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Abstract 

Pellet-shaped LiF:Eu3+ phosphors were synthesized by sintering. To improve their 

thermoluminescence characteristics, different growth conditions were used. Thermal 

annealing at 750 °C during 5 h under air atmosphere provided the samples with highest 

sensitivity. Characteristic glow curves exhibit an absolute maximum centered at 203 °C, 

and another less intense peak between 250 and 300 oC. The first peak has a position 

very suitable for dosimetry applications. Beta irradiated samples displayed a 

thermoluminescence response that increases as the radiation dose increased in the 0.16 – 

42.0 Gy range. A fast fading of less than 20 % occurs in the first 10 s after irradiation, 

followed by a remarkable stability at room temperature. Computarized glow curve 

deconvolution of experimental data obtained applying the McKeever method to resolve 

the individual peaks revealed that the glow curves fits to nine individual peaks. 

Activation energies were computed by using the initial rise method. 

Keywords: Thermoluminescence, Dosimetry, LiF, sintering, Beta Radiation.  
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1.   Introduction 

Since it was firstly proposed by Farrington Daniels and his group as a useful tool for 

radiation dosimetry, thermoluminescence (TL) has established as a reliable and the most 

widely used technique for dosimetric applications [1]. The increased use of the TL was 

accompanied for a growing interest in the development of new phosphor materials with 

properties suitable to be used as detectors of ionizing radiation. 

 The remarkable TL efficiency of LiF it is well known since the pioneering work 

of Daniels [1] in 1953, and it has been the more widest investigated material, in order to 

understand, to control, and to improve their luminescence properties, and to study how 

these are modified by the introduction of impurity atoms in the host material. 

Nowadays, LiF remains as the base material of the most popular TL dosimeters 

available in the market, so it is well justified research on the development of new LiF 

based TL phosphors. Despite that other alkali halides display remarkable TL features 

when doped with rare earth atoms, there is no research focused to investigate the 

properties of rare earth ions doped LiF [3]. 

 It is typical of powder particles to sinter bond together when heated to relatively 

high temperatures (usually around one-half of their absolute melting temperature). In 

this firing treatment known as sintering, occurs the transformation of powder particles 

into a solid object consisting of bonded particles. Formally, sintering is a thermal 

treatment for bonding particles together into a coherent, predominantly solid structure 

via mass transport events that occur largely at the atomic level. Such bonding improves 

the strength and other engineering properties of the compacted particles. Accompanying 

particle bonding during sintering are significant changes in the pore structure and, 

additionally, many properties can undergo dramatic improvements during sintering. 
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Essentially, it can be considered as a microwelding process of particles that is applicable 

to all materials, so it is a very important option in manufacturing new materials [4]. 

 Recently, we reported the usefulness of sintering processes to manufacture new 

TL phosphors [5-7]. The characterization of these materials indicated that are good for 

dosimetry applications. Sintering is a technique rather easer and cheaper than other 

commonly used to grow crystal materials. 

 In this article, we report the fabrication, by sintering, of LiF:Eu3+ pellet-shaped 

samples, and their TL properties when exposed to beta radiation in the 0.16 – 42.0 Gy 

dose range.  The TL response as a function of dose displays a good linear behavior for 

doses below 10.0 Gy, and the glow curves, shows a intensity maximum centered at 203 

°C, a position that normally assures a good thermal stability of the stored TL under 

standard environmental conditions. The whole thermograms look simpler than those of 

the commercially available dosemeter TLD-100, and are similar in structure to that of 

other LiF phosphors obtained by sintering [8]. Computarized glow curve deconvolution 

reveals nine individual TL peaks. Activation energies were computed by the initial rise 

method [9-10]. 

