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LiF:Mg,Ti has found a wide spread application in artificial-phosphor do-
simetric methods of thermoluminescence (TL). The pre- and post-
irradiation annealing is an essential factor for materials response. The
main outcome of this study is focused on studying the low-temperature
pre- and post-irradiation annealings of the SLiF (Harshaw TLD 600) and
comparing them with those of the “LiF (Harshaw TLD 700), as well as the
corresponding consequences on the 5 and 5a peak trapping parameters.
We selected TLD 600 and TLD 700 dosimeters to evaluate the effect of
pre-irradiation and post-irradiation background measurements; readout
values indicated variation of the results for these two cases of the lithi-
um-fluoride family of materials.

LiF:Mg,Ti 3HalIIOB INHPOKE IIOIMIMPEHHA B3aCTOCYBAHHA B MITYYHO-
dochopHUX NO3MMETPUUHUX MeToxax TepMmosoMinecrennii (TL). Bignman go
Ta MiCJA ONMPOMiHEHHS € Ba'KJIUBUM UMHHUKOM peakIlii matepisiiB. OCHOB-
HUI pe3yJIbTaT IILOTO HOCJIMKEeHHS 30Cepel KeHUN Ha BUBUEHHI HU3BKOTE-
MIepaTypHHX Bigmaiis fo Ta miciaa ompominenHs °LiF (Harshaw TLD 600)
i mopiBEaHHI ix 3 mapamerpamu 'LiF (Harshaw TLD 700), a Taxosx Bizmo-
BiZHMMH HacCJiAKaMHu IJA IIapaMeTpiB HMiKoBOro saxomaeHHa 5 i ba. Mu Bi-
niopanu @ropucTo-miTiiioBi TepmosiominecrieHTHI mosumerpu TLD 600 i
TLD 700 gnsa omiHKKM eeKTy (POHOBUX MipAHBL IIOIEPEeIHLOr0 OIPOMiHEHHS
Ta IOCT-OIIPOMiHEHHS; 3HAUEHHS 3YNTYBAHHA BKAa3yBaJl Ha 3MiHY De3yJb-
TaTiB AJIA IIUX ABOX BUMOAAKIB JIiTiHi-(pTOPHUAHOrO ciMeiicTBa MaTepiAIiB.
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1. INTRODUCTION

Lithium fluoride (LiF) material doped with Magnesium and Titani-
um (Mg, Ti) is set to be one of the most well established passive
thermoluminescence dosimeter (TLD). LiF:Mg,Ti is largely employed
to study the TL effects of parameters such as supralinearity, impu-
rity concentration, radiation damage, etc. [1, 5, 22, 24].

TL glow curves of lithium fluoride yield a number of overlapping
TL peaks, making thus deconvolution mandatory. Even though in
other luminescent dosimetric materials, such as quartz, the TL
peaks are named according to their peak maximum temperature
(T,.x); for the case of lithium fluoride, TL peaks were given the
names according to the sequential arithmetic corresponding to each
one. According to this terminology, kinetic parameters, such as the
activation energy E, frequency factor s, and kinetic order b, for the
so-called glow peak 5 of LiF:Mg,Ti have been a major topic of TL
research for many years. The interest on this topic is not only lim-
ited to the fact that LiF:Mg,Ti has been extensively used as a basic
TL dosimeter, but rather enhanced due to specific peculiarities re-
lated with the reported values of E, s and b as well [6, 7, 24].

Fairchild et al. [1], consequently after a good fit of the experi-
mental glow curve for the case of TLD 100, suggested the existence
of a glow peak 5a between the main glow peak 5 and glow peak 6.
This glow peak has shown its importance in the usual glow curve,
resulting after normal annealing at 400°C for 1 h and at 100°C for
2 h. Its existence was also experimentally confirmed based on nu-
merous techniques, including deconvolution.

