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ABSTRACT

This study reveals the differences created by varying calcination temperature and citric acid/ethylene glycol ratio (CA:EG) in
thermoluminescence (TL) and optically stimulated luminescence (OSL) curves so that the Neighborite (NaMgFs) compound
synthesized using sol-gel can be used as a radiation dosimeter. While producing NaMgF3; phosphors, four different calcination
temperatures (700, 800, 900 and 1000 °C) were applied for the calcination process. Characterization analyzes of the samples
were performed using X-ray diffraction (XRD) and Scanning electron microscopy (SEM). It was observed that the oxide phases
in the crystal structure of the sample increased gradually with increasing calcination temperature. At 1000 °C, it was observed
that the crystal structure of the sample was deformed and moved away from the aimed structure. Considering the signal intensities
in the TL and OSL glow curves obtained after radiation exposure and the data in the characterization analyzes, the calcination
temperature of 800 °C was determined as the optimum temperature. This calcination temperature was kept constant and the
samples were reproduced by changing the CA:EG ratio in four different ways (2:4, 4:4, 8:4 and 16:4). By comparing all the
sample, the samples with the best crystallization and the most suitable surface morphology were determined. In TL glow curves,
it was observed that deep traps could be formed only in samples calcined at 800 °C. Likewise, it was observed from the OSL
glow curves that the samples calcined at 800 °C had higher sensitivity. It has been stated that the low sensitivity of the samples
calcined at high temperatures is due to the density of the oxide phases formed in the calcination process.

Keywords: Thermoluminescence, Optically stimulated luminescence, Neighborite, Calcination conditions, Computerized
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1. INTRODUCTION

Perovskites, with their variable formulas, flexible structures, numerous unique properties, and efficacy in a wide range of
applications, are becoming hotspots and are being studied extensively [1,2]. The first identified perovskite is CaTiO3 by Gustav
Rose in 1839 is named after the mineralogist L. A. Perovski [3], and then its formula is found in numerous new forms, such as
ABX3, A3B2X9, etc., where A and B are cations (A has a larger radius than B) and X is a halogen or oxygen anion is derived
[4]. Perovskite materials with a wide variety of properties and wide applications can be produced from different compositions
and structures [5-8]. For example, luminescent perovskites are used in lighting [9], displays [10], biological imaging [11] or
sensing [12], while some photoelectric perovskites are used in areas such as electrocatalysis [13] and photo-catalysis [14]. While
the fields of use of perovskites with magnetic properties are magnetic cooling [15], information storage [16], biomedical imaging
[17]; electrical perovskites are used to prepare ionic conductors [18], dielectric devices [19], etc. As we approach the present
date, it is observed that researchers have done a lot of research into the luminescence in solid-state perovskites. The oldest known
of these comes from a Chinese text published in the Song dynasty. Among these studies, luminescent perovskites have important
applications in the fields of solar cells [20], lighting devices [21], scintillators [22], electronic devices; such as capacitors [23] or
converters [24] or radiation dosimeters [25,26] . It would be helpful for readers to read some review articles for more information
[27-29].

The mineral NaMgFs, a material with a perovskite structure, was named Neighborite after the work of geologist Frank
Neighbor, and then Chao and his colleagues described this mineral crystallographically [30]. O’Keefe and colleagues noted the
structural similarity between NaMgF3 and MgSiO3 in the late 1970s [31]. Zhao and colleagues have done extensive work by
studying the phase transitions [32] changing with temperature, and the structure of NaMgF3 [33]. NaMgF3 crystallizes into an
orthorhombic crystal system and is identified in the space group Pcmn. It has a tetragonal structure between 760 and 900 oC and
above 900 oC the unit cell becomes cubic [30].

