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ABSTRACT 

 
     The objective of this work is to compare the thermoluminescent intensity (TL) of CaSO4+Tm, 

CaSO4+Tm+glass and glass+Tm composites for use as thermoluminescent dosimeter (TLD). The route used to 

prepare the CaSO4+Tm and the CaSO4+Tm+glass was by mixing 1 g of CaSO4 with 0.02 g of thulium oxide 

(99,9% purity) and 0.3 g of commercial and colorless glass. To mixing the composites were taken to a magnetic 

stirrer for 30 min with 10 mL of distilled water for better homogenization. The powder mixtures were dried in a 

stove at 100°C for 24 h. After drying, it was added polyvinyl alcohol (PVA) to improve the binding material. 

The pellets were compacted by application of an uniaxial pressing and sintered at 700°C/ 6 h. The route used in 

the preparation of glass+Tm pellets was similar to one previously mentioned, except by the use of 1 g of glass 

and 0.02 of Tm. After the sintering, the pellets dimensions were 1 mm thick and 6 mm in diameter. All samples 

were irradiated by a beta source (
90
Sr + 

90
Y) and received doses from 1.00 Gy to 20 Gy. Each composite 

presented a characteristic emission curve. The dosimeter of CaSO4+Tm+glass presented two peaks, the first at 

115°C, and the second, very intense, ate 150ºC. The CaSO4+Tm dosimeter showed a less intense peak at 140°C 

and another, more intense, at 235°C. In the composites of glass+Tm, the most intense peak has a 

thermoluminescent signal 94,04% lower than the most intense peak of CaSO4+Tm+glass and 81.57% lower than 

the most intense peak of CaSO4+Tm. After the analysis of TL emission curves, we observed that the 

CaSO4+Tm+glass have the highest TL intensity and a TL response proportional to the dose absorbed. 

 

 

1.  INTRODUCTION 

 

Many authors have shown results from studies on the subject of doped thermoluminescent 

detectors,   revealing several of their properties. Those studies includes the 

thermoluminescent (TL) response to dose; the kinetic parameters and emission spectra of TL; 

specific ionization density; enabled dopants and their concentrations, influence of different 

co-dopantson the TL emission; energy transfer processes; thermally stimulated exoeletronic 

emission; results of optical absorption and electron paramagnetic resonance measures, among 

others results [1-5]. 

 

The elements from the group of rare earth (RE) are frequently used as dopants of the CaSO4 

in the manufacturing process of these TL detectors; amongst them, the dopants most often 

used are: Dy, Tm and the Eu [5-10].  

 

The model for the process of TL emission from CaSO4 with RE is the one of energy 

transference. According to this model, there is no direct recombination of charge carriers due 
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to the small quantity of the dopant (RE), but the energy of the electron-hole recombination is 

transferred to the RE
+3
. However, no direct evidence has been published so far [3]. 

 

The thulium presents electronic configuration [Xe] 6s
2
4f

13
, it is classified as a metal of 

internal transition and it is solid in its natural state [10]. 

 

In this work we are considering a new composite to be employed in the dosimetry of the 

ionizing radiations to the based on CaSO4, with addiction of thulium, for use in TL 

dosimetry, mainly. Commercial colorless glass was incorporated into some composite 

material during the manufacturing procedures in order to obtain composites with good 

mechanical strength. Comparisons between the TL responses to the beta radiation were made 

using TL technique with the purpose of determining which composites have better 

characteristics such as sensitivity, reproducibility and dosimetric response. With the purpose 

of observing the influence of glass on the thermoluminescent response, some samples 

containing only glass and Tm were prepared and analysed too. 

 

 

2.  METHODOLOGY AND MATERIALS 

 

The samples were prepared in the Laboratory of Materials Preparation and Characterization 

from Physics Department of the Federal University of Sergipe. It was used CaSO4 with 98% 

of pureness (Labsynth products for laboratories Ltda) doped with 2% of TmO3 with 99,9% of 

pureness (Aldrich Chrmical Company Inc.) and 0,3 g of commercial colorless glass. The 

composites were mixed with 10 ml of distilled water and taken to a magnetic agitator where 

they remained for 30 minutes. After that, drying took place in oven at a temperature of 100°C 

for 24h. After the drying, the powder was homogenized again in mortar with the polyvinilic 

alcohol (PVA) addition. The pellets were submitted to a uniaxial pressing (100 kgf/cm
2
). 

Pellets with 6.0 mm of diameter and 1.0 mm of thickness after sinterizaton at temperatures of 

700°C for 6h were obtained. In the sintering was used a heating rate of approximately 10°C 

per minute, and a free rate cooling down to room temperature.  