The selection of both °LiF (Harshaw TLD 600) and ‘LiF (Harshaw
TLD 700) dosimeters in order to study the effect of pre-irradiation
and post-irradiation annealings on the final dosimeter readout val-
ues has been an attractive research topic of interest for more than
20 years. Kitis et al. have initially observed the presence of glow
peak 5a in TLD 700 after a rather high temperature of 125°C and
an irradiation by muons [4, 8]. At low-temperature post- or pre-
irradiation annealings, the same authors reported the increase of
T ..« of glow peak 5a [3, 8, 9]. Kitis et al. [9] estimated that the ac-
tivation energy of glow peak 5a has to be within the range 3—-3.8 eV
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for DTG-4 material. High E values lead to high frequency factors
(10*°-10*° s7!), values even higher, comparatively speaking, than
those of glow peak 5 for LiF:Mg,Ti, knowing that activation energy
and frequency factor for the latter material lie within the range
2.0-2.3 eV and 10"-10? s!, respectively [2, 6]. LiF:Mg,Cu,P has
even higher values of E=2.5¢eV and s=10% s, respectively [3].
These E and s values are considered as extremely high and were
characterized previously as ‘non-physical values’ [4], and they re-
quire special interpretation, since they are lying well above the 10—
10" s* region adopted by Mott and Gurney [10]; however, Bohm
and Sharmann [11, 12] proposed an upper limit value of 3-10"° s at
27°C for s.

Various models have been proposed in order to explain the high
values of trapping parameters [1, 4, 13-17]. Fairchild et al. [1]
were likely the first who proposed that the high values of E and s
result from a complex mechanism, and the obvious first-order Kki-
netics behaviour is a particular case or an approximation of more
complicated kinetics. By using a one trap—three centre model, Chen
et al. [16] correlated the rather high activation energy not only for
peak 5 but also some other TL peaks with the narrowing of peak
shape consequence of a competition in the excitation as well as the
heating stage. Piters et al. [15] attempted to explain these high val-
ues obtained for the kinetic parameters based on Randall and Wil-
kins model. For alternative explanations regarding these high E and
s values, the readers could refer to [2, 22].

The task of defining, under which conditions glow peak ba ap-
pears visibly isolated from both glow peaks 5 and 6, has been diffi-
cult, and the study is focused on the TLD 700. Kitis and Otto [9]
have performed pre-irradiation annealing between low temperatures
of 140°C and 160°C for 1 h. After establishing the temperature of
152°C as the most appropriate one, both post- and pre-irradiation
annealings were performed for various time durations up to 12 h.
The present study follows on directly from this latter aforemen-
tioned citation, which ends by questioning whether the same exper-
iment could be also performed for the TLD 600 dosimetric material.
The aims of the present work include the following: (a) studying the
low-temperature pre- and post-irradiation annealings of the
TLD 600 and compare them with those of the TLD 700 and the cor-
responding consequences on the 5 and 5a peak trapping parameters;
(b) investigating the TL response of peak b5a, appearing after pre-
and post-irradiation annealings at 145°C for various durations, for
both TLD 600 and TLD 700 dosimeters; (c¢) properly define condi-
tions, under which glow peak 5a appears isolated for TLD 600 and
TLD 700. This present study allows a one-to-one qualitative and
quantitative comparison between the glow-curve modifications in-
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duced by both pre- and post-irradiation annealing. This comparison,
as will be shown below, gives novel information, which leads to a
self-consistent explanation of the experimental results.

