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HIGHLIGHTS GRAPHICAL ABSTRACT

e TLD-100, TLD-200, TLD-400 and GR-
200 dosimeters could be potentially ‘
used in the field of UV Dosimetry. Comparing the effect of electron beam, beta and ultraviolet C exposure on the

e Luminescence characterization (CL and T R e
TL) of these dosimeters exposed to e e e e |
electro beam, beta and Ultraviolet C
radiation were here discussed in detail.

e TL glow curves allows to discriminate
groups of components of the TLDs
exposed to beta and UVC radiation.

e CL emissions differ considerably in the
shape and intensity due to their chemi-
cal compositions.

o The estimation of the kinetic parameters
could be studied by means of the Com-
puterised Glow Curve Deconvolution
(CGCD) method.

ARTICLE INFO ABSTRACT

Keywords: This paper reports on the luminescence characterization of TLD-100 (LiF: Ti, Mg), TLD-200 (CaFy: Dy), TLD-400
Luminescence (CaF3: Mn) and GR-200 (LiF: Mg, Cu, P) dosimeters exposed to electro beam, beta and ultraviolet C radiation
Ultraviolet

-UVC-. All of them show high sensitivity to radiation regardless of whether it is ionizing or partially ionizing

D,Osutleters . radiation based on their luminescence properties (cathodoluminescence -CL- or thermoluminescence -TL-). CL
Kinetics Analysis .. . s . . . . . is B
LiF emission differs significantly among them in shape and intensity due to their chemical compositions. LiF samples

CaF, display three maxima at: (i) 300-450 nm linked to intrinsic and structural defects, (ii) a green waveband
probably due to F§ centres or the presence of hydroxyl groups and (iii) the red-infrared emission band associated
with Fy centres. However, CL spectra from the CaF; dosimeters display meaningful differences due to the dopant.
TLD-200 is characterized by an emission with four sharp individual peaks in the green-IR spectral region (due to
the Dy3+), whilst TLD-400 exhibits a broad maximum peaked at500 nm (linked to the Mn2+). On the other hand,
the variation in the TL glow curves allows to discriminate the TLDs exposed to beta and UVC radiation since they
give rise to different chemical-physical processes and that have been studied from the estimation of the kinetic
parameters by means of the Computerised Glow Curve Deconvolution (CGCD) method.
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1. Introduction

Significant efforts are being carried out for the development of new
materials that can be used as phosphors in the fields of, (i) industry
sectors [1,2] (i.e. light-emitting diodes), pharmaceutical and medical
field [3] (i.e. radiation safety protection and radiotheraphy), food in-
dustry [4,5] (i.e. decontamination and sterilization) and environmental
analysis [4,6] (i.e. climate change and global warming), etc. Most of
them, insulators and semiconductors, can also be employed for dosi-
metric purposes based on their luminescence properties including both
thermoluminescence (TL) and cathodoluminescence (CL).

The main advantages of TL dosimeters for these applications are (i)
their small physical size, (ii) they can be produced in different types (as
powder, ribbons, single crystals, chips and teflon-impregnated discs
[71), (iii) their wide sensitive range (i.e. 1-100 Gy for the TLD-200
(CaFy: Dy) and the high sensitivity of the TLD-400 (CaFs: Mn) dosim-
eter to doses as low as 50 puGy and its simple glow curve [8,9]) and (iv)
the resistance to corrosion and damage. In this case, LiF and CaFy
matrices are of special interest in the field of luminescence dosimetry as
they are able to incorporate many impurities (i.e. Ti, Mg, Cu, P, Dy, Mn,
etc.) giving rise to defects, cluster formation, inclusions and valence
changes that can act as traps for electrons and holes. They are not only
involved in the luminescence mechanism, but can also affect to basic
dosimetric properties, such as, dose response, sensitivity, trap structure
or fading.

Thus, the composition and structure of these chips and their intrinsic
characteristics and typomorphic properties can be determined by
luminescence techniques, such as cathodoluminescence (CL) and ther-
moluminescence (TL) [10]. Intrinsic and extrinsic defects are potentially
responsible for different luminescence emissions. They are generally
noticed in insulator materials during excitation with ions, electrons,
temperature, ultraviolet (UV) or ionizing radiation. Both CL and TL
techniques supply information about the trapped charge recombination
sites related to metastable defects inside the lattice depending on
whether the detrapping process is due to electron exposure or heating
respectively. Therefore, CL is a technique whereby light is emmited from
an energetic electron beam, providing data about transient defects after
irradiation on the surface of the lattice and is used in the identification of
the migration and diffusion of some luminescent centers from the
emission bands [11]. Furthermore, TL is a technique based on the
emission of light from a solid sample such as insulator or semiconductor
when it is heated after being irradiated by some kind of radiation such as
gamma rays, beam of electrons, X-rays, cosmic rays, etc [7]. TL supplies
information about the trapped charge recombination sites related to
metastable defects inside the lattice if the detrapping process is due to
heat. All factors entailed in the luminescence phenomena (i.e. lifetime,
efficiency, emission spectra, etc.) are directly determined by the crys-
talline phase, which is mainly influenced by pressure and temperature.
Thus, small variations in the lattice structure due to the presence of
impurities, substituted ions, inclusions or surface defects in ppm con-
centrations show changes in the intensity and wavelength position the
emission spectra.

