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A B S T R A C T   

In this study, a new CaSO4 crystal doped with manganese and terbium is described and its potential for dosi-
metric applications is evaluated. Crystals were synthesized using the slow evaporation route, and were prepared 
in pellet form with the addition of Teflon. CaSO4 was doped with manganese and terbium at a concentration of 
0.1 mol% in each case. The crystalline structure and optical properties of the crystals were evaluated by X-ray 
diffraction, Fourier transform infrared spectroscopy and photoluminescence. The suitability of these crystals for 
thermoluminescent (TL) and optically stimulated luminescent (OSL) dosimetry was also investigated. The ma-
terial showed adequate OSL and TL characteristics, such as a TL glow curve with two peaks at approximately 
205 ◦C and 325 ◦C, an adequate OSL decay curve, good reproducibility, and linearity of the luminescent signals, 
when irradiated with doses of between 200 mGy and 150 Gy. Two trapping centers located at 0.77 and 1.02 eV 
were revealed. The heating rate dependence was also evaluated. The lowest detectable dose was investigated by 
the TL and OSL techniques, and the results were presented in mGy for both methods. It was also observed that co- 
doping with Mn and Tb contributed to a reduction in fading compared to CaSO4:Mn and CaSO4:Tb.   

1. Introduction 

The development and study of new dosimetric materials have been 
investigated in terms of the determination of the absorbed dose from 
ionizing radiation, for environmental (Bakr et al., 2020), personal 
monitoring (Haninger et al., 2015), clinical (Pradhan et al., 2008), ac-
cident retrospective and industrial applications (Yasmin et al., 2020; 
Rozaila et al., 2020; Korkmaz et al., 2019). Various synthetic and inor-
ganic materials have also been studied in view of their potential appli-
cations in the field of luminescence, including stimulated luminescence 
dosimetry methodologies for thermoluminescence (TL) and optically 
stimulated luminescence (OSL) applications. 

Calcium sulfate (CaSO4) has been extensively investigated for dosi-
metric applications (Yamashita et al., 1971; Nambi et al., 1974; Laksh-
manan, 1999; Kasa et al., 2006; Ingle et al., 2008; Nunes and Campos, 
2008; Chagas et al., 2010; Junot et al., 2014, 2016). Despite its high TL 
sensitivity, CaSO4 doped with manganese (CaSO4:Mn) shows strong 
fading of its TL signal, which impairs its application in all dosimetric 
fields such as personal monitoring (Watanabe, 1951). In an attempt to 

overcome this limitation, terbium has been incorporated by researchers 
as a co-dopant in the CaSO4 matrix, as recent studies have shown that 
the incorporation of new elements as co-dopants in this host has given 
rise to excellent TL properties (Junot et al., 2014, 2016; Silva et al., 
2020). Other studies have reported that this material also has potential 
applications in the dosimetry of ionizing radiation using the OSL tech-
nique (Silva et al., 2020; Kulkarni et al., 2014; Kearfott et al., 2015; 
Guckan et al., 2017; Omanwar and Palan, 2018; Y ü ksel et al., 2019; 
Bahl et al., 2017). However, no published papers could be found related 
to CaSO4 crystals doped with terbium and manganese for application in 
radiation dosimetry using the TL or OSL techniques. In this context, the 
aim of current research is to produce and characterize crystals of CaSO4: 
Mn, Tb in order to develop a new material that is suitable for dosimetric 
applications. The crystalline structure and optical properties of these 
phosphors were studied using X-ray diffraction (XRD), Fourier transform 
infrared spectroscopy (FTIR) and photoluminescence (PL) techniques. 
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2. Materials and methods 

2.1. Sample preparation 

The slow evaporation method was used to prepare CaSO4:Mn,Tb. 
The production process was based on a mixture of calcium carbonate 
(CaCO3) (Merck, 99%), sulfuric acid (H2SO4) (Vetec, 95–99%), and the 
precursors for the dopants. The dopant and co-dopant used were terbium 
oxide (Tb4O7) (Alfa Aesar, 99.9%) and manganese nitrate (Mn 
(NO₃)₂*4H₂O), at a concentration of 0.1 mol%, in a 1:1 ratio. Additional 
information about the experimental procedure can be found in (Junot 
et al., 2016; Silva et al., 2020). The resulting powder was calcined for 1 h 
at 600 ◦C. The crystalline structure and optical properties of the crystals 
in powder form were analyzed. To evaluate the dosimetric properties, 
the powder was then mixed uniformly with polytetrafluoroethylene 
(Teflon), in a 2:1 ratio. A uniaxial pressure of 0.5 tons was applied over 
10 s to produce pellets of 40 ± 1 mg, 6 mm in diameter and approxi-
mately 1 mm thickness. Finally, the pellets were sintered at 450 ◦C for 1 
h. 

2.2. Sample characterization 

XRD measurements of CaSO4:Mn, Tb phosphor were performed 
using a Rigaku diffractometer (RINT, 2000/PC) with Cu Kα radiation of 
wavelength k = 0.1541 nm. The powder diffractogram was obtained in 
the continuous scanning mode from 20◦ to 80◦ in steps of 0.05◦/min, 
with the X-ray tube operating at 40 kV and 30 mA. Phase identification 
was performed using the International Center for Diffraction Data 
(ICDD) PDF 00-037-1496. 

Infrared (IR) absorption measurements were performed using the 
KBr pellet technique. The FTIR spectrum was recorded between 4000 
and 400 cm− 1 using a Prestige-21 FTIR spectrophotometer (Shimadzu, 
Japan). The excitation and emission spectra were obtained using a 
JASCO FP8600 spectrofluorometer. 

The TL/OSL characteristics of CaSO4:Mn, Tb samples were moni-
tored using a Risø TL/OSL DA-20 automatic reader. The samples were 
irradiated with a beta source, which was coupled to the Risø system with 
a dose rate of 81.6 mGy/s. Except for the fading analyses, all OSL/TL 
measurements were carried out immediately after irradiation. 

A Hoya U-34 (340 ± 40) nm filter was used in the reader for the TL/ 
OSL measurements. To analyze the dependence on heating rate, the 
pellets were exposed to a range of heating rates from 1 to 10 ◦C/s; for all 
the other measurements, the heating rate was kept at 10 ◦C/s. Glow 
curve deconvolutions and TL kinetic parameters were obtained by 
means of OriginLab 8.0 software (OriginLab Co., USA). The TL curve was 
fitted using the equation for the general kinetic order presented by Chen 
and McKeever (1997), to determine the kinetic order (b), activation 
energy (E) and frequency factor (s) parameters of the TL peaks. 

To assess the peaks in the TL emission curves of CaSO4:Mn, Tb, the 
(Tm− Tstop) technique was applied to the samples. Each sample was first 
preheated to a given temperature (Tstop), and the average temperature of 
the lowest temperature peak observed (Tm) was evaluated. The Tstop 
temperature was varied in increments of 10 ◦C up to a final temperature 
of 320 ◦C. The samples were irradiated with a 1.66 Gy beta radiation 
dose, and the initial Tstop temperature was 120 ◦C. The sample was then 
cooled, and the complete glow curve was obtained in order to extract the 
value of Tm. 

For the TL emission spectra measurements, a high-sensitivity spec-
trometer (Ocean Optics QE65 Pro) was coupled to the Risø TL/OSL 
reader. For the OSL readings, the samples were stimulated with blue 
LEDs (with emission centered at 470 nm). All measurements were per-
formed in continuous wave mode. After each measurement, the pellets 
were annealed at 400 ◦C for 2 h, using a programmable oven, and then 
reused. 

3. Results and discussion 

3.1. Structural characterization 

Fig. 1 shows the XRD pattern for CaSO4:Tb, Mn powder, and it can be 
seen that the diffraction peaks agree with the ICDD 00-037-1496 
pattern. The crystal has orthorhombic symmetry with a Bmmb space 
group. Its diffraction peaks and relative intensities correspond to the 
anhydride structure, with lattice parameters of a = 6.9933 Å, b =
7.0017 Å and c = 6.2411 Å, as reported previously (Bastani et al., 2019; 
Doull et al., 2014). No evidence of secondary phases or impurities was 
detected, indicating that the Tb3+ and Mn2+ ions were completely dis-
solved in the CaSO4 host matrix without inducing significant changes in 
the crystal structure. 

3.2. Fourier transform infrared spectroscopy spectra 

The FTIR spectra for CaSO4:Mn, Tb are shown in Fig. 2. It can be seen 
that there is a broad band centered at about 3440 cm− 1, which is 
assigned to the stretching vibration of the OH groups (Bezrodna et al., 
2004). The band at 2970 cm− 1 and the two low-intensity bands at 2932 
and 2885 cm− 1 result from C–H stretching (Coates Meyers, 2000). 

The doublet observed at around 2350 cm− 1 is due to CO2 stretching, 
and the two bands at 2246 and 2135 cm− 1 are related to the stretching of 
the carbon-carbon triple bond in alkynes (McIntosh et al., 2017; Bha-
dane et al., 2016). The vibrational modes of the bending of the C–H bond 
are also observed at 1465 and 1375 cm− 1 (Coates Meyers, 2000). Lastly, 
the formation of the sulfate bond is shown in the range 1300 to 500 
cm− 1, with peaks at 1155, 950, 679 and 613 cm− 1 that are assigned to 
(SO4) stretching and bending vibrations (Martin et al., 1987). 

3.3. Photoluminescence studies 

The excitation and emission spectra of CaSO4:Mn, Tb phosphor are 
shown in Fig. 3. Upon excitation at 545 nm, the phosphor exhibits a 
band with a maximum at 228 nm, which is attributed to the transition 
from 4f to 5d in Tb3+ and a weak absorption band from 240 to 400 nm, 
corresponding to the Tb3+ 4f-4f transition. The emissions obtained 
under excitation at 228 nm consist of 4f8→4f8 transitions in the green 
and blue regions. These emissions are assigned to the 5D4→7FJ (J =
6,5,4,3) transitions in the green region, and 5D3→7FJ (J = 5,4,3,2) in the 
blue region (Li et al., 2017). 

Fig. 4 shows the excitation and emission spectra (monitored at 493 
and 398 nm, respectively). The excitation spectrum shows three exci-
tation bands in the wavelength range 360–450 nm, which are related to 
the transitions of the Mn2+ ions from the ground state 6A1(6S) to the 4E 

Fig. 1. Experimental X-ray diffraction results for CaSO4:Mn, Tb powder, 
showing the crystallographic pattern and standard Bragg reflections. 
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(4D), 4T2(4D) and [4A1(4G), 4E(4G)] excited states (Hou et al., 2012). The 
emission obtained at 398 nm consists of two peaks, the first with higher 
intensity at 493 nm, and the second with lower intensity at 545 nm. 
These results confirm the efficiency contributions of Tb 3+ and Mn 2+ in 
CaSO4. The green emission at ~500 nm is typical of divalent manganese 
ions, in the regular fourfold tetrahedral coordination, and corresponds 
to the 4T1→6A1 transition for the Mn2+ ion (Luchechko et al., 2019). The 
values obtained in this work are similar to those reported by Zahedifar 
et al. (2011). The other emission observed corresponds to the 5D4→7F5 
transition for the Tb3+ ion (Li et al., 2017). 

3.4. Dosimetric characterization 

3.4.1. Thermoluminescence glow curve 
Fig. 5 shows the TL glow curve for CaSO4:Mn, Tb samples exposed to 

1 Gy of beta radiation. The phosphor shows two dosimetric peaks at 
approximately 205 ◦ C and 325◦ C, as confirmed by the deconvolution of 
the TL glow curve. The fitting results give a good correlation coefficient 
(R2 = 0.998) for both TL peaks. 