2. EXPERIMENTAL SET UP AND PROCEDURE

TL measurements were performed at the Nuclear Physics Laborato-
ry of the Physics Department, Aristotle University of Thessaloniki,
Greece, using a Littlemore type 711 setup, with a P/M tube: EMI
9635QA bialkali (Sb K—Cs) and a thermocouple type: 90/10 Ni/Cr
and 97/03 Ni/Al and an optical filter transmitting in the 320-440
nm range. In all cases, a beta test dose was provided by a “°Sr/*°Y
beta source delivering 0.3 Gy/min. TL measurements were carried
out in a nitrogen insulated environment with a constant heating
rate of 2°C/s up to a maximum temperature of 350°C. The glow ov-
en was first evacuated at 10" Torr, and N, of high purity was left
to flow during each TL measurement. The samples used in these ex-
periments were LiF:Mg,Ti chips purchased by Harshaw Bicron
(TLD 600 and TLD 700) with dimensions of 8x4x3 mm; the mass of
each LiF chip is equal to 3 mg. TL chips were thoroughly cleaned to
avoid any solid or liquid contamination. Chips were annealed in a
furnace at 400°C for 1 h and rapidly cooled to room temperature
prior to their use. Pre- and post-irradiation annealings were per-
formed at 145°C using an automatic furnace. Annealings were sys-
tematically followed by a rapid cool down to room temperature; a
metallic cup of 2 cm in diameter and of 0.7 cm in depth was used
for that purpose. Both pre- and post-irradiation annealings were
performed to a range of durations between 0 and 15 hours (¢,=0, 2,
4, 6, 8, 10 and 14 hours). Test dose was 500 mGy.

3. EXPERIMENTAL RESULTS
3.1. Computerized Curve Deconvolution (CGCD)

Analysis of obtained experimental glow curves in the present work
was performed by a Computerized Glow Curve Deconvolution proce-
dure (CGCD) [18]. The analytical expressions for general order Kki-
netics (termed as GOK hereafter), which have been proposed by
Kitis et al., were used [19-20] as follows:

I(T) = Ib""™" exp((E /(D)) (T-T,)/ Tm) x

x[(b ~1)(A-A)(T* / T} )exp((E / (kT))(T-T,) /T, ) + Zm]
where A=2kT/E, A,,=2kT,/E, Z,,=1+(b—-1)A,, T is the tempera-

—b/(b-1) (1)
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ture, T, is the temperature at maximum TL intensity, I, is the
maximum intensity, b is kinetics order, E trap energy depth, and &
the Boltzmann constant. Curve fittings were performed by means of
the Microsoft Excel software package with solver utility [18]. Fig-
ure of merit (FOM) [21] was employed for adjustment and goodness
of fit defining; it is expressed by the following:

FOM(%) =100)_|TL,,, - TLy,|/ > TL, . (2)
p p

Low value of FOM index is synonymous of a good fit; a low value
of FOM is targeted when fitting is achieved by changing every glow
peak set of parameters.

Whether in pre- or post-irradiation annealings, the first-order
kinetics algorithm failed to fit the glow peak 5 region. This is also
the case for the glow peak 5a of the TLD 600 dosimeter, while, for
the TLD 700, glow peak 5a is very well described by first order of
kinetics. Thus, a general order of kinetics was adapted similarly to
the case of Kitis and Otto [9]. Typical examples of deconvolved glow
curves are presented in Fig. 1; plots a and b present the decon-
volved glow curves corresponding to pre-irradiation and post-
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Fig. 1. Typical examples of deconvolved glow curves; plots (a) and (b) rep-
resent the deconvolved glow curves corresponding to pre-irradiation and
post-irradiation annealings for 2 hours for TLD 600, respectively. Similar-
ly, plots (¢) and (d) represent the corresponding glow curves for the TLD
700.
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irradiation annealings for 2 hours for TLD 600, respectively. Simi-
larly, plots ¢ and d present the corresponding glow curves for the
TLD 700. An outline of the fitting parameters as yielded according
to the deconvolution procedure is presented in tabulated form in
Tables 1-4 with reference to glow peaks 5 and 5a.

TABLE 1. Fitting parameters of glow peak 5 in TLD 600 for various pre-
and post-irradiation annealings’ durations at 145°C.

Peak 5 TLD 600

Time pre- post-

E, eV s, st b E, eV s, st b
2h 2.21 1.74-10% 1.01 2.45 1.76.10% 1.01
4 h 1.85 7.84.10% 1.21 2.22 3.08-10% 1.10
6 h 1.78  1.86-10'° 1.30 2.12 1.69-10% 1.35
8h 1.75  2.02-10"° 1.61 1.95 1.73-10%° 1.52
14 h 1.74  1.30-10'® 1.80 2.01 4.16-10"° 1.71

TABLE 2. Fitting parameters of glow peak 5a in TLD 600 for various pre-
and post-irradiation annealings’ durations at 145°C.

