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ABSTRACT 
 
Ceramic materials are widely used as sensors for ionizing radiation. In nuclear applications, the alpha-alumina 
doped with carbon (α-Al2O3:C) is the most widely ceramic used because of its excellent optically stimulated 
luminescence (OSL) and thermoluminescent (TL) properties applied to detection of ionizing radiation. Another 
application of OSL and TL materials are in Digital Radiography, with ceramic/polymeric film composites. 
Recently, Computed Radiography (CR) devices based on OSL materials are replacing the old conventional film 
radiography. In this study we investigate the thermoluminescence of nano-sized α-Al 2O3 samples doped with 
different percentages of carbon, sintered in reducing atmospheres at temperatures ranging from 1300 to 1750°C. 
The results indicate that the nano-sized α-Al 2O3:C materials have a luminescent response that could be due to 
both OSL and RPL properties, but without application to radiation dosimetry. Moreover, the results indicate that 
micro-sized α-Al 2O3:C, doped with 0.5% carbon, and nano-sized ones doped with 2% of carbon, present 
thermoluminescent signal around 30 to 100 times the TL output signal of commercial TLD-100, the most used 
TL dosimeter in the world. The results indicate that these ceramic nano-particles have great potential for use in 
Digital Radiography based on thermoluminescent film imaging, being able to provide image resolutions much 
higher than the micro-sized α-Al 2O3:C, in view of their improved resolution provided by nano-particulates. 
 
 

1. INTRODUCTION 
 
Phosphorescent materials are widely used in ionizing radiation dosimetry. Among the 
thermoluminescent (TL) materials which belongs to this class we can cite the fluorides LiF 
and CaF2 doped with rare earths. They are commercially available and widely used in 
environmental monitoring, personal and clinical dosimetry [1,2]. Recently, K2YF5 crystals 
doped with Tb3+ and Dy3+ were reported to be very efficient in detecting different radiation 
qualities, with TL outputs 10 to 30 times higher than LiF:Mg,Ti [3,4]. Since 1950 much 
research has been performed on the thermoluminescence of alumina (Al2O3) with different 
dopants[5]. However, it was only in the year of 1990 that Akselrod et al. have discovered that 
the doping with carbon by sintering under reducing atmosphere could produce high TL 
response for alpha-alumina. The TL output was approximately 50 times greater than LiF-100, 
with good dosimetric properties [6]. These materials are used in applications such 
as environmental monitoring [7]. Recent studies show that TL and optically stimulated (OSL) 
phosphors are strong candidates for use in digital radiography. In fact, the current X ray 
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devices used in the radiodiagnostic field are based on highly sensitive OSL materials. In the 
case of TL materials, the thermoluminescent digital imaging is still in development. In this 
application, high sensitive TL materials are incorporated into a polymer matrix made of 
blends of poly (vinylidene fluoride)/poly (methyl methacrylate). One of the major problems 
reported is the low resolution image caused by the grain size, usually in the range of micro- 
metric dimensions [8]. 
 
A possible alternative to solve this problem may be related to the recent advances in 
nanotechnology, in which the size of microparticles can be reduced by a factor of 103, 
reducing the grain size and improving the image resolution [9,10]. The recent technological 
advances have provided new physical and chemical methods for the production of nano-
particles in the form of ceramic rods. Also, recent studies reveal that the particle size has a 
profound effect in the radio-induced luminescence of certain materials on both aspects, the 
thermally stimulated and optically stimulated luminescence [11,12]. Thus, in this paper we 
will investigate the TL and OSL responses for nano and micro sized carbon doped alumina, 
sintered under reducing atmospheres, for gamma radiation fields. 
 
 

2. EXPERIMENTAL PROCEDURE 
 
The α-Al 2O3 nano particles were supplied by Nanum Nanotecnologia S.A. with size ranging 
from 80 to 100 nm. The γ-Al 2O3 micro particles were supplied by Alfa Aesar with size around 
50 µm and transformed to α-phase by annealing at 1300 °C during 2 hs in a tubular furnace. 
Measurements of X-ray diffraction were used to confirm this change. We used a Rigaku 
diffractometer, model D\ MAX LAST automatic, with θ-θ goniometer and X-ray tube with 
copper. After the transition they were doped with different percentages of carbon and sintered 
in different conditions with temperatures ranging from 1300 °C and 1750 °C. By this process 
we have produced micro and nano-sized particulates of α-Al 2O3:C. The samples were 
sintered under controlled temperature and reducing atmosphere. All samples were irradiated 
with gamma radiation by exposing them to a Cs-137 source, for characterization of the radio-
induced luminescent signal. The TL signal measurements were carried out in a Harshaw-
Bicron 3500 reader with a heating rate of 10 °C/s and maximum temperature of 330 °C. The 
photoluminescence measurements were performed on spectrometer Ocean Optics USB2000 
Mod. The samples were excited with a 405 nm LASER manufactured by Laserline. 
 
 

3. RESULTS AND DISCUSSION 

The starting materials available for this study were samples of pure micro-sized alumina, in 
the crystalline gamma phase, and nano-particles in the crystalline alpha phase. The alumina 
described in the literature as having great photoluminescent and thermoluminescent signals 
are the carbon doped ones, in the crystalline alpha phase. