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This research explores the fundamental thermoluminescence characteristics of irradiated na-
no-a-alumina particles, investigating their response to varying heating rates. The study involves re-
cording TL luminescence curves, revealing a distinct peak with a maximum at approximately
202°C. As dose levels increase, the peak consistently shifts towards lower temperatures, indicating
adherence to non-first-order kinetics (b#1). To examine the impact of the heating rate on the TL
glow curve and derive kinetic parameters for nano a-Al203 with a particle size of 40 nm, speci-
mens were exposed to a 6 kGy dose. Subsequently, TL glow curves were documented over a tempe-
rature range from room temperature to 300°C, employing different heating rates (2, 4, 6, 8, and
12°C/s). 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 observed decrease in TL glow peak intensity with escalating heating rates is attributed to
thermal quenching, where quenching efficiency rises at higher temperatures. Normalizing maxi-
mum TL intensities to the lowest heating raze (2°C/s) reveals a substantial 22% decrease in peak in-
tensity.
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INTRODUCTION

The heating rate has a significant impact on the thermoluminescence (TL) properties of vario-
us materials. The effect of heating rate on the glow curve of MgB40O7:Tm,Dy has also been studied
by [1], who found that the kinetics parameters can be accurately determined using the sequential qu-
adratic programming glow curve deconvolution (SQPGCD) method. This is consistent with the fin-
dings of [2], who also observed changes in peak temperatures, peak intensities, and total area of
glow peaks with increasing heating rates in other materials. Cruz-Zaragoza [2] found that as the
heating rate increases, the peak intensity at the maximum decreases and shifts to a higher tempera-
ture. This was also observed by Ogundare [3] in the case of fluorite, where the glow-peak tempera-
tures increased with heating rate. Piters [4] highlighted the influence of a temperature lag on the TL
analysis, which can lead to a decrease in activation energy and frequency factor. Kitis [5] 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 demonst-
rate the significant impact of heating rate on TL properties.

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 decaying
linearly [6]. 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, res-
pectively 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 dose. Its dose response was observed to be linear and the dependence of the luminescence in-
tensity on heating rate showed that the thermoluminescence is subject to thermal quenching. Howe-
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ver, further examination suggests that thermal quenching may be more of an effect with increase in
luminescence excitation dose [7]. However, Kumar [8] 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.
Considering the preceding discussions, the objective of this study was to explore the thermo-
luminescence (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.

MATERIAL 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. The samples were irradiated at ambient tem-
perature with a ®°Co gamma source with a dose rate of 1.76 Gy/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 323K to 673K in an N, atmosphere with a Pilkington HA-3 heat-absorbing filter.
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.

RESULTS AND DISCUSSION

1. Dose response and dose equation

The low-dose responses of nano a-Al,O3; 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 (refer to Figure 1). Figure 1
reveals a distinct and prominent peak in the TL glow curve, with its maximum occurring at approxi-
mately 202+2°C.
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Fig. 1. TL glow curves of nano-a-Al,O3 obtained with heating rate of 2°C/s

Notably, this TL peak exhibits a tendency to shift towards lower temperatures with an
increase in dose level, which is not within the bounds of experimental error.

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 [9]. Therefore, if the TL peak temperature decreases with
rising dose levels, indicating non-first-order kinetics (b#1), otherwise, it suggests first-order Kinetics
(b=1). In this case 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.
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Fig. 2. Dose dependence of TL intensity of nano-a-Al,O3
obtained at heating rate of 2°C/s

2. Impact of Heating Rate
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Fig. 3. TL glow curve of nano-a-Al,Os at different heating rates

The influence of heating rate on TL glow curves is a fundamental experimental variable in TL
measurements [10]. The heating rate applied to dosimetric materials affects the variation in their TL
sensitivity and, consequently, the trends observed in the dose curve [3]. In TL dosimetry
applications, alterations in heating rate impact the TL glow peak (or curve) area and TL glow peak
height [11]. To assess the effect of heating rate on the TL glow curve and calculate Kinetic
parameters for nano a-Al,O3 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). 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 [12].
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Numerous studies have reported a decrease in TL glow peak height (or area) intensity with an
increase in heating rate. This phenomenon is attributed to thermal quenching, whose efficiency es-
calates with rising temperatures [3],[13], [14]. Normalizing the maximum TL intensities of the glow
peaks to the lowest heating rate (2°C/s) reveals a roughly 22% decrease in peak intensity (Figure 4).

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 [15] and a-Al,O3, whe-
re Tm=465 K [16], but significantly higher than that determined for alumina crystal (T,=450 K) [5],
bauxite (Tm=412 K) [17] , and Al,O3 doped with Sr, Li, and Ge (T»,=448 K) [18]. Natural diaspores
exhibit TL glow curves with a low-temperature maximum peaked at 453 K and a wide broad curve
above 490 K [19]. Diapores samples show a discrete distribution of electron traps at a lower tempe-
rature (~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 [20]. 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 kG [21].

CONCLUSION

This study delved into the fundamental thermoluminescence characteristics of irradiated na-
no-a-alumina particles, studying how they respond to different heating rates. During our studies, TL
luminescence curves were recorded, which revealed a distinct peak reaching a maximum at approxi-
mately 202°C. Notably, as the dose levels increased, the peak exhibited a consistent shift towards
lower temperatures. This intriguing observation led us to conclude that the thermoluminescent peak
adheres to non-first-order kinetics (b#1).

The influence of heating rates emerged as a pivotal experimental variable in our study. Dosi-
metric materials, particularly nano a-Al,O3, demonstrated shifts in TL sensitivity and variations in
dose curve trends in response to different heating rates. As the heating rate increased, the TL glow
peak temperature shifted towards higher values, accompanied by a diminishing peak intensity. This
aligns seamlessly with the expectations of TL theory.

The decrease in TL glow peak intensity with escalating heating rates was elucidated as a con-
sequence of thermal quenching, where the efficiency of quenching rises with higher temperatures.
A significant revelation emerged when we normalized the maximum TL intensities to the lowest
heating rate (2°C/s), unveiling a substantial 22% decrease in peak intensity[22], [23], [24], [25],
[26]. Adding to the significance of our exploration, we observed a exponential increase in TL inten-
sity of the exposed nanoparticles with the radiation dose. This points towards the potential use of
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alumina nanoparticle powder as a substrate material for ionizing radiation dosimetry, opening up
promising avenues for practical applications in this field.
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NANO-ALFA-ALUMINIUM OKSIDININ QIZDIRMA SUROTININ
TERMOLUMINISENSIYAYA TOSIRI

9.B. 9hadov, S.Q. Mommadov, A.S. 9hadova

Bu tadgiqat siialanmis nano-a-aliiminium hissaciklarinin asas termoliiminesans xiisusiyyatlo-
rini arasdirir, onlarin miixtalif istilik doracalorina reaksiyasini arasdirir. Todgigat TL-nin liiminesans
ayrilarinin geyds alinmasini ohata edir, maksimum toxminon 202°C-ds farqli bir zirvo agkar edir.
Doza soviyyalari artdiqca, pik ardicil olaraq daha asagi temperaturlara dogru dayisir va birinci dors-
coli olmayan kinetikaya (b#1) riayat olunmasini gostarir.

Qizdirma siiratinin TL parilti oyrisina tosirini aragdirmaq vo hissocik 6l¢iisii 40 nm olan nano
a-Al203 igiin kinetik parametrlori oldo etmak iigiin nimunslor 6 kGy dozaya moruz galmisdir.
Sonradan, TL parilti ayrilori miixtalif istilik doracalorindan (2, 4, 6, 8 vo 12°C/s) istifado etmoklo
otaq temperaturundan 300°C-ya godar olan temperatur intervalinda sonadlosdirilmisdir. Parilt1 piki-
nin pik temperaturu qizdirma siirati artdiqca daha yiiksok temperaturlara dogru dayisir va pik inten-
sivliyi TL nazariyyasina uygun olaraq davaml olaraq azalir.