Table 1 shows the TL parameters obtained by employing the general 
kinetic order fitting. The peak temperatures (Tm), maximum peak 

intensities (Im), kinetic order value (b), the activation energies (E) and 
frequency factor (s) were determined. The kinetic order value (b) of the 
first TL peak was (1.41 ± 0.04) and the value for the second TL peak was 
(1.86 ± 0.01). The activation energy (E) of the first peak was (0.77 ±
0.01) eV, and the value for the second peak was (1.02 ± 0.01) eV. 

3.4.2. Reproducibility, linearity and fading 
In order to evaluate the reproducibility of the TL intensity of the 
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Fig. 2. FTIR spectra for CaSO4:Mn,Tb.  

Excitation Emission 

4f
-5

d

4f-4f

5 D
3

F 5
5 D

3
F 4

5 D
3

F 3
5 D

3
F 2

5 D
4

F 6

5 D
4

F 5

5 D
4

F 4
5 D

4
F 3

Fig. 3. Photoluminescence excitation and emission spectra for CaSO4:Mn,Tb.  

Fig. 4. Excitation and emission spectra for the CaSO4:Mn, Tb sample (λex =

493 nm, λem = 398 nm). 

Fig. 5. TL glow curve deconvolution for CaSO4:Mn,Tb, calculated using the 
general-order empirical expression. 

Table 1 
Parameters of the TL glow curve of CaSO4:Mn, Tb obtained by employing the 
general kinetic order equation described by Chen and McKeever (1997)  

CaSO4: 
Mn,Tb 

Tm (K) Im (arb. 
units) 

b (kinetic 
order) 

E (eV) S (s− 1) 

Peak 1 476.35 ±
0.43 

876.34 ±
6.05 

1.41 ± 0.04 0.77 ±
0.01 

1.49 ×
109 

Peak 2 597.07 ±
0.14 

2973.65 ±
1.59 

1.86 ± 0.01 1.02 ±
0.01 

3.52 ×
109  
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samples, five cycles of annealing/irradiation/reading (1 Gy from a beta 
source) were carried out. The variations in the TL response (area under 
the glow curve) were below 2.9% (Fig. 6). This means that the lumi-
nescence of these samples is reproducible. 

We also carried out a homogeneity study, based on the ratio of the TL 
response of each pellet to the mean batch response of all pellets over the 
five cycles. In this analysis, the average values of the TL readings of the 
five pellets and their respective standard deviations were considered. 
The results of this homogeneity evaluation are shown in Table 2. A 
variation coefficient (C.VH%) of between 1.53% and 3.81% was 
observed; this meets the requirements of the ISO 12794:2000 (ISO 
12794, 2000), which states that the C.VH% should not exceed 15%. A 
comparison of these TL responses (Table 2) indicates the similarity of the 
TL response in all of the readings. 

The TL emissions of CaSO4:Mn, Tb samples irradiated with doses of 
between 0.169 and 149.987 Gy are shown in Fig. 7(a). In order to 
investigate the linearity of the TL response of this material, the areas 
under the emission curves were integrated and a dose-response curve 
was obtained (Fig. 7(b)). The TL response is linear over a very wide 
range of beta doses, from 0.169 to 149.987 Gy; however, beyond 
149.987 Gy, the TL intensity becomes saturated. The linear adjustment 
confirmed a good linearity in this dose range (R2 = 0.997). 

The change in the relative intensity of the glow peaks with further 
increases in the dose and saturation is well explained by the defect 
interaction model (DIM) and track interaction model (TIM) (Kulkarni 
et al., 2020). These models make it possible to describe the linearity and 
saturation in the TL response based on assumptions concerning the 
microscopic distribution of trapped charge carriers from the absorption 
of energy from ionizing radiation. 

At low doses, the changes in the relative intensity of the glow peaks 
are attributed to recombination, which occurs exclusively within the 
trapping entity and is unaffected by competitive centers, resulting in a 
linear dose response. The saturation is described as arising from the 
overlapping of tracks in which the defect centers are heavily occupied 
(Kulkarni et al., 2020; Gavhane et al., 2020). 