Aditionally, UV radiation, specifically UVC (in the range from 100 to
280 nm), produces three-stage process that are directly related to the
luminescence mechanism: (i) phototransfer of charges from deeper to
shallower traps upon illumination [12], (ii) UVC is partially ionizing,
namely a partial liberation of electrons from atoms and molecules,
causing bond breaking (i.e. photodissociation and photooxidation pro-
cesses) [13] and (iii) bleaching effect on the TL signal [14]. The pho-
totransferred luminescence (PTTL) emission of a material is related to its
UV-TL glow curve which has been previously exposed to ionizing radi-
ation [12]. Such radiation causes free charges that are presented in the
corresponding trapping states. This effect occurs when the electrons are
thermally released from shallower traps and recombine radiatively at
luminescence centers during a subsequent heating, giving rise to the
PTTL signal.
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Thus, this paper reports on the luminescence characterization of
TLD-100 (LiF: Ti, Mg), TLD-200 (CaF3: Dy), TLD-400 (CaF,: Mn) and GR-
200 (LiF: Mg, Cu, P) dosimeters exposed to electro beam, beta and Ul-
traviolet C radiation by means of (i) CL properties; (ii) a repeteability
study and (iii) the dose response. On the other hand, the variation in the
TL glow curves allows to discriminate groups of components of the TLDs
exposed to beta and UVC radiation since they give rise to different
chemical-physical processes and that have been studied from the esti-
mation of the kinetic parameters using the Computerised Glow Curve
Deconvolution (CGCD) method.

2. Materials and methods

LiF: Ti,Mg (TLD-100), CaFs: Dy (TLD-200), CaFy: Mn (TLD-400)
dosimeters supplied by Harshaw Chemical Company (Ohio, USA) with
sizes of 0.32 x 0.32 x 0.09 cm® each and LiF: Mg,Cu,P (GR-200) discs of
4.5 @ 0.8 mm® dimensions provided by Beijing Shiying Radiation De-
tector Works (China) were here studied. The luminescence emission of
such materials was characterized by means of CL and TL techniques. The
CL spectra, which covers a spectral range of 250-850 nm, were
measured using a Gatan MonoCL3 detector with a PA-3 photomultiplier
tube attached to the ESEM model XLS30. Samples were placed on pol-
ished slabs, at low-vacuum mode without coating to keep open way out
to the CL emission that was collected and amplified using a retractable
parabolic diamond mirror, with a distance of 15 mm between the sample
and the bottom of the mirror. The excitation for CL. measurements was
provided at 27 kV electron beam. TL measurements were performed
employing an automated Ris@ TL reader model TL DA-12 provided with
an EMI 9635 QA photomultiplier [15]. The emission was observed
through a blue filter (a FIB002 of the Melles-Griot Company) where the
wavelength is peaked at 320-480 nm; FWHM is 80 + 16 nm; and peak
transmittance is 60%. The TL reader is also supplied with a *°Sr/*°y
source with a dose rate of 0.010 Gy/s calibrated against a *3’Cs photon
source in a secondary standard laboratory. All the TL measurements
were obtained using a linear heating rate of 5 °C/s from RT up to 400 °C
in Ny atmosphere. The UVC radiation effect was characterized by means
of the TL properties of the abovementioned TLD detectors. Such do-
simeters were exposed to a TUV-6 W Hg lamp (254.7 nm with an UV
irradiance value at 10 cm of 0.03 W/m?2). The irradiator, developed at
CIEMAT [16], allows to pre-select the irradiation time at a controlled
temperature. The time between the end of UV irradiation and the TL
measurement (10 min) is controlled to keep the fading constant.

2.1. CGCD analysis

Computerised Glow Curve Deconvolution (CGCD) was used to obtain
kinetic parameters (Peak Maximum Temperature in °C -Ty -, Intensity of
the maximum in a.u. -Iyy -, Activation Energy in eV -E-, Frequency factor
in s7! -S- and Distribution wide in eV -¢-) from the experimental TL glow
curves [17], employing a linear combinations of functions that can be
expressed as follows:

Npeaks

n (n) n n
I(TJ) = Zf(”)(TI;I[(VI)?TM vE( ),D'( )) (1)
n=1

i. Taking into account a First Order Kinetics (FOK) approach, fq (T;
Tu™, E, ¢) function can be expressed as follows (Eq. (2) assuming a
localized trap distribution with 6 = 0.0 eV):
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T
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ii Eq. (3) assuming a continuous trap distribution with ¢ > 0.0 eV:
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Where g (E) is related to a trap contribution form considering a
exponential distribution:

E-Ey
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o
Experimental glow curve fitting were developed using an iterative

method based on the Levenberg —-Marquardt algorithm to minimise the
X? as described in Eq. (5):
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Where I; corresponds to the experimental values.
The frecuency factor S is obtained by Eq. (6):

S(s’l)— PE -em 6)

N Kb'TZMAX

Where Kj, = 8.61 - 10> eV/K is the Boltzmann constant and = 5°C/
s is the heating rate.

3. Results and discussion
3.1. Cathodoluminescence (CL) results
As illustrated in Fig. 1, CL spectral emission of TLD-100 (a), TLD-200

(b), TLD-400 (c¢) and GR-200 (d) dosimeters are measured at RT in the
UV-IR range. TLD-100 (Fig. 1a) and GR-200 (Fig. 1d) display, at least,
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three groups of components consisting on: (i) a broad band in the range
of 300-450 nm, which could be associated with the intrinsic emission of
LiF, due to the recombination of an electron with a self-trapped hole or a
Vi centre [18]; (ii) the green waveband could be linked to the F§
emission band induced by the recombination of a released hole with an
F3 centre produced by the electron beam irradiation [19]; and (iii) the
red-infrared emission band would be due to the F, centre in the LiF
lattice [20]. There are several luminescence mechanisms that could
consecutively give rise to (i) F absorption band excitation, (ii) recom-
bination of a released hole with an F; centre, (iii) F, absorption band
excitation or, (iv) the recombination of a released electron with an Fg
centre. The F centre (colour centre [21]) is formed when an electron is
trapped in an anion vacancy, whilst the F, and F3 centres are formed
when two or three electrons are trapped in two or three anion vacancies
beside to each other, respectively. Such colour centres have been
observed not only in LiF, but also in alkaline-earth halides (CaF3) crys-
tals [22].

Otherwise, TLD-200 and TLD-400 exhibit CL glow curves that differs
considerably in shape and intensity. The CL spectrum corresponding to
TLD-200 (Fig. 1b) exhibits a broad waveband in the UV-blue region
associated with structural defects linked to the CaF, lattice and, asso-
ciated with the presence of the Dy>" dopant, sharp peaks located in the
UV-blue (450-500 nm), green-orange (550-600 nm), orange-red
(650-690 nm) and infrared (740-775 nm) regions that could be
respectively associated with 4F9/2—>6H15/2, 4F9/2—>6H13/2, 4F9/2—>6H11/2
and 4F9 /2—>4F11 /2+6H9 /2 transitions. Several studies have shown that the
emission peaks of this lanthanide ion are not dependent on the host
material (i.e. LaAlO3 [23], CagY2B4012 [24], LasMoOg and LasMo50g
[25], among others). Such emission involves two dominant bands: (i)
the blue emission (4F9/2—>6H15 /o) related to a magnetic dipole transition,
which its intensity hardly deals with the crystal field and, (ii) the yellow-
orange emission (*Fg/2—®H;3,2) which has a hyper sensitive and electric
dipole transition (AJ = 2), that is strongly influenced by the crystal field
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Fig. 1. Cathodoluminescence spectra of (a) TLD-100, (b) TLD-200, (c) TLD-400 and (d) GR-200 dosimeters measured at RT.
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environment [26] and is only allowed without the presence of an
inversion center. Thus, when the Dy>" ion is located without an inver-
sion center (low symmetry local site), the yellow-orange emission pre-
dominates in the luminescence spectrum. On the contrary, when the
Dy>* ion is located with an inversion center (high symmetry local site),
the blue emission dominates over the yellow-orange one [23]. TLD-200
displays a higher blue emission (*Fg,2—%H5,2), with an intensity ratio of
3:2, indicating that the magnetic dipole transition dominates against the
electric dipole transition.

Fig. 1c reveals that CL emission spectra of TLD-400 only displays a
waveband centered at 490 nm so it is not possible to distinguish a broad
waveband in the UV-blue region associated with the CaF lattice. Ac-
cording to Topaksu et al., [9], it would be linked to Mn?* impurities
(1.7% in the TLD-400) that are placed in Ca®" sites in the crystal lattice
due to the transfer of electron-hole recombination energy close to Mn?*
s Mn®* and subsequent relaxation from the excited state [Mn2+ s
Mn3*1* to the ground state, which is caused by the transition 4T1g(4G) -
®A14(°S) in the Mn*" (3d°) ions [27].

