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Abstract: The basic thermoluminescence properties of irradiated nano-a-alumina particles are examined in
this study, along with how they react to different heating speeds. TL luminescence curves are recorded for
the investigation, and they show a clear peak with a maximum at about 202 °C. The peak continuously
moves towards lower temperatures as dosage levels rise, demonstrating adherence to non-first-order
kinetics (b1). XRD analysis was used to determine the crystallite size, which was determined to be 40 nm.
Specimens were treated to a 6 kGy dosage in order to determine the kinetic parameters for nano a-Al,Osand
investigate the effect of the heating rate on the TL glow curve. TL glow curves were then recorded using
various heating speeds (2, 4, 6, 8, and 12 °C/s) throughout a temperature range from ambient temperature
to 300 °C. According to TL theory, when the heating rate increases and the peak intensity steadily decreases,
the glow peak’'s peak temperature changes towards higher temperatures. Thermal quenching, where
guenching effectiveness increases at higher temperatures, is responsible for the observed drop in TL glow
peak intensity with increasing heating rates. There is a significant 22% drop in peak intensity when maximal
TL intensities are normalized to the lowest heating rate (2 °C/s).
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1. Introduction

The heating rate has a significant impact on the thermoluminescence (TL) properties of
various materials. The effect of heating rate on the glow curve of MgB4O7:Tm,Dy has also been
studied by Gonzalez et al. (2022), who found that the kinetics parameters can be accurately
determined using the sequential quadratic programming glow curve deconvolution (SQPGCD)
method. This is consistent with the findings of Cruz-Zaragoza et al. (2011), who also observed
changes in peak temperatures, peak intensities, and total area of glow peaks with increasing heating
rates in other materials. Cruz-Zaragoza et al. (2011) found that as the heating rate increases, the
peak intensity at the maximum decreases and shifts to a higher temperature. This was also observed
by Ogundare (2005) in the case of fluorite, where the glow-peak temperatures increased with
heating rate. Piters (1999) highlighted the influence of a temperature lag on the TL analysis, which
can lead to a decrease in activation energy and frequency factor. Kitis (1993) studied the effects
of heating rate on the TL glow-peaks of different phosphors, providing a comprehensive
comparison of experimental results and theoretical calculations. These studies collectively
demonstrate the significant impact of heating rate on TL properties [1].

The thermoluminescence glow curve of alumina (Al,Os) is influenced by the heating rate,
with the response of single-crystal detectors decaying exponentially and ceramic detectors
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decaying linearly. Thermoluminescence of a-Al,O3:C irradiated to low doses (0.04—-7.20 mGy)
similar to those measurable in the environment has been investigated. The glow curve consists of
a dominant peak near 200 °C and two additional glow peaks of weaker intensity at around 74 and
342 °C, respectively, for measurements made at 5 °C/s. Analysis of the main peak using various
methods shows that in this low dose range, the peak follows non-first order kinetics and also that
the peak is unitary rather than being a composite of two overlapping peaks as is thought to be the
case at comparatively higher doses [2]. Its dose response was observed to be linear, and the
dependence of the luminescence intensity on heating rate showed that the thermoluminescence is
subject to thermal quenching [3]. However, further examination suggests that thermal quenching
may be more of an effect with an increase in luminescence excitation dose. However, Kumar
(2006) cautions that the conservation of area under the glow curve is not always guaranteed and
that the glow peak height can increase with heating rate [4].

Considering the preceding discussions, the objective of this study was to explore the
thermoluminescence (TL) characteristics of alpha-alumina (a-Al,O3) when subjected to varying
radiation doses and heating rates. The focus was on analyzing the dose-response relationship and
conducting kinetic analysis of the primary glow peak [5].

2. Materials and methods

In this study, nano-sized a-Al,O3 particles with sizes of 40 nm commercially available
from Skyspring Nanomaterials, Inc. were used as samples [6-10].

