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Thermoluminescence was studied in L{FLD-100) single crystals from 83 to 320 K. In this
temperature range, the glow curve presents six peaks at 138, 153, 193, 260, 283, and 300 K and a
seventh peak at approximately 240 K. Based on annealing response, linearity, phototransference,
and optical bleaching experiments, the glow peak at 138 K was relatéd hole centers, while the
remaining glow peaks were associated with electron traps, although a clear relation between the
highest temperature glow peak, at 300 K, and electron centers could not be established with
certainty. The seven glow peaks emit at three wavelengths, namely, 270, 300, and 420 nm. The
emission band at 270 nm is more intense for the glow peaks at 138 and 153 K. For the remaining
glow peaks, the emission bands at 300 and 420 nm are the most important ones. The emission band
at 270 nm was related to the recombinatiofvQfholes at recombination centers other than the ones
normally associated with the emission band at 420 nm. The emission band at 300 nm was related
to the recombination of electrons ahg, centers. It was verified that the glow peaks at 138, 153,
193, and 260 K obey first order kinetics. €998 American Institute of Physics.
[S0021-897€08)09623-9

I. INTRODUCTION less attention has been paid to the phenomenon at low tem-
peratures. Townsenet al® investigated the TL in LiF from
Lithium fluoride, with about 100 ppm Mg and 10 ppm Ti 10 to 500 K using samples from different sources and having
as the essential impurities, LiF:Mg, Ti, is one of the mostdifferent impurities as dopants. Podgorsslal® and Cooké
popular thermoluminesceTL) materials used in personal studied LiF:Mg, Ti (TLD-100) in the range 77-500 K.
and environmental monitoring. The characteristic whichKuila’ studied the thermoluminescence displayed by LiF:Mg
leads to this popularity is its approximate tissue equivalencesingle crystals, obtained from the Harshaw Chemical Com-
which makes it a good dosimetric material, together with thepany, USA, between 77 and 300 K. Jaifrinvestigated the
lack of the difficulties which are associated with the use ofthermoluminescence in LiIKTLD-100) between 90 and
other TL phosphors. From a solid state point of view, how-300 K. The results obtained by these authors are somehow
ever, LiF:Mg, Ti presents a rather complex TL mechanism.conflicting. The glow curves obtained present differences
The thermoluminescence induced in LiF:Mg, Ti by irra- among them and the explanations given to the phenomenon
diation at room temperature is commonly explained in termdtself are not always in agreement.
of a model proposed by Mayhuin which the mobile en- In this article, investigations on the TL of this phosphor,
tities are electrons and holes. in the 83-320 K range, were carried out to clarify some
More recently, Sagastibelza and Alvarez R?\/@BO- aspects of these mechanisms. The TL glow curve and TL
posed a different approach for the TL mechanism in€mission spectra in different temperature ranges were deter-
LiF:Mg, Ti. As in other alkali halides, they suggested thatmined for the material. Optical bleaching and phototransfer-
the TL process in the material irradiated at room temperatur€nce experiments were executed. The thermal activation en-
is caused by the recombination with vacancy centergg)  erdy and the frequency factor associated with four TL glow
of interstitial halogen atoms thermally released from trapsPeaks were also evaluated.
According to Lakshmanaet al.> Mayhugh's electron-hole
model has some bearing only on the process of LiF:Mg, Til- MATERIALS AND METHODS
TL glow peaks below 473 K. The TL process of peaks above  LiF:Mg, Ti (TLD-100) single crystals, with dimensions
this temperature is better explained by the model of Sagastbf 10 mmx10 mmx2 mm, obtained from the Harshaw
belza and Alvarez Rivas. Chemical Company, were used. LiF:Mg, Ti samples, 1.2 mm
Though the thermoluminescence in LiF:Mg, Ti abovethick and 6 mm in diameter, produced by the Instituto de
room temperature has been extensively investigated, mughbesquisas Enertieas e Nucleare$IPEN), were also em-
ployed in some experiments. In order to investigate the

3Electronic mail: Iribeiro@cnen.gov.br samples thermoluminescent properties, in the 83-320 K
YElectronic mail: Icaldas@net.ipen.br range, three systems were developed around an HNDT-5
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FIG. 1. Scheme of HNDT-5 model cryostat. The sample-holder chamber is detailed.

