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Abstract: KGdF4 polycrystalline doped with the different concentration of Sm3+ ions were 

synthesized by hydrothermal technique. Thermoluminescence (TL) glow curves of samples were 

measured in the range from 50 oC to 400 oC after irradiating beta, neutron and X-ray radiations. 

The response of TL intensity to impurity concentration and neutron dose were studied in detail. 

The TL kinetic parameters such as activation energy (E) and frequency factor (s) were estimated 

by using the method of heating rate variation.  
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1. Introduction 

 In recent decades, the search of the new dosimeter materials is always an interesting research field 

for scientists. So far, thermoluminscence (TL) materials based on LiF, CaF2, Al2O3 and CaSO4 have 

been being used widely for the commercial dosimeter. However, there is always a strong demand in 

TL phosphors for the measurements of neutron dose in environment and the distinction of radiation 

field [1, 2]. In particular, the traditional TL materials have not responded well to these requirements 

yet [1-4]. Recently, KLnF4 and K2LnF5 (Ln = Gd or Y) crystals doped with trivalent rare earths (e.g. 

Ce3+, Tb3+, Tm3+ and Dy3+ ions) have been shown to be promising materials for detecting and 

discriminating different types of radiation fields [1,2, 5-9]. It is known that the thermal neutron 

absorption cross-sections of 155Gd and 157Gd isotopes are 255,000 b and 61,000 b, respectively [2]. 

These values are much higher than that of other lanthanides. Thus, the TL materials containing 

gadolinium can yield a high sensitivity with environment neutron [2, 10].  
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 In this work, the dependence of TL glow curves of KGdF4:Sm3+ polycrystalline on types of 

radiation (e.g. beta, neutron and X-ray) have been presented. The TL kinetic parameters and the dose 

response to thermal neutron of KGdF4:Sm3+ have been discussed in detail. To the best of my 

knowledge, this is the first study about the TL properties of KGdF4 material.   

2. Experiment 

 KGd1-xF4:xSm3+ (x = 0.25, 0.5, 1.0, 1.5 and 2.0 at.%) polycrystalline were fabricated by the 

hydrothermal method [6]. The initial chemicals were solutions of KF, Gd(NO3)3 and RE(NO3)3 and 

catalyst PEG. The mixture was poured into a 60 ml Teflon bottle held in a stainless steel autoclave and 

sealed. Temperature of mixture was raised to 450 K and kept stable for 72 hours, then cooled down to 

room temperature. The product was rinsed with ethanol and distilled water, finally dried in air at 350 

K for 24 hours. The phase structure and morphology of the products have been reported in our 

previous studies [6], in which KGdF4:Sm3+ polycrystalline crystallizes in hexagonal phase with the 

average particle size of about 30 nm.  

 All samples were irradiated β, n and X-ray radiations at room temperature from the 90Sr sources, 

Cyclone 30 System and Faxitron X-ray System, respectively. After being irradiated the ionizing 

radiations, the samples were stored in the sealed metal box for 1.5 hours. Then, the TL glow curve 

measurements of all samples in the range from 50 to 400 oC were carried out with the Harshaw-Bicron 

3500 TLD reader. 

 3. Results and Discussion 

 

 

Figure 1. TL glow curves of KGd1-xF4:xSm3+ (x = 0.25, 0.5, 1.0, 1.5 and 2.0 at %)  

polycrystalline after irradiating 25 mSv of β radiation. 

 The TL glow curves of KGd1-xF4:xSm3+ polycrystalline after irradiating 25 mSv of β radiation are 

presented in Figure 1. These measurements were carried out with a heating rate of 2.0 oC/s. The 

dependence of integrated TL intensity on the Sm3+ concentration is indicated in inset of Figure 1. It 

can be seen that at the beginning the total TL intensity increases with the increase of Sm3+ 

concentration and reaches the maximum value at 1.0 at%, then decreases. For the X-ray and neutron 
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radiation, the obtained results are the same as that of β radiation. For this reason, the KGdF4 sample 

doped with 1.0 at.% of Sm3+ ion (denoted by KGF1) would be used for the next investigations    

 

Figure 2. TL glow curves of KGd0.99F4:0.01Sm3+ sample following 5 mSv radiation  

dose of (a) beta, (b) neutron and (c) X-ray. 

 Figure 2 shows the TL glow curves with a heating rate of 2.0 oC/s for the KGd0.99F4:0.01Sm3+ 

sample following different radiations. For the β irradiated sample, the TL glow curve consists of three 

peaks at temperature around 100, 200 and 335 oC. Among of them, the peak at 200 oC has the 

strongest intensity. For the neutron radiation, the TL glow curve expresses a main peak at ~ 335 oC 

and a shoulder around 265 oC. In the TL glow curve measured after irradiating X-ray there is a strong 

peak at ~ 335 oC, a weaker peak at ~200 oC and a shoulder at temperature around 265 oC. 

 

Figure 3. TL glow curves of TLD100 dosimeter following different radiations. 