 

2.   Experimental 

Pellet-shaped LiF:Eu3+ phosphor materials were prepared as follow: LiF (Alfa Aesar 

Puratronic, 99.99 %) and OXHEuCl 23 ⋅  (Alfa Aesar, 99.99 %) were weighted (1.5 

mol% of OXHEuCl 23 ⋅ ) and mixed in deionized water at room temperature with 

magnetic stirring during 3 h. Next, temperature was gradually increased up to 90 °C to 

obtain powder, which were mechanically mixed in an agate mortar. Samples containing 

0.0836 g of this powder were placed on a 7 mm diameter cylindrical mold, followed by 
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application of a pressure of 0.5 ton during 2 min using a hydraulic press. The obtained 

pellets were then sintered during 5 h at 750 °C under air atmosphere, in a Thermolyne 

model 1400 furnace.  

A Risø TL/OSL model TL/OSL-DA-15 unit equipped with a 90Sr beta source 

was used to perform beta irradiations and the TL measurements. All irradiations were 

accomplished using a 5 Gy/min dose rate at room temperature (≈ 22 °C). The TL 

measurements were carried out under air atmosphere using heating rates of 5 and 1 °C/s, 

depending on the purpose of the experiments, as will be explained in the next section. 

Fluorescence measurements were carried in an spectrometer Perkin-Elmer model 

LS50B. 

 

3.   Results and discussion 

Figure 1 shows the glow curves of LiF:Eu3+ exposed to different doses of beta radiation, 

for doses in the 0.16 – 21.3 Gy dose range. A heating rate of 5 °C/s was used. As can be 

observed, the TL intensity increases for increasing doses, and the maximum of the TL 

does not change with dose, which is a characteristic of first order kinetics TL processes. 

The form factor [11, 12] of the main peak is 0.413, close to 0.42, representative of first 

order kinetics TL peaks [10]. The small difference is due to the existence of less intense 

peaks located at temperatures lower than that of the main peak. The TL maximum is 

centered at 203 °C; for dosimetry, this temperature is considered that peak located 

between 200 and 250 °C are suitable for dosimetry, because they are very stable under 

standard conditions [3]. 

 Figure 2 shows the integrated TL as a function of dose, for doses in the range 

from 0.08 to 42.5 Gy range. It displays a close linear response in the investigated dose 

interval, with no indication of response saturation. Figure 3 shows the integrated TL as a 



IX International Symposium/XIX Nacional Meeting on Solid State Dosimetry 
Mexico city, Aug. 29th – Sept. 1st. 

 

 81

function of the time interval elapsed  between the irradiation and the corresponding TL 

readout. In all cases, samples were exposed to 2.6 Gy of beta radiation. The integrated 

TL fades fast into the first 10 min, after which it tend to remain constant. 

Photoluminescence measurements revealed an emission spectrum corresponding to the 

presence of the activator Eu3+.  

 The relative sensitivity of LiF:Eu3+ with respect to that of the TLD-100 

dosemeter, is 1/25 when exposed to 5.3 Gy, and close to 1/10 if exposed to 2.5 Gy. 

According with this, LiF:Eu3+ could exhibit a relative sensitivity of the order of the 

TLD-100 for lower doses. However, if the mass correction is not taken into account, the 

sensitivity of the LiF:Eu3+ pellet-shaped phosphor is 30 % of that of TLD-100. In 

practical use, the mass correction could not be important, because one read the light 

emitted by the phosphor, not the relative emission of light per unit mass. 

 The experimental data for the computerized glow curve deconvolution of the 

glow curve of LiF:Eu3+ were collected according to the McKeever method: a TL 

readout up to a specific temperature Tstop is followed by a new readout of the sample up 

to 400 oC in order to obtain the residual glow curve [3, 9, 10]. All the latter glow curves 

were those treated in the present work. Experimental TL data for the CGCD were 

collected using a 1 °C/s heating rate. The results arisen from these glow curves were i) 

the peak maximum temperature, Tm, of each glow peak, the activation energy E by 

applying the initial rise method to the initial temperature region of each residual glow 

curve, and iii) a computerized glow curve deconvolution (CGCD) procedure was 

applied to all residual glow curves. Taking into account the Tstop – Tm plots arising from 

the results of case i) above, the first order kinetics was used for the CGCD analysis. 