model cryostat, namely a system for glow curve determina- For optical bleaching and phototransference experi-
tion, another one for optical bleaching and phototransferencements, a GM 200 double grating monochromator, manufac-
experiments, and a third one for emission spectra collectiortured by Kratos Schoefel Instruments, USA, and a UV radia-
The cryostat was manufactured by Minnesota Valley Engition high-pressure mercury lamp SR-200, manufactured by
neering, USA. A HF rotary pump, Brazil, was used to evacu-Bausch & Lomb, USA, were utilized. The monochromator
ate the cryostat. exit slit was connected to the cryostat quartz window and the
The HNDT-5 model cryostat has a sample chamber withinstrument was used for light wavelength selection. The UV
three windows, specifically two aluminum windows and alamp was connected to the monochromator entrance slit.
quartz window. The sample holder is fixed inside the sample The system for emission spectra measurement is
chamber maintaining an angle of 45° with one of the alumi-similar to the system for glow curve evaluation, with the
num windows and the quartz window. Through the alumi-added presence of the GM 200 monochromator between the
num window that forms a 45° angle with the sample holderguartz window and the photomultiplier tube. The monochro-
the sample irradiation may be carried out. Figure 1 presentsmator is equipped with a small motor that enables the
scheme of the HNDT-5 model cryostat. selection of wavelengths at constant rates between 0.2 and
For TL glow curve determinations, a photomultiplier 200 nm min'’. In this work the spectra were obtained at
tube (PMT), model EMI 6256, USA, is connected to the scanning rates of 100 and 200 nm mindepending on the
quartz window and is used to detect the light displayed byexperiment carried out.
the heated irradiated sample. This PMT is fed by a Tectrol The TL emission spectra are recorded while the samples
THC 3000 high voltaggdHV) power supply, Brazil, and is are heated. Therefore, these spectra have to be corrected for
connected to a Keithley 610 C electrometer, USA, whichthe different intensities of the light emitted by the samples,
amplifies the PMT signal to be sent to an ECB RB 202depending on their temperatures. Knowing the sample heat-
model graphic recordeiBrazil) where the sample TL glow ing rate, in Kmin!, and the monochromator scanning
curve is recorded. speed, in nm min?, it is possible to correlate the intensities
The sample holder is heated by means of an electriof the light emitted by the sample to each wavelength value.
resistance, Fig. 1. A specially designed temperature proAdditionally, it is necessary to correct the spectra for the
grammer provides linear heating of the sample. It was manuPMT response, which is dependent on the wavelength of the
factured by S&E Instrumentos e Testes de Madlittda, light detected. This dependence is given by the PMT manu-
Brazil, and uses as the temperature monitor a platinum resigacturer. Finally, it is still necessary to correct the spectra for
tance temperature detect®TD). A heating rate of (13.72 the monochromator sensitivity, which is also dependent on
+0.19) K min ! was used. The instrument is provided with the light wavelength. This dependence is given by Kratos
a digital display where the sample temperature can be read iBchoefel Instruments.
degrees Celsius. As a result, well-resolved TL peak tempera- In order to investigate TLD-100 single crystal optical
tures may be determined with reasonable accuracy. absorption, a system was developed using a HNDT-3 model
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FIG. 2. TL glow curve displayed by a TLD-100 single crystal between 83 Reference 9.

and 320 K. Sample thermally treated at 400 °C for 1 h, irradiated at 83 K,
2.88 Ckgt

TIME (MINUTE)

was possible to evaluate the peak temperatures with a rea-

cryostat. This cryostat was also manufactured by Minnesotaonable accuracy. Naturally, uncertainties due to thermal lag
Valley Engineering. Its sample chamber has four windowsand the overlap of some peaks may occur. In order to make
namely two parallel aluminum windows used for sample ir-the identification of these peaks easier, they are labeled as
radiations, and two parallel quartz windows at 90° throughpeak—6 (138 K), peak—5 (153 K), peak—4 (193 K), peak
which the sample is illuminated. The sample holder may be-3 (between 230 and 250)Kpeak —2 (260 K), peak —1
placed parallel to the quartz windows or to the aluminum(283 K), and peak (300 K).
windows by means of an external mechanism that enables Table | compares, considering the number of TL glow
the sample chamber to be rotated. A special brass device wasaks and the temperature of their maxima, the curve ob-
developed and used to couple the HNDT-3 model cryostat ttained in this work with those reported by Podgorsak and
a double beam spectrophotomet&arl Zeiss model DMR  co-workers, Cooke® Kuila,” and Jairf® Small differences
21, Germany that was used to measure optical absorptionin the temperature of the maxima for some TL glow peaks
spectra. may be explained in terms of different heating rates, different