Samples were scanned in the range 5 <26 < 80° at a 1.2°/min scan rate. Semi-quantitative
estimates of mineral phase abundances were derived from the PXRD data using the intensity of
specific reflections, density, and mass absorption coefficients of the elements for CuKa radiation.
The crystallite size was calculated using OriginPro according to the formula:

KA
" B cos6’

where D = Crystallite size; f=line broadening at FWHM in radians; 6 (Bragg angle) = peak center;
A = X-ray wavelength; K (Dimensionless shape factor) = 0.94 for spherical crystallites. The
samples were irradiated at ambient temperature with a ®°Co gamma source with a dose rate of
1.76 Gyl/s. The dose rate was determined using a Magnette Miniscope MS400 EPR spectrometer
with individually packed BioMax alanine dosimetry films with barcode markings developed by
Eastman Kodak Company. The Harshaw TLD 3500 Manual Reader was utilized to assess the TL
sample characteristics using a linear heating rate of 2 °C/s from 323 K to 673 K in an N,
atmosphere with a Pilkington HA-3 heat-absorbing filter [11-16]. Three aliquots of 5 mg each
were used for each measurement, and the TL data points represented the average of the three
aliquots. A thin layer of the sample powder was uniformly distributed on the planchet surface to
ensure a uniform TL signal [17].

3. Results and discussion

Dose response

The low-dose responses of nano a-Al,Os with a particle size of 40 nm were evaluated
within the dose range of 0.2 kGy to 8 kGy, and TL glow curves were recorded (Figure 1). Figure
1 reveals a distinct and prominent peak in the TL glow curve, with its maximum occurring at
approximately 202 + 2 °C. Notably, this TL peak exhibits a tendency to shift towards lower
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temperatures with an increase in dose level, which is not within the bounds of experimental error
[18].
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Fig. 1. TL glow curves of nano-a-Al,O3 obtained with a heating rate of 2 °C/s

The peak maximum temperature (Tmax) and the maximum intensity (Imax) are fundamental
characteristics of a thermoluminescence (TL) peak. It is both theoretically predicted and
experimentally verified that (Tmax) shifts to higher temperatures as the readout heating rate
increases. Additionally, it is theoretically predicted that (Tmax) shifts to lower temperatures as the
radiation dose increases. According to TL theory, peak temperatures are anticipated to change
solely with the heating rate for first-order kinetics (order of kinetics b = 1). Consequently, under a
constant heating rate, the peak maximum should remain relatively stable, unaffected by other
experimental parameters and within the limits of experimental errors [19-20]. Therefore, if the TL
peak temperature decreases with rising dose levels, it indicates non-first-order Kinetics (b # 1),
otherwise, it suggests first-order kinetics (b = 1). In this case the temperature shift is approximately
17 °C. The relationship between TL response and dose for nano a-Al,O3 with a particle size of 40
nm is depicted in Figure 2.

Model SSE (User)
Equation I=im-Im" exp(-{D+D1)/iD0)
Plot Intensity vs dose

Im 166422.76095 + 8264.731
D1 0.10284 + 0.0083
Do 3.28015+0.25989
Reduced Chi-Sq 0.87428
R-Square (COD) 0.99738

Adj. R-Square 0.99634

Intensity, au. x104

Dose, kGy

Fig. 2. Dose dependence of TL intensity of nano-a-Al,O; obtained at heating rate of 2 °C/s
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The one-trap-one-recombination (OTOR) model is a basis for analyzing the effect of
radiation dose on Tmax, Which predicts the behavior of the TL curve as well as the dose-response
pattern. However, the empirical general-order kinetic equation helps to understand the nature of this
effect. In this model, the dependence of Tmax On radiation dose, which is mainly evident for second-
order kinetics [21-25], gradually weakens with decreasing kinetic order and finally disappears for
first-order Kkinetics. Despite the extensive focus on dose-response studies in the TL literature, the
shift of Tmax as a function of dose has not been clearly demonstrated experimentally.

Impact of Heating Rate

The influence of heating rate on TL glow curves is a fundamental experimental variable in
TL measurements. The heating rate applied to dosimetric materials affects the variation in their TL
sensitivity and, consequently, the trends observed in the dose curve.