Peak 5a TLD 600

Time pre- post-

E, eV s, st b E, eV s, st b
2h 3.11 4.71.10% 1.04 3.00 6.47-10%° 1.01
4h 3.22 7.52.10% 1.25 3.05 5.85-10%° 1.14
6 h 3.28 1.11.10% 1.40 3.11 1.42.10% 1.42
8 h 3.35 2.80-10%! 1.59 3.42 4.61-10% 1.55
14 h 3.43 1.13-10% 1.73 3.65 5.81-10%° 1.77

TABLE 3. Fitting parameters of glow peak 5 in TLD 700 for various pre-
and post-irradiation annealings’ durations at 145°C.

Peak 5 TLD 700

Time pre- post-

E, eV s, st b E, eV s, s b
2h 2.15 1.58-10%2 1.05 1.98 1.06-10% 1.02
4h 1.97 6.74-10%° 1.05 2.02 6.18-10%° 1.11
6 h 1.90 6.83-10" 1.15 1.98 7.78:10%° 1.35
8 h 1.78 5.67-10'8 1.33 2.06 4.19-10% 1.44
14 h 1.85 1.74-10"° 1.52 2.03 1.36-10% 1.65
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TABLE 4. Fitting parameters of glow peak 5a in TLD 700 for various pre-
and post-irradiation annealings’ durations at 145°C.

Peak 5a TLD 700

Time pre- post-

E, eV s, s! b E, eV s, st b
2h 3.03 3.27-10*° 1.05 3.14 1.28.10% 1.01
4 h 3.15 4.85-10% 1.01 3.40 1.47-10% 1.01
6 h 3.15 9.61-10% 1.001 3.48 1.85-10% 1.01
8 h 3.38 2.47-10% 1.02 3.81 1.87-10% 1.01
14h 3.63 2.31-10% 1.02 3.70 3.76-10% 1.01

3.2. Pre-Irradiation Annealing at Low Temperature

Firstly, the impact of the pre-irradiation annealing to the shape of
the glow curves is presented in Figs. 2 and 3 for the case of TLD
600 and TLD 700, respectively. Figures 1, a and ¢ show typical ex-
perimental glow curves of TLD 600 and TLD 700 both correspond-
ing to the pre-irradiation annealing duration of 2 hours at 145°C,
deconvolved into its individual TL peaks. Obtained pre-irradiation
annealing glow curves made the 5a glow peak appear very distinct
at 491 K; it is also interesting to note that glow peak 6 appears at
the same temperature as glow peak 5a, whereas, glow peak 7 re-
appears at 570 K. In Figure 2, a, direct comparison between the TL
glow-curve shapes corresponding to different annealing durations at
the steady temperature of 145°C for TLD 600 is given.

According to the experimental results obtained in the present
study, it was observed that the intensity of glow peak b5a decreases
as annealing time increases in TLD 600. Moreover, the isolated b5a
glow peak characteristics changed as pre-irradiation annealing du-
ration changes at the temperature of 145°C. These present results
confirm previous published reports detailed at Refs. [3, 8]. It is
worth noticing that the intensity of the glow peak 5 decreases as a
function of the annealing time. The glow peak 4 followed strongly
the behaviour of glow peak 5, while a slight increase of intensity
was monitored for glow peaks 1, 2 and 3.

In Figure 3, the evolution of the structure of the glow curve with
respect to temperature at different durations for TLD 700 may be
appreciated. Similarly to the case of TLD 600, the intensity of the
glow peak 5 decreases as a function of annealing duration. The glow
peak 5a appears in TLD 700 at higher annealing durations at 145°C,
while the intensity of peak 5a of TLD 700 is not only very low but
it is also completely distinct from glow peak 5. The intensity of the
glow peak H5a decreases as a function of annealing time.
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Fig. 2. Pre-irradiation annealing glow curve for TLD 600 for all tempera-
tures: (a) 0 hour, (b) 2 hour, (c) 4 hour, (d) 8 hour, (e) 14 hour.

