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Abstract

This study reported radioluminescence properties of limestone from Kiitahya, Tiirkiye, for the first time,
which has been the subject of many studies in both mineralogical and gemological fields. Limestone is the
general name of carbonate rocks, which is the mineral with typical colors according to the impurity
elements in rock and exhibited luminescence properties under x-ray irradiation. The
radio&thermoluminescence data were analyzed for limestone. Besides, x-ray diffraction pattern was
created for structural characterization, scanning electron microscope images and energy dispersive x-ray
spectroscopy maps were taken to determine morphological features. When the radioluminescence
spectrum of the limestone was detailed, a broad emission consisting of several peaks was observed in the
visible region. In the thermoluminescence spectrum taken after the x-ray excitation of the limestone, three
thermoluminescence peaks were observed at 97 °C, 170 °C and 320 °C. Also; TL kinetic parameters are
reported; The activation energy (E) and frequency factor (s) of the first peak were determined in detail
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using the methods of peak shape and varying heating rates.

Keywords: Limestone, radioluminescence (RL), thermoluminescence (TL), CaCOs.

1. Introduction

Limestone is one of the abundant minerals in nature.
Generally, limestones consist of shells and animal
skeletons found in shallow and warm seawater.
Limestone formed in this way is a biological sediment.
It can also be formed by direct evaporation or
precipitation of calcium carbonate. Limestone, which is
formed as a result of evaporation and precipitation, is a
chemical sedimentary rock and is less common in nature
than biological sedimentary rock[1]. Limestone can be
found in various forms such as calcite, vaterite and
aragonite under the main chemical formula CaCOs.

Calcite is a carbonate mineral and is the most
structurally stable polymorph of calcium carbonate
(CaCO;). Calcite, whose crystal system is generally
hexagonal, can be seen in different crystal forms. More
than 800 crystal forms are described in the literature[2].
Although it shows widespread twinning, it is twinning
according to two different laws. In the first, the twin
plane is the basal pinacoid, and in the second, the
rhombohedral surface. Colorless or white when pure; It
can also be observed in gray, yellow, brown, red, green,
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blue and black colors depending on the impurity
elements it contains. The most obvious distinguishing
feature is that it can be dissolved by foaming very
quickly with HCI [3]. Calcite, which is one of the most
abundant minerals in nature, is the main component of
carbonate sedimentary rocks (limestones), metamorphic
rocks (marbles) and stalactites & stalagmites in
travertines[4,5].

Aragonite is a carbonate mineral, one of the three most
common crystal forms of calcium carbonate. It is widely
known that they complete their physical formation with
precipitation, regardless of fresh or saltwater
environment[6]. The non-twinning types of aragonite,
which has an orthorhombic crystal system, are rarely
acicular and sometimes plate-shaped. It differs from
calcite by its crystalline form and high specific gravity.
Aragonite, which has a vitreous and resinous luster, is
not as common as calcite. It is formed together with
gypsum bands formed near the surface. Along with
secondary minerals such as malachite and smithsonite in
the oxidation zones of the mine deposits; It can occur in
different metamorphic and sedimentary rocks [7].
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Although nature is often found, there are only a few
studies in the literature regarding the luminescence of
limestone and its potential applications [8,9]. On the
other hand, studies (dating, dose response, etc.) for
calcite, which is a type of calcium carbonate, are much
more due to its good luminescence response [10-14].
There are few studies examining the RL of calcite in the
literature [15-18]. This study reported
radioluminescence properties of limestone from
Kiitahya, Ttirkiye for the first time.

In the study, the structure -characterization and
luminescence behavior of the limestone extracted from
Kiitahya-Tavsanli (Aslan Baba region- near Merkez
Karakoy village) were investigated. Aslan Baba
territory; although it is known by the local people, it is
name of region in the triangle of Agakdy, Bagkdy and
Merkez Karakoy villages in Tavsanli.

Thé-region of
Aslan Baba

2. Materials and Methods

The limestone sample was extracted from the stream
bed, whose location is given in Figure 1(a), using a
mining hammer. The sample was cleaned with ethyl
alcohol and dried in the sun in order to remove the
physical and natural impurities on it. For X-ray
diffraction (XRD) and Fourier transform infrared (FT-
IR) analysis, a part of the sample was crushed and
ground in a ball mill for 2 hours and powdered. The
limestone sample was cut in dimensions 3x3x3 mm to
make it for RL and TL measurements. Before all
luminescence measurements, the sample was annealed
at 500 °C for 30 minutes in order to eliminate the
excitations that occur on the sample due to natural
radiation  (daylight, = physical  effects, etc.).
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Figure 1. (a) The region of Aslan Baba in the map of Tavsanli. (b) Untreated form of the limestone used in this
study. (¢) Energy dispersive X-ray spectroscopy (EDS) and (d) SEM image of limestone.