The fading of the TL response of the samples was investigated by 
comparing the TL emission curves for two groups of samples, one which 
was obtained immediately after irradiation (1 Gy) and the other after 30 
days. The two groups of samples were kept under the same environ-
mental conditions (24 ◦C). A comparison of the total integrated areas of 
the glow curves (Fig. 8) allowed us to investigate the reduction in their 

TL responses. The glow curve showed a reduction of 16.8% in its original 
value. It was also observed that TL peak above 250 ◦C does not fade 
immediately, and fades at a relatively low rate (a reduction of 10.2% in 
the maximum TL intensity peak), whereas the TL peak observed below 
250 ◦C fades at a higher rate, giving a significant reduction in its in-
tensity. This is because the energy gap between the bottom of the con-
duction band and the electron trap, called the ‘depth trap’, is smaller in 
the case of the second peak (Silva et al., 2020). From a dosimetric 
perspective, the second TL peak is more appropriate than the first, as it 
occurs at a higher temperature range and shows less fading after storage 
for four weeks. The results observed for CaSO4:Mn, Tb indicate that 
co-doping with Mn and Tb contributed to the reduction in fading. In 
previous studies, fading of 60.3% over 30 days was observed for CaSO4: 
Tb (Silva et al., 2020), and between 40% and 85% after three days of 
irradiation for CaSO4:Mn samples (Bahl et al., 2017). 

3.4.3. Heating rate dependence 
To better trace the TL-related processes, TL glow curves were 

recorded for heating rates (β) varying from 1 to 10 ◦C/s. The results are 
illustrated in Fig. 9. As expected, the TL peaks shift to higher tempera-
tures with an increase in the heating rate (Chen and Kirsh, 2013; Bos, 
2001; Kadari and Kadri, 2015). 

When the heating rate is increased from 1 to 10.0 ◦C/s, the TL in-
tensity of the glow curves was found to decrease, as shown in Fig. 9(a). 
This observation may be explained based on the phenomenon of thermal 
quenching (Chen and McKeever, 1997; Kadari and Kadri, 2015). 

The detailed Tm-Tstop dependence shown in Fig. 10 (a) confirms that 
there are two separate TL peaks within the temperature region examined 
here: one at about 206 ◦C, and another at 328 ◦C. The region above 
350 ◦C seems to be composed of an overlap between several peaks over a 
broad temperature range that is limited by the parameters of the 
acquisition reader, with a maximum temperature of 400 ◦C. The first TL 
peak results from low-intensity traps with a well-defined energy/depth 
(the flat parts of the Tm-Tstop curve). The much more intense component 
is composed of a set of traps with a continuous distribution of energies 
(peak 2). This peak region has no clear plateau but a sharp increase at 
the end, indicating that the order of the glow peaks is higher than first 
order (Ozdemir et al., 2016); this finding is in agreement with the results 
presented in Section 3.4.1. Fig. 10(b) illustrates the two TL trapping 
levels, where the first plateau region is observed in a temperature range 
of 120–170ᵒC, corresponding to a trap depth/activation energy of 
~0.77 eV, and the second in the range 180–320 ◦C, corresponding to a 
trap depth/activation energy of ~1.02 eV. 

3.4.4. TL emission spectra 
The 3D TL emission spectra of beta-irradiated CaSO4:Mn, Tb phos-

phors heated to each glow peak temperature are shown in Fig. 11. The 
emissions from the Tb3+ ions can be observed, with the main source of 
emission being the 5D4 to 7F5 transition at 545 nm, and less intense 
emissions at 378 nm (5D3→7F6), 412 nm (5D3→7F5), 435 nm (5D3→7F4), 
453 nm (5D3→7F3), 470 nm (5D3→7F2), 488 nm (5D4→7F6), 586 nm 
(5D4→7F4), 619 nm (5D4→7F3) and 653 nm (5D4→7F2). Emission from 
Mn2+ ions at 494 nm (4T1→6A1) can also be observed. The presence of 
both types of emission indicates that both Mn2+ and Tb3+ ions take part 
in the TL process. 