300 350 400 450 500 550 600
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Fig. 3. Pre-irradiation annealing glow curve for TLD 700 for all tempera-
tures: (a) 0 hour, (b) 2 hour, (c) 4 hour, (d) 8 hour, (e) 14 hour.

The intensity of the low-temperature glow peaks 1, 2 and 3 be-
comes more sensitive to annealing time. On the other hand, the in-
tensity of glow peak 4 is decreased considerably for both TLD 600
and TLD 700. We can conclude that the peaks 5 and 5a yield simi-
lar behaviour for TLD 600 and TLD 700 in the pre-irradiation an-
nealing. Nevertheless, the low-temperature pre-irradiation anneal-
ing induces a stronger variation of the glow-curve structure of the
TLD 700. The peak b5a is very prominently recognized after pre-
irradiation annealing for the case of the TLD 700 material, while
for the TLD 600, it requires deconvolution procedure so that it
could be either recognized or isolated. These figures are given in
such a way that a direct comparison is possible between the pre-
irradiation annealing results for both types of LiF TLDs.
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Fig. 4. Post-irradiation glow curve for TLD 600 for all temperatures: (a) 0
hour, (b) 2 hour, (¢) 4 hour, (d) 8 hour, (¢) 14 hour.

3.3. Low-Temperature Post-Irradiation

Figures 1, b, d, 3 and 5 present the glow curves after post-
irradiation annealing at the temperature of 145°C for 2 hours. As it
was stated above, in Fig. 1, b, the glow peak 5 was fitted using the
GOK algorithm. Glow peak 5a arises as an ingredient of the high-
temperature part of the main peak 5. The post-irradiation annealing
at 145°C for different time durations are presented in Fig. 3, from
which it can be noticed that the intensity of the glow peak b5a, iso-
lated at this temperature, increases with annealing time. With re-
spect to glow peak 5, its intensity decreases with post-irradiation
annealing time. Glow peak 4 behaved during post-irradiation an-
nealing in the same manner as glow peak 5, shifting to lower tem-
peratures, while annealing time increased. In Figure 5 for TLD 700,
we observe that the intensity of both glow peaks 5 and 5a decreases
as a function of annealing time. The properties of peak b5a are con-
served in pre- and post-irradiation annealings as in the case of TLD
700. Isolated glow peak 5a remarkably maintains its characteristics
when thermally treated.

The TLD 600 glow peak 5a intensity behaviour for pre-annealing
is completely different compared to its behaviour after post-
irradiation, since an increase was observed in the intensity for the
former case and a decrease for the latter. Once again, these obser-
vations lead us to conclude that the same mechanism is taking place
during both pre- and post-irradiation annealing of TLD 700, even
though [4, 17] stated that situation are not quite the same for pre-
and post-irradiation annealing (empty traps for the first and cap-
tured one or more electron(s) for the second). Once again, similarly
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Fig. 5. Post-irradiation glow curve for TLD 700 for all temperatures: (a) 0
hour, (b) 2 hours, (¢) 4 hours, (d) 8 hours, (¢) 14 hours.

to the case of pre-irradiation annealing, the peak ba is very promi-
nently recognized after pre-irradiation annealing for the case of the
TLD 700 material, while this is not the case for the TLD 600. Low-
temperature pre-irradiation annealing and post-irradiation anneal-
ing similarly induce great alterations in the structure of glow peak
of the TLD 700.

3.4. Pre- and Post-Irradiation Annealings’ Properties at Low Tem-
perature

In the framework of the present study, we stress our interest on
glow peaks 5 and 5a, main due to the fact that T,,, of glow peaks 2,
3, 6 and 7 are not influenced that so ever by the conditions, under
which this study was carried out. Activation energies of glow peak
5a for both TLD 600 and TLD 700 lie within the range from 3.0 to
3.7 eV for both pre- and post-irradiation annealings. Of course,
these values are not high as those reported by Kitis and Otto [9]
just for TLD 700. The frequency factors, being evaluated from the
condition for the maximum, are extremely high in the range from
10* to 10* s™'. The fitting parameters are presented in a tabular
form in Tables 1 and 2, respectively. Similarly, for the case of the
TL, glow peak 5 for both TLD 600 and TLD 700 lie within the range
from 1.75 to 2.45 eV for both pre- and post-irradiation annealings,
while the corresponding values of frequency factors are of the order
of 10'"-10%' s7'.