3.2. Thermoluminescence (TL) results

3.2.1. Repeatability

One of the required features of a potential dosimeter is its suitability
for being reused without changes in the electron-hole trapping centres.
In order to determine the stability of the TL signal, five successive cycles
of irradiation (at 10 mGy for ionizing radiation and 40 min of UVC
exposure) and readout (up to 400 °C) without applying a thermal
annealing before each cycle were herein recorded (Figs. 2 and 3).

As ilustrated in Fig. 2, beta-induced TL gives rise to low dispersion
between aliquots and cycles in all the materials, except in the GR-200
material, where the stability of the TL signal decreases linearly, up to
25% after 5 cycles. This behavior could be associated with a change of
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the matrix of the material after being irradiated and readout. It could be
improved by supplying a thermal annealing between each measurement
to recover the homogeneity and stability of the crystalline structure
[28]. The rest of the dosimeters show a high stability of the glow
emission with a dispersion never higher than 2.5% for TLD-100 and
TLD-400 and lower than 1% for TLD-200. For that reason, the CaFy: Dy
(TLD-200) appears as the most acceptable dosimeter considering the TL
stability under these conditions since there is not an eviction or an in-
crease of electrons or holes from the ground state to non-radiative
recombination centers.

As detailed in Fig. 3, the TL emission due to UVC exposure shows
significant scattering between the batch of aliquots and the entire
experiment (including all 5 cycles). TLD-100 and TLD-400 materials
differ significantly in the stability of the TL signal (being 50% and 30%
of dispersion between aliquots respectively) nevertheless, the dispersion
reaches 70-80% among cycles for both samples. On the other hand, GR-
200 exhibits an acceptable dispersion between aliquots (24%), though
the evolution of the TL intensity increases linearly up to 60%,; such effect
could be partialy associated with the previously mentioned instability of
the p reference signal. However, TLD-200 shows the lowest dispersion of
all of them, 22% between aliquots and 50% among the cycles. Conse-
quently, as previously explained in Fig. 2, CaFy: Dy (TLD-200) would be
suitable for measurements regarding thermal stability of the TL signal up
to 400 °C at constant doses of 10 mGy. The uncertainties were calculated
considering the classical GUM guidance assuming a confidence limit of
95% accuracy and standard deviation 1o that is determined from the
mean value of each group of 5 aliquots corresponding to each sample
[29].

3.2.2. Dose response
The evolution of the TL emission when the exposure dose increases
could determine if the electron hosted in the traps (initially empty) and
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the luminescence emission is proportional to the concentration of the
filled traps with the absorbed dose. Additionally, if the position of the
maxima does not shift, it is possible to assume first order kinetics for the
TL process [30]. As observed in Fig. 4, the evolution of the TL emission
of p-irradiated materials in the range of 10-80 mGy fits to an equation of
the sort of: = ag + bo-x, where y corresponds to the intensity of the TL
signal, x is the given dose, ay is an independent coefficient and by is the
slope of the straight line with correlation coefficients over 0.996
(Table 1). None of the materials herein studied display a sublinearity or
supralinearity in the range typically employed for personal dosimetry.

Otherwise, UVC-irradiated samples (Fig. 5), in the range of 10-120
min, display a sublinear evolution for TLD-100, TLD-200 and TLD-400
dosimeters that can be fitted to the following equation: y = a; +
b;-In(x), where y corresponds to the intensity of the TL signal, x is the
time of irradiation, a; and b, are coefficients of the equation. It means
that, from 40 min onwards there is a saturation process where the
electron-hole recombinations reach the maximum efficiency regardless
of the absorbed dose. As shown in Table 1, there is a significant differ-
ence for the GR-200 exposed from 10 to 50 min (Fig. 5d), where the
evolution of the signal can be expressed as: y = ay-ef, where y corre-
sponds to the intensity of the TL emission, x is the time of UVC exposure,
ay and t are coefficients of the equation. Such behaviour could be aso-
ciated with the phototransfer process that dominates when the UVC
exposure increases. In both cases, position of the peaks does not shift
when the dose is increased, so the assumption of first order kinetics
behaviour for the TL process is confirmed.

3.2.3. TL kinetic analysis

Both B and UVC radiations performed on TLD-100, TLD-200, TLD-
400 and GR-200 display several differences in the UV-blue TL emis-
sion that are directly linked to the nature of the source. Samples show an
acceptable radiation sensitivity with well-defined peaks, although each
dosimeter displays glow curves that differs considerably in shape and
intensity, caused by the different structure and the sort of dopants and
can be studied by CGCD method. The glow curve is made up of indi-
vidual glow peaks, which are, in principle, related to distinct trapping
centers. Therefore, an understanding of the physical mechanisms un-
derlying glow curves can only be obtained by decomposing the glow
curve into its component glow peaks. Glow peaks are themselves com-
plex issues, and are often simulated using a rather simplistic approach
based on first order kinetics.

