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ABSTRACT 

 
Calcium Fluoride doped with dysprosium is a known thermoluminescent material for applications that require 

highly sensitive dosimeters. Research in novel methods such as Combustion Synthesis (CS) has been ongoing 

for several years at the University of Pernambuco. The method uses the heat of the oxi-redox reaction a between 

nitrate and a fuel. This work presents results of CaF2:Dy produced by combustion synthesis under different 

fabrication conditions. Samples were prepared by mixing stoichiometric amounts of calcium nitrate, urea and 

ammonium nitrate in a beaker under vigorous stirring. The resulting gel was transferred to a pre-heated muffle 

furnace were the combustion reaction occurred after a few minutes. For comparison, a variation of the 

production method with the same amounts of nitrate, ammonium fluoride and dopant, but without using the fuel 

was prepared. For both methods the resulting powder was pelleted and irradiated with Co-60 gamma radiation. 

The reproducibility and sensitivity for gamma dose irradiation was tested and results showed that optimum TL 

sample reproducibility was without the urea as fuel. Samples were then prepared with 0.05, 0.10, 0.15 and 0.20 

mol% Dy concentration. The highest TL sensitivity was found for samples with 0.15 mol% Dy and sintered at 

400 C for 3.5 h in air. The TL emission spectra, obtained using a Hammamatsu optical spectrometer, was 

comparable with commercial CaF2:Dy. Thermoluminescence was measured in a Harshaw-Bicron 3500 TL 

Reader. The glow curve showed stable dosimetric peaks at around 200, 235 and 300 C were a linear dose 

response curve was obtained for the range 100 mGy to 1000 mGy.  

 

 

1. INTRODUCTION 

 

Calcium fluoride in natural form is a well known thermoluminescent (TL) material. Studies 

on artificial irradiation and TL readout have been shown by Trowbridge and Burbank and 

later studied by Marie Curie in her doctoral thesis [1]. However, a large scale dosimetric 

system using natural samples have an additional difficulty of inter-sample variability due to 

dependence of the TL with the activator concentration. Therefore, artificially produced 

materials with known and optimized dopant concentrations is preferred. Currently in Brazil, 

TL readout personnel radiation monitoring laboratories use lithium fluorite (LiF:Mg,Ti) 

and/or calcium sulfate doped with dysprosium [2]. This later is used as tandem system side 

by side with almost energy independent LiF:Mg,Ti (Zeff = 8.2) and, due to the high effective 

atomic number (Zeff = 16.3) of calcium sulfate can be used to evaluate the energy of radiation. 

Therefore, there is currently an interest in the scientific community in novel synthesis 

methods for materials used in radiation dosimetry. For calcium fluoride, there has been 

research published to find an optimal route of fabrication, such as: (a) precipitation of CaCl2 + 

NaF, followed by sintering [3]; (b) sintering with rare-earth dopants at 1100 or 1250 °C [4]; (c) 
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Sol-gel [5]; (d) chemical reactions CaCl2 + 2 NH4F → CaF2 + NH4Cl under nitrogen 

atmosphere [6] or air [7]. Solution combustion synthesis (SCS) is an effective method for the 

synthesis of various types of materials and ceramics, used in the production of various ceramic 

powders for a variety of advanced applications. This method uses a combination of metal 

nitrates in an aqueous solution with a fuel, such as glycine or urea. These amino acids that act 

as complexing agents of the metal ion in the solution and also serve as fuel for the synthesis of 

nanocrystalline metal oxides [8].  This work shows the production of CaF2:Dy using SCS for 

thermoluminescent applications.  

 

 

2. MATERIALS AND METHODS 

 

The samples were prepared by mixing calcium nitrate (Ca(NO3)2) as oxidant, urea (CO(NH2)2) 

as fuel, ammonium fluoride and dysprosium nitrate as dopant in distilled water.  Initially, the 

reagents were diluted in a 40 ml beaker with 20 ml of distilled water. After reaching a gel 

texture, the sample is transferred to a muffle furnace at 565 °C for combustion, where it 

ignited spontaneously within a few seconds. This process was repeated for dopant 

concentrations of 0.05, 0.1, 0.15 and 0.20 mol% to study the effect of the dopant concentration 

on the TL sensitivity.  

 

Three different synthesis routes were used: (a) with urea, (b) without urea and (c) with urea 

but with a longer homogenization step.  

 

The structure of the combusted powder was analyzed with X-ray diffraction (XRD) using a 

Bruker D2 Phaser Diffractometer. 

 

Pellets were pressed with 6 mm diameter and approximately 2 mm thick. Samples were 

irradiated in Co-60 under electronic equilibrium conditions and thermoluminescent readout 

was performed in a Harshaw Bicron 3500 TL reader analyzed at a rate of 5 °C/s from 50 °C 

to 350 °C. For the analysis of the dose response curve, samples were irradiated at Co-60 

gamma doses of 250, 500, 750 and 1250 mGy. 

 

The deconvolution of the glow curves was achieved using first-order kinetics from Kitis et al. 

[9] and the quality of the fit was tested using a figure of merit (FOM) from Balian and Eddy 

[10].  