The strong modification in the glow-curve structure by low-
temperature pre- and post-irradiation annealings at 145°C directly
affect the T, of glow peak ba. Figures 6, a, b present T,,, of glow

max max
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low-temperature pre/post-irradiation annealings at 145°C for SLiF and
"LiF: (a) glow peak 5, (b) glow peak 5a.

peaks 5a and 5 as functions of low-temperature pre- and post-
irradiation annealing at 145°C for various durations, respectively.
It is interesting to observe that T,,. of glow peak 5 is shifted to-
wards lower temperatures. Kitis and Otto [9] reported analogous
behaviour. On the other side, T,,. of glow peak 5a shifts towards
higher temperatures. Nevertheless, in the present study, T,,.. values
are comparatively lower to those reported by Kitis and Otto for the
case of TLD 600 [3, 9]. It is worth mentioning that a tendency is
monitored for the case of the value obtained for the order of kinet-
ics parameter b. In fact, as either the post- or the pre-irradiation
annealing duration is increased, the kinetics parameter b obtains
values, which tend to increase as well. This latter analysis feature
becomes prominent according to the contents of Tables 1-4. As it
was already previously mentioned, it can be easily resolved from
Table 4 that glow peak 5a for the TLD 700 dosimeter is described
by using first order of kinetics. We can conclude that T,,, of glow
peak 5a of "LiF behave in exactly the same way for both post- and
pre-irradiation annealings.

Finally, Figures 7, a, b present the dependence of the activation
energy values of glow peaks 5 and 5a, respectively, as a function of
the durations of low-temperature pre/post-irradiation annealings at
145°C. The behaviours versus annealing duration for TLD 600 and
TLD 700 are similar, indicating a decreasing trend of both activa-
tion energy and T, versus annealing duration for the TL glow
peak 5 and an inverse behaviour for both activation energy and T,,,,
versus annealing duration for the TL glow peak ba. Finally, it
should be pointed out that these behaviours for the case of TLD 700
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Fig. 7. The activation energy as a function of duration of low-temperature
pre/post-irradiation annealings at 145°C for various durations for °LiF and
"LiF: (a) glow peak 5a, (b) glow peak 5.

are in accordance with results reported in Ref. [9].

4. DISCUSSION

The similarities, which have been outlined above, lead to the con-
clusion that the same mechanism is operative during both pre- and
post-irradiation annealings for both materials. This is not so obvi-
ous when we keep in mind that traps are empty at pre-irradiation
annealing, whereas traps had captured one (or more) electron(s) at
post-irradiation annealing [9]. Therefore, the same mechanism could
be responsible for the properties of both glow peaks 5 and 5a. Nev-
ertheless, both pre- and post-irradiation annealings at 145°C result-
ed in a prominent 5a TL peak for the case of TLD 700 material,
while for the case of TLD 600, the peak 5a requires deconvolution
analysis.

The quality, nature and curve structure of glow peak 5a could be
closely linked to thermal treatment; serious modification was no-
ticed at 145°C. From an extensive literature review [20, 22-23],
where clustering and precipitation effects of the Mg®*—V~, dipoles
have been studied in detail, it becomes unanimously evident that
impurity—cation vacancy Mg*—V", dipoles and their mobility are the
main causes of peaks 2 and 3; consequently, dipoles associate in
clusters of two or three (dimers) dipoles. Higher order clusters of
Mg*", V", dipoles might be associated to peaks 4 and 5.