 As shown in Figure 2, the shape of TL glow curves depends strongly on the type of the radiation 

that was irradiated for the sample. This characteristic of KGdF4:Sm3+ polycrystalline is different from 

that of the TLD100 commercial dosimeter. For TLD100 dosimeter, the TL glow curves are the same 
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for all types of radiation that have been absorbed by the material (see Figure 3). From the obtained 

results, it can be found that KGdF4:Sm3+ polycrystalline has a high potential for development TL 

phosphors in order to identify radiation fields [1, 2]. 

 

Figure 4. The dependence of integrated TL intensity on neutron dose in the range from 0.05 to 25 mSv 

 To estimate the application ability of the KGdF4:Sm3+ material for measuring neutron doses in 

environment, the TL glow curve of KGdF1 sample was measured after it was irradiated neutron 

radiation with different doses. The results were compared with that of the neutron dosimeter TLD600. 

It is noted that a material can be used for dosimeter when its dose response is linear [1, 11, 12]. Figure 

4 exhibits the relationship between integrated TL signals and neutron dose for the KGdF1 sample and 

TLD600 dosimeter. Taking into account the correction for mass, it can be seen that the dose response 

in the range from 0.05 to 15 mSv of KGdF1 sample is linear and higher than that of TLD600. 

However, the relative sensitivity of KGdF4:Sm3+ seems to be lower than that of TLD600 for doses that 

are higher than 25 mSv. Beside the high sensitivity with the thermal neutron, the TL glow curve of 

KGdF4:Sm3+ also gives a simple structure (see Figure 2). For these reasons, KGdF4:Sm3+ 

polycrystalline can be a promising material for making environment neutron dosimeters. 

 

 Figure 5. The TL glow curves of KGdF1 sample after irradiating β 250 mSv with different heating rate. 
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 In order to have better knowledge of TL features of the KGdF4:Sm3+ polycrystalline, it is 

necessary to determine the kinetic parameters characterizing the trapping centers, namely the 

activation energy (E) and the frequency factor (s). These parameters for KGdF4:Sm3+ would be 

evaluated by using the method of various heating rates. To estimate the kinetic parameters for 

KGdF4:Sm3+, the TL glow curves are simulated by using the first order kinetic, then the relationship 

between the temperature at peak of TL glow curve (Tm) and the heating rate (β) is given by following 

formula [2, 12]: 
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where k is the Boltzmann constant. The kinetic parameters can be found by analyzing the graphical of 

plots 
2

mln( / )T   vs. 1/Tm. 

 Figure 5 presents a series of TL glow curves measured at heating rate of 1.0 oC, 2.0 oC, 4.0 oC, 8.0 
oC and 12.0 oC. It can be seen the TL peaks are shifted towards high temperatures with the increase of 

the heating rate. This result is the same as that of other studies [2, 9, 12]. 

 

Figure 5. The dependence of 
2

mln( / )T   on 1/Tm for KGdF1 sample. 

Table 1.The temperature at peaks (Tm),  activation energies (E) and frequency factor (s) for TL glow curve of 

KGd0.99F4:0.01Sm3+ polycrystalline following β radiation. 

Peaks Tm
oC at β = 2 oC/s E, eV s, s-1 

1 100 0.54 1.2×107 

2 200 1.04 3.2×109 

3 335 2.04 3.9×1012 

 Figure 6 shows the dependence of 
2

mln( / )T   on 1/Tm for three peaks of TL glow curve after 

irradiating β radiation. It can be seen that the plots for all peaks are the straight lines. The slope of 

lines gives the value of E/k, and the y-intercept of the lines at 1/Tm provides value of ln(E/sk). From 

these values, the activation energy (E) and frequency factor (s) have been evaluated and displayed in 

Table. 1. Usually, the value of activation energies can be obtained by the method of heating rate 

variation having a high reliability whereas the accuracy of frequency factor is rather low. In addition, 

the TL peaks do not obey exactly to the first order kinetic. This also leads to error in the analysis of 
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kinetic parameters. Therefore, one can only consider the orders of s parameters that are given in Table 

1.  

4. Conclusion 

For KGdF4:Sm3+ polycrystalline, the TL intensity is strongest at dopant concentration of 1.0 at.% 

Sm3+ ion for all ionizing radiations. The shape of TL glow curves depends strongly on kind of ionizing 

radiation on samples. The neutron dose response of TL intensity in the range from 0.5 to 15 mSV of 

KGdF4:Sm3+ is linear and better than TLD600. Thus, the KGdF4:Sm3+ material has a promising for 

discriminating the radiation fields and developing the thermal neutron dosimeter. Using the method of 

heating rate variation, the activation energies are found to be 0.54 eV, 1.04 eV and 2.04 eV; the 

frequency factor are 1.2×107 s-1, 3.2×109 s-1 and 3.9×1012 s-1 for peaks 100 oC, 200 oC and 335 oC, 

respectively.   
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