Before each experiment, the samples were thermalljannealing procedures, different thermal lag, or even in terms
treated. The annealing procedure normally utilized waof more precise temperature evaluation systems. However,
400 °C for 1 h. Additional annealing procedures of 100 °Cthere are some differences in temperature that are not easily
for 3 h and 80 °C for 24 h were also used when the influenc&inderstood and, more seriously, there are peaks found by
of the sample thermal treatment on the material glow curvesome authors which could not be detected by others. In ad-
structure was tested. The sample cooling down was alwaydition, the relative sensitivities among TL peaks and the TL
slow. After each thermal treatment, the samples were left oglow curve shapes are not all the same. This may be ex-
a thick brick until they reached room temperature. plained by differences in the materials studied or the effi-

The samples were submitted to x rays generated by aiencies of the detection systems.
Rigaku Denki systen{60 kV), Japan, with a Philips tube, The curve of Fig. 2 is similar to the glow curve obtained
which belongs to the Calibration Laboratory of IPEN, Brazil. by Jaif for TLD-100 exposed to x rays, 0.41 Cky at

90 K, and heated between 90 and 300 K. However 8imis

IIl. RESULTS AND COMMENTS able to resolve nine TL glow peaks, while Fig. 2 displays
only seven peaks. Observing the curve obtained by’ Jiais
possible to note the presence of a TL peak around 200 K,

Figure 2 presents the TL glow curve displayed by ahowever the TL peak that the author affirms to exist at 166 K
TLD-100 single crystal, thermally treated at 400 °C for 1 h,is indeed difficult to see. Podgorsak and co-workers,
irradiated at 83 K, 2.88 C k¢f, between 83 and 320 K. In Cooke® and Kuild do not report a TL glow peak around
this curve, six peaks can be identified at 138, 153, 193, 26@®00 K either, and the peak, which J&iidentified around
283, and 300 K. Between 230 and 250 K the presence of 466 K, was only reported by Kuifaaround 163 K. It is
seventh TL peak is also observed. The 193 K TL glow peakinteresting that the TL glow peak at 163 K appears very
presents the lowest sensitivity. The TL glow peak temperaelearly in the curve determined by Kuifabut this curve
tures were directly observed from the display of the temperapresents a different structure when compared to those re-
ture programmer at the exact moment of the TL peak appeaported by others including Podgorsakal.,® Cooke® Jain®°
ance during the glow curve determination. Therefore, excepind Fig. 2. While it is possible to say that these latter reports
for the case of the TL glow peak between 230 and 250 K, ipresent a similar shape, they differ in the number of maxima.

A. Glow curve structure
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FIG. 4. TL glow curve displayed by an undoped LiF sample between 83
0 e and 320 K. Sample thermally treated at 400 °C/1 h and irradiated at 83 K,
0 2 4 6 8 10 12 14 16 18 16.95 C kgl,

TIME (MINUTE)

i & 0L Sl e el by o MG, ' sebweer 22 4% that presented by TLD-100. The amount of Ti seems to have
16.95 C kg no influence on the TL glow curve structure.

Figures 5 and 6 present TL glow curves obtained with
the same TLD-100 sample which produced the curve shown
in Fig. 2, but with different annealing before irradiation. In

In order to evaluate the influence of the origin of the order to obtain those curves, the sample was exposed, at
LiF:Mg,Ti samples on their TL glow curves, glow curves g3 K, to the same exposure value, namely 2.88 Ckgf x
obtained with TLD-100 and LiF:Mg,Ti produced by IPEN radiation. The sample evaluation conditions were the same,
were compared. Figure 3 presents the TL glow curve disigentical to those used to obtain the curve presented in Fig. 2.
played by LiF:Mg,Ti sample produced by IPEN. Before be-The annealing procedures applied to the sample, in each
ing evaluated between 83 and 320 K, the sample was anase, however, were different. Recall that for.Fig heating
nealed at 400 °C fol h and exposed to x rays, 16.95 CRg  treatment of 400 °C fol h was used. In order to obtain the
at 83 K. The structure of this curve is similar to that of curve presented in F|g 5' the Samp|e was annealed at 100 °C
TLD-100, presenting seven peaks at 139, 153, 193, 233—24% 3 h, in addition to the usual annealing of 400 °C for 1 h.
256, 275, and 300 K. However, peaks2 and —1 present  Finally, the curve of Fig. 6 was obtained when the sample
considerable differences in the temperatures of their maximgas annealed at 80 °C for 24 h after an annealing at 400 °C
and peak—4 in the glow curve is larger than peak4 in
TLD-100. Note that TL peaks at 160 and 200 K were not
detected once again. These results show that the composition LI L L L L L L B B L L L B
and origin of the sample is important to the TL glow curve s I
shape.

