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ABSTRACT 

 

The thermoluminescent (TL) properties of undoped and Dy
3+ 

doped K2GdF5 crystals were investigated from the 

point of view of gamma and neutron dosimetry. Crystalline K2GdF5 platelets with thickness of about 1 mm and 

doped with 0.0, 0.2, 1.0, 5.0 and 10.0 at.% Dy
3+

 ions, synthesized under hydrothermal conditions, were 

irradiated in order to study TL sensitivity, as well as dose and energy response, reproducibility and fading. As it 

has been turned out, crystals doped with 5.0 at% Dy
3+

 show the most efficient TL response and demonstrate a 

linear response to doses for all the radiation fields. TL glow curves from Dy
3+ 

doped K2GdF5 crystals can be 

deconvoluted into four individual TL peaks centered at 153, 185, 216 and 234 
o
C. Concerning the photon fields 

studied, the maximum TL response has been found for the 52.5 keV photons. The intensity is 15 times more 

than that of the response for the 662 keV photons from a Cs-137 source. On the other hand, the K2GdF5 crystals 

doped with 5.0 at % Dy
3+

 have also been found to have the better TL response for fast neutron radiation, among 

all dopants studied. For fast neutron radiation produced by a 
241

Am-Be source, the TL responses for doses were 

also linear and comparable to that of commercial TLD-600, irradiated at same conditions. It has been 

established that the gamma sensitivity of the crystals is about 0.07% of the neutron sensitivity and the fast 

neutron sensitivity is about 4.5 % of the thermal neutron sensitivity. These results points out that 

K2Gd0.95Dy0.05F5 crystals are good candidates for use in neutron dosimetry applications. 
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1. INTRODUCTION 

 

The applications of thermoluminescent materials are object of extensive studies, especially 

for radiation dosimetry [1]. Materials such as LiF, CaSO4 and CaF2 doped with different 

impurities are broadly utilized in environmental monitoring, personal and clinical dosimetry 

[2]. 

 

Materials as K2YF5 crystals doped with rare earth ions (RE), e.g. Ce
3+

, Tb
3+

, Dy
3+

 or Tm
3+

, 

have been shown to be attractive TL materials for detection and discrimination of different 

types of radiation [3,4]. One of the reasons of this successful behavior is attributed to the 

capability of rare ions efficiently capture electrons and/or holes in this crystalline structure 

and simultaneously be recombination and luminescent centers [3,5].In this context, it should 

be also noted that in a previous work we have reported that K2YF5 crystals singly doped with 

10.0 at. % Tb
3+

and 1.0 at. % Dy
3+

 has high TL sensitivity to photon radiation fields, with 

energies in the range of gamma and X rays, respectively [6-8]. 

 

On the other hand, by taking into account that Tb
3+ 

doped K2GdF5 fluorides are effective 

photo and TL phosphors [4, 9] one can expect that K2GdF5 crystals doped with Dy
3+

 ions 

could be also efficient TL phosphors [5]. Also it should be noted that Gd has the highest 

thermal neutron cross section of any natural element, namely 49700 barns and accordingly 

gadolinium compounds are used as neutron scintillators and converters [9, 10].  However, 

there are no TL detectors based on gadolinium compounds in particular and by now no TL 

dosimetry material sensitive to fast neutrons has been developed in general. In other words, 

designing and testing new doped K2GdF5 fluorides could give some promising direction for 

developing TL detectors attractive for neutron dosimetry. 

 

2. EXPERIMENTAL PROCEDURE 

 

K2GdF5 single crystals doped with 0.2, 1.0, 5.0 and 10.0 at.% Dy
3+

 ions as well as undoped 

K2GdF5 crystals up to 1 cm
3
 in size were grown by a direct temperature-gradient method as a 

result of the reaction of potassium fluoride aqueous solutions with appropriate mixtures of 

99.99% pure rare earth oxides under hydrothermal conditions. Polished crystal platelets with 

thickness of about 1 mm were utilized for the TL measurements. In addition, unmounted 

LiF:Mg,Ti (TLD-100, TLD-600 and TLD-700) chips manufactured by the Harshaw-Bicron 

Chemical Company were used in order to check the delivered neutron and photon doses and 

to obtain the relative TL sensitivities of synthesized K2GdF5 crystals.  

 

The examined samples were exposed at room temperature (RT) to gamma rays with photon 

energy of 662 and 1250 keV from 
137

Cs and 
60

Co gamma sources, respectively, as well as to 

X-rays with effective energies of 33.3, 41.1 and 52.5 keV, the last two ones of which were 

the W60 and W80 spectra as defined by ISO 4037-1 series. Neutron irradiations were 

performed using an Am-Be source with an emission rate of 4.46x10
8
 n/s. The samples were 

placed in a 30x30x15 cm
3
 PMMA phantom, with a source-sample distance of 75 cm, as 

recommended by ISO 10647. The thermal neutrons were obtained using a paraffin absorber. 