The description of sample X-ray diffraction pattern and
phase analyses work performed was given in our
previous work in detail[19]. For the RL measurements
of the cast limestone sample, excitation was made with
a Machlett OEG-50A X-ray tube operated at maximum
30 kV and 15 mA experimental conditions. Unlike
Cathodoluminescence (CL), X-ray is used instead of
electrons in RL, which is a very useful method for
detecting defects in minerals[20]. Radioluminescence
provides spectral data with curvature accuracy
(repeatable data is obtained as data) by volumetric
excitation of the sample from beginning to end, system
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setup and data collection are relatively difficult. The
radioluminescence emissions of the limestone were
measured and recorded on a high-sensitivity wavelength
multiplex CCD (Charge Coupled Device) detector
capable of sensing between 275 and 995 nm. Before TL
measurements, the sample was stimulated for various
times with an x-ray source, which is a part of the RL,
and TL spectra were taken with RA94 Reader/Analyzer
TL equipment in the dark room. TL spectra of limestone
were recorded under nitrogen atmosphere in the range
of 50-400 °C at various heating rates.
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Powdered limestone placed in potassium bromide was
turned into pellets and the FT-IR spectrum was recorded
for absorbance in the 580-2500 cm™ region using a
Perkin Elmer Spectrum BX FT-IR Spectrometer at
room temperature.

The thermal analysis (TG-DTA) of the sample was
performed in the range of 25-1000 °C. The thermal
analysis data obtained with the Hitachi SII Exstar 7300
device were recorded in the air atmosphere and with a
heating rate of 10°Cmin™. For the SEM photographs and
EDS maps of the limestone, assistance was obtained
from the Carl Zeiss Gemini 500 equipment and the edax
unit in high vacuum. The samples were coated with
Au/Pd alloy before being placed under vacuum.

3. Results and Discussion
3.1. XRD Pattern of Limestone

In the analysis at room temperature, the XRD pattern
and phase analysis results of the limestone compared
with the ICSD 98-004-0107 standard pdf card are given
in Figure 2 and Table 1.
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Figure 2. XRD pattern of limestone and standard pdf
card.

Phase analysis results of the high score plus program on
the XRD pattern of the limestone showed planes such as
(104), (012), and (110) compatible with the Calcium
Carbonate (CaCO;) phase. The crystallite size of the
sample was calculated using the Scherrer formula
(D=KWBCos0). Where K is space constant (0.94), A is
wavelength of the X-ray used (1.5405 A Cu-Ka), B is
the full width at half maxima (FWHM) of pattern and D
is is the crystallite size. The crystallite size 55.663 nm
was found in the calculation made for the orientation
(104), which is the most intense peak in the XRD
pattern. In addition, the calculated average crystallite
size is 37.122 nm.

M.1. Kat:
Table 1. Peak ID report of Limestone

20 Phase ID  Height (%) d(A)  hkl
23.060 CaCO; 94 3.853 012
29.405 CaCO; 100 3.035 104
35.981 CaCO; 14.8 2494 110
39.420 CaCO; 18.8 2284 113
43.172 CaCO; 16.4 2.093 202
47.509 CaCO; 19.3 1.912 018
48.514 CaCO; 20.8 1.874 116

ICSD Card No: 98-004-0107

The crystal structure of the limestone was explained as
the crystal system hexagonal, space group R-3c, space
group number: 167 and lattice parameters of sample was
calculated from XRD data. Lattice parameters
calculated for limestone with hexagonal structure: (a
4.9880A), (b 4.9880) and (c 17.0610). Besides, the unit
cell volume and angles were found as 367.61x10°pm’
and a:90°, B:90° y:120°, respectively.

3.2. FT-IR Spectrum of Limestone

The Fourier transform-IR survey was mainly conducted
in the 580-200 cm’' range to collect qualitative
information on the powdered limestone sample (CaCO3
for its chemical form) and possible unknown organic-
inorganic components. Characteristic transmittance
peaks of calcite and aragonite, which are CaCO; group
minerals, are observed in the FTIR spectrum of the
limestone. This is an expected situation. Apart from
these characteristic peaks in the spectrum, there are
vibration peaks originating from atmospheric CO, in the
range of 2300-2400 cm™.
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Figure 3. FT-IR spectrum of limestone.

In Figure 3, the characteristic peak positions of calcite
are between 1370-1390, at 870 and 711 cm™; these
bands are generally attributed to asymmetric stress
modes and asymmetric and symmetric vibrations of the
carbonate group, respectively. Characteristic vibration
modes for aragonite are out-of-plane bending at 854 cm-
1 and asymmetric stress peaks at 1432 cm™'[19,21].

437



J Celal Bayar University Journal of Science

Volume 18, Issue 4, 2022, p 435-441
Doi:10.18466/cbayarfbe.1106810

M.IL Kat1

3.3. Thermal Analysis of Limestone

Thermal properties of powdered limestone were
determined by using the Thermal Analysis-Thermal
Gravimetry (DTA-TG) device. Figure 4. shows TG,
DTA and DTG curves of powder limestone.
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Figure 4. TG, DTA and DTG curves of the limestone.