Deconvolution performed on the p irradiated TLDs matches with the
parameters previously reported [31-33]. The identification of each peak
is exhibited in Fig. 6 where it is possible to distinguish 5 maxima for both
TLD-100 and TLD-200, 2 groups of components for TLD-400 and one
peak for GR-200. Despite of TLD-100 and GR-200 have the same lattice
(LiF) the presence of the dopants infer significant changes in the struc-
ture giving rise to significant differences in shape and intensity (three
times higher for GR-200) of the TL glow curves. Similarly to TLD-200
and TLD-400 where the same matrix (CaFs) containing different dop-
ants (Dy and Mn, respectively) induce TL glow curves that differ in shape

Table 1
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and intensity (two times higher for TLD-200).

Asseenin Fig. 7, UVC exposure induces the activation of trap charges
that are not involved when using ionizing radiation. All the materials
modify drastically the shape of the TL curve probably associated with
the combination of the partially ionizing effect, phototransfer process
and bleaching effect of the UVC.

The TL kinetic parameters are shown in Tables 2 and 3 and it is
possible to distinguish the activation of three traps at temperatures
higher than 220 °C for TLD-100 with E, values of 1.12, 1.54 and 1.69 eV
and the bleaching of the peak 4 observed in the UVC-irradiated samples.
The UVC effect on TLD-400 and GR-200 leads to the activation of low-
temperature traps (T < 220 °C) without a well-defined TL structure
that is analysed in terms of FOK giving rise to a complex structure
consisting respectively of two and six components. However, the TL
mechanism observed for TLD-200 seems to involve the same traps
regardless of the type of the irradiation source in the range of
200-300 °C. The temperature at which the maximum intensity Tpax (°C)
appears of every peak is related to the activation energy E (eV), the
frequency factor s (s™1) and the heating rate f (s71-°C) (see Eq. (6)).
Also, geometrically, the E parameter is strongly related to the width of
every peak (keeping the asymmetry typical of the FOK approach). It
means that it is possible to observe wider maxima peaked at higher
temperature with E values lower than peaks appearing at lower tem-
perature (i.e. TLD-200 after p radiation (Table 2) with Peak 4 at Ty =
205 °C and E, = 0.78).

One can therefore conclude that TLD-200 appears as a suitable ma-
terial to be employed for a ionizing and UVC dosimeter, but further work
is necessary to confirm such an assertion. Nevertheless, and supported
by Tables 2 and 3, one can compare the f and UVC radiation effect on the
induced TL emission for each material.

Thus, TLD-100 (Fig. 6a) displays the typical UV-blue TL glow curve
corresponding to 10 mGy p irradiated, which gives rise to five individual
peaks centered at ~80 °C (peak 1), ~120 °C (peak 2), ~150 °C (peak 3),
~175 °C (peak 4) and ~200 °C (peak 5) that attending to the shape of
the peaks one can consider as a good approach to first order kinetics
process [30]. The appearance of these maxima should be due to (i)
Ti*-OH™ defect complexes associated with Mg?" vacancies (Mg-di-
poles) for peak 1; (ii) Mg?* dipoles corresponding to both peaks 2 and 3
and (iii) Ti*"-OH/ Mg?*-trimer defect complexes for peaks 4 and 5
(ratio of 2:5) [34]. Several studies [35] have shown that TLD-100 con-
tains a high concentration of OH™ (1.37 A of ionic radius) [36]
substituting F~ (1.33 f\) [36] with similar masses and hence easily diffuse
throughout the LiF lattice during crystal growth or by thermal annealing
treatments. Such studies have also suggested that TL glow curve shapes
and sensitivity for LiF:Mg,Ti, as well as complex natural and synthetic
materials [37], are directly dependent on the OH™ concentration, since
the metals in general and both Ti*" and Mg?" in particular for the TLD-
100 are favourable to react with such hydroxyl groups. Consequently,
the TL sensitivity of this material increases with the concentration of
OH™ up to saturation of all Ti** [38]. The role of the hydroxyl groups in
the luminescence emission has been previously observed for several

Graphic fitting values of the dose response. p radiation fits linear equation: y = ag + bo- x. UVC radiation on TLD-100, TLD-200 and TLD-400 fits saturation equation: y
= a; + b -In(x). UVC radiation on GR-200 fits exponential equation: y = a,-¢*/* and r? corresponds to the regression coefficient.

p radiation UVC radiation

ao bo 2 a by 2 as t ?
TLD-100 0.019 0.098 0.999 — 0.364 0.567 0.994 - - -
TLD-200 —0.019 0.092 1 —0.353 0.456 0.989 - - -
TLD-400 0.087 0.091 1 — 0.064 0.351 0.989 - - -
GR-200 1.981 0.285 0.996 - - - 0.141 28.329 0.999




C. Boronat et al.

Intensity (a.u.)