Figure 4 presents the TL glow curve of an undoped LiF
sample. This material presents an amount of Mg 10 and 15
times less than that present in TLD-100 and IPEN
LiF:Mg,Ti, respectively, but it is similar in Ti content. It is
possible to observe the presence of a TL peak at 138 K. One
concludes that this peak is not related to defects created by
the doping of the material. Except for the 138 K peak, the
remaining peaks in LiF:Mg,Ti between 83 and 320 K appear
to be related to Mg as evidenced by the low emission in this
undoped sample. TL glow peaks at 313, 243, and 203 K are i
also present in the TL glow curve of Fig. 5. The sensitivities
of these peaks are very low. TL glow peaks at 313 and 203 K
are not observed in the TL glow curve of LiF:Mg,Ti, Figs. 2 o 2 4 6 8 o 12 14 16 18
and 3. The TL glow peak at 243 K may be TL glow peaRk TIME (MINUTE)
of LiF:Mg,Ti, Figs. 2 and 3, bu,t it is difficult to affirm this. FIG. 5. TL glow curve displayed by the same sample of Fig. 2, between 83
In summary, a phosphor poor in Mg presents a low TL seNupg 320 K. Sample thermally treated at 400 °C#1160 °C/3 h, irradiated
sitivity and a TL glow curve structure very different from at 83 K, 2.88 C kg™.

TL EMISSION (ARBITRARY UNITS)

e}
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LI L L L L L O B B L B B maxima of the curves presented in Figs. 5 and 6 are localized
6 1 at slightly higher temperatures when compared with the
maxima presented by the curve of Fig. 2. These results indi-
cate that the traps responsible for peaks, —3, —2, —1,

and 0 are present in the material before its irradiation and
their concentrations are altered by pre-irradiation anneals.
The observation is consistent with the association of these
traps with Mg related traps.

L

B. X-ray exposure dependence of TL glow peaks

TL EMISSION (ARBITRARY UNITS)

2 -
Figure 7 presents the x-ray exposure dependence of TL
Lk i glow peaks—6, —5, —2, —1, and 0. The study was carried
out between 2.41 and 67.80 C'Kg Before irradiation, the
ol 4 | sample was annealed at 400 °C for 1 h. The response of the
o 2 TL glow peaks is unambiguously linear, presenting no supra-

TIME (MINUTE) linearity. The sensitivity of all peaks presents a linear behav-

. ) jor up to a certain exposure value, when it starts to show a
FIG. 6. TL glow curve displayed by the same sample of Fig. 2, between 8§ P P

and 320 K. Sample thermally treated at 400 °C#80 °C/24 h, irradiated te”de”CY to Saturat'_on' The reSpon_Ses of peaﬁsand -5
at 83 K, 2.88 C kg™. show a linear behavior up to approximately 34 C kgPeaks

—4, -2, —1, and 0 present linearity up to 20 C'Kg These
results are similar to these obtained by 3ain
for 1 h. These same pre-irradiation anneals influence the The linearity of peaks-6, —5, —4, —2, and—1 heights
glow curve and optical absorption above room temperaturédicates that they obey the kinetics of first order. TL glow

and are thought to result from changes in Mg related trapeaks which obey a kinetics of order greater than one do not
centers. present linear responses to exposure, if peak heights are

The first observation from Figs. 5 and 6 is the Strongconsideredf) To confirm this fact, the order of the kinetics of
influence of the annealing procedure on the shape of the loWL glow peaks—6, —5, —4, and—2 were determined. The
temperature TL glow curve of TLD-100. This may explain order of the kinetics of a TL glow peak may be evaluated
why it is difficult to compare TLD-100 TL glow curves ob- through its symmetry factopy, which is defined as
tained by different authors, when the annealing procedures 5
used are unknown. Mg=—, 1)

