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Abstract 

 
This paper reports the experimental results of studying the thermoluminescent 
(TL) properties of ZrO2 powder embedded in polytetrafluorethylene (PTFE) 
exposed to high energy electron beam from linear accelerators (LINAC). 
Structural and morphological characteristics were also reported. Irradiations were 
conducted using high energy electrons beams in the range from 2 to 18 MeV. 
Pellets of ZrO2 +PTFE were produced using polycrystalline powder grown by the 
precipitation method.  These pellets presented a TL glow curve exhibiting an 
intense glow peak centered at around 235°C. TL response as a function of high 
electron absorbed dose was linear in the range from 2 to 30 Gy. Repeatability 
determined by exposing a set of pellets repeatedly to the same electron absorbed 
dose was 0.5%. Fading along 30 days was about 5o%. Then, results obtained in 
this study suggest than ZrO2+PTFE pellets could be used for high energy electron 
beam dosimetry provided fading correction is accounted for. 

 
 
1.-  Introduction 
 
High electron beams from accelerators are widely used for irradiation in the various fields 
of basic researches, and industrial or medical applications [1]. In medical applications, 
mainly in radiation therapy, dosimetry must be well known to ensure that the prescribed 
absorbed dose is delivered to the target volume in the patient [2, 3]. High electron beam 
dosimetry is performed in order to determine absorbed doses supplied to patients submitted 
to therapy with high energy electrons [4, 5]. Therefore, absorbed dose is a quantity of 
fundamental interest, and may be specified in human body for any type of ionizing 
radiation.  
 
Traditionally, dosimetry in radiation therapy has been mainly restricted to personal 
dosimetry and local investigations, but also it has a broader application for instance by 
checking the quality of the used irradiation beams or environmental radiation dosimetry [6-
8].  In clinical practice, the main detectors used for dosimetry are ionizing chambers and 
semiconductors. Semiconductors diodes are routinely used for absorbed dose 
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measurements for clinical studies. These measurements make use of the advantages of 
semiconductors, such as ease of handling and the dose determination in real time [9, 10]. 
 
Thermoluminescent  (TL) dosimeters are widely used for radiation detection in the fields 
of environmental, industrial and personnel applications, just to mention a few. The theory 
of TL dosimetry and the abilities of different TL materials for using in several applications 
have been summarized in a number of publications [11-13]. The main advantages of TL 
dosimeters are [14, 15]: i) wide useful dose range, ii) small physical size, iii) reusability 
and therefore, iv) economy, v) no need for high voltage or cables and vi) some materials 
are tissue equivalent for most radiation types. These make TL dosimeters a useful tool for 
clinical dosimetry in radiation therapy mainly in high electron beam therapy.  
 
Thermoluminescent (TL) dosimetry application in radiotherapy is the dose evaluation in 
critical organs as well as measures in complex geometries. Thermoluminescent dosimeters 
(TLDs) have been used in radiation therapy to measure the entrance and exit doses in 
various tissues, without a significant change in the radiation therapy treatment [16-17].  
 
ZrO2 has found extensive applications in many important fields of interest, such as thermal 
barrier coatings, laser coatings and hard overcoats [18, 19]. They are also considered 
promising candidates to replace silicon dioxide as the gate dielectric in complementary 
metal oxide semiconductor technology. The attractiveness of ZrO2 is related to its different 
application as luminescent devices as described in recent works [20, 21]. The aim of the 
present work is to investigate the thermoluminescent properties of ZrO2 in order to 
estimate its applicability for high electron beam dosimetry. 
 