The researchers stated that NaMgF3 has an effective atomic number (Zeff=10.4) close to the tissue equivalent and is a host
compound that can be used for optical radiation dose estimation by OSL and RL methods, especially when used with lanthanide
ions. It has been observed by some researchers that NaMgF3, which had many luminescence studies before, exhibited some
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interesting photoluminescence properties with divalent or trivalent lanthanides. In addition to the luminescence of trivalent
lanthanides such as Pr [34], Er [35], Ce [36], Eu [37], Sm [38], Yb [39], Gd [40] and Dy [41], divalent lanthanides such as Sm
[42,43], Yb [44] and Eu [45] were also reported.

In generally, NaMgF; is prepared using solid-state reactions. However, direct melting of the constituent fluorides has also
been used. Simpler new techniques such as the solvothermal method, two-stage wet chemical methods have also been used
recently. Fluoride salts are used as precursors in high-temperature techniques. Due to the ability of chlorine ions to prevent
hydrolysis, some wet chemical methods that lead to the formation of OH-free fluorides are also preferred. It is necessary to
remove traces of water to avoid parasitic oxyfluoride phases and thermal treatment should be in a reductive atmosphere. We
obtained NaMgFs phosphors containing different activators by sol-gel method from metal fluoride solutions.

In this study, optimization studies were carried out for the variables (calcination temperature and CA:EG ratio) in the
production process of the NaMgFs material, which was examined by some researchers for its use in the field of radiation
dosimetry and stated to have superior dosimetric properties and very bright TL and OSL signals. NaMgFs microparticles with
fluoride-based perovskite structure were obtained in laboratory conditions by Sol-gel method. For NaMgFs, where no such
optimization was found, the differences in calcination temperature and citric acid ratio in structure and luminescence efficiency
were tested. It is thought that the optimization studies of the calcination temperature in this study will shed light on future
dosimetric studies while investigating the effect of both TL and OSL signals. In this study, in which the difference in
luminescence efficiency with the differences created by the calcination temperature in the host matrix was revealed, the
differences in both TL and OSL curves were revealed by changing the CA:EG ratio. In addition, the luminescence efficiency of
the doped NaMgF3 samples produced using the optimized calcination temperature and CA:EG ratio is also presented.

2. MATERIAL AND METHOD

2.1. Sample preparation

In this study, the NaMgF3 (Neighborite) sample as perovskite-type fluorides was synthesized using the sol-gel technique.
NaMgFs polycrystal powder were prepared using the polycrystalline compound of NaF (>99.0%, Sigma Aldrich) and MgF,
(>99.99%, Sigma-Aldrich) inappropriate proportions. Ethylene glycol (EG) solution (C,H0,, 99.8%, Sigma-Aldrich) and citric
acid (CA) (C¢Hg 0, 99.5%, Sigma-Aldrich) were used as a solvent and a reactant, respectively, with four different CA:EG ratios
(2:4, 4:4, 8:4 and 16:4). The calcination process was performed using a high-temperature furnace at four different temperatures
(700, 800, 900 and 1000 °C) for 2 h. To keep oxidation to a minimum and to prevent oxide formation, the oxygen level was
reduced by passing argon gas through the furnace chamber during calcination process.

2.2. Luminescence measurements

Thermoluminescence and optically stimulated luminescence readouts were performed using a Ris@ DA-20 TL/OSL reader
system. This reader has a 90Sr-90Y beta source with the 6.689 Gy/min dose rate and 2.27 MeV maximum energy. All
luminescence signals were recorded with a bialkaline photomultiplier tube (PMT) unit and Schott BG-39 (330-620 nm VIS
range) and Hoya U 340 (290-390 nm UV range) filters placed in front of it. The luminescent samples were first irradiated with
a beta dose of 0.2 Gy and then TL read-outs were performed from room temperature up to 500 °C. OSL readings were performed
using the blue light source with a wavelength of 470 nm for 100 seconds of continuous stimulation (CW-OSL). All TL readouts
and OSL pre-heatings were performed at 5 °Cs™ heating rate.