It is also possible to observe the presence of pe&k
more clearly, around 240 K, in the curves of Figs. 5 and 6whereé=T,— T, andw=T,—T;. T, is the temperature of
and particularly in Fig. 6, when the material is annealed athe maximum of the TL glow peakl; and T, are, respec-
400 °C for 1 h plus 80 °C for 24 h, perhaps because of dively, the temperatures inferior and superioilig where the
relative decrease in the overlapping peak-2. At the same timimtensity of the peak is equal to half of its maximum value.
peak —5 decreases in intensity. Peak$ and —4 present See for reference Halperin and BraHeand Chert? The TL
little change due to the different annealing procedures. Pealglow peaks that obey the first order kinetics present
0 and —1 become one peak at 293 K. Additionally, the uy~0.42, according to Chelt, while those which follow a

FIG. 7. X-ray exposure dependence of TL glow peaks
-9 -6, =5, -4, -2, -1, and 0.
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FIG. 8. TLD-100 single crystallO mm thick optical absorption spectrum obtained at 83, 192, 238, 252, and 273 K with a sample irradiated at 83 K.

kinetics of order 2 presenty~0.52. Obviously, TL glow irradiated TLD-100 single crystal, see Lakshmareral,®
peaks may present intermediary kinetics values and in thed®a Rosa and Caldds. For room temperature irradiated
cases the values of, are between 0.42 and 0.58ee samples, thé band is the most prominent one. Based upon
Chert®). results from Nepomnyashchikh and Radzhabbw, centers
The ug4 values for TL glow peaks-6, —5, —4, and—2  are not easily formed when LiF samples are irradiated at
were determined from ten TL glow curves obtained from atemperatures near 77 K. It should be mentioned that the band
sample always annealed at 400 °C foh and exposed to x at 280 nm does not appear clearly in the optical spectrum
rays, 2.88 C kg, at 83 K. The results are mean values takendetermined with a room temperature irradiated TLD-100
from the ten curves and the corresponding uncertainties hawngle crystaf*®
a confidence level equal to one standard deviation. In order
to determineuy for peaks—6 and -5, they were separated
graphically. Peaks-6, —5, —4, and—2 presentedu, val-
ues, respectively, equal to 0#48.01, 0.41%0.01, 0.43
+0.01, and 0.430.01. These results show that these peaks The x-ray exposure dependence of ¥g band of the
present a kinetics of first order which agrees with the lineatiF:Mg, Ti optical absorption spectrum is presented in Fig. 9,
behavior observed for the peak sensitivity. which also presents the x-ray exposure dependence of the
138 K TL peak displayed by the material. As can be ob-
served, both show linearity between 1.4 and 34 Clkg
These behaviors further confirm the relation betweenvthe
band and the 138 K TL glow peak of LiF:Mg,Ti.

D. X-ray exposure dependence of V/, band

C. Optical absorption spectra of TLD-100 at low
temperatures

Figure 8 presents TLD-100 single crystaD mm thick
optical absorption spectra obtained at 83, 192, 238, 252, and
273 K with a sample irradiated at 83 K. At this temperature,
three bands are clearly evident around 348 ({vr band,
250 nm (F band, and 200 nm. In the spectra obtained at  Figure 10 shows the effect of a 348 nm optical bleach-
temperatures above 192 K, the 348 nm band seems to lieg, radiant exposure of 1029 J on the LiF:Mg,Ti TL
absent. This fact is explained by the thermal instability/gf  glow curve, when the material is irradiated and bleached at
centers above 130 K. See, for example, Seidel and Wolf. 83 K. The 138 K TL peak is reduced by 75%. This is the
However, absorption bands at 380, 310, and 280 nm beconsame reduction that occurs in the 348 nm optical absorption
visible, mainly above 252 K, in addition to the bands at 250band (V¢ band after submitting the sample to exactly the
and 200 nm. It is interesting to note that theband which  same treatments, as shown in Fig. 11. The 348 nm optical
appears in the optical absorption spectra obtained at 252 armdeach also causes significant reductions in the intensity of
273 K presents a lower relative intensity, when these spectréne 193 K peak and the remaining peaks, except the 300 K
are compared with that determined with a room temperatur@L peak, are also somewhat reduced. Except for the 138 K

