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Abstract 
 

New materials have been widely investigated for ionizing radiation dosimetry for 

medical procedures. Carbon-doped doped alumina (Al2O3:C) have been proposed as 

thermoluminescent and photoluminescent dosimeters. In the present study nano and 

micro-sized alumina doped with different percentages of carbon, sintered under different 

atmosphere conditions, at temperatures ranging from 1300 °C to 1750 °C, were sintered 

and their dosimetric characteristics for gamma fields were investigated. Among the 

investigated sample preparation methods, the micro-sized alumina doped with 0.01% of 

carbon and sintered at 1700°C under reducing atmosphere has presented the best TL 

output, comparable to the best TL sensitivities ever reported to alumina and better 

efficiency than the nano-sized alumina synthesized in this study. The influence of 

humidity in the TL signal has been evaluated to be -4,0%. The micro-sized alumina 

obtained by the methodology used in this work is a suitable candidate for application in 

X and Gamma radiation dosimetry. 
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1.- INTRODUCTION 

Phosphorescent materials are widely used in external dosimetry [Weinstein et al., 2008 ; 

Squair et al., 2005; Akselrod et al., 2007]. In this context, Al2O3 crystals doped with carbon 

have been considered excellent materials for ionizing radiation dosimetric purposes, in view 

of their thermoluminescent (TL) and photoluminescent (OSL) properties [Akselrod et al., 

2007; Marckmann et al., 2006]. The adopted synthesis method of these aluminas is important 

to discover the degree and way of doping as carbon in order to improve the dosimeter 

phosphorescent properties. 

 

In this work, results of the dosimetric characterization of thermoluminescent micro and 

nanoparticles of α-Al2O3:C crystals, sintered under controlled atmosphere and temperature 

conditions were reported. The start materials were commercial pure nano-sized α-Al2O3 and 

micro-sized gamma-Al2O3. 

 

2.- MATERIALS AND METHODS 

 

In the synthesis, were used the microparticulate alumina, with 99.999% purity, in the gamma 

phase, with an average size of 110 µm of the grains, from the manufacturer Alfa Aesar, and 

the nanoparticulate alumina, with 99% purity, in the alpha phase, with size average of 80-100 

nm of grains, from the manufacturer Nanum Nanotecnologia. The dopant material used was 

the manufacturer's high purity carbon, presented as graphite.  

 

2.1.- Syntheses  

The alumina in the gamma phase was thermally treated to change its crystalline phase to the 

alpha phase, in order to have greater thermodynamic stability.  The graphite was subsequently 

thinned in the laboratory to be mechanically homogenized with the alumina powder. 

In the sample preparation process, the micro-sized material was annealed in order to induce a 

phase transition to the alpha phase. After this, both nano and micro-sized material in alpha 
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crystalline phase were doped with different percentages of carbon, sintered under different 

atmosphere conditions, at temperatures ranging from 1300°C to 1750°C, Fig. 1.  

 

Figure 1.- Method of sintering under reducing atmosphere at 1700º C. 

 

2.1.- Dosimetry   

All the produced samples were gamma irradiated with a Cs-137 source, for TL output 

characterization purposes. Among the investigated samples, those micro-sized and prepared 

under strongly reducing atmosphere conditions have presented the best TL output. 

 

The photoluminescent signals emitted were analyzed by a spectrometer in the range of 190 to 

900 nm, after excitation of the samples with monochromatic light, obtained from a system of 

deuterium and tungsten lamps coupled to a monochromator, in the range of 250nm to 700nm. 

The thermoluminescent signals were recorded by a Thermoluminescent Reader, heating the 

samples from 25 to 330 °C, with heating rates ranging from 1.0 °C.s
-1

 to 10 °C.s
-1

. 

 

3.- RESULTS  

 

In th investigation of thermoluminescent properties (TL), the linearization study was 

presented to the nanoparticulate alumina doped with 0.05% of Carbon, Fig. 2, and to the 

microparticulate alumina doped with 0.05% of Carbon, Fig. 3. These samples were irradiated 

with several doses at the source of 
137

Cs . The pre-irradiation heat treatment was 400 ºC for 
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one hour. The masses were normalized. How can it be observed, there is no linearity in the TL 

response of the nanoparticulate sample, as opposed to the microparticulate. For this reason, a 

larger dose study was performed for microparticulate alumina. 

 

 

Figure 2.- Linearization study of TL response of nanoparticulate alumina 

 

 

Figure 3.- Linearization study of TL response of microparticulate alumina 

 

The Fading studies indicate that when the irradiated samples are stored under visible light the 

loss of signal is about 96% and, when stored in the dark, there is an increase in the TL signal 
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that can reach until 40%.  The influence of humidity in the TL signal has been evaluated to be 

-4.0% for low humidity conditions and insignificant for high humidity conditions.  The 

investigation of the energy dependence has revealed that the TL response for photons with 

effective energy of 48keV is 3.0 times the relative response for gamma photons.  

 

 

4.- DISCUSSIONS 

Both nanoparticulate aluminas and microparticles showed no significant photoluminescent 

signal (OSL) for any of the doping and sintering temperatures studied. On the other hand, the 

investigation of thermoluminescent properties (TL) revealed that nano particulate aluminas 

present a TL signal well below those reported in the literature. However, the microparticulate 

aluminas presented an excellent sensitivity TL, comparable to the best sensitivity already 

reported to date.  

 

The microparticulate alumina doped with 0.01% of Carbon and sintered at 1700ºC in reducing 

atmosphere presented TL signal about 50 times the response of LiF:Mg,Ti, irradiated at the 

same conditions, with a delivered dose of 10 mGy. On the other hand, the nano-sized samples 

have shown an output TL signal just 30 times smaller. The TL output has a linear behavior 

with different exposed gamma doses, with correlation coefficient very close to one (0.99999).  

 

 

5.- CONCLUSIONS 

 

Among the methods of preparation of samples investigated, the microparticulate alumina 

doped with 0.01% of Carbon and sintered at 1700ºC in reducing atmosphere presented the 

best thermoluminescent response. These dosimetric characteristics show that the micro-sized 

alumina obtained by the methodology used in this work is a good candidate for application in 

X and Gamma radiation dosimetry. 
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