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Abstract: In this work, the dosimetric characteristics and kinetic parameters of sand samples from a beach
on the Caspian Sea coast of eastern Baku were investigated using the TL technique. The TL glow curve
of the natural, unheated quartz deconvoluted using the GlowFit program. It was found that, at least three
peaks located at 260°C, 318°C, 366°C which corresponds to the electron traps with the depth of 0.96, 0.97
and 1.2 eV respectively. Calculated frequency factor values related to those centers are within the
acceptable range and correlates with the figures reported earlier for the variety of sand samples. The glow
curves of preheated sand samples exhibit four poorly resolved peaks due to the overlapping of individual
peaks at low and high temperature zones. The deconvolution of those glow curves enables us to separate
at least five peaks with the Tmax close to the reported earlier in the literature.
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Thermo-stimulated luminescence (TL) of the natural crystals widely used for the
estimation of the ages some of the archeological artifacts such as pottery, furnace, baked bricks,
tiles, etc. Quartz inclusions are part of the composition of porcelain goods and “quartz inclusion
technique” conventionally used for the TL dating of ancient pottery artifacts. The method based
on the separation of quartz from the pottery and determination of radiation dose that quartz
inclusions received from the surrounding environment since it has been fired when it was
manufactured. Initial heating sets to zero the TL sensitivity of the quartz inclusions of pottery
materials at temperatures more than 500°C which is the usual temperature for the pottery
manufacturing. This event happens when quartz or other crystals exposed to open sunlight as
well and known as “bleaching”. Further irradiation leads to the accumulation of the TL centers
which are proportional to the absorbed dose.

The origin of quartz inclusions comes from either row clay which has been manufactured
the pottery or added during the process to improve/change the quality of the pottery goods.
Therefore, the TL investigation of quartz crystals has been applied for dating [1]-[3] and
dosimetric purposes [4].

The TL characteristics of quartz crystals highly depend on their origin and thermal
treatment [5] due to defects in a crystal lattice or impurity atoms like Al or Ti. Therefore, it
should be anticipated that the TL parameters of quartz inclusions extracted from different
archeological artifacts would depend on the prehistory of its production.

TL spectrum of the quartz is complex and consists of several individual peaks [2], [6]-
[10]. The analysis of thermoluminescence data includes, but not limited, the separation of a glow
curve into separate glow peaks. This technique is especially useful if different experimental
conditions are to be studied. For the last 30 years, a variety of glow curve analysis methods have
been applied extensively using special computer programs, known as computerized glow curve
deconvolution or computerized glow curve analysis (GCA). At the beginning pure and modified
Gaussian expressions were used for fitting glow peaks, but the glow peak functions proposed by
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Kitis et al. [11] much increased the accuracy of GCA programs by providing simple functions
for first-order, second-order, and general-order Kinetics.

The aim of the work is to investigate the TL parameters of both natural and preheated
sand samples with the use of GCA.

1. Materials and methods

As a sample, we have taken the sand from a beach on the Caspian Sea coast of eastern
Baku. Sand samples were sieved and the fraction of 100-160 um of sand was used for TL
measurement. Hydrochloric acid (1N) was used to remove carbonates and then rinsed with
deionized water. Magnetic separation was applied to remove any magnetic inclusions. Irradiation
was performed at ambient temperature with a ®°Co gamma source with a dose rate of 37.3
mGy/s. The dose rate of the ®°Co source was determined using a Magnette Miniscope MS400
EPR spectrometer using individually packed BioMax alanine dosimetry films with bar code
markings (developed by Eastman Kodak Company).

The Harshaw TLD 3500 Manual Reader is used to measure the characteristics of TL
samples. TL measurements were performed using a linear heating rate 20°C/s from 50°C to
400°C. Three aliquots of 5 mg each of the samples were used for each measurement. TL data
points represent the average of three different aliquots of the sample. A thin and uniform layer of
sand grains was laid on the planchet surface in order to get full contact that ensures uniform TL
signal from the sand.