2.-  Experimental procedure 
 
Samples of ZrO2 powder were obtained by the precipitation method as reported in previous 
works [22-24]. Previous to the determination of dosimetric characteristics samples were 
submitted to thermal annealing treatment at 300°C during 10 minutes in order to erase any 
remaining information. After thermal treatment, structural characteristics were obtained 
using X-ray diffraction method. The irradiations were carried out using high energy 
electron beams (2 to 18 MeV). Dosimetric characteristics studied were: glow curve, 
sensitivity, linearity, repeatability and fading. Each experimental data point represents the 
average of at least ten measurements. To investigate the glow curve and other TL 
characteristics, ZrO2 samples were irradiated at a 100cGy electron absorbed dose from a 
medical purpose linear accelerator (LINAC). To investigate TL response of ZrO2 as a 
function of high energy electron irradiation a set of samples was exposed repeatedly 
varying the electron absorbed dose. Irradiations were performed in a Siemmens accelerator 
of a radiotherapy institution. The electron irradiations were performed by using the 
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composites kept in Lucite badges in order to guarantee electronic equilibrium conditions 
(EEC).  Field shaping for electron beams was obtained with electron cones.  All 
irradiations were carried out at room temperature (RT). To investigate TL response 
repeatability of ZrO2, a set of pellets were exposed repeatedly to the same electron 
absorbed dose. Fading characteristics were determined by exposing ZrO2 samples to 
electron beam radiation dose and storing them in the dark place at room temperature 
making readings at different time intervals after irradiation. 
 
After the desired exposure, TL glow curves were recorded using a Harshaw TLD reader 
(Model 3500) connected to a PC in order to record and process the data to be used in future 
analysis. The TL signal was integrated from room temperature up to 350°C using a heating 
rate of 2°C.s-1. All TL measurements were made in a nitrogen atmosphere in order to 
reduce the thermal noise resulting from the heating planchet of the TL reader.  
 
 
3.-  Results and discussion 
 
Crystalline characteristics of ZrO2 powder are shown in Figure 1. This figure shows the X 
ray diffraction patterns of ZrO2 powder obtained by the precipitation method and submitted 
to a sintering temperature at 1000°C for 12 h in air. This spectrum is in excellent 
agreement with that reported in other studies [24, 25]. Figure 2 shows a typical TL glow 
curve of ZrO2 exposed to high electron beam at an absorbed dose of 200 cGy. This glow 
curve exhibited a single and well defined peak centered at around 235ºC. The shape of the 
glow curve remains almost the same for different doses from 2 up to 30 Gy but the peak 
height changes as a function of absorbed dose. The TL response of ZrO2 to electron 
irradiations as a function of absorbed dose is plotted in Figure 3. This plot has a linear 
behavior in the dose range from 2 to 30 Gy. 
 
Samples to be used in radiation dosimetry should have a stable TL response and not to fade 
significantly upon storage after exposure. The fading of ZrO2 at RT was determined for 
periods that varied from 1 to 4 weeks. The ZrO2+PTFE pellets were previously irradiated 
at 200 cGy with electrons of 6 MeV, and then stored at RT making readings at different 
time intervals. Figure 4 shows that the fading of ZrO2 was 22.6% during the first day after 
irradiation. After this period, ZrO2 the fading was 52 % in the range 1 to 30 days. Thus, the 
ZrO2 pellets can be used in routine dosimetry taking into account the fading in the 
determination of absorbed dose.  
 
Reusability is another very powerful property that a phosphor should posses in order to be 
used in radiation dosimetry. If its sensitivity does not change significantly after several 
cycles of exposures and readout the phosphor is appropriate for dosimetry. So, after 
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submitting the ZrO2 phosphor to several such cycles of exposure-reading and registering its 
glow curve, no significant changes in the intensity of the 235°C glow peak were observed. 
Repeatability was ± 0.5% after 10 measurements. This characteristic can be observed in 
Figure 5. 
 
 
4. Conclusions 
 
Results obtained in this investigation proved the applicability of ZrO2 to measure absorbed 
doses delivered from radiation therapy high energy electron beams. The TL response ZrO2 

+ PTFE pellets irradiated with high energy electrons is very intense and the TL glow 
shows a very well defined peak centered in a temperature high enough to reduce fading 
problems. The results obtained during this work suggest that ZrO2+PTFE could be 
considered as a good candidate for high energy electron beam outputs dosimetry. 
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Figure 1.- X ray diffraction patterns of ZrO2 powder submitted at 1000ºC 
 

 
Figure 2.  Typical TL glow curve of ZrO2 pellets exposed 

      to high electron beam (200 cGy, 6 MeV) 
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Figure 3.  TL response of ZrO2 as a function of electron beams 

 
 

 
 

Figure 4.  Fading of TL response of Zro2 as a function of post-irradiation 
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Figure 5. Reproducibility of TL response of ZrO2 electron irradiated (6 MeV). 
 
 
 