E. 348 nm optical bleaching on LiF:Mg,Ti
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FIG. 9. X-ray exposure dependence\gf band of LiF:Mg, Ti optical ab-  x-irradiated LiF sample reduced the intensity of 138 K glow
so_rption spectrum and 138 K LiF:Mg, Ti TL glow peak. Samples 10 mm peak, whereas the 163, 268, and 288 K glow peaks under-
thick were used. went a relative increase. Kullaelated the TL peaks at 138
and 163 K toVk hole centers and those at 268 and 288 K to

peak, the other peaks cannot be due to hole centers, becauvs% hole centers. Following Kuifa the 163 K peak sensitiv-

they can be produced by phototransferred electrons comin: telgc'{c?\a/seclzg?esrstotfgfiLnfsrgir]:fceeretrl;]’?t(::hlsstail)eeili/ilrsor?rlrfgnl;e-
from F centers, as will be shown later. K ! y

The holes produced by, center destruction may re- compared to the 138 K peak. However, the author did not

combine with the trapped electrons causing the observed ree_xplam the difference. Considering thé centers are ther-

: " L mally unstable above 230 K, it is difficult to associate TL
duction. Additionally, the losses of sensitivity displayed by .
those peaks, due to 348 nm optical bleaching, are differerﬁeaks at 268 and 288 K with these hole centéownsend

et al? refused to associate LiF TL glow peaks at 225 and
255 K with Vg centers, preferring to relate them to electron

traps. Additionally, it is important to mention that Kuileid

not carry out phototransference experiments to confirm his
conclusions.

Figure 11 presents thé, band and the 138 K TL peak
relative intensities for different 348 nm optical bleachings. It
can be observed that both thg band and the 138 K TL
peak present the same loss of sensitivity due to 348 nm op-
tical bleaching. Again a clear indication of a relation be-
tween theVy band and 138 K TL glow peak is presented.

-1
EXPOSURE (C.kg )

F. Phototransferred thermoluminescence

In order to determine the TL glow peaks related to elec-
tron traps, phototransference experiments with light of 250,
310, and 380 nm were carried out. The destructionFof
centers with 250 nm light liberates electrons. The destruction
of the defects related to the optical absorption band at
310 nm also liberates electrons, because it enhanceb the
band!’ and the defects related to the optical absorption band
o = 4 6 s 10 1z 14 16 18 at 380 nm are also electron trapand liberate electrons after
their optical destruction as well. Therefore, through pho-
totransference experiments, with these three wavelengths, it

FIG. 10. Effect of 348 nm optical bleaching, radiant exposure 1029 m - ; ;
on the LiF:Mg, Ti TL glow curve, when the material is irradiated and IS pOSS.Ible to repopulate Only the empty electron traps,'lf
bleached at 83 K. Curve A-obtained immediately after the sample irradialn€y €Xist, and, thus, the phototransferred TL glow curve will

tion. Curve B-obtained after 348 nm optical bleaching. display only peaks related to electron centers.
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FIG. 12. Phototransferred TL glow curve obtained after irradiated TLD-100FIG. 14. Phototransferred TL glow curve obtained after irradiated TLD-100
sample exposure to UV light of 250 nm. sample exposure to UV light of 380 nm.

The sample annealing procedure used in the threef 9000 J m?2. For each different UV light wavelength a
experiments was 400 °C for 1 h. The sample was alwaygomplete separate experiment was performed.
exposed to x rays, 192.8 CkY at 288 K. After the x-ray Figures 12, 13, and 14 show the phototransferred TL
exposure, it was cooled to 83 K and, at this temperatureglow curves obtained, respectively, after the sample expo-
exposed either to UV light of 250 nm, with a radiant sure to UV light of 250, 310, and 380 nm. It is possible to
exposure of 1043 J i, or to 310 nm, with a radiant expo- observe, in the three curves, the presence of all TL glow
sure of 14 870 J fi¥, or to 380 nm, with a radiant exposure peaks found when the material is irradiated at 83 K, except
the one at 138 K, whose experiments of optical destruction
with UV light of 348 nm and intensity versus x-ray exposure

AL L showed that it is related tdy hole centers. Thus, it is pos-

sible to conclude that, except for the TL glow peak at 138 K,
—— peak -5 ..

L o | all remaining peaks are related to electron traps. It should
also be noted that the relative intensities of peaid —2,
and—1, in the phototransferred TL glow curve, are different

r T when compared to those of the same peaks in the TL glow
curve displayed by LiF:Mg, Ti irradiated at 83 K.