The quality of the fit produced by the fitting equation to experimental glow curve i.e.
““goodness of fit’’ is judged using the figure of merit (FOM) approach. The FOM in percent is

defined as

Tstop

FOM(%) = Z lyr — A)’(xT)|

Tstart

where Tsart IS initial temperature in the fit region, Tsop IS the ending temperature in the fit region,
yt is the photomultiplier tube (PMT) current at temperature T, y(x7) is the value of the fit
function at xt, and A is the area under the peak, i.e., the integral of the fit function between Tstart
and Tstop

2. Results and Discussions

A computerized glow curve fitting procedure has been applied for the experimental glow
curve of unheated natural (not irradiated at the laboratory) sand sample by assuming first order
kinetic model Randall and Wilkins. The GlowFit program is used to find the best possible fit to
the experimental data. Glow fit program designed for the analysis of TL glow curve based on
first order kinetic model and able to calculate major trapping parameters. A fitting equation
describing a glow peak using first-order kinetics was deduced by Kitis et al. [11] as
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where I(T) is the peak intensity | at temperature T in K, I is the intensity at the peak maximum,
E is the activation energy in eV, K is the Boltzmann constant in eV K, Tr, is the temperature at
the peak maximum in K, A is 2kT(E) %, and A, is 2kTm(E) . The GCA program fits the glow
curve data to a sum of functions similar to Eq. (1), hwith different terms E, T, Tm, and Im for
each peak, using a least-squares method for non-linear functions and the Levenberg—Marquardt
algorithm for minimization.

The main parameters of the trapped electrons and holes are the activation energy, the
escape frequency factor, and the recombination and re-trapping probability coefficients. These
parameters and the relation between them are of importance in determining the temperatures of
the TL peaks, their dose dependence as well as other properties, in particular, their stability at
ambient temperature.

An experimental glow curve and deconvoluted curves calculated by the GlowFit program
given in Fig.1. Thermal quenching effects have not been taken into account [12]. The glow curve
of the natural sand sample exhibits a wide asymmetric glow peak at about 330°C (Fig.1.5). The
glow curves of the natural sand samples but different origins reported earlier, exhibits also
similar peaks at different temperatures [5][13][14]. We have analyzed the TL parameters using
the GlowFit program. Glow curve fitting analysis reveals that the glow curve is best fitted with
three glow peaks (Fig.1, 1-3). FOM=2.06 %. Activation energy is one of the main trapping
parameters that indicates the energy required to release thermally a trapped electron into the
conduction band. According to the glow curve fitting result, activation energy values to each
glow peak were as 0.96, 0.97 and 1.2 eV respectively. Calculated TL glow peaks located at
260°C, 318°C, 366°C. Corresponding frequency factors are within the physically meaningful
ranges and with the values of 3.98x108 s, 0.57x108 s, and 1.06x10° s respective to peakd,
peak2 and peak3. As for the frequency factor, the frequency factor s (s+) should be of the order
of magnitude of the Debye frequency, which has to do with the number of times per second that
the trapped electron interacts with the phonons [15]. Many results reported by various authors
over the years gave values of frequency factor in the range of 10%°-10'% s+ In some cases,
anomalously high values of the frequency factor, accompanied by high values of the activation
energy, were reported. G.C. Taylor and E. Lilley [16] reported a frequency factor of 2x10%°s+and
activation energy of 2.06 eV of peak V of LiF:Mg,Ti (TLD-100). Fairchild et al. [17] suggested
that the kinetics of this peak and other peaks with unusually large s might be complicated and the
apparent first-order behavior is an approximation of a more complex Kinetics situation. Chen and
Hag-Yahya [18] presented a model of one trap and three recombination centers, one radiative
and two non-radiative, to explain the possibility of high activation energy and very high
frequency factor.
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Fig. 1.Deconvolution of the TL glow curve of natural quartz using GlowFit into three components.

Mandowski [19] has offered another possible explanation of the occurrence of very high
frequency factors and high activation energies in first-order-shaped TL peaks, which is based on
the concept of cascade de-trapping.

