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Abstract

The thermoluminescence (TL) behavior of a new type of glass system made up of lithium borate doped with magnesium
oxide and gold, known as LB: Mg/Au, was examined. The Mg/Au co-doped LB glasses can contribute to the develop-
ment of high-performance thermoluminescent dosimetry (TLD) materials for ionizing radiation dose detection and quan-
tification. The composite shows excellent properties compared to other TLD materials. The concentrations of MgO and
Au varied from 0.4 to 1 mol% and 0.01-0.07 mol%, respectively. We produced the glasses through the melt-quenching
process and then characterized them to evaluate the influence of dopant concentration variation on the TL properties.
All samples exhibited a single broad peak ranging between 175 and 196 °C, with the sample made up of 15 mol% Li,
0.03 mol% Au, and 0.8 mol% Mg displaying an optimum TL response. Moreover, the glass that contained 0.03 mol%
of Au had the highest TL intensity. The glass showed minimum fading, best linearity, and excellent reproducibility; the
XRD profiles of the samples showed their true amorphous nature, while the FESEM morphology displayed their surface
homogeneity and excellent transmittance. The DTA curve of the samples revealed that their glass transition, crystalliza-
tion, and melting peaks were at 500-600, and 700 °C, respectively. The proposed glass composition could prove useful
as radiation dosimeters.

Highlights

Dosmetric features of LB glass is notably modified vie Magnesium /Gold Co-doping.

For the first time LBMg and LBMgAu synthesis.

Affecting of annealing and heating rate on glow carve.

This glass shows excellent sensitivity, great linearity and extremely low fading over dose range.
Excellent reproducibility, suggesting their potential a radiation dosimeter material.

These new glass compositions are prospective for ionizing radiation measurements.
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1 Introduction

Commercially, the TL dosimeters are expensive at the pres-
ent time, complex in terms of their reuse, suffer from perma-
nent radiation damages [1], and sensitive to the temperature
of heat treatment [2]. To overcome these drawbacks many
studies have been performed to produce borate glass-based
efficient TL materials. Borates show high chemical stabil-
ity and compatible with diverse TL sensitizers like trivalent
rare earth elements, copper, and manganese. In addition,
borate glasses display excellent sensitivity, linearity, and
storage by overcoming the shortcomings related to fading,
light, humidity, and so on. Amongst all borate-based glass
system lithium borate (LB) glasses with various dopants
reveal superior physical and TL characteristics effective
for radiation dosimeter applications [3]. However, there is
a need to improve the TL dosimetric performance of such
doped and co-doped LB glass system.

Recently, properties of lithium borate [LiB;05] thermolu-
minescent have also attracted many scientists and research-
ers attentions for the purposes of medical applications, due
to their effective atomic number, which is very close to the
biological tissue [4]. The present study focuses to identify
some TL properties of lithium borate glass prepared with
different compositions of Li,CO; and H;BO; [5]. First stud-
ied the TL dosimeter (TLD) traits of LB glass, wherein such
glass was made from Li,CO; and H;BO; mixture at 950 °C
by melt-quenching approach. Then, the obtained glasses
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were crystallized via heating at 650 °C and the dopants were
incorporated [1, 6]. The TLD features of LB glasses in which
the sample made with 15 mol% of Li,BO; and 85 mol% of
H;CO; displayed the best TL response, tissue equivalence,
excellent sensitivity and linearity under 10 Gy gamma
ray irradiation [7]. The optical absorbance of rare earths
doped lithium tetra-borate glasses. Melt-quenched glass
system with 15 mol% of Li,CO; and 85 mol% of H;BO,
were doped using 0.1 mol% of nano-gold to examine their
TLD properties. Both undoped and Au-doped glasses were
irradiated with Co-60 gamma ray at 1.25 MeV. The results
showed a remarkable increase in the TL intensity of these
glasses due to Au inclusion [8]. Li,B,O:Sr phosphors were
synthesized [9], melt quenching method to determine their
TLD properties. Wall et al. also reported the TL response of
various lithium borate glasses. Various studied showed that
Li,B40,:Cu glasses have excellent TL characteristics and
linearity up to 103 Gy thereafter sub-linearity and supra-
linearity in response [10—12]. To fulfill the growing demand
of high-performance glass-based TLD materials, LB glasses
with improved properties are needed.

