5 to 10 °Cs™. Inset Figure
shows the normalized maximum intensity (Im) versus heating rate for peak 1 and 2.

To examine the influence of HR in detail, the graphs of the change of the normalized peak area, peak maxima
temperature (Tr) and the full width at the half maximum (FWHM) versus HR for each peak maxima were plotted
(Fig. 5 (a), (b), (c)). The area under the TL peak maxima increases in the rate of about 15% by the increase of HR for
peak 1 and 2 (Fig. 5(a)). The Ty, shifts to the higher temperatures with increasing HR (Fig. 5(b)). Besides, when
examined the behavior of the FWHM of natural dolomite pellets versus HR (Fig. 5(c)), it is observed that the glow
peak comparatively becomes much wider for both peak maxima.
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FIGURE 5. The change of (a) the normalized peak area (b) the peak maxima temperature (c) FWHM versus heating rate for
peak 1 and peak 2 of natural dolomite mineral

Reusability

The reusability test determines if TL signal from material exhibits any changes when exposed to the same
conditions. In this experiment, the readouts of the glow curve were carried out for 9 sequential measurements with
dose of 5 Gy at a linear HR of 2 °Cs* and the results revealed that the mineral is reusable within 8% and 16% for peak
1 and 2, respectively (Fig. 6). Actually, reusability of a good TL material should have less than 5% for sequential
measurements under the same dose and readout conditions [9]. However, natural materials can give higher value than
5% at reusability test due to impurities in natural mineral or new traps that occur depending on the radiation exposure
at each cycle [10-12].
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FIGURE 6. The behavior of normalized peak area for peak 1 and peak 2 through 9 consecutive cycles of natural dolomite
mineral

The Evaluation of Kinetic Parameters

T — Tgop €XPEriment

T — Tstop €Xperiment has been performed in the literature to decompose TL glow curves consisting of
overlapping peaks [13]. In this study, T,, — T, €Xperiment was carried out to deconvolve the overlapping peaks
and determine the order of kinetics (b), activation energy (E.) and frequency factor (s). The natural dolomite pellet
irradiated with a beta dose of 5 Gy was heated up to a Ty;,,, at HR of 2 °Csand cooled to RT. Then TL readouts were
performed up to 450 °C. The sample irradiated with the same dose was reheated to a new Ty, with the increment of
5 °C and the cycles were repeated in the complete interval Ty, = 45-320 °C. Thus, clean peaks for each curve were
obtained in order to apply the initial rise (IR) method after T,,, — Ty, experiment and the activation energies and

frequency factors given in Table 1 were estimated for probable deconvolved peaks. In addition, a plot of the calculated
activation energy (Ea) versus Tstop is shown as Fig. 7. The figure indicates that the main peaks consist of at least eight

superposition peaks.

TABLE 1 The values of activation energy E (eV) and frequency factor s (s*) obtained using the initial rise (IR)

method after T,,, — T, €Xperiment.

The obtained T4, range (°C) E (eV) s(s?h)
peaks
1%t Peak 45-90 0.55-0.64 8.2E+07-1.4E+08
2" Peak 95-135 0.78-0.80 3.6E+08-1.4E+10
39 Peak 140-165 0.81-0.83 7.4E+07-5.6E+08
4™ Peak 170-185 1.13-1.16 1.7E+11-4.1E+11
5t Peak 190-215 1.42-1.44 8.7E+13-1.3E+14
6" Peak 220-250 1.54-1.56 9.9E+13-1.2E+15
7" Peak 255-285 1.63-1.66 1.4E+13-5.4E+14
8" Peak 290-320 1.70-1.84 6.3E+12-3.9E+14
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FIGURE 7. The change of the activation energy versus Ty, obtained after Tm-Tswop experiment with dose of 5 Gy at HR of 2
°Cs of natural dolomite mineral.

CGCD Method

CGCD (Computerized Glow Curve Deconvolution Method) is a useful method for analysis of the main peaks that
includes overlapping TL glow peaks. This method also allows to evaluate the Kinetic parameters without the need of
any further thermal annealing. The experimentally obtained glow curve with the readouts at a HR of 2 °Cs* after beta
irradiation under 5 Gy dose was deconvolved applying general order kinetic equation which Chen, and Kitis et al. [14-
16] have contributed using R-software package “tgcd” [17]. Fig. 8 shows the deconvolution results consisting of at
least eight superposition peaks of natural dolomite pellet. Figure of merit (FOM) value which is a sign of agreement
between experimental and theoretical data was found to be 1.67%. The FOM value should be less than 5% considering
acceptable fit value.

The best estimates of kinetic parameters of the deconvolved peaks are given in Table 2. As seen in Table 2, the
activation energy values were found to be 0.65-1.08 (Peak 1 maxima) and 1.4-1.71 eV (Peak 2 maxima). The orders
of kinetic were determined to be in the range of 1.44-2. In addition, s values were found to be in the range of 108-10%,
as expected.
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FIGURE 8. Deconvolution of the glow curve at 5 Gy dose of natural dolomite mineral.

TABLE 2 The values of maximum peak temperature Tm(°C), the activation energy E (eV), frequency factor s (s2)

and kinetic order b of deconvolved peaks obtained by the deconvolution of the main peak of natural dolomite sample
using CGCD method (HR: 2 °Cs™?, irradiation dose: 5 Gy)

Deconvolved Tm(°C) E (eV) s(s?h) b
Peaks
1%t Peak 89.85 0.65 1.10E+08 2
2" Peak 94.77 0.79 8.15E+09 1.6
3 Peak 123.34 0.8 1.66E+09 1.6
4™ Peak 164.85 1.08 3.39E+11 1.44
5t Peak 214.85 14 3.70E+13 2
6™ Peak 249.85 1.58 2.18E+14 1.6
7™ Peak 264.59 1.6 1.23E+14 1.6
8t Peak 306.37 1.71 8.30E+13 2
CONCLUSION

In the present study, dose-response, reusability, heating rate (HR) effect and kinetic parameters of natural dolomite
mineral supplied from Mersin province were examined in order to determine the TL properties of the samples. The
results of the measurements revealed that TL response at low beta doses between 0.11 and 10 Gy exhibited good
linearity. Heating rate effect on TL signal showed an anomalous state that TL intensity enhances with increasing HR
due to an increase in the probability of radiative transitions compared to that of the non-radiative transitions. The
reproducibility results of the natural dolomite samples were examined and the obtained results were found to be in the
acceptable limits when compared with the reproducibility results of natural materials. To find the kinetic parameters

of TL glow curves of the mineral, T,,, — T, and CGCD Methods were used, and the results obtained using these
methods were found to be in good agreement.

These experiments and calculations performed up to now is a preliminary study to learn TL properties of dolomite
mineral. For future studies, dolomite mineral samples will be annealed to make them more stable and the

measurements and calculations will be performed again for the annealed samples to compare both results and to learn
whether the mineral can be used as a dosimetric material.
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