15.2 milligrams of powdered sample was weighed and
heated in a controlled nitrogen atmosphere from room
temperature to 1000°C at a heating rate of 10°C/min.
While there was no mass loss up to 400 °C, as it can be

clearly seen from the TG curve, when the temperature
reached 900 °C, 45.38% of the sample mass was lost
due to CaCO; decomposition[22]. This decomposition
reaction started at approximately 485 °C, reached its
peak at 807 °C and ended at 848 °C. No change was
observed in the TG and DTG signals for the sample at
temperatures above 900 °C.

3.4. SEM-EDS Images and Mapping of Limestone

SEM images were taken and energy dispersive x-ray
spectroscopy analysis was performed to determine the
morphology and composition of the limestone. SEM
images allowed the morphological structure of the
limestone to be observed, while at the same time
allowing the composition of the image to be reached. In
the images taken from different parts of the sample, it is
seen that the calcium carbonate phase has a layered
structure (Fig. 1d). In addition, a small amount of Mg
impurities were found in the EDS analysis (Fig. 1¢ and
Fig 5). Figure 5 shows a SEM image of the limestone,
the EDS spectrum and the map of the composition in
this region. While creating the maps of the elements, an
ROI (Region of Intersting) is determined for the
characteristic X-ray energy of each element, and the
signals at the border of this ROI are considered as
verified data.

Figure 5. EDS mapping for SEM image of limestone.
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Figure 6. SEM image and EDS spectrum of limestone.

3.4. Radioluminescence Results of Limestone

The RL spectrum of the limestone taken in the range of
275-950 nm is shown in Figure 7. The general principle
of the RL system is that it detects the emissions
generated in the sample irradiated by X-ray excitation
volumetrically. The RL spectrum of the sample consists
of major peaks of 522 and 340 nm, the most intense at

627 nm, and minor peaks below these peaks.
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Figure 7. RL spectrum of limestone.

The dominant peak in this spectrum, 627 nm, is
attributed to the 4°—6g’G transitions of C'". The peak
at 340nm corresponding to the transition of
4s[11/2]0—>4p[1/2] for Ca’ ion. In addition, the
3p’P’—4s’S transition at 522 nm for Mg'", which is the
trace element in the sample, is seen in the RL
spectrum[23].

3.5. Thermoluminescence Results of Limestone

In the thermoluminescence technique, unlike the
radioluminescence, the sample is excited with the help
of an excitation source (alpha, beta, x-ray, gamma-ray,
daylight, etc.) before the analysis. Thus, electrons in the
valence band move to the conduction band, the sample
loses its stable structure and tends to return to its initial
state. In the next stages, the electron leaving the
conduction band sets out to return to the valence band
and merge with the gap it created before. In this
journey, the electron is trapped in the forbidden energy
region between the valence band and the conduction
band. The reason for the trap is the impurities and
structure disorders in the sample. The glow that occurs
as a result of the electrons getting rid of these traps and
combining with the holes ( this region is called the
recombination center) by means of temperature is called
thermoluminescence[24].

TL technique is mostly used for reading personal
dosimeters and dating historical objects (a wide range of
cave stalactites and stalagmites, dinosaurs, mammoths,
seashells).

For TL measurements, limestone was specially cut,
exposed by X-ray at different times, and glow curves
were created at varying heating rates. Figure 8 shows
the TL glow curve obtained with the heating rate 7 °C/s
of the limestone exposed to x-rays for 10 minutes. There
are three TL peaks in total around 170 and 320°C, with
the highest peak at 97°C.
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Figure 8. TL glow curve of limestone.

The sample was exposed to constant x-ray for 10
minutes and TL glow curves were obtained at varying
heating rates. The glow curves obtained at different
heating rates (5°C/s, 7°C/s and 10°C/s) are shown in

Figure 9.
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Figure 9. The glow curves of the sample for varying
heating rates.

It can be clearly seen from the figure that as the heating
rate increased, the peak of the glow curve shifted
towards higher temperatures. TL kinetic parameters
were calculated by the peak shape method and the
variable heating rate method developed based on this
expected situation. The steps of calculating kinetic
parameters using these two methods were explained in
detail in our previous study[25-29]. The obtained
activation energy frequency factor values are
0.5940.026 eV and 0.473+0.032 eV, 4.88x10° s and
3.96x10° s™! for the peak shape and varying heating rates
method, respectively.

4. Conclusion

In the X-ray diffraction pattern and phase analysis of the
limestone, no phase other than the hexagonal calcium
carbonate phase was found. The trace element Mg was
found and mapped in the EDS spectrum in some parts of
the sample. Detailed information about the layered shell
structure of the limestone was obtained with SEM
images. It consists of many Gaussian peaks caused by
impurity atoms that consist the main RL emission
spectrum. Each of the components are emissions from
the transition between levels and these emissions are
explained. Activation energy values were calculated
from the TL glow curves obtained. In further studies; It
is planned to examine the dosimetric properties (dose
response and fading, etc.) of limestone.
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