3. RESULTS AND DISCUSSION
3.1. Structural Analysis
3.1.1. XRD

NaMgFs microparticles were successfully produced in laboratory conditions using the sol-gel method. The inconsistencies
in TL and OSL curves obtained after the production stage and the different dose responses of different batches were problematic,
and more consistent results were aimed by obtaining optimum conditions with the variables of calcination temperature and
CA:EG ratio. In this way, the opportunity to test the luminescence efficiency with varying calcination temperatures and CA:EG
mol ratios was occurred. Figure 1a presents the X-ray diffraction patterns of NaMgFs; samples obtained using the sol-gel method
and calcined at four different calcination temperatures ranging from 700 to 1000 °C. After the calcination temperature was
determined, the CA:EG variable was tested at 2:4, 4:4, 8:4 and 16:4 ratios. The XRD patterns of the NaMgF3z microparticles
obtained as a result of the production, in which the CA:EG ratios vary, are given in Figure 1b. As seen in the figure, it was
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observed that the characteristic NaMgF; peaks as well as small oxide peaks increased with the increase of calcination
temperature. However, it was observed that the structure was completely destroyed at 1000 °C or a different structure was formed
unlike the NaMgF; phase. It is observed in the TL and OSL curves that the luminescence efficiency also decreases sharply with
the deterioration of the structure (see Figure 3a and 4a). Different CA:EG mole ratios were compared in samples produced at
800 °C calcination temperature. The samples in which both the crystallization was better than the others (see Figure 1) and
especially the OSL signals were the most intense (see Figure 4) were the NaMgF3 microparticles produced in a 2:4 mole ratio.
Miller indices of the main crystal structure of all the NaMgF; samples obtained except 1000 °C calcination temperature were
indicated for the peaks associated with NaMgF3 reported in the ICSD card numbered as ICSD:98-009-4085 and matched well
with its Pnma space group with orthorhombic structure. In order to minimize oxidation and prevent the formation of oxide
phases, the calcination process was carried out in an argon atmosphere. However, since the calcination process was carried out
in a non-completely isolated high temperature furnace, this could not be prevented. Several oxide phases not mentioned here,
for example MgO, were observed in the crystal structure.
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Figure 1. XRD patterns of NaMgF3z microparticles synthesized using the sol-gel methods with different calcination
temperatures and CA:EG molar ratios.

3.1.2. SEM

The surface morphology of NaMgF; fluoroperovskite was analyzed with SEM analysis at different magnifications of 5000
and 10000x. A series of SEM images of NaMgFs microparticles obtained with calcination conditions (700, 800, 900 and 1000
°C) and CA:EG molar ratios (2.4, 4:4, 8:4 and 16:4) were recorded. Increasing calcination temperatures in the NaMgF 3 structure
improved the crystallinity of powders. SEM images reveal that the microparticles exhibit a self-repetitive image in a continuous
distribution for all samples. (Figure 2a). In the SEM images obtained after the constant calcination temperature of 800 °C of the
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samples produced at different CA:EG ratios, it was observed that the homogeneous morphology on the surface in all case (see
Figure 2b).
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Figure 2. SEM images of the NaMgF3s samples prepared using sol-gel method () calcined at different temperature and (b)
prepared in different CA:EG molar ratios.

3.2. Luminescence characterization
3.2.1. TL glow curve analysis

TL glow curves of undoped NaMgF3 obtained using the sol-gel method are given in Figures 3a and 3b. As can be seen from
the TL glow curves due to different calcination temperatures, TL peaks were observed at around 75 and 120 °C with different
intensities depending on the trap groups of NaMgFs phosphorus. Unlike the others, there was another broad TL peak, which
appeared weaker than the other peaks between 225 and 360 °C under the 800 °C calcination condition. In generally, TL peaks
located at high temperatures in TL glow curves of dosimeters are preferred because they indicate deeper traps than those at lower
temperatures and relatively more stable signals are obtained from these traps. In such a case, the optimum calcination temperature
was chosen as 800 °C. And then, by keeping this temperature constant, NaMgFs phosphor was reproduced with the four different
ratios of CA-EG. It can be clearly seen that the 4:4 ratio of the CA:EG exhibits higher intensity TL signals than the others and
can create deep traps. It should be noted that the TL glow curves here were recorded with a Schott BG-39 VIS band pass filter
with transmittance in the visible region (330-620 nm).
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Figure 3. TL glow curves of NaMgFs differing with varying (2) calcination temperature and (b) CA:EG ratio. TL glow curves