In TL dosimetry applications, alterations in heating rate impact the TL glow peak (or curve)
area and TL glow peak height. To assess the effect of heating rate on the TL glow curve and
calculate kinetic parameters for nano o-Al,Os With a particle size of 40 nm, samples were
irradiated with a 6 kGy dose, and TL glow curves were recorded from room temperature to 300°C
using various heating rates (2, 4, 6, 8, and 12 °C/s).
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Fig. 3. TL glow curve of nano-a-Al;O; at different heating rates

Figure 3 displays TL glow curves of the irradiated samples, indicating that the peak
temperature of the glow peak shifts towards higher temperatures as the heating rate increases and
the peak intensity continuously diminishes, aligning with TL theory.

The maximum value of the main dosimetry peak temperature is close to that determined
for alumina doped with carbon, with a predominant TL peak centered at 471 K and a-Al,03, where
Tm=465K, but significantly higher than that determined for alumina crystal (Tm= 450 K), bauxite
(Tm = 412 K), and a-Al,0O3 doped with Sr, Li, and Ge (T, = 448 K). Natural diaspores exhibit TL
glow curves with a low-temperature maximum peaked at 453 K and a wide broad curve above
490 K. Diapores samples show a discrete distribution of electron traps at a lower temperature
(~463 K) and a continuous structure of traps at a higher temperature (above 500 K), which is due
to dehydroxylation and oxidation of the chromophore. Al,O3 nanoparticles doped with Cr (particle
size of 25 nm) show a prominent peak at approximately 474 K and a linear response from 100 Gy
to 20 kGy.
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4. Conclusions

The basic TL and XRD characteristics of irradiated nano-o-alumina particles were
investigated in this work, especially how they reacted to different heating rates. The observed TL
glow curves showed that the peak continuously moved toward lower temperatures as the radiation
exposure increased. This behavior reveals additional information about the kinetic processes of
nano-a-alumina by showing that the TL peak follows non-first-order kinetics.

Heating rates emerged as a critical experimental variable, significantly influencing the
dosimetric performance of nano a-Al,O3. The TL glow peak temperature shifted to higher
values as the heating rate increased, while peak intensity diminished. This behavior aligns with
established TL theory, offering valuable information for optimizing the use of nano a-Al,Ozin
dosimetric applications under different heating conditions.

The decrease in TL glow peak intensity with higher heating rates was attributed to thermal
quenching, where quenching efficiency rises with temperature. This finding highlights the
importance of considering thermal quenching effects in the development and refinement of TL
materials.

Notably, the study revealed an exponential increase in TL intensity with increasing
radiation dose for the exposed nanoparticles. This suggests that alumina nanoparticle powder
could serve as a promising substrate material for ionizing radiation dosimetry, opening up new
possibilities for its application in radiation monitoring and dosimetric technologies. Further
development could focus on enhancing sensitivity and exploring its use across a broader range
of radiation environments.
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TEMIIEPATYPHO-3ABUCHUMBIE BHYTPEHHUE ITAPAMETPBI
TEPMOJIOMUHECHEHIINU HAHO-AJTIOMUHUA