Serial reactions, which occur during annealing and throughout
the entire temperature region, might be expressed as follow [5]:



PRE- AND POST-IRRADIATION ANNEALING FOR TLD 600 AND 700 DOSIMETERS 309

free Mg?'—V .+ cation vacancies — dipoles — trimers — precipitates. (3)

There are some distinct temperature regions in the above reaction
sequence. Below 125-130°C, the precipitation formation in very low
requiring very long annealing times in order to be observed. Above
130°C, the trimers start to dissolve, whereas the precipitation for-
mation starts showing a maximum between 140-160°C. Above
160°C, the trimers dissolve, but the precipitation formation is con-
tinuously decreased as the temperature increases up to about 250°C.
Above 250°C, the formed precipitates start to dissolve, so that,
above 300°C, they are completely dissolved. Therefore, above 300°C,
only a few trimers can exist and almost all the Mg is in dipole
form.

At 400°C, i.e., at the high-temperature annealing of LiF:Mg,Ti,
all the Mg is in dipole form. During the cooling to room tempera-
ture, the reaction sequence of the afore-mentioned chemical reaction
is forced towards the right-hand side. The final concentrations of
dipoles, trimers and precipitates at room temperature depend
strongly on the cooling rate. A high sensitivity for the glow peak 5
is achieved my maximising the number of trimers and minimising
the number of precipitates; this was made achievable by very fast
cooling rates.

According to the above considerations, the 140-160°C region is
the most effective region for precipitation formation, justifying
thereby the choice of the temperature of 145°C. Another phenomena
taking place in the above-mentioned temperature region is the dis-
sociation of the Mg®—V", trimers and a significant reduction of the
TL intensity of glow peak 5.

Observation of glow peak 5a appearance shows that, assuming
that the TL of peak 5a is due to dissolution of precipitates, precipi-
tation formation occurs equally and efficiently in the case where
Mg*-V~, has not captured an electron, corresponding to the pre-
irradiation annealing, but also where Mg*—V has captured an elec-
tron, corresponding to post-irradiation annealing.

In Figures 2—-5, results are shown, where the pre-irradiation an-
nealing intensity is less than post-irradiation annealing represent as
an exception, which has to be clarified though. As was stated earli-
er, precipitation mechanism takes place during post-irradiation an-
nealing; however, in the case of pre-irradiation annealing, one must
bear in mind that Mg* -V, dipoles are held by Coulomb’s forces,
which are fairly modified by the captured electron [2]. The captured
electron might inhibit the trimer dissociation, which may explain
why the post-irradiation intensity is higher than the pre-
irradiation.

According to the above discussion, the following mechanisms are
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acting during post-irradiation annealing. (I) The typical TL decay
according to first-order kinetics; (II) the dissociation of trimers
with two pathways, namely, (a) a recombination from some of the
Mg* -V, dipoles, i.e., to TL emission, and (b) a precipitation, i.e., to
TL emission loss; (III) precipitation of the trimers with other free
Mg?*-V", dipoles, i.e., to TL emission loss again. It must be noticed
that the cases I and IIa are considered here as different sources of
TL light emission. However, only the case Ila might exists as it is
discussed below about the origin of the glow peak 5. The precipita-
tion pathway leads to TL light loss. Consequently, the TL light ob-
tained during the readout after a post-irradiation annealing proce-
dure is lower than that expected due to the test dose, but still high-
er than the pre-irradiation annealing.

High E and s values can be considered as characteristics of the
main glow peak 5 of LiF:Mg,Ti. Details and models’ explanations of
high E and s values are extensively reviewed in Refs. [2, 4, 17]. We
dealt throughout this work essentially with glow peak 5a, which has
even higher E and s values than previously mentioned ones. Results
acquired from the present work show that glow peak 5a and glow
peak 5 are closely linked. We can then safely conclude that the
mechanism, which takes place, when high E and s values are rec-
orded, cannot be identical for both cases.