The measurements of TL glow curves were performed with a Harshaw-Bicron 3500 TLD 
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reader operating with a linear temperature profile over the range from 50 up to 300 ºC in the 

resistive mode by using a heating rate of 10 
0
C/s and reading cycles of 35 s. Samples were 

annealed during secondary readings and the residual signal (reading 2 / reading 1) was 0.01 

%. The platelets were broken into minor chips and a group of tree chips were used in each 

irradiation. The samples were weighed and all data were normalized to sample mass. The 

software “Peak Fit” was used to perform the glow curve deconvolution with Gaussian lines.   

 

3. RESULTS AND DISCUSSION 

 

3.1. Gamma Response 

 

In order to obtain thermoluminescent output signals from K2GdF5 crystals doped with 0.2, 

1.0, 5.0 and 10.0 at.% Dy
3+

 ions as well as undoped K2GdF5, the samples have been exposed 

to 10.0 mGy of gamma radiation dose. Computing the total integrated TL output between 50 

and 300 
0
C, it has been established that the samples have nearly equal  sensitivities except for 

the fluoride containing 1.0 at.% Dy
3+

 [11]. The glow curve shape were quite similar to all 

composition. By taking into account that K2Gd0.95Dy0.05F5 show the maximum sensitivity, 

this composition has been investigated in some detail. These samples have been irradiated 

with gamma doses ranging from 0.1 to 200 mGy in order to evaluate the stability of the TL 

peaks and their linearity as a function of the delivered dose. The analysis shows that the glow 

curve has apparently two peaks centered at 185 and 230°C which after peak fitting with 

Gaussian lines can be resolved into four peaks, with a satisfactory adjustment for all the 

doses, as show in Fig. 1. 
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Figure 1. Deconvolution of the TL glow curves of K2Gd0.95Dy0.05F5 after 

exposing to 10 mGy of gamma radiation. The temperatures of the TL 

peaks are 153.1, 185.3 and 216.1 
o
C. 
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By taking into account that the dose response function can be fitted as ITL = k
.
D, where ITL is 

the TL output intensity, D the delivered gamma dose and k is a linear constant, the data of the 

linear fitting for K2Gd0.95Dy0.05F5 give us k equal to 3.035 nC/mGy. Additional tests have 

been also performed in order to determine the lower limit of detection as well as the 

reproducibility and fading of the TL output signal.  The lower limit of detection has been 

found to be similar to that of  LiF-100, i.e. between 0.01 and 0.1 mGy. The TL output of the 

measurements is within 4% and fading is less than 10% for a 6-month storage period. 

 

                             

3.2. X-ray response 

 

The energy dependence of the TL response is an important property of TL materials from the 

viewpoint of their application in dosimetry. TL responses for K2Gd0.95Dy0.05F5 have been 

measured at effective energies of 33.3, 41.1 and 52.5 keV. The maximum sensibility is 

detected for X ray effective energy of 52.5 keV and the relative response of K2Gd0.95Dy0.05F5 

at this energy is 15 times more than that for the 662.0 keV energy.  

The investigation of the TL responses for radiation fields within the 33.3 to 1250 keV range 

of photon energies has demonstrated that K2Gd0.95Dy0.05F5 crystals are attractive TL materials 

for utilization in personal and environmental dosimetry. On the other hand, the results 

published in [3-8] and obtained within this research for photon radiation fields indicates that 

the K2LnF5 crystals, where Ln is yttrium or gadolinium, singly and doubly doped with 

optically active rare earth ions such as Ce
3+

, Tb
3+

, Dy
3+

 or Tm
3+

, are an extensive series of TL 

materials with great potential for application in thermoluminescent dosimetry.  

 

3.3. Neutron response 

 

A preliminary test of undoped and Dy
3+ 

doped K2GdF5 crystals has been performed from the 

viewpoint of their TL sensitivity to fast and thermal neutron beams originated from an Am-

Be source.  Also their relative TL outputs after irradiation in gamma and neutron fields have 

been evaluated.  

 

Table 1. Integrated TL output signals from K2GdF5:Dy
3+

 crystals exposed to 10 mSv fast 

neutron doses 

 

Dope of Dy
3+

 

(at.%) 

0.0 0.2 1.0 5.0 10.0 

TL output 

(arb. units) 

228.9 190.9 32.1 464.6 70.0 

 

The TL outputs of  K2GdF5:Dy
3+

 crystals exposed to 10 mSv fast neutron doses are presented 

in Table 1.  As in the case of gamma irradiation, the maximum TL output is observed for 

K2Gd0.95Dy0.05F5 and the TL glow curve of this composition after irradiation with a nominal 

fast neutron dose of 3.0 mSv is shown in Fig. 2. By taking into account that the neutron 

capture cross section for gadolinium strongly depends on the neutron energy [12], one can 
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expect that the TL output of K2Gd0.95Dy0.05F5 irradiated with thermal neutrons could be 

considerably stronger than that after fast neutron irradiation. In Fig. 2 the TL glow curve of 

K2Gd0.95Dy0.05F5 irradiated with a thermal neutron dose of 3.0 mSv is contrasted with fast 

neutron irradiated sample. As one can see, the TL response of K2Gd0.95Dy0.05F5 to thermal 

neutrons is extremely higher than that to fast neutrons and the TL glow curves have different 

shapes.  The change of the TL glow curve shape seems to be caused by the 234.4 °C glow 

peak (Figure 1) which is absent in the TL glow curve from K2Gd0.95Dy0.05F5 irradiated in the 

fast neutron field. In order to establish the mechanism of this effect, some extra investigation 

is required.  
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Figure 2. TL glow curves for K2Gd0.95Dy0.05F5 irradiated with the 3.0 

mSv doses in the thermal neutron (black line, left axis) and the fast 

neutron (dot line, right axis) fields. 