Researchers have shown that the physicochemical prop-
erties of semiconductor materials, such as their size, shape,
porosity, and recombination rate suppression efficiency, can
control the possibility of removing toxic substances [13].
Currently, metals of transition are becoming developed for
the sake of producing glass because of their technological
applications potentiality in diverse fields of life including
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Table 1 The composition and name of each glass sample

Sample code Composition (mol%)

Li,CO, H,BO, MgO Au
LBMg 15.0 82.60 0.4 -
LBMg 15.0 82.40 0.6 -
LBMg 15.0 82.20 0.8 -
LBMg 15.0 82.00 1.0 -
LBMO0.8Au 15.0 82.19 0.8 0.01
LBMO0.8Au 15.0 82.17 0.8 0.03
LBMO0.8Au 15.0 82.15 0.8 0.05
LBMO0.8Au 15.0 82.13 0.8 0.07

optic, electro, electrochemical, and electronic devices [14—
16]. Due to its unique materials structures, borate glass was
targeted by various researchers as subjected core in numer-
ous infrared studies.

Some studies indicated that the structural and physical
properties of LB glass system can be improved via Au dop-
ing wherein white powder of LB can be melted at 917 °C
to produce such amorphous structure [17]. LB has density
of 2.4 g/cm® and solubility is in the range of 1-10%. A
simple glow curve and annealing process makes LB glass
system attractive for TLD and piezoelectric devices [18].
However, many characteristic parameters (like glow curve,
dose linearity and sensitivity) of LB glass system must be
refined to apply them as efficient and reliable dosimeters
[19]. Based on these factors, we used the standard melt-
quenching approach to prepare some LB glasses without Au
(coded as LB: Mg) and with Au (coded as LB: Mg/Au) and
characterized by various analytical instruments. The role
of Mg/Au co-doping one the improved TL properties were
determined to explore their possibility for radiation dosim-
eter fabrication. Results related to the kinetic parameters,
fading, linearity, reproducibility, glow curve, and sensitivity
were analyzed and presented.

Fig.2 FESEM images of LBMg,, ; glass
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Fig. 1 XRD patterns of selected LBMg, s and LBMg sAu o3 samples

2 Materials and Methods
2.1 Preparation of Glasses

Atotal of eight glass samples 4 doped with Mg and without Au
(LB: Mg) of the form (100-x) H,BO;+ 15Li,CO; a+xMgO
(x=0.4,0.6, 0.8 and 1 mol%) and 4 co-doped Au (LB: Mg/
Au) of the form (85-y) H;BO; + 15Li,CO; +0.8MgO +yAu
(y=0.01, 0.03, 0.05, 0 and 0.7 mol% Au) were prepared
following the melt-quenching method and characterized at
room temperature. LB: Mg glass containing 0.8 mol% of
MgO was selected as the optimum sample for further Au
doping at different contents. Results revealed that the sam-
ple containing 0.03 mol% of Au was optimum. In the pro-
cess of glass making, pure powders (purchased from Sigma
Aldrich) of Li,CO; (99% purity), H;BO; (99.98% purity),
MgO (99.9% purity) and Au (98% purity) as raw constituents
of the glass were weighed and mixed homogeneously (using
milling technique). For each glass batch, the resultant mix
was placed in an alumina crucible and melted at 1300°C' in
a furnace (NabGmbHat) for one hour. Once the mixture was
completely melted, it was spilt and quenched in a steel mold
that was already pre-heated, following that annealing at
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400 °C for 3 h, thus an eliminating of the mechanical stress
that can cause glass cracking was resulted. Table 1 details
how each prepared sample was composed and named.