Intensity (a.u.)

800 4

Relative Area

400

18 ‘

12
w] £

g 1.0. -

0] B %

0s{ o
200 4 ® 2 @ £ 120

8

n

0 2 & &
Irradiation (min}

Irradiation (min)

Temperature (°C)

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 295 (2023) 122571

Intensity (a.u.)

Intensity (a.u.)

400

200

Relative Area

Relative Area

b

‘ —— 10 min|

H'N —— 20min

P | 40 min
—— 60 min

1 ™ w @
Irradiation (min)

\;7 - 120 min

100 200
Temperature (°C)
]
0B
L
o : +
; 1
02 .

20 »
Irradiation (min}

—— 10 min
—— 20 min
—— 30 min
—— 40 min
—— 50 min

Temperature (°C)

Fig. 5. Dose response of (a) TLD-100, (b) TLD-200 and (c) TLD-400 dosimeters exposed from 10 to 120 min of UVC radiation. And (d) GR-200 chip exposed from 10

to 50 min.

Intensity (a.u.)- 104

Intensity (a.u.)- 104

FoM=094% | *° FOM = 1.59 %
801
6,0 *
4,0 T
X
2,0 *
%
o % .
23 FOM = 1.61% FOM = 3.76 %
il - 40,0 d
1,54
30,04
Lk 20,0-
0,5 10,0
0,0 " : : 0,0 - T T
0 100 200 300 400 0 100 200 300 400
Temperature (°C) Temperature (°C)

Fig. 6. Deconvolution of glow curves of (a) TLD-100, (b) TLD-200, (c) TLD-400 and (d) GR-200 dosimeters exposed to 10 mGy of p radiation.



C. Boronat et al.

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 295 (2023) 122571

FOM=3.49%| 450 FOM = 3.17 %
300+ b
3751
e
o
<. 2254 300
3
& 225-
> 150
2 150 -
2
= J
= 751
0 0
1204
320 d
S 100+
e
= 240 a0
s
2 160+ 60
(%]
< 404
i)
£ 80
20
0 vt = — 0% - - :
0 100 200 300 400 0 100 200 300 400
Temperature (°C) Temperature (°C)

Fig. 7. Deconvolution of glow curves of (a) TLD-100, (b) TLD-200, (c) TLD-400 and (d) GR-200 dosimeters exposed to 40 min of UVC radiation.

Table 2
Kinetic parameters of the dosimeters after p radiation.

Table 3

Kinetic parameters of the dosimeters after UVC radiation.