6 I . The possibility that illuminatior{photorepopulationex-

periments would be a source of holes, according to the May-
hugh modetf could be considered. During room temperature
irradiation,F andV5 centers are produced. In the subsequent
low temperature illumination, electrons capturedvatcen-
ters should leavd/, centers. This single hole center could
then produce a glow peak upon warming. The prominent
peak —5, located very close to the demonstradéd peak
—6, could be this peak. However, if this is true, why isn’t
peak —6 sensitized? Therefore, an important presence of
holes during photoillumination was not considered.

It is necessary to single out the behavior of peaR
obtained by phototransference with 310 nm UV light. In this
case, peak-3 presents, when compared with peal, a

TL EMISSION (ARBITRARY UNITS)
o
T

o2 468 o 1z 14 16 18 lower sensitivity, not similar to those obtained by phototrans-
TIME (MINUTE) ference with light of 250 and 380 nm, suggesting some kind

FIG. 13. Phototransferred TL glow curve obtained after irradiated TLD-1000f relation between peak3 ahd the Qefects _resp9n5|ble for
sample exposure to UV light of 310 nm. the 310 nm optical band. It is possible to imagine that the
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60 T T T T T T T each TL glow peak, were not possible to be obtained, be-
cause these peaks appear rather overlapped and the spectra
s b _ were determined simultaneously with the controlled heating
of the material, since it was impossible to maintain its tem-
-~ perature constant below 273 K.

or Figures 15 and 16 present the two TL emission spectra

determined, respectively, for the 133-160 K and 243-300 K
| _ regions of the TLD-100 TL glow curve. These spectra are
". corrected for the efficiencies of the photomultiplier tube and
|'r the monochromator used as a function of the light wave-

30 |~

20 , \

Vo length and for the intensity of light emitted by the material as
; \ ‘\ a function of the temperature. The TL emission spectrum for
ok ) '-‘ \ 420 peak —4 was not recorded because the sensitivity of this
; \ A y peak is very low.
S NNt The TL emission spectrum relative to TL glow peaké
and—5, Fig. 15, presents, clearly, two emission bands at 270
and 420 nm. CooKefound similar emission bands at this
temperature region. The existence of an emission band at
FIG. 15. TL emission spectrum determined for the 133-160 K region 0f300 nm is also possible.
TLD-100 TL glow curve. The TL emission spectrum relative to TL glow peaks
-3, -2, -1, and 0, Fig. 16, displays two emission bands at
300 and 420 nm, but the possible presence of a third emis-
exposure to UV light of 310 nm simultaneously liberatession band at 270 nm should not be neglected. In this tem-
electrons from the deep traps to the shallow ones and libeperature range, different authB‘r%agree with the existence
ates phototransferred electrons from the traps related to pea the emission band at about 420 nm; however, with respect
—3, considering that these traps are effectively related t@o the emission band at 300 nm, only Kdiland Podgorsak

defects which absorb at 310 nm. A competitive process ot a|® described, respectively, emission bands at 305 and

phototransferred electron trapping and detrapping may occu§10 nm. Kuild also determined, around 268 K, an emission
in the traps related to peak3. band at 255 nm.

The emission band at 420 nm is associated with the re-
combination of a mobile hole with an electron tunneling
from anF center at a titaniunk center complex, according

X-ray-induced TL emission spectra were recorded at twd© the model of Mayhugh.The emission band at 270 nm is
regions of the TLD-100 TL glow curve. The first region, related to the recombination d&f, holes at recombination
from 133 to 160 K, comprises TL glow peaks6 and—5  centers other than those associated with the emission band at
and the second one, from 243 to 300 K, includes TL glow420 nm. The remaining emission band at 300 nm was related
peaks—3, —2, —1, and 0. Individual emission spectra, for to the recombination of electrons a] centers.

INTENSITY (ARBITRARY UNITS)

200 280 360 440 520

WAVELENGTH (nm)

G. Thermoluminescence emission spectra

INTENSITY (ARBITRARY UNITS)

. .
.~ e
0 L i Ssanld =>4, | | |

200 240 280 320 360 400 440 480 520
WAVELENGTH (nm)

FIG. 16. TL emission spectrum determined for the 243—-300 K region of TLD-100 TL glow curve.
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TABLE Il. E ands values determined for TL glow peaks6, —5, —4, and—2 of TLD-100, obtained by

different authors.