A.b. Axanos, C.I'. MamenoB, A.C. AxanoBa

Pe3tome: B nanHON paboTe HCCHEIyIOTCS OCHOBHBIC CBOMCTBA TEPMOJIOMHHECHEHIMH OOIy4&HHBIX
HAHOYACTHIl O-OKCHJa ATIOMHHHA, a TAaKXKE€ WX MOBEJACHHE NPH PA3IUYHBIX CKOPOCTSIX HarpeBa. s
aHaJIM3a PeruCTPUPOBAIHCH KpuBbIe TepMomoMuHectieHInu (TL), KoTopble IEMOHCTPUPYIOT YETKUNA MUK
¢ MakcumyMmoM MpumepHo npu 202°C. Ilpu yBenuueHUH A03bl MUK HNOCTENEHHO CMEIIAETCS B CTOPOHY
0osiee HU3KUX TEMIIEPATYP, YTO CBUAETEIILCTBYET O KWHETUKE, OTIIMYHON OT nepBoro nopsaka (b # 1). C
MIOMOIIBIO peHTreHo AU pakoHHOTO aHanu3a (XRD) Ok onpenenéH pazmep KpUCTAILUTUTOB, KOTOPBIN
coctaBui okono 40 M. OOpasubl ObutM OOMy4eHbl n030i 6 KI'p IS ompeneneHus: KHHETHYECKUX
napametpoB HaHo-0-Al,O3 M u3ydeHHs: BIMSHUS CKOPOCTH HarpeBa Ha KpUBYIO cBeueHHs. KpuBbie
TEPMOJTIOMUHECIICHIIUH PETHCTPUPOBAINCH MIPH Pa3IMYHBIX CKOPOCTAX Harpesa (2, 4, 6, 8 u 12 °C/c) B
nuanasoHe temmeparyp oT komHatHOM no 300 °C. CormacHo TeOpHH TEPMONIOMHHECLEHINH, NPH
YBEJIMUEHUH CKOPOCTU HarpeBa TEMIepaTypa MakCHMyMa IIMKa CMEIIAeTcs B CTOPOHY 0ojiee BBICOKHX
TEeMIIeparyp, TOrJa KaKk WHTEHCHBHOCTH IMKa MOCTENIEHHO yMeHblmaercs. HaOmromaemoe CHmKeHUE
WHTEHCHBHOCTH THKA CBSI3aHO C TEPMHUYECKHM TyIIeHHEM, 3()()EKTUBHOCTh KOTOPOTO BO3PACTAET IMPH
Oonee BrICOKHMX Temmeparypax. OTMe4eHO 3HAUYNTEeNbHOE CHW)KEHHE MHTCHCHUBHOCTH NHKa Ha 22% mpu
HOPMHMPOBAaHUH MaKCHUMaJIbHBIX 3HaueHUH TL 1o OTHOIIEHHIO K HauMeHbIlel ckopocTH Harpesa (2 °C/c).

Kniroueswie cnosa: SHCPrusa aKTHUBAallUW, HAHO-O-OKCHUJ AJIFOMUHUA, TCPMOJIIOMUHCCICHINA, CKOPOCTDH
Harpesa.

NANO-ALUMINIUMUN TERMOLUMINESENSIYASININ TEMPERATURDAN
ASILI DAXIiLi PARAMETRLORI

9.B. 9hadov, S.Q. Mammadov, A.S. Ohadova

Xiilasa: Bu todqigatda siialanmis nano-a-aliiminium oksid hissaciklorinin asas termoliiminesensiya
xisusiyyatlori vo onlarin miixtslif qizdirilma siiratlorine reaksiyasi aragdirilmigdir. Tadqiqat ticin TL
(termoliiminesensiya) ayrilori geyds alinmig va toxminon 202 °C temperaturda maksimuma malik aydin
pik miisahids edilmisdir. Doza saviyyasi artdiqca pik daha asag1 temperaturlara dogru siiriisiir ki, bu da
birinci tortib olmayan kinetikaya (b # 1) uygun galir. XRD analizi vasitasilo kristallit dl¢lisii miisyyan
edilmis va onun toxminon 40 nm oldugu askar edilmisdir. Niimunalor nano a-Al,O; {gilin kinetik
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parametrlori miiayyan etmok va qizdirilma siiratinin TL isiqlanma ayrisine tasirini dyronmok mogsadilo
6 kGy doza ils stialandirilmisdir. Daha sonra TL oayrilori miixtalif qizdirilma siiratlorinds (2, 4, 6, 8 vo
12 °C/s) otaq temperaturundan 300 °C-ya godor intervalda geydo alinmisdir. Termoliiminesensiya
nazariyyasinag gora, qizdirilma siirati artdigca pik temperaturu daha yiiksok temperaturlara dogru doyisir,
eyni zamanda pik intensivliyi todricon azalir. Qizdirilma siiratinin artmasi ilo TL pik intensivliyinda
miisahido olunan azalma termal sondiiriilma ilo alagodardir vo bu effekt yiiksok temperaturlarda daha
giiclii olur. Minimum qizdirilma siirati (2 °C/s) ilo miiqayisade maksimal TL intensivliklarinin
normallagdirilmasi naticasinds pik intensivliyinds 22% azalma geydo alinmisdir.

Acgar sézlar: aktivlosma enerjisi, nano a-aliiminium oksidi, termoliiminesensiya, qizdirilma siirati.
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