p radiation

UVC radiation

E (eV) Imax (a. u.) Tyax CC)  S(sH) E (eV) Imax (a. u.) Tauax (°C) S(is™H
TLD- Peak1  1.19 + 0.06 10267 + 72 82+ 4 3.92-10'¢ TLD-100 Peak 1 1.18 + 0.02 28+8 103+6 3.48.10"°
100 Peak 2 1.58 £0.08 35140 + 165 123+ 4 4.20-10%° Peak 2 1.39 + 0.02 86 + 25 123+ 2 2.16:10"7
Peak 3  1.54+0.08 31172 + 157 154 + 4 4.33.10"7 Peak 3 1.30 + 0.01 108 + 33 160 + 1 5.54-10'*
Peak 4 1.55+0.08 33913 + 586 175+ 4 6.46-10'° Peak 4 - - - -
Peak 5 1.97 +0.01 85887 + 800 199 +5 2.86-10%° Peak 5 2.08 + 0.04 471 + 143 199 + 2 8.90-10%!
Peak 6 1.12 +£0.01 39+15 278 +9 3.91.10°
s Peak7  1.54+£0.04 73+ 24 321+7 3.08:10'2
TLD- Peak1 1.24+0.06 5485+ 159 112+ 4 4.93-1013 Peak 8 1.69 £ 0.04 20+ 11 364+ 8 519.10'2
200 Peak 2  1.09 +0.05 14534 + 417 135+ 4 1.05.10
Peak3 1.03+0.05 26219 + 309 159 + 4 2.29-10"
Peak 4  0.78 £0.003 29689 + 1423 205+ 6 3.94.10% TLD-200 Peak 1 1.23 + 0.06 274 + 77 11245 4.79-10'°
Peak 5 1.20 +£0.07 19237 + 1287 254 + 6 6.27-10%° Peak 2 1.10 + 0.02 76 + 37 134+ 6 1.42.10"%
Peak 3 0.97 + 0.02 57 + 20 159+ 6 6.55-10'°
1 Peak 4 0.79 + 0.02 53 + 20 203 +8 5.89-107
TLD- Peak1 1.15+0.06 9870 + 738 259 + 7 2.94-1012 Peak 5 1.9 4 0.01 135 4 45 256 + 4 291.101°
400 Peak 2  1.40 £0.07 11310 + 846 283 + 7 2.32:10 Peak 6 1534001 239 + 88 284 43 1231013
Peak 7 1.21 +0.01 181 + 67 315+ 3 3.97.10°
GR-200  Peak1l 1.91 + 0.01 407261 + 291+ 6 2.79-10%° Peak 8 0.77 +£0.02 91 +34 355+5 2.33-10°
20315
TLD-400 Peak 1 1.21 + 0.06 51 +10 114 +1 1.18-10
. L . Peak 2 0.62 + 0.03 26+ 5 150 + 1 2.86:10°
natural materials consisting of a faster return of the electrons to their Peak3  1.34 +0.07 296 + 58 244 + 2 4.23.10'2
ground inducing the emission of photons in the UV-blue region [39]. Peak4  2.0+0.1 55+ 11 274 £ 3 9.58.10'®
As shown in Fig. 7a, UV-induced glow emission of this material Peak 5 0.55+0.03  63+12 334+3 3.53.10°
displays four peaks at ~100 °C (peak 1), ~120 °C (peak 2), ~160 °C
(peak 3), ~200 °C (peak 5) similar to the ioizing irradiated sample and GR-200 Peak 1 1.9+0.1 28 £10 112+ 4 2.12.10%
three maxima at ~280 °C (peak 6), ~320 °C (peak 7) and ~365 °C (peak Peak2  1.47+007  27+11 136 + 4 5-70'1012
8) that seems to be mainly linked to the non-ionizing component of the g:tj 1‘23 i g'gg 23 i ? o 1:3 i ; 1‘2‘1"1820
UVC exposure. All of them exhibit first order kinetics behaviour indi- Peak5 2.0 4 0.1 1748 20745 3.78.10%
cating that the TL process involves the same traps regardless of the type Peak 6 1.19 + 0.01 26 + 11 241 £ 5 1.27.10!
of the source in the range of RT-250 °C (i.e. the defects concerning such Peak 7 1.46 + 0.07 65+ 15 275+5 7.87:10'
emission are identical). Respect to the lowest temperature TL UV-blue Peak 8 1.43 4 0.07 56 & 11 315+£6 3'98'1021
Peak 9 1.32 + 0.07 25+ 10 363+ 6 5.38-10

peak 1 at ~70 °C in Fig. 6a, is usually not detected due to the high
probability of the peak electron release from the shallower traps at RT
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and the higher temperature broad maximum in Fig. 7a (consisting of
three peaks) is clearly caused by the non-ionizing component of the
254.7 nm exposure [40]. Therefore, TLD-100 should be a suitable not
only as ionising radiation dosimeter, but also as UVC detector due to the
appeareance of the high temperature signal over ~290 °C.

As appreciated in Fig. 6b, the 10 mGy-p irradiated TLD-200 glow
curve consists of a group of five overlapped components at ~110 °C
(peak 1), ~135 °C (peak 2), ~160 °C (peak 3), ~205 °C (peak 4) and
~255 °C (peak 5). These maxima are associated with structural defects
and impurities due to the aforementioned Dy>" ions (with atomic radii
of 1.59 A). Several studies declared five [41], six [42] using beta irra-
diation and the Tp-Tsp method to determine the trap system of the
components involved in the luminescent process. Furthermore, Yazici
et al. [29], claimed that the kinetic order of the TLD-200 is not constant
and is directly dependent on the annealing time due to the continuum
distribution of belonging traps.

However, the UV-induced TL glow emission of the TLD-200 (Fig. 7b)
has been scarcely studied and exhibits eight peaks at ~110, ~135,
~160, ~200, ~255, ~285, ~315 and ~355 °C. One can observe how
the lower temperature TL emission, at ~110 °C (similarly to the beta
induced TL signal, Fig. 6b), is masked due to the differences of the
relative intensities caused by both radiation sources. This maximum
appears with less relative intensity value respect to the peak after
irradiation (ratio of 1:18), which exhibits the higher sensitivity to
ionizing radiation. Peaks 2, 3 and 4 are linked to the bleaching effect of
the UVC light on the TL signal. On the contrary, peaks 5 to 8 are directly
asociated with the ionizing component of the UVC and/or with the beta
source. Therefore, TLD-200 could allow us to discriminate between UVC
or ionizing radiation taking into account the presence of the TL signal in
the range of 120-220 °C.