 

Using the previously described process, the pellets of CaSO4+Tm and CaSO4+Tm+glass were 

obtained with the same amount of dopants. To obtain pallets of glass+Tm was used 1 g of 

glass and 0.02 g of Tm. A beta source (
90
Sr+

90
Y dermatological applicator) was used for 

irradiation. After each exposition, the pellets were thermally treated at a temperature of 

400ºC/1 h. The TL measurements were carried out at interval up to 6 h after irradiation using 

a Harshaw 3500 thermoluminescent reader with a heating rate of 10°C/s. The maximum 

uncertainty found in the measurements was of ± 6.5%.  

 

 

3.  RESULTS 

 

The curves of TL emission showed two peaks with different intensities. It was also observed 

that the TL intensity was proportional to the dose in all the analyzed cases.  

 

Figure 1a shows the comparatives curves of typical TL emission of the CaSO4+Tm 

composites, that has been sintered at 700ºC/6h, when radiated with 1 Gy, 5Gy, 10 Gy and 20 

Gy . The curves present two peaks of TL emission, the first one around 140°C and the second 
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one at 240°C. Figure 1b  shows the TL emission peaks response of the composites of 

CaSO4+Tm for absorbed doses in the range from 1 to 20 Gy.  

 

Figure 1a: Typical TL emission of the 

CaSO4+Tm pellets sintered at 700°C 

for 6h. 

 

Figure 1b:  TL response of CaSO4+Tm 

pellets as a function of absorbed dose 

from beta radiation. 

In Figure 2a that shows the comparatives curves of typical TL of pellets of CaSO4+Tm+glass 

when irradiated with 1 Gy, 5 Gy, 10 Gy and 20 Gy (
90
Sr+

90
Y). The pellets produced with 

CaSO4+Tm+glass (2% Tm), sintered at 700ºC/6h, also showed two TL emission peaks, the 

first one at 115ºC and the second  at 150ºC, approximately. The TL reponse of 

CaSO4+Tm+glass pellets was similat to the others composites, with the first TL peak smaller 

than the second one, as we can see in figure 2a. Figure 2b shows the TL response of the 

CaSO4+Tm+glass pellets irradiated with doses between 1 and 20 Gy.  

 

Figure 2a: Typical TL emission of the 

CaSO4+Tm+Glass pellets sintered at 

700°C/6h. 

 

 

Figure 2b: TL response of pellets of 

CaSO4+Tm as a function of absorbed 

dose from beta radiation (
90
Sr+

90
Y). 
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In Figure 3a we can observe the comparatives curves of typical TL emission from glass+Tm  

pellets when irradiated in the same dose range (1 to 20 Gy from 
90
Sr+

90
Y). The TL emission 

from glass+Tm pallets sintered at 700ºC/6h showed two very weak peaks at 135°C and 

240ºC. Figure 3b shows the TL response of those samples as a function of the absorbed dose 

in the range between 1 Gy and 20 Gy. 

 

 

Figure 3a: Typical TL emission of the 

Glass+Tm pellets sintered at 700°C/ 

6h. 

 

 

 

Figure 3b: TL response of pellets of 

Glass+Tm as a function of the 

absorbed dose from beta radiation 

(Sr
90
+Y

90
). 

 

It was possible obesever a pronounced overlapping of the TL peaks from CaSO
4
+Tm+glass 

pellets sintered at 700ºC for 6h. This overlapping is presented in Figure 4 that also shows which 

also shows a comparison between typical TL emission curves of three composites manufacterd in 

this work. The CaSO4+Tm, CaSO4+Tm+glass and glass +Tm composites were irradiated with 20 

Gy (
90
Sr+

90
Y). In this figure we can see than CaSO4+Tm pellets have too a good TL response, 

but less intense than the CaSO4+Tm+glass pellets. However, the composites of glass+Tm have 

not a significant TL intensity. It’s most intense peak has a thermoluminescent signal 94.04% 

lower than the most intense peak of CaSO4+Tm+glass and 81.57% lower than the most intense 

peak of CaSO4+Tm. All the composites presented TL response proportional to the dose absorbed. 

However, the TL peaks of the CaSO4+Tm+glass have maxima intensity at temperatures lower 

than those of other composites. 
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Figure 6: Comparatives curves of typical TL emission of 

the pellets sintered at 700°C for 6 h. 

 

 

4.  CONCLUSION 

 

The currently accepted procedures of radiological protection aim at reducing the exposition 

associated with practices that make use ionizing radiation, both for the occupationally 

exposed workers and for the environment. Therefore it is important to use detectors of high 

sensitivity in the personal and the environmental dosimetry [3]. 

 

According to this study, it could be observed that the CaSO4 detector with addiction of 

thulium and/or with addiction of thulium and glass are appropriate for dosimetric purposes. 

 

Due the previously mentioned properties associated with their low cost, the detectors 

manufactured and analysed in this work could be used in research laboratories as a 

complement of didactic practices involving the use of other kinds of radiation detectors. 

Further techniques for preparation of the described composites, as well as other radiation 

sources for testing the pellets, could be within the scope of future works.  
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