 The first order kinetics equation describing a single TL glow peak was the 

following [13]: 
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where Im and Tm, are the maximum glow peak intensity and temperatura respectively, 

EkT /2=∆ , 2 /m mkT E∆ = , E the activation energy, and T the absolute temperature. 

The curve fitting was performed using the MINUIT program [14], whereas the 

goodness of fit was tested by the Figure Of Merit (FOM), of Balian and Eddy [15]: 

∑
−

=
i

FitExper

A

YY
FOM , 

where Yexper is the experimental glow curve, Yfit is the fitted glow curve and A is the area 

of the fitted glow curve. 

 The levels from (a) to (g) in figure 4 corresponds to the positions of the glow 

peaks maxima as a function of the temperature Tstop. It is observed that all levels, except 

the levels (b) and (d) show an exceptional stability, which is characteristic of first order 

glow peaks. The levels (b) and (d) are, initially, stable and then shifts to higher 

temperatures. This behavior means that the glow peaks corresponding to these levels 

consist of more than one first order glow peak. This fact  was taken into consideration 

during the CGCD. So, instead of the seven levels (a to g) the CGCD was performed 

using nine  single glow peaks, who maxima, denote d by Tm, are show by the crosses in 

figure 4, and their respective number. Activation energy values were evaluated as a 

function of the Tstop by applying the initial rise method. Unfortunately, the application of 

the initial rise method was possible only up to Tstop = 500 K,  because above the 

intensity of the TL signal is very low. The activation energies of the high temperature 

glow peaks were evaluated by the CGCD analysis. 

 The CGCD analysis of the glow curves as a function of the Tstop temperature 

starts with the glow curves received after the highest Tstop. Once this glow curve is 
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analyzed, the parameters E and Tm obtained are used for the next CGCD analysis of 

glow curve corresponding to a lower Tstop value and so on. Four steps of this procedure 

are shown in figure 5. The analyzed glow curve (a) in figure 5 corresponds to a Tstop 

temperature of 520 K, which contains, clearly, only five higher temperature glow peaks 

and where the double nature of the level (d) in figure 4 is found. The next example, 

figure 5 (b), corresponds to a Tstop temperature of 500 K, where the intensity of the glow 

peak at 515 K is increased so that the highest glow peak seems to be negligible. In the 

example of figura 5 (c), corresponding to Tstop = 450 K, one can see all the glow peaks 

except that of the main glow peak. The main glow peak and its double nature (according 

to the level (b) in figure 4) is shown in figure 5 (d). 

| Using the parameters of E and Tm obtained from the previous series of the 

analyzed glow curves, a final CGCD was applied to the whole glow-curve. This is 

shown in figure 6. The vertical axis is in logarithmic scale in order to observe the 

goodness of the fit to the whole glow curve irrespective the very high differences in the 

TL intensity accros the glow curve. The peak maximum temperatures and activation 

energies are summarized in table 1. 

 

Conclusions 

In this work, we present the thermoluminescence characterization of pellet-shaped 

LiF:Eu3+ phosphors synthesized by sintering. Sintering is a versatile fabrication 

technique cheaper and easer than other available methods. The experimental results 

show that LiF:Eu3+ exhibits good enough thermoluminescence features, as to be 

considered for the development of detectors and dosemeters of beta radiation. As 

attractive characteristics, it can be noted the simple form of the whole TL curve, and a 

maximum intensity at 203 °C when beta irradiated samples are heated at a 5 °C/s 
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heating rate.  For low doses, the sensitivity is the same order than that of the TLD-100 

dosemeter. Computarized glow curve deconvolution reveals that the glow curve is 

composed of nine individual first order peaks. 

 

Acknowledgements 

The authors gratefully acknowledge the financial support  for this work from 

Universidad de Sonora, Grant PI 05/DCEN02. 