The p-irradiated TLD-400 (Fig. 6¢) is characterized by a broad
maximum centered at ~290 °C that can be deconvoluted into two
components peaked at ~260 and ~280 °C that would be related to
structural defects and Mn>" impurities (with atomic radii of 1.17 A) that
are placed in Ca®* sites (1.74 fo\) in the crystal lattice [9]. Although TLD-
400 shows high sensitivity to the ionizing radiation at temperatures
above 200 °C, the TL signal is almost negligible at lower temperatures.
According to Topaksu et al., [9], this complex TL glow curve could not
be analyzed assuming the model based on the discrete trap distribution,
so such an assertion could be explained by the Tp,-Ts,p method which
indicates the presence of close overlapping groups of components
probably associated with a continuum in the trap distribution rather
than a discrete trapping level. On the other hand, Fig. 7c displays the
UV-induced glow curve of TLD-400 giving rise to several emissions up to
200 °C which are linked to UVC radiation and a broad maximum
centered at ~300 °C that can be deconvolutes into three components
centered at ~240, 275 and 335 °C associated with the ionizing radiation
(beta source). Consequently, TLD-400 would be a suitable dosimeter to
detect UVC radiation due to the presence of TL signal up to 200 °C.

The TL glow curve of 10 mGy beta irradiated GR-200 (Fig. 6d) dis-
plays only one maximum centered at ~290 °C (peak 1), which is
considered in terms of the recombination of both H-F defects and Vi-e
centers [43]. Thus, GR-200 shows much more sensitivity to radiation
~32000 a.u.) in contrast to the other dosimeters used in the present
work measured under the same conditions (i.e. TLD-100, TLD-200 and
TLD-400). As appreciated in Fig. 7d, such sensitivity to the ionizing
radiation appears at higher temperatures (up to 200 °C) with a negli-
gible response at lower temperatures. According to Horowitz et al., [44],
this dosimetric peak is linked to a first-order kinetics based on compu-
terised glow curve analyse (CGCA). So, GR-200 could be a suitable
dosimeter to detect ionizing radiation, whereas that it could not
discriminate between UVC and ionizing radiation. The complex glow
curve analysis observed in Fig. 7d, consisting of nine groups of compo-
nents, supports this assertion.
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4. Conclusions

Based on their luminescence properties, we can conclude that TLD-
100, TLD-200, TLD-400 and GR-200 dosimeters could be potentially
used in the field of UV Dosimetry. CL emissions of these synthetic do-
simeters differ considerably in shape and intensity due to their chemical
compositions: TLD-100 and GR-200 display three groups of components
consisting on: (i) a broad band in the range of 300-450 nm (intrinsic
emission of LiF); (ii) a green waveband (F§ emission band) and (iii) the
red-infrared emission band (F5 centres). On the other hand, TLD-200
displays well-defined peaks that could specifically be associated with
the CaF; lattice and point depects (from 450 to 800 nm) linked to the
Dy3+ transitions, where the magnetic dipole transition (4F9/2 - 6H15/2)
predominates against the electric dipole transition. And TLD-400 only
displays a waveband centered at 490 nm that could be linked to Mn?*
impurities (4T1g - 6A1g transition) in the CaF- lattice. The TL kinetic
analysis obtained by deconvolution of glow curves shows that UVC
exposure induces the activation of trap charges that are not involved
when using ionizing radiation; i.e. there is a change in shape of the glow
curves and in the groups of components involved in the luminescence
mechanism. This can be explained with the combination of the partially
ionizing effect, phototransfer process and bleaching effect of the UVC
radiation. Based on their spectral UVC induce TL responses, (i) TLD-100
and TLD-400 could be suitable UVC detectors due to their TL signals at
high temperatures ~292 °C and up to 200 °C, respectively); (i) TLD-200
could allow us to discriminate between UVC or ionizing radiation taking
into account the presence of the TL emission in the range of 120-220 °C.
However, GR-200 could not allow us to discriminate between UVC and
ionizing radiation.

Moreover, p-irradiated dose response fits to a linear equation without
sub or supralinearity in the range of 10-80 mGy, however UVC radiation
saturates in TLD-100, TLD-200 and TLD-400 from 40 min onwards up to
120 min of exposure, although a linear behaviour can be observed at
lower exposure times (up to 40 min). On the other hand, GR-200 shows
an exponential evolution due to phototransfer process dominating when
the dose increases. The stability of the TL signal displays significant
scattering when the samples are UVC irradiated in both cycles and ali-
quots. TLD-200 potentially appears as the most acceptable dosimeter
under these conditions since there is not an eviction nor an increase of
electrons or holes from the ground state to non-radiative recombination
centers. Nevertheless, further work is necessary to confirm such an
assertion.
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