were recorded by heating from room temperature to 450 °C without preheating, and each TL glow curve presented was
obtained by averaging the TL signals recorded from 3 samples.

The computerized glow curve deconvolution technique (CGCD) was used with the help of the Microsoft Excel spreadsheet
[46] can be used for the analysis of the complex TL curves which have overlapping peaks. The kinetic parameters such as E,, s,
and b were calculated assuming the general order kinetic which is described by Kitis et al. [47]. The components which they are
created in the TL glow curve are given in Figure 4. Goodness of fit value as Figure of Merit (FOM) was determined as 2.23%.
Calculated kinetic parameters E,, s, and b values were shown in Table 1. Activation energies were observed to have an increasing
tendency between 0.76 and 1.17 eV. The frequency factors corresponding to the peaks were determined between 108-10%° s2,
The lifetimes 1 of the traps were calculated using Equation 1 [48] as 2.45 minutes, 1.30 hours, 5.15 days, 4.50 years and 1.50x10?
years, respectively.

T=s"texp (:—T) @
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Figure 4. Deconvoluted TL glow curve from undoped NaMgF3 using sol-gel method calcined at 800 °C with the CA:EG ratio

of 4:4.

Table 1. Kinetic parameters obtained from deconvoluted TL glow curve

Tmax(°C) E(eV) s (Hz) b (a.u.) T FOM (%)
Peak 1 74 0.76 3.38x10%° 1.35 245m
Peak 2 118 0.80 4.79x10° 2.00 1.30h
Peak 3 173 0.92 6.15x10° 2.00 5.15d 2.23
Peak 4 267 0.99 2.94x108 2.00 450y
Peak 5 330 1.17 1.04x10° 2.00 1.50x10%y

3.2.2. Continuous-wave OSL decay curve analysis

The OSL decay curves of the NaMgF3 phosphors were recorded using 100 s blue light stimulation from samples calcined at
different calcination temperatures with different ratio of CA:EG. The recorded OSL decay curves after 100 °C preheating of the
NaMgFs samples are compared in Figure 5. Figure 5a presents the OSL signals of NaMgFs samples calcined at different
calcination temperatures as a function of time. It was observed that the samples calcined at 800 °C gave the most intense OSL
signals. This is thought to be due to the fact that the NaMgF; phase is formed more smoothly at 800 °C than the others and that
different oxide phases are less common in the crystal structure. Figure 5b presents the OSL signals of NaMgF3 samples produced
with different CA:EG molar ratios and calcined at 800 °C as a function of time. Here, it was observed that the samples produced
with the CA:EG ratio of 2:4 gave the most intense OSL signals among them.

57



Eurasian J. Sci. Eng. Tech. 3(1): 052 - 062

V. Guckan

1x10°
F (a)
Calcination temp.
5 1x10° ——700°C
S ——800°C
© ——900°C
5 ——1000 °C
W
1 1x10°
w
O
1x10° |
i 1 1 1 | 1 L 1
0 20 40 60 80 100
Time (s)
1x10° | (b)
: CA:EG molar ratio
’:'{ i —24
S Ix10°E —4:4
= F -84
= —16:4
@
? 1x10° F
O F
1x10° |
5 1 L I L 1 L 1 L 1 L 1
0 20 40 60 80 100
Time (s)

Figure 5. OSL decay curves of the NaMgF3 phosphors prepared using sol-gel method (a) at different calcination temperatures
and (b) using different CA:EG ratios. OSL curves were recorded by blue light stimulation after 100 °C preheating, and each
OSL decay curve presented was obtained by averaging the OSL signals recorded from 3 samples.