Fig. 6. TL responses (integrated area) of the CaSO4:Mn, Tb samples after five 
cycles of the annealing/irradiation/reading procedure. The dashed lines 
represent the variance in the TL responses. 

Table 2 
Average, deviation and variation coefficient (C.VH%) of the TL response for the 
samples.   

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 

Average 176127.6 177204.4 173598.2 179477.5 178660.0 
Deviation 4195.7 6758.0 6458.2 5243.6 2746.4 
C.V.H(%) 2.38 3.81 3.72 2.92 1.53  
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3.4.5. OSL decay curves 
Fig. 12 shows a typical OSL exponential decay curve for samples 

irradiated with 1 Gy, and fitted OSL decay curves. For this analysis, 
samples were stimulated with blue light for 40 s. The OSL signal un-
dergoes an exponential decrease as the traps are emptied. It can there-
fore be presumed that the OSL response from these samples is easily 
stimulated at 470 nm, indicating that the traps have a high photoioni-
zation cross-section for blue LEDs. 

The experimental OSL decay curves were composed of three first- 
order exponential decay functions, which were obtained by fitting 
using the following equation: 

IOSL =A1e− t/τ1 + A2e− t/τ2 + A3e− t/τ3  

where IOSL is the total OSL intensity; A1, A2, and A3 are constant co-
efficients; and τ1, τ2, and τ3 are the decay constants related to the 
different sets of traps (Silva et al., 2020; Valen ç a et al., 2018). Table 3 
shows the constant coefficients and decay constants obtained from an 
exponential fitting of the OSL decay curves in Fig. 12. Good agreement is 
observed between the fit and the experimental results. 

The high value of A1 confirms the predominance of a fast decay 
component in the experimental OSL decay curve; in this case, the 
emission of photons results in direct recombination between the elec-
trons in the conduction band and the holes in the valence band of CaSO4: 
Mn,Tb. The low value of A3 = 0.090 indicates that the significance of the 

(a) (b)

Fig. 7. (a) TL emission curves and (b) dose-response curve (integrated area) for CaSO4:Mn,Tb.  

Fig. 8. TL emission for CaSO4:Mn, Tb samples, read immediately after irradi-
ation at 1 Gy (90Sr/90Y) and after 30 days. 

Fig. 9. (a) Dependence on heating rate of the TL glow curve for CaSO4:Mn,Tb. (b) Tm dependence derived from the data presented in (a).  
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slow component (τ3 = 15.186) is minimal in the experimental OSL decay 
curve. 

3.4.6. OSL dose response 
Fig. 13(a) shows the OSL decay for CaSO4:Mn, Tb samples exposed to 

a beta source of between 0.169 and 149.987 Gy. The OSL dose-response 
curve is shown in Fig. 13(b). The linear adjustments gave a high cor-
relation coefficient (R2 = 0.997) between the dose and OSL response for 
CaSO4:Mn,Tb. 

3.4.7. Lowest detectable dose 
The lowest detectable dose (LDD) of the luminescent signal from the 

samples was calculated using the equation LDD = (B + σB)fc, which was 
proposed by Oberhofer and Scharmann (1981). In this equation, B is the 
average of the TL or OSL response of the non-irradiated dosimeters; σB is 

the standard deviation in the readings of non-irradiated dosimeters; and 
fc is a calibration factor obtained from the inverse of the slope of the line 
of the TL/OSL response to the absorbed dose. 

Table 4 shows the LDD values obtained. Although these values are on 
the same order of magnitude (in mGy), the LDD for TL is three times 
lower than the value achieved by the OSL technique. 