Artan istilik doracalari ilo TL pariltisinin pik intensivliyindo miisahido edilon azalma, daha
yiiksok temperaturlarda sondiirmo somoraliliyinin yiiksoldiyi termal sondiirms ilo olagolondirilir.
Maksimum TL intensivliklorinin on asag1 qizdirma siiratino (2°C/s) normallasdirilmasi pik intensiv-
liyin ohomiyyatli dorocado 22% azaldigini agkar edir.

Acgar sozlor: Aktivlagdirmoa enerjisi; Nano o-altiminium oksidi; termoliiminesans; istilik doro-
caSI

BJIMAHUE CKOPOCTHU HAT'PEBA HAHO-A-OKCHUJIA AJIIOMUHUS HA
TEPMOJIIOMUHECHEHIHIO

A.b. Axanos, C.I'. Mamenos, A.IIl. AxagoBa

B sToM nccnenoBannu u3y4arorcsi pyHAaMeHTaIbHbIE TEPMOIIOMUHECHEHTHBIE XapaKTEPUCTUKU
00JTy4EeHHBIX YaCTUI[ HAHO-0-OKCHJIA ATFOMMHUS, UCCIEAYEeTCsl UX peakis Ha Pa3iIM4yHble CKOPOCTU
HarpeBa. lccrenoBaHue BKITIOYAeT PETHCTPAIMIO KPUBBIX JIOMHUHECHEHUUH TJI, BBIABISIOMINX
OTYETIMBBIA MUK ¢ MakcUMyMoM npuOmmsurensHo npu 202°C. Tlo Mepe yBenmuueHUs! ypoBHEH J03bI
NMK TOCIEOBaTENbHO CMEIAeTCd B CTOPOHY Oolieeé HU3KUX TEMIIEpaTyp, YTO YKa3blBaeT Ha
coOJTI0/IeHNEe KHHETHKU He repBoro nopsiaka (b#1).
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YroObl M3y4UTh BIHMSIHUE CKOPOCTU HarpeBa Ha KpuBYIO cBeueHus: TJI v BbIBECTH KMHETHUYECKHE
napamerpbl Uit HaHo-a-AlO3 ¢ pasmepom vactuir 40 HM, 00pa3iibl MOBEPraIuCh BO3ACHCTBUIO 03Bl
6 xI'p. BnocnenctBuu kpuBbie cBeyenus: TJI ObLIM 3a0KyMEHTUPOBAHbI B AMAa30HE TEMIEpaTyp OT
KOMHaTHOH Temnepatypsl 10 300 °C, ucnonb3ys pasiuuHble CKOpocTH Harpesa (2, 4, 6, 8 u 12 °C/c).
[TukoBasi TemrepaTypa MHUKa CBEYEHUs] CMEUIAETCsl B CTOPOHY 0osiee BBICOKMX TEMIIeparyp MO Mepe
YBEJIMUYEHUSI CKOPOCTU HAarpeBa, a UHTEHCUBHOCTH ITMKA HENPEPHIBHO YMEHBIIIAETCS], YTO COOTBETCTBYET
teopuu TJI. Habmronaemoe cHm)keHUEe MHTEHCUBHOCTHU THKa cBeueHHst TL ¢ pocTOM CKOpOCTH HarpeBa
OOBSCHSCTCS] TEPMUYECKUM TallleHHeM, r71e 3P(PEeKTHBHOCTD TalieHus] BO3PACTACT MPH 00JIee BHICOKUX
temreparypax. HopManuzanusi MakCUMallbHbIX HMHTEHCHMBHOCTeM TL K camMoil HH3KOM CKOpOCTH
HarpeBa (2°C/c) moka3pIBaeT CyIECTBEHHOE CHIKEHUE HHTEHCUBHOCTHU MUKa Ha 22%.

KuroueBble cinoBa: Duepeus akmusayuu, Hano a-oxcuo antomunus, Tepmontomunecyenyus;
CKOpOCMb Hazpesa
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