In the literature, there are also reports on very small frequency factors (107 s:- 10 s1,
accompanied by small activation energies [5]. According to [15], typical values of frequency
factor s (in s1) can be expected to range from 10** to 10% s,

Preheating of quartz prior to irradiation has a drastic impact not only on the intensity of
the TL signal but also on the structure of the entire glow curve [12]. Fig.2 describes the TL glow
curves of quartz samples annealed at 600°C and then irradiated in the dose range of 2.24-22.4Gy.
Though one could identify four different peaks due to severe overlapping of peaks at low and
high temperature regions it would not be correct to assign them any parameters. GCA carried out
by the GlowFit program five peaks for the best fit.
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Fig. 2. Dose dependence of TL intensity irradiated quartz at different doses: (1) 2.24 Gy; (2)4.48 Gy;
(3)7.72 Gy; (4)11.40 Gy: (5)17.92 Gy; (6)22.40 Gy. Natural quartz was heated at 650°C for two hours
prior to irradiation.

An experimental TL glow curve of quartz irradiated at 20 Gy and deconvoluted curves
calculated by the GlowFit program given in Fig.3. TL parameters calculated by deconvolution
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for all glow curves shown in Fig.2 and average values are listed in Table 1. Over a wide range of
irradiation doses, FOM values were below 2.0% for all glow curves. These FOM values are
comparable to those seen in the glow curve analysis of quartz study by [5] in which FOM values
of 1.35 %. Generally, for a good fit FOM value should be less than 3.5% [20].
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Fig. 3 Deconvolution of the TL glow curve of quartz irradiated at 20 Gy using GlowFit into five
components. Natural quartz was heated at 650°C for two hours prior to irradiation.

Table 1. Tmax parameters of deconvoluted TL glow curve components

Peak # Tmax, OC Tmax, OC Tmax, OC Tmax, OC
[current work] | [20] [2] [12]
Peakl | 156+1 159 138 134
Peak2 | 207+2 202 214 200
Peak3 | 22248 257 290 275
Peak4 | 333£10 303 337 295
Peak5 | 383+3 350 368 326

Table 1 illustrates T max values of the peaks of natural quartz TL glow curves obtained by
GCA including some of the literature dates. Though reported values are close to each other but
still differ from each other because the origin of quartz as well as the heating rate used in those
experiments was different. In addition to that, the referred values are obtained by deconvolution
of thermally quenched glow curves. It means that if those values would have been reconstructed
i.e. thermal quenching effect would have been taken into account, as it was described in [12],
[21] those figures would be quite different especially in the high temperature zone.

3. Conclusions

The dosimetric characteristics and kinetic parameters of the sand sample were
investigated using the TL technique. The TL glow curve of the natural, unheated quartz from a
beach on the Caspian Sea coast of eastern Baku deconvoluted using the GlowFit program. It was
found that, at least three peaks located at 260°C, 318°C, 366°C which corresponds to the electron
traps with the depth of 0.96, 0.97 and 1.2 eV respectively. Calculated frequency factor values
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related to those centers are within the acceptable range and correlates with the figures reported
earlier for the variety of sand samples. The discrepancies of those figures rather indicate for the
individuality of sand samples from a different origin, pretreatment conditions, etc. Heating at
650°C for two hours completely anneals those centers. The glow curves of preheated sand
samples exhibit four poorly resolved peaks due to the overlapping of individual peaks at low and
high temperature zones. The deconvolution of those glow curves enables to separate at least five
peaks with the Tmax close to the reported earlier in the literature.
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ITAPAMETPBI TEPMOJIIOMUHECHEHIIUU KBAPIA, U3BJIEYUEHHOI'O U3
IV KHOT'O ITECKA