 

It should be noted that one of the main requirements for a dosimeter used for detecting mixed 

neutron-gamma fields is its capability for discriminating between their neutron and gamma 

components. In this context a comparison between the TL outputs for gamma and thermal 

neutron components from an Am-Be source, which have been detected by K2Gd0.95Dy0.05F5 

irradiated to a 3 mSv dose, are shown in Fig. 3. The gamma contribution during the 

irradiation process has been measured with TLD-700 unmounted ships. The gamma 

calibration curves for TLD-700 as well as for TLD-600 and K2Gd0.95Dy0.05F5 are shown in 

the inset of Fig. 3. Using these calibrations curves, the gamma component in the 

K2Gd0.95Dy0.05F5 glow curve has been estimated (Figure 3, in red). Taking into account these 

estimations, it has been found that only 0.07% of the total glow curve presented in Fig. 3 is 

due to gamma radiation. This is almost similar to the value measured for TLD-600 irradiated 

at the same conditions, namely 0.02%. Also, the fast neutron sensitivity is about 4.5 % of the 

thermal neutron sensitivity. 
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Figure 3. The glow curve for K2Gd0.95Dy0.05F5 irradiated with Am-Be 

thermal neutrons to a 3.0 mSv dose (black line, left axis). The gamma 

contribution to the glow curve evaluated with TLD-700 is illustrated with 

an additional curve (red line, right axis). The TL outputs versus a 

delivered gamma dose for TLD-600, TLD-700 and K2Gd0.95Dy0.05F5 are 

shown in the inset. 

 

Relative values of the TL outputs for TLD-600, TLD-700 and K2Gd0.95Dy0.05F5 exposed to 

the same dose of gamma photons as well as fast and thermal neutrons are summarized in 

Table 2. These data show that, in spite of the similarity between TLD-600 and 

K2Gd0.95Dy0.05F5 from the viewpoint of the thermal neutron-gamma discrimination, the 

response to thermal neutron for the latter is about 18 times lesser than that for TLD-600. The 

TL outputs with respect to delivered doses for fast and thermal neutrons have been checked 

and these dependences are linear as in the case of gamma irradiation. 

 

 

Table 2. TL outputs for TLD-600, TLD-700 and K2Gd0.95Dy0.05F5 irradiated 

at the same conditions with gamma photons as well as fast and thermal 

neutrons. 

 

TL output (arb. units) 

Radiation field K2Gd0.95Dy0.05F5 TLD-600 TLD-700 

Gamma 11.1 56.4 46.0 

Fast neutron 707.1 130.0 54.0 

Thermal neutron 15700.0 296000.0 5.0 
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Thus the first measurements on the K2GdF5 crystals doped with Dy
3+

 have showed their 

promising TL properties for detecting neutrons in general and separating dose components in 

mixed gamma-neutron radiation fields in particular. Also there is a potential for improving 

the TL properties of dosimetric materials based on K2GdF5 singly and doubly doped with 

different rare earth ions once the above data arise from a preliminary study whereas several 

technical methods normally used elsewhere for enhancing the TL outputs, as for instances 

sensitization methods, have not been explored yet. It means that there is a real potential of 

increasing their TL sensitivity of K2Gd0.95Dy0.05F5 to neutron and photons fields.  

 

3. CONCLUSIONS  

 

Thermoluminescence responses of undoped and Dy
3+ 

doped K2GdF5 crystals synthesized 

under hydrothermal conditions to X, gamma and neutron radiation fields have been 

investigated. K2Gd0.95Dy0.05F5 crystals have been discovered to have high TL sensitivities to 

photon radiation fields and to show TL glow curves that can be resolved into four individual 

TL peaks centered at 153, 185, 216 and 234 
o
C. For radiation doses ranging from 0.1 to 200 

mGy, the TL output from K2Gd0.95Dy0.05F5 has a linear behavior and fading has been found 

to be less than 10% in a 6-month period. For K2Gd0.95Dy0.05F5 a maximum TL output is 

observed for photons with the energy of 52.5 keV and this TL response is about 15 times 

larger than that for photons from a Cs-137 source. The fast and thermal neutron sensitivities 

have been evaluated for K2Gd0.95Dy0.05F5 and the contribution of the gamma component in 

the TL glow curve from K2Gd0.95Dy0.05F5 irradiated with thermal neutrons from an Am-Be 

source has been established. It has been found that only about 0.07% of the total glow curve 

is due to gamma radiation and this is almost similar to the value measured for TLD-600. The 

results indicate that there is a real potential of increasing the TL sensitivity of 

K2Gd0.95Dy0.05F5 to neutron and photons fields, leading to applications in the field of neutron 

dosimetry. 
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