Activation energy(eV)

Frequency factots %)

Present work

TL glow  Peak shape Initial rise Bhasin Present Bhasin
peak method method Kuila® et al® work Kuila® et al®
-6 0.26-0.02 0.27#0.01 0.15-0.02 0.36 1.&1¢° 1.37x10"  4.4x10%
-5 0.29+0.02 0.32 16.5¢10 . 7.0x10°
-4 0.49+0.02 3.4x10% :
-2 0.82+0.02 0.60+0.03  0.71 210 9.2x10°  1.0x10%

aReference 7.
PReference 20.

H. Determination of activation energy and frequency
factor

In the determination of the activation enerdy,and the

wherea may beé, 7, or w, depending on the part of the TL
glow peak considered, and the coefficiefits and b, de-
pend not only on the part of the TL glow peak analyzed, but

frequency factors, two methods were used, namely the peakalso on the order of its kinetics constant. The teams

shape method and the initial rise method. The initial ris

method, proposed by Garlick and GibsSris the simplest

one and is independent of the order of kinetics involved infdual ©0Tm—Ty,
the TL process responsible for the TL glow peak considere

The method assumes that three conditions are satisfied:

(@

glow peak’s initial rise, i.e.T<T,, whereT,, is the

temperature of the peak maximum, the trapped charge
carrier population variation rate is very small, and,
thus, the intensity of the glow peak considered is pro-

portional to exp{tE/KT);
(b)

(©

all temperatures;

different traps.

The method requires the solution of the following equa-

tion:

E
InI(T)=C—k—T, (2
where I (T) is the intensity of the TL glow peak for the
absolute temperatur€, E is the activation energy is the
Boltzmann constant, an@ is a constant. Plotting of IT)

In the temperature range of the beginning of the TL

The frequency factor remains essentially the same for

There is no superposition of TL glow peaks due to

gelated to the whole TL glow peak and is equallo-T,, 7

is related to the region of the glow peak foK< T, and is
and § is related to the region of the TL

0glow peak forT>T,, and is equal td ,—T,. T, T», and

T, are defined as in Eq1). In the case of first order kinetics,
the following equations are obtained:

m

kT2
E,=15] —|-1.582kTy),

(5)
kT2
Eﬁ=o.97z< T) , (6)
Z(kan)
E,=2.59 — | —(2kT,,). (7)
w

Once the value oE is determined, the determination &fs
easy through Eq3).

Table Il presents the values & and s determined for
TL glow peaks—6, —5, —4, and —2 of TLD-100. In the
case of peak-6, two methods foE assessment were used,
namely the peak shape method and the initial rising method.
For peaks—5, —4, and —2, only the peak shape method
could be employed. Th& determination for the remaining
peaks was not possible due to the superposition of different
peaks that impedes the definition of their geometrical forms.

versus 1T, over the temperatures of the TL glow peak’s These values are also compared to those obtained by 'Kuila

initial rise, gives a straight line with slope E/k. OnceE/k
is known, the determination @ is trivial. The value of can

and Bhasiret al?°
In the determination oE for TL glow peaks—6, —5,

be assessed, in the case of the TL glow peaks obeying first4, and —2, ten TL glow curves of a TLD-100 sample,
order kinetics, using Eq3) annealed at 400 °C for 1 h, exposed to x radiation at 83 K,
2.88 C kg !, were used. In the case of peak$ and—5, in
BE _ p(— i order to use the peak shape method, they were graphically
——> =S ex
kT, KT

separated. The results presented are mean values with an
i ) , associated uncertainty equal to one standard deviation.

whereg is the heating rate used to obtain the TL glow peak.

Chert® presented the following equation to calcul&te

considering the TL glow peak shape:

, )

IV. CONCLUSIONS

The TL glow curve displayed by TLD-100 single crys-
tals, thermally treated at 400 °C for 1 h, presents seven peaks
between 83 and 320 K, namely at 138, 153, 193, 260, 283,

2
m

kT
EQICQ(T> —b,(2kTy), (4)
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300, and approximately 240 K. These peaks are, respecemaining glow peaks, the emission bands at 300 and
tively, labeled as—6, —5, —4, —2, —1, 0, and—3. Their 420 nm are the most important ones. The emission band at
relative sensitivities are dependent on the annealing proc&70 nm is related to the recombination\gf holes at recom-
dure to which the phosphor is submitted and, except for théination centers other than those ones normally associated
TL glow peak at 138 K, on the amount of Mg dopant presentwith the emission band at 420 nm. The emission band at
in it. Different annealing procedures also change the tem300 nm is related to the recombination of electrons ®Rd
perature of TL peak maxima. centers.
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