2.2 Characterizations of Glasses

The XRD analyses (in the 20 range of 5°-90° and scanning
rate of 0.05 deg./sec) of the samples were conducted using
a Siemens Diffractometer (D5000) to confirm their amor-
phous phase. The diffractometer used Cu Ka line of wave-
length (A) =~ 1.54 ;1 , and operated with 405V and 30mA .
FESEM micrographs of the samples were recorded to deter-
mine their surface morphology, transmittance, phase purity,
and uniformity. The DTA was conducted (Perkin Elmer
Pyris Diamond Analyzer worked at 40 kV and 30 mA) to
evaluated the temperature of glass transition (T,), melting
(T,,) and crystallization (T,). The measurement was carried
out in the range of 501000 °C with a heating rate of 10 °C/
min at resolution of +£0.1 °C. A Har-shaw4500 TLD-reader
equipped with A source of gamma rays containing the iso-
tope Co-60 was used to record the samples TL response.

3 Results and Discussions
3.1 XRD Profiles

Figure 1 shows the XRD profiles of the selected two
annealed (at 400 °C) samples, wherein the complete absence
of any crystalline Bragg peak confirmed their amorphous
nature [20, 21]. Besides, the presence of two broad hump
around 20-30° and 40—50° corresponded to the weak micro-
crystalline phases of LiBO; and MgBO;.

Fig.3 FE-SEM images of LBMg, Ay 3
glass
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3.2 FESEM Micrographs

Figures 2 and 3 show the FESEM micrographs of the opti-
mum samples LBMg, s and LBMg,sAu, 3, respectively.
The surface morphology of the studied glasses did not dis-
play the presence of any granular structures [22, 23], indi-
cating their homogeneous textures. In addition, the glass
network structures were appreciably modified due to Au
doping.

3.3 DTA Curves

The DTA provided the information of glass thermal prop-
erties including T, T,, and T,. The GFA, or glass forming
ability, was calculated using the following equation:

Ty = =L (1)

The GFA (T'®) of a glass is considered to be good when
0.5 < T,4 <0.66. The obtained excellent values of T}y of
the proposed glasses indicated the fulfillment of Kauzmann
assumption.

The thermal stability of the glasses were verified by esti-
mating the Hurby parameter [24]:

T.—-1T,
R @
Glasses with H,; < 0.1 andH, > 0.5 the corresponding
thermal stability is considered to be very poor and superior
[25]. Table 2 shows the values of glass forming ability and
stability of the studied compositions.

Figure 4 depicts DTA results of the studied samples
(LBMg, s and LBMg, Au ;) which exhibited 7, at 515 °C
and 523 °C (endothermic peaks). The values of T, (exother-
mic peaks) were probed at 581 °C and 659 °C. In addition,

200 nm
—
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Table 2 Values of GFA and H, of LBMg,, ;s and LBMg sAu, 3 samples

Sample code T, (0) T, (C) T, (C) T, H,
LBMg, 515 581 628 08 14
LBMg,,Auy; 523 659 761 06 1.3
Exo
Endo
—— LBMg0.8Au0.03
v —— LBMg0.8
T T T T T T T ] v I
0 200 400 600 800 1000
Temperature (°C)
Fig.4 DTA curves of LBMg, s and LBMg cAuy o3
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Fig. 5 TL response and STD of LBMg; glass against annealing
temperature

the values of T, (endothermic peaks) were observed at
628 °C and 761 °C. The value of 7,, and H, of LBMg, s and
LBMg, sAu, ; glass was 0.8 and 0.6, respectively.

3.4 Annealing Process

The annealing of the samples was performed to remove all
residual TL signal, thus re-establishing the TL sensitivity
by eliminating all unstable glow peaks occur at low tem-
perature. Generally, different TL materials show different
annealing regime [26, 27]. Before Co-60 gamma radiation
exposure of 50 Gy, the proposed glasses were annealed for
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E 200000
=1 180000 -0.002
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Fig.6 TL response and STD of LBMg sAu, o; glass against annealing
temperature
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Fig.7 TL response and STD for LBMg  glass against annealing time

(15-60) min ranging in 100400 °C (an optimization pro-
cess for pre-irradiation annealing based on temperature and
duration). Figures 5 and 6 show how the TL-intensity for
LBMg, ¢ and LBMg,¢Au, ; changes with the annealing
temperature, respectively. The glasses annealed at 400 °C
displayed the minimum level of standard error and the max-
imum degree of TL-intensity [28, 29], selecting the value
for pre-irradiation annealing of both samples.

Figures 7 and 8 show the dependence of TL intensity and
STD for LBMg,; and LBMg, 3Au, ; glass on annealing
temperatures, respectively. Maximum reproducibility (low
STD) and TL intensity for LBMg,¢; and LBMg, sAu, o3
glasses were correspondingly observed at 60 min and
45 min. For the whole investigation, these pre-irradiation
annealing procedures were applied.
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Fig.8 TL response and STD of LBMg sAu o; glass against annealing
time
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Fig.9 Heating rate dependence of the TL glow curve for LBMg ¢
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Fig. 10 Heating rate dependence of the TL glow curve for
LBMg g Aug o3
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Fig. 11 The dependent TL glow peak intensity and STD of LBMg ¢
glass heating rate
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Fig. 12 The dependent TL glow peak intensity and STD of
LBMg, sAu, o3 glass heating rate

3.5 Heating Rate Optimization

Figures 9 and 10 show the heating rate dependence of the
TL glow curve for LBMg, ¢ and LBMg, ;Au, ; glasses,
respectively under the exposure of 50 Gy Co-60 gamma
radiation. The peak intensity was amplified with the raise of
heating rate. In short, the approved heating rate of the TLD
reader decided the TL intensity of the glow curve.

Figures 11 and 12 show the TL glow peak intensity and
STD corresponding to LBMg, 3 and LBMg, ;Auy, ,; mea-
sured at various heating rates. Each measurement was per-
formed 5 times and the mean value was estimated to get
the STD. Ideally, a best heating rate setting in a minimum
standard deviation (STD) of the dosimeter output data and
an optimal TL response are required from the TL measure-
ment. In the present glass, the maximum TL response and
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minimum STD LBMg,, s and LBMg, ;Au, (; were found at
5°C.s~ L, and 3°C.s1, respectively [30].

3.6 TL Glow Curve

Both peak position and shape of the glow curve are important
to determine the nature of trap states and fading attributes of
a material used for dosimeter fabrication, thus providing an
insight regarding the TL mechanism. Figure 13 depicts the
TL glow curves of the LBMg glasses under 50 Gy Co-60
gamma ray exposures, which displayed a broad peak at
205 °C. Figure 14 displays the TL peak intensity and STD
of the LBMg glasses as a function of Mg ions contents. The
LBMg, 5 glass exhibited the highest TL peak intensity. This
can be attributed to the recombination of excited electrons,
which originated from the valence band, with the defects
induced by irradiation [31].

Figure 15 shows the TL glow curves of the LBMg, ;Au
glasses under 50 Gy Co-60 gamma ray exposures, which
revealed an intense peak at 196 °C. Sample LBMg, sAu o3
showed the maximum TL peak intensity. Figure 16 TL peak
intensity and STD as a function of Au contents.

Figure 17 compares the TL glow curve of LBMg, ¢ glass
with that of LBMg,¢Au, ;. The TL peak intensity was
improved by a factor of 1.3 due to the inclusion Au into the
LBMg, ¢ glass. The LBMg, sAu o; glass showed the opti-
mum TL peak intensity. In addition, the observed decrease
of the TL peak intensity at Au contents above 0.03 mol% is
due to concentration dependent quenching mechanism [32].

3.7 Kinetic Parameters

The observed alteration in the TL glow curves shapes, peak
positions, and peak intensities are determined by the trap
states in the material [33]. Thus, the kinetic parameters of
the dosimeter material like activation energy (£) or trap
depth, frequency factor (s), geometric factor (u,) and kinetic
order (b) strongly depend on the TL mechanisms that decide
glow curve characteristics. In this work, the peak shape
(also called Chen’s method) and initial rise approach was
applied to determine the values of E and s for the proposed
glasses [34]. The precision of these approaches depend on
the characteristics TL glow curve peak temperature (75,),
and the temperatures 7 and 7, connected to the FWHM of
the TL peak [35].

3.7.1 Peak Shape Method

Figures 18 and 19 display the peak shape method to estimate
the kinetic parameters of LBMg, s and LBMg,, ;Au, (; glass,
respectively. The following relations were used to compute
the geometric factors [35]:

LBMg0.4
LBMg0.6
LBMg0.8
LBMgl

FHid

TL intensity (nC g™)

T L L ) L 1 L I .

L)
50 100 150 200 250 300
Temperature (°C)

Fig. 13 Glow curves of the LBMg glasses
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Fig. 14 TL peak intensity and STD of the glasses against Mg ion
contents
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Fig. 15 TL glow curves of LBMg ;Au glass
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Fig. 16 TL peak intensity and STD of the glasses against Au contents
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Fig.17 Glow curves comparison between LBMg, s and LBMg sAu o3
glass

Tm=453 K
—~ 1 b \
N |
o0 i
|
O :
= 1
~ i
2 Ti=419 K i T2=510 K
@ 121 e
= . |
) i i i
- 1 | |
E -t 5 oo
ol i i i
~ P !
7 0 | |
/ [ ] 1
/T \Tej ! |
v ) ' ! M I ' I M I
50 100 150 200 250 300
Temperature ( °C)

Fig. 18 Peak shape method to estimate the kinetic parameters of
LBMg ¢ glass
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Fig. 19 Peak shape method to estimate the kinetic parameters of
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/’Ly = /I‘2 _ Tl (3)
_ T —1T, @)
He ﬂn - Tl

The ideal values of #g for the first order and the second kinet-
ics ones are correspondingly = 0.42 and = 0.52. The esti-
mated values of Mg for LBMg ; and LBMg, Ay, 5 glasses
corresponded to 0.69, and 0.62. Also, Balarin equation [36]
was used to evaluate the value to kinetic order:

b = 0.0365 x 10%%*Hs %)

The obtained values of b for LBMg, ¢ and LBMg, ¢Au, o3
glasses corresponded to 3.96, and 2.46, confirming that the
proposed glasses could conform to the second order kinet-
ics. The values of £/ of the studied glasses were estimated
using [37]:

kpT?
E = Cp-2 — p,2kpT,, (6)
[0

where kp is the Boltzmann constant, a signifies the t, 8 and
o values as appeared in Figs. 18 and 19. The values of C,
and po were determined via [37]:

Cr = 1510 + 3.0(, — 0.42), b, = 1.58 + 4.2(u, — 0.42) (7)
Cs =0.976 + 7.3(% —0.42),b5 =10 (8)
C,=252+ 10-2(Mg —0.42),b, =1 )
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Table 3 enlists the values of all relevant constants for
LBMg,s and LBMg,sAu,o; glasses obtained from the
Chen’s peak shape method. The values of s for the proposed
glasses were evaluated using:

E E
J ) (10

2kT,
—s|1+ (-1 xp [ —
Wz s [ +(b—-1) z } exp( o

where p and [ corresponds to the of kinetics order and rate
of linear heating. Table 4 shows the estimated values of fre-
quency factor and thermal activation energy of LBMg, 3 and
LBMg, sAu, (5 glasses [38].

The observed values of the kinetics parameters of the
glasses at various absorbed doses show the continuous
energy distribution of the trap states in the material. Herein,
E. Es and E are the activation energy based on the first
half width on the rising side, second half width on the fall-
ing side and total width of the glow curve, respectively. It is
known that higher energy and higher temperature is needed
to de-trap the electrons from deeper traps [39].

3.7.2 Initial Rise Method

The values of £/ and s of the obtained glasses were com-
puted using Garlick and Gibson initial rise method [40].
This method hypothesized that the change of the trapped
carrier population rate is small at the initial part of the TL
glow curve (T <<T,,), The validity of the temperature cut-
off is determined by an intensity level that is below 10-15%
of the maximum intensity [41]. This method is suitable
when the glow curve has clear peak separation. The formula
for the intensity of TL radiation (/) is:

I(T) = Cexp (;f) (11)

Figures 20 and 21 shows the In (ITL) linear variation as a
function of (1/kT) for LBMg, ¢ and LBMg, (Auy 5 glasses,
respectively.

The values of s for the glasses were estimated using [42]:

S = antilog[I —InA — (b—1)In(no/N)] (12)

where A, N, and no is the area under the glow curve,
total concentration of traps and initial concentration of the
trapped electrons. Assuming the ratio of nyg/N = 1 (satura-
tion case) one gets:

S = antilog (I —InA —1) (13)

Table 5 shows the computed kinetic parameters (E and
S) of LBMg,s and LBMg,Au,,; glass obtained using

Table 3 The constant values of ¢ and b for LBMg,, s and LBMg,, sAuy 3
glasses

Samples code Values T S ®

LBMg ¢ C, 2.11 243 4.56
by 2.42 0.00 1.00

LBMg, gAug o3 C, 2.32 2.94 527
b, 2.71 0.00 1.00

v

Table 4 Activation energy and frequency factor of LBMg,, and
LBMg, sAu, g3 glass

Samples code Parameters
Ez(e V) E(F(e V) Eo)(e V) AVerage
LBMg, ¢ 0.603 0.618 0.337 0.519
LBMg, ¢Aug g3 0.717 0.753 0.528 0.666
15.5
Slope = -0.9
1501 1=38.9
1454 Regression=0.991
~~
—
= 1404
N’
s
= 135+
13.0 4
12.5 4

1 v 1 M ] N 1 v 1 M 1 M 1
260 265 270 275 280 285 290
1/KT

Fig. 20 Evaluation of E for LBMg, ¢ glass from initial rise plot
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Fig. 21 Evaluation of E for LBMg 3Au, (5 glass from initial rise plot

@ Springer



Transactions on Electrical and Electronic Materials

Table 5 The values E and S for LBMg, s and LBMg, ¢Au o; glasses

Samples code Method E (eV) 5!

LBMg, 5 Peak shape 0.519 0.000059
Initial rise 0.900

LBMg, sAu g3 Peak shape 0.666 0.452000
Initial rise 0.810

Table 6 The MDD values of the studied glasses

Sample code Background  Conversion fac- MDD
STD (nC) tor (mGy/nC) (nGy)
LBMg, ¢ 2.120 1.199x 1073 2.15%x1073
LBMg, sAug o3 2.255 2.81x107° 232x107°
2404 [= LBMg08 )
- e LBMg0.8Au0.03
Tap 2004
Q = +
2 160 y =33.514x + 93.986
g . R =0.9468
o
Z 1204
@
~—
£ 30
-
F
404 y =0.8346x +2.6381
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Fig. 22 TL response of LBMg s and LBMg, sAu, o5 glasses

two different methods. The slopes of the initial rise plots
(Figs. 20 and 21) were used to estimate the values of E and
S of the glasses.

3.8 Minimum Detectable Dose

The lowest detection level or minimum detectable dose
(MDD) was evaluated using [43]:

D,=(B*+20p) F (14)

The variable B* represents the average background sig-
nal of TL resulting from the annealing of samples without
irradiation. o Tepresents the average standard error of the
background signal, and F' represents the calibration factor
in units of (Gy TL™1) [44, 45].

The estimated values of MDD, B*, op> and F for
LBMg,, glass corresponded to 2.15 x 103uGy, 2.12nC,
0.0141nC, and 1.199 x 10*mGy.nC~'. The obtained
values of MDD, B*, op and [ for LBMg,sAu s
glass was 2.32 x 10°uGy, 2.255nC', 0.0.021213nC', and
2.81 x 10°Gy.nC", respectively. The value of MDD for
LBMg, sAu o3 glass was lower than LBMg, ; glass, indicat-
ing its potential in radiation dosimetry [46]. The values of
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the MDD and calibration factor for the optimal glasses that
were studied as dosimeter materials are shown in Table 6.

3.9 Dose Response

Figure 22 shows the TL intensity variation of the LBMg ¢
and LBMg sAu, ; glasses as a function of 0.5 to 4 Gy
Co-60 gamma ray exposures, wherein a linear dose response
was observed as desired for the accurate dosimetric applica-
tions. In addition, the TL response of LBMg, ;Au o3 glass
was superior compared to the LBMg, ¢ glass, indicating an
improvement in the TL features of the glasses due to Au
codoping.

The normalized dose response (linearity index) of the
synthesized glasses was obtained using:

TL(D)/ (D)
TV = 1000 /(D) (19
The variable T'L (D) reflects the dosage response at a spe-
cific dose D, and D, represents the lowest dose at which
the dose response exhibits a linear form. The linearity
index of the suggested glass-based dosimeters is shown
in Figs. 23 and 24 [47, 48]. The optimal top-level domain
(TLD) material exhibits a f (D) value of 1 across a broad
range of doses. The current results confirmed the linear
response of the examined TLD composed of LBMg, 3 and
LBMg 3Au, 4; glasses when subjected to Co-60 gamma
radiation within the dose range of 0.5—4 Gy.
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Fig. 25 LBMg ; glass exposed to 4 Gy thermal fading behavior
3.10 TL Sensitivity

A dosimeter’s TL sensitivity is the area of its glow curve
divided by the mass and dose (nCg~!.Gy") [49]. The values
of the sensitivity for the studied LBMg,, g and LBMg, Ay 3
glasses (calculated from the slope of Fig. 22) were 0.834 uC
g 'Gy~! and 33.51 pC g~ 'Gy™!, respectively. In the stud-
ied dose range, the sensitivity of LBMg, sAu, o3 glass was
approximately 40 times higher than that of LBMg,, ¢ glass.

3.11 Thermal Fading

Figures 25 and 26 depict the thermal fading characteristics
corresponding to LBMg,, s and LBMg Ay, o; glass when
irradiated with 4 Gy gamma ray dose. The thermal fading
of LBMg, s and LBMg, sAu, (;glasses was determined after
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Fig. 26 LBMg Ay, o; glass exposed to 4 Gy thermal fading behavior

annealing and irradiation process at a constant dose of 4 Gy
followed by storage in the dark conditions at room tempera-
ture, reducing the background illumination. After one day of
the dose exposure, the readout was started and sustained till
2 months. Identical conditions were maintained to conduct
all measurements (several samples), during which the TL
response showed a tiny drop while the measurement was
underway. Ten days later, the thermal fading for LBMg ¢
glass was 15%, one month later it was 21%, and two months
later it was 28%. On the other side, LBMg, ;Au, 3 glass
exhibited 10% thermal fading after 10 days, 16% after one
month, and 21% after two months. The observed slight bet-
ter fading of the co-doped glass may be due to the irradia-
tion-induced creation of defects on phosphor and generation
of new trap states [50].

3.12 Reproducibility

Ten specimens of each LBMg, s and LBMg, ;Au, (; glass
were repetitively irradiated with 4Gy gamma ray with
appropriate preliminary annealing, obtaining their TL sig-
nals after every irradiation cycle [51]. Figure 27 show the
normalized TL intensity as a function of number of mea-
surements. The results showed a decrease in the reproduc-
ibility by approximately 1.25% per cycle for LBMg, ¢ glass
and 1.07% per cycle for LBMg,¢Au, o glass with STD
value below 2%, indicating the reusability LBMg, sAuy o3
glass as dosimetric material [52].

@ Springer
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4 Conclusion

The TL characteristics of two types of LB glasses with MgO
doping and MgO/Au co-doping at various contents were
studied to determine their potential application in reusable
dosimeters. It was shown that the TL features of LB glasses
can be improved appreciably by tuning the concentrations
of Au/MgO co-doping. All the produced glasses displayed
good dose response linearity, reproducibility of the signals,
simple glow curve show very slow fading of the signals.
suggesting their potential a radiation dosimeter material.
The structural and morphological characteristics of the
glasses verified their suitability as reusable dosimeter. The
DTA results confirmed an excellent thermal stability of the
glasses. The inclusion of Au found to induce many new trap
states and luminescence centers for recombination by rais-
ing the energy levels of the surrounding oxygen ions to the
top of the valence band, thus enhancing the TL properties
of the glasses. In brief, the Mg/Au co-doped LB glasses can
contribute to the development of high performance TLD
material for ionizing of detection and quantification of radi-
ation dose.
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