  

The emission spectra was measured with a CCD type Hamamatsu spectrometer coupled to a 

linear heating element (12.6 C s
-1

). No correction factors were applied for the correction of 
light efficiency. Infrared emission from the planchet was subtracted. Spectra were acquired 

with samples irradiated at 500 Gy with gamma radiation of Co-60 (Nordion Gammacell 220), 

with a dose rate of 3.651 kGy/h at the time when measurements were made.  

 

 

3. RESULTS 

 

3.1. X-Ray Diffraction  

 

Figure 1 shows the x-ray diffraction peaks of synthesized CaF2:Dy and the results for the 

Inorganic Crystal Structure Database (ICSD) standard for sintered CaF2 (n. 9009005). From 
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this result we can conclude that peak positions of our sample are in agreement with the 

literature and confirms the preparation of CaF2. 

 

 

 
Figure 1:  XRD pattern of the synthesized CaF2:Dy. 

 

 

3.2. TL glow curves and emission spectra 

 

Typical glow curves of CS-CaF2:Dy are shown in Figure 2. Glow curve deconvolution 

(Figure 2-a) showed that six first order peaks describe the glow curve with a FOM of 1.75%. 

The low temperature peaks indicated that pre-heat was necessary in order to empty shallow 

traps and unstable TL peaks at room temperature. A pre-heat of 100 C for 10 min was 
adopted for these measurements. Figure 1-b shows the TL glow curves for gamma irradiated 

samples with different doses and with the pre-heat applied.  

 

The TL emission spectra of Co-60 gamma irradiated samples shown in Figure 3. Each line 

(color) in this figure corresponds to an emitted spectrum at a time interval of 0.2 s, which 

correspond to increasing temperatures, at a rate of 12.6 C/s. The plot shows that the TL 

emission lines can be attributed to Dy
3+

 emission wavelength. 

 

Figure 4 shows the TL glow curves obtained for the three fabrication methods tested: (a) with 

urea, (b) without urea and (c) with urea but with a longer homogenization step. It is evident 

that the use of urea as fuel with a thorough mixing in a agate mortar produces more sensitive 

samples. By not using urea a very weak or no combustion was observed when the reagents 

were transferred to the muffle at 565 C. By not using the fuel, the CaF2 was formed by the 
chemical reaction between the ammonium fluoride and the calcium nitrate. These powder 

were, however, hygroscopic and further sintering was necessary in order to use these 

samples. By using urea, the heat from the exotermic chemical reaction produced non-

hygroscopic and more sensitive samples with regard to TL.  
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Figure 2:  (a) Typical thermoluminescent glow curve of CaF2:Dy, deconvoluted into 

individual first order components. (b) TL glow curves irradiated with Co-60 doses of 

250, 500, 750, 1000 and 1250 mGy (from bottom to top). A pre-heat of 100 C/10 min was 

applied. 
 

 
 

Figure 2:  (a)  

 
 

Figure 2:  (b)  
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Figure 3:  Thermoluminescent emission spectra of CaF2:Dy. (a) overlay of individual 

data channels (200 ms/channel at 12.6 C/s) with colors representing temperature. (b) 3d 

plot of the emission spectrum. 

 

 

 
Figure 3:  (a) 

 

 

 

 

 
 

Figure 3:  (b) 

 



INAC 2015, São Paulo, SP, Brazil. 

 

 

 

 
 

Figure 4: Comparison of the glow curves of different compositions. 

 

3.3. Influence of the TL with concentration  

 

The influence of the Dy concentration on the sensitivity of samples irradiate to a same dose 

of is shown in Figure 5. The results are for samples irradiated with the dose of 10 mGy. It can 

be observed that increasing the concentration of Tb from 0.05 to 0.15 mol%, there is a 

significant enhancement of the TL peak, decreasing for higher concentrations (0.2 mol%). 

This decrease in the TL efficiency is probably due to quenching.  

 

 

 
 

 

Figure 5: Effect of the TL efficiency at a dose of 10 mGy with different dopant 

concentrations 
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3.4. Dose Response Curves 

 

A batch of 15 pellets were produced for the dose response curve, using optimal fabrication 

parameters of 0.15 mol% and sintered at 400 C/3.5 h. A linear dose response was obtained 
within the studied dose range of 250 to 1250 mGy (Figure 6). 

 

 

 
 

Figure 6. Dose response curve irradiated with Co-60 gamma radiation doses of 250, 500, 

750 and 1250 mGy.  

 

 

3. CONCLUSIONS  

 

It was found that SCS is a suitable method to prepare CaF2:Dy for dosimetric applications. 

This technique is particularly attractive due to its low cost, short reaction times. In summary, 

the results showed that optimum fabrication paramenteer were a concentration of 0.15% of 

dysprosium, with urea and thorough mixing and with thermal treatment of 3 hours and a half 

at 400 °C.  

 

The chemical reaction between the ammonium fluoride and calcium nitrate at 560 C 
produces non-combustion samples, however, samples produced with urea with combustion, 

plus a homogenization step, enhanced TL sensitivity.  

 

The TL dose response curves of all samples presents a linear behavior within the studied dose 

range, however sample sensitivity is not fully optimized and have a lower sensitivity than 

LiF:Mg,Ti. More work is under way to optimize the sensitivity of the material to lower dose 

measurements and to characterize the material as a radiation dosimeter. 
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