 

References 

[1] F. Daniels, C. A. Boyd, and D. F. Saunders, Science 117 343 (1953). 

[2] S. W. S. McKeever, M. Moscovitch, and Peter D. Townsend, 

Thermoluminescence dosimetry materials: properties and uses (Nuclear 

Technology Publishing, Ashford, 1995). 

[3] S. W. S. McKeever, Thermoluminescence of solids (Cambridge University Press, 

Oxford, 1985). 

[4] R. M. German, Sintering theory and practice (Wiley-Interscience, New York, 

1996). 

[5] R. Bernal, M. Barboza-Flores, C. Cruz-Vázquez, K. R. Alday-Samaniego, and F. 

Brown, Superficies y Vacío 13 24 (2001). 

[6] C. Cruz-Vázquez, R. Bernal, S. E. Burruel-Ibarra, H. Grijalva-Monteverde, M. 

Barboza-Flores, Opt. Mater. 27 1235 (2006). 

[7] R. Bernal, E. Cruz-Zaragoza, C. Cruz-Vázquez, S. E. Burruel-Ibarra, M. J. 

Rivera-Flores, and M. Barboza-Flores, Radiat. Prot. Dosim. Advanced Access 

Publisher May 15, 2006. 



IX International Symposium/XIX Nacional Meeting on Solid State Dosimetry 
Mexico city, Aug. 29th – Sept. 1st. 

 

 85

[8] J. I. Lee, J. L. Kim, S. Y. Chang, K. S. Chung, and H. S. Choe, Radiat. Prot. 

Dosim. 108 79 (2004). 

[9] C. Furetta, Handbook of thermoluminescence (World Scientific, Singapore, 2003). 

[10] C. Furetta, and P. S. Weng, Operational thermoluminescence dosimetry (World 

Scientific, Singapore, 1998). 

[11] R. Chen, J. Appl. Phys. 40 570 (1969). 

[12] R. Chen, J. Electrochem. Soc. 116 1254 (1969). 

[13] G. Kitis, J. M. Gomez Ros, and J. W. N. Tuyn, J. Phys. D: Appl. Phys. 31 2636 

(1998). 

[14] F. James, and M. Roos, MINUIT, CERN program library entry D506. 

[15] H. M. Balian, and N. W. Eddy, Nucl. Instrum. Methods 145 389 (1977). 

 

 

 

 

Figure captions 

Figure 1.   Thermoluminescence glow curves of LiF:Eu3+, exposed to beta radiation in 

the 0.16 – 21.3 Gy dose range. 

 

Figure 2.  Integrated thermoluminescence as a function of dose, of LiF:Eu3+ pellets, 

exposed to beta radiation in the 0.08 – 42 Gy dose range.  

 

Figure 3.  Integrated TL as a function of the time interval elapsed between the 

irradiation and the corresponding TL readout. 
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Figure 4. Position of peak maximum temperature arisen from the glow curves obtained 

as a function of Tstop. 

 

Figure 5.   Examples computerized glow curve deconvolution (CGCD) analysis of 

LiF:Eu3+ glow curve. Glow curve after Tstop at 520 K (a), 500 K (b), 450 K (c), and 420 

K (d). 

 

Figure 6. Glow curve of LiF:Eu3+ resolved into individual glow peaks by a CGCD 

analysis. 
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Fig. 4. 
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Figure 5.   García-Haro et al. 
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Fig. 6. 
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Table 1. Peak maximum temperatures and activation energies of the glow curve of 
LiF:Eu3+, as obtained from the CGCD analysis. 
 

Peak Tmax (K) E (eV) 
1 370.9±2 0.8±0.05 
2 429±1.6 1.05±0.13 
3 444±2 1.18±0.04 
4 472.3±1.5 1.356±0.11 
5 514.2±2 1.408±0.085
6 532.9±1.3 1.678±0.15 
7 569.5±2.6 1.562±0.15 
8 603.9±1.75 1.712±0.13 
9 640.2±4.4 1.55±0.11 

 
 