The CW-OSL decay curve of all NaMgFs samples were analyzed using the fitting method according to time decaying
functions (see Figure 6) approximated by general-order which can be written as follows;

_b1 _ b2
1) =bkg + 1 [1+ =D o] "+ L1+ G~ D] P (2)

where, each component is named as fast, medium and slow component, respectively, according to their lifer times 7, , 3
values. I(t) is the OSL intensity as a function of time, I, , 3 are the amplitudes, ¢t is the stimulation time and bkg is the
background signal of the reader. The decay of the undoped NaMgFs; samples prepared with different conditions were
characterized by a fast initial decay and then the medium and a slower decay. The fitting curves for all the undoped NaMgF3;
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samples estimated using the three components were statistically found well. The related kinetic parameters and FOM value are
given in Table 2.
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Figure 6. The OSL decay curve of the undoped NaMgFs calcined at 800 °C with the CA:EG ratio of 2:4 and its fast, medium
and slow components.

Table 2. Decay constants for fast, medium and slow components of the OSL decay curve of NaMgF.

Fast Medium Slow
Al 1l A2 2 A3 t3  bkg FOM
CA:EG Temp.
4:4 700 °C 4853.87 046  2689.24  2.82 887.37 1858  793.22 214

800°C | 180917.70  0.38 | 32811.33 422  26785.06 25.25 3807.55 2.01
900 °C 13861.43 042 703830 266 176343 1926 936.01 235
1000 °C 232334 045 | 260824 313 4811763 1838 = 920.05 2.96

Temp. | CAEG

800°C 42 200588.01 ~ 0.43  40062.94 496 3722276 28.06 543.50 1.76
4:4 180917.70 038 | 32811.33 422  26785.06 25.25 3807.55 2.01
4:8 13744070  0.62  50339.46  3.34  15867.50 23.42 2307.60 2.11
4:16 2192339 047 1070147 283 | 285822 1869  989.36 2.86

4. CONCLUSION

In this study, NaMgFs; samples were produced successfully with the uncommon sol-gel production technique. In XRD
diffraction patterns, it is observed that the crystal structure gradually deteriorates due to the increasing calcination temperature
and at the same time, different oxide phases increase. At the calcination temperature of 1000 °C, it is seen that the structure has
completely deteriorated. This was an expected situation [30]. Obtained NaMgFs; samples except 1000 °C are reported in the
ICSD card numbered ICSD:98-009-4085 and fit well with the orthorhombic structure in Pnma space group. The complexity of
the surface morphology (possibly due to the presence of oxide phases) makes it pointless to observe the effect of varying
calcination temperature or CA:EG ratio. It is seen that TL peaks at low temperature are more intense in TL glow curves taken
from samples obtained under different conditions. It was observed that high temperature TL peaks were obtained only in NaMgFs
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samples calcined at 800 °C and with a CA:EG ratio of 4:4, and the kinetic parameters of this curve were estimated by the CGCD
method. Its activation energies of the traps corresponding to each TL peak were observed to have an increasing tendency between
0.76 and 1.17 eV. The situation did not change much in the OSL decay curves taken from the NaMgF3 samples. Only NaMgF3
samples calcined at 800 °C and with CA:EG ratios of 2:4 or 4:4 had high-intensity. The decay constants with its fast, medium
and slow components of these OSL curves were estimated using fitting curve method.

This study reveals the changes in TL and OSL curves with changing calcination conditions and CA:EG ratio in the use of
NaMgFs samples for dosimetric purposes, and the kinetic parameters that change depending on these changes. It is suggested
that NaMgF3 phosphorus has a high potential as a radiation dosimeter and should be investigated further for this purpose, and it
is thought that this study will shed light on future studies.
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