It was even assumed that high E values of both glow peaks 5 and
5a are not real values, but apparent ones (E,,,) [16, 17]. Decreased
glow peak FWHM was related to an artificial narrowing [15].
Therefore and due to the inverse relation between E and FWHM,
the E,,, will be larger than the expected one. Furthermore, due to
the high value of E,,,, an irregular high value of the frequency fac-
tor is also derived. McKeever [22] fully adopted the concept of high
E,,, of both glow peaks; nonetheless, Kitis and Otto [9] brought mi-
nor modifications and elementary formulation to the concept. Ac-
cording to the afore-mentioned citations, the activation energy of
peak 5 could be expressed as the sum of the trimer binding energy
(0.89 eV) and a second term related to the release of charge from
the dissociated dipoles.

These extremely high values of the fitting parameters for glow
peak ba require an explanation. According to McKeever [22], peak 5
appears exactly in the range where both trimer dissociation and
precipitate dissolution are taking place. This stands as a very con-
venient concept; however, as low-temperature pre- and post-
irradiation annealings’ time increases, T,,, of glow peak 5 dimin-
ishes, whereas T, of glow peak ba increases, as in Ref. [9]. In oth-
er words, T,.. of glow peak 5 slips towards temperatures where the
dissociation becomes weaker and T,,, of glow peak 5a moves to
temperatures where the dissociation or precipitation dissolution be-
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comes faster. When the T,,, of glow peak 5 goes to lower tempera-
ture, the E,,, of glow peak 5 is decreased because dissociation is
weaker, thus, the artificial narrowing is weak too. When T, of
glow peak 5a shifts to higher temperatures, where the dissociation
and the precipitation dissolution becomes very fast, the artificial
narrowing is substantially increased and the E,  of glow peak ba
takes exaggerated high values [3, 9].

It is interesting to note that the properties of glow peak 5a are
the same for both pre- and post-irradiation annealings at 145°C.
This also means that, since the TL of peak 5a is attributed to the
dissolution of precipitates, the precipitation formation is expected
to be equally efficient in both pre-irradiation annealing (Mg*-V di-
poles, which have not captured an electron) and post-irradiation an-
nealing (Mg?'—V dipoles, which had captured an electron). Neverthe-
less, the appearance of the glow peak 5a is more prominent for the
case of TLD 700, while its corresponding properties, namely, £ and
s values, are a bit higher for the TLD 700 when compared to the
corresponding values of TLD 600. This difference could be attribut-
ed to the different temperature dependence of the equilibrium
states of chemical reaction (3). As it was previously stated, above
130°C, the trimers start to dissolve, whereas the precipitation for-
mation starts showing a maximum between 140 and 160°C. This lat-
ter statement is true for the case of TLD 700, while for the case of
TLD 600 material, this maximum yielded on the precipitates’ for-
mation is some shifted towards higher temperatures with a thresh-
old temperature higher than 145°C. This is the reason, why anneal-
ing at 145°C is not so efficient in isolating glow peak b5a for
TLD 600.

app

5. CONCLUSIONS

The conclusions from the present work are summarized as follow.

— Peaks 5 and 5a yield similar behaviour for TLD 600 and
TLD 700 in the pre-irradiation annealing.

— Glow peaks 5 and 5a react for TLD 700 in the same manner in
both pre- and post-irradiation annealings.

— The behaviour of peak 5a for TLD 600 is completely different
at post-irradiation annealing.

— Activation energy value of glow peaks 5a for both TLD 600
and TLD 700 is within the range of 3-3.7 eV for both pre- and
post-irradiation annealings.

— The frequency factors of the peak 5a are extremely high in the
range of 10%°—10% s,

— The TL glow peak 5 for both TLD 600 and TLD 700 lies within
the range of 1.75—-2.45 eV for both pre- and post-irradiation anneal-



312 Mokhtar HALIMI, Dahane KADRI, and Abdelmalek MOKEDDEM

ings, while the corresponding values of frequency factors are of the
order of 10'"-10* s,

— The low-temperature post- and pre-irradiation annealings at
145°C directly affect the T, of glow peak 5a.

It is important to note that the glow peak 5a appeared after a
special thermal treatment in both TLD 600 and TLD 700; its char-
acteristics are quite different from those of its neighbouring peaks
5, 6 and 7. We were able throughout this work to isolate this peak
in pre- and post-irradiation processes.
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