C.I'. Mamegos, M.A. balipamos, A.3. Abnwios, A.C. AxagoBa

Pesome: B nannoit paboTe NO3MMETpPHUECKHE XapaKTEPUCTUKM M KMHETHYECKHE MapaMeTphl o0pas3IioB
mecka ¢ IUhKa B BOCTOYHOW yacTu baky Ha moOepexbe Kacmmiickoro mMopst ObUTH HCCIEIOBAHBI C
ucmnosb3oBanueM Merona TL. Kpusas cBeuenust TL HaTypambHOT0, HECOO0XKEHHOTO KBapIia, pa3iosKeHO
Ha COCTaBHbIC YacTH (JAEKOHBOJIONHUS) ¢ momolnbio mporpammbel GlowFit. Beiio 0OHapykeHO, 4To 10
MEHbIIEH Mepe TpHu nuka pacnonoxena mnpu 260°C, 318°C, 366°C, 4To COOTBETCTBYIOT 3JICKTPOHHBIM
noBymkaMm ¢ riayouHor 0,96, 0,97 u 1,2 3B coorBeTcTBeHHO. PaccumTaHHBIE 3HAaYEHHUS YACTOTHOTO
ko3 duimenTa, oTHOCSIIMECS] K OTUM [IEHTPaM, HaXOSTCS B JOMYCTHUMBIX MpeJiesiaX U KOPPEITUPYIOT C
JaHHBIMH, NPEACTaBICHHBIMH paHee Ui pa3HOOOpa3HBIX o00pa3loB mecka. Kpusble CBeueHHs
NPEABAPUTEIbHO HArpeThiXx OOpPa3LOB IECKa IOKAa3bIBAIOT YETHIPE IJIOXO PA3pELICHHBIX IHKA H3-3a
MEPEKPBITHS OTJENbHBIX MHKOB B 30HAX HU3KUX U BBICOKMX TeMmIepaTyp. [|eKOHBOMIONMS 3TUX KPUBBIX
CBEUEHHsI TII03BOJISIET pa3AeiuTh, O MEHBIIEH Mepe IITh MUKOB € TMax, ONM3KMM K paHee
oIyOJIMKOBAaHHOMY B JIUTEPATYPE.

Knrouegvle cnosa: xBapiy; NEKOHBOIONNS, TEPMOTIOMUHECIICHITHIS

CIMORLIK QUMUNDAN CIXARILMIS KVARSIN TERMOLUMINSSENT
PARAMETRLORI

S.Q. Mammadov, M.A. Bayramov, A.Z. Abisov, A.S. Bhadova

Xiilasa: Bu moqalods, Bakinin sorq hissasindon, Xazor donizi sahilindoki ¢imarlikdon gotiiriilmiis qum
niimunolorinin torkibindoki kvarsin dozimetrik xiisusiyyatlori vo kinetik parametrlori TL iisulu ilo todqiq
edilmisdir. GlowFit proqramu istifade edorok tobii, yandirilmamis kvarsm TL is1q spektri torkib
hissalorine (deconvolusiya) ayrilmigdir. Askar edilmisdir ki, kvarsin miirokkob TL spektri, temperatur
maksimumu 260°C, 318°C, 366°C ndqtolorindo yerloson on azi ii¢ spektrin comindon ibarstdir. Bu
spektrlor dorinliyi miivafiq olaraq 0.96, 0.97 vo 1.2 eV olan elektron tololorine yugun golir. Bu morkozlora
uygun olan tezlik faktorlarinin hesablanmis qiymatlori qobul edilon mohdudiyystlor daxilinds vo qumun
miixtolif niimunslari iiciin daha ovval toqdim olunmus adobiyyat molumatlari ilo uygunluq toskil edir.
Ovvalcadon qizdirllan kvars niimunslorinin  TL spektrindo dord miixtalif pik miisahide etmok
miimiikiindiir, lakin asagi vo yiiksok temperatur zonalarinda piklorin bir-birine ¢ox yaxin yerlogmosi
sababindon onlar1 daqiq ayirmaq miimkiin deyil. Dekonvulyasiya yolu ilo miirokkeb spektri torkib
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hissolorine ayirdiqda ise onun bes, ayri-ayri spektrdon ibarot oldugunu gérmok miimkiindiir. Bu natico
avvallor adabiyyatda nasr olunan malumatlarla uygunluq teskil edir.

Acar sozlar: kvars; deconvolution; termoliiminesensiya
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