3.4.8. Correlation between TL and OSL emissions 
Fig. 14 shows a TL glow curve and an OSL exponential decay ob-

tained from consecutive luminescent measurements (TL→ OSL and OSL 
→ TL) of the CaSO4:Mn, Tb samples. The previous TL measurements of 
the samples significantly reduced the OSL signal to background levels. It 
was also observed that the previous OSL reading affected the TL emis-
sion curves of the material. The traps associated with the TL peak at 
~205 ◦C have a higher photoionization cross-section than the traps that 
give rise to the 325 ◦C peak, once their peak TL intensity has been 

Fig. 10. (a) Tm-Tstop curve obtained for various preheating temperatures (Tstop) after irradiation of the CaSO4:Mn, Tb samples with a beta radiation source. Pre- 
heating was performed using a Risø TL reader. (b) Plot of activation energy (eV) vs Tstop (ᵒC) resulting from the Tm-Tstop procedure. 

Fig. 11. TL emission spectra of CaSO4:Mn, Tb samples after irradiation at 100 Gy (90Sr/90Y).  
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reduced to 57.5% and 14.3%, respectively, even after the optical stim-
ulation. The same behavior was reported by Silva et al. (2020) for CaSO4 
samples doped with terbium and silver nanoparticles. 

4. Conclusions 

Our X-ray diffraction analyses showed that the CaSO4:Mn, Tb phos-
phor was efficiently synthesized by a slow evaporation route, since the 
XRD results indicated a single phase, which is in agreement with the 
ICDD 00-037-1496 pattern. The FTIR spectra showed bands in the range 
1300 to 500 cm− 1, which are attributed to the formation of a sulfate 

Fig. 12. OSL signal from CaSO4:Mn, Tb and fitted OSL decay curves for samples 
irradiated with 1 Gy (90Sr+90Y). 

Table 3 
OSL parameters of the exponential fitted curves for the produced compound.  

CW-OSL 
component 

Coefficient Ai Decay constant ti 
(s) 

Exponential fit 

Fast 2.388 ± 0.075 
(A1) 

0.16 ± 0.01 (t1)  

Medium 0.283 ± 0.014 
(A2) 

1.21 ± 0.06 (t2) R2: 0.997 

Slow 0.090 ± 0.002 
(A3) 

15.19 ± 0.42 (t3)   

Fig. 13. (a) OSL response from the samples of CaSO4:Mn, Tb and (b) as a function of the absorbed dose of beta radiation (90Sr/90Y).  

Table 4 
LDD values for CaSO4:Mn, Tb and their uncertainties for the TL and OSL 
techniques.  

Luminescence 
technique 

B (arb. 
units) 

σB (arb. 
units) 

f c (mGy/ arb. 
units) 

LDD 
(mGy) 

TL 1781.00 188.75 0.0057 13.51 ± 
0.02 

OSL 4279.00 87.22 0.0085 38.89 ± 
0.03  

Fig. 14. Correlation between TL and OSL emissions from the CaSO4:Mn, 
Tb samples. 
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bond in the samples. The other vibrational bands observed in the spectra 
are attributed to water vapor at 3440 cm− 1, atmospheric CO2 at 2350 
cm− 1, five hydrocarbons and two carbon-carbon triple bonds. The re-
sults for the PL and TL emission spectra confirmed the presence of Tb3+

and Mn2+ ions in the crystal matrix. The TL emission glow curves for the 
CaSO4:Mn, Tb samples showed two peaks centered around 205 ◦C and 
325 ◦C. Two trapping centers located at 0.77 and 1.02 eV were revealed. 
The order of kinetics was found to be between one and two, indicating 
the existence of a general order of kinetics in the TL process. The samples 
showed a typical exponential OSL decay curve with the predominance of 
a fast decay component, indicating that the traps have a high photo-
ionization cross-section for blue LEDs. All samples presented properties 
useful for dosimetric purposes, such as linearity, reproducibility, lowest 
detectable doses for the OSL and TL signals, on the order of mGy, and the 
TL fading was 16.8% over 30 days. From these results, we can conclude 
that CaSO4:Mn, Tb has better dosimetric properties than CaSO4:Mn and 
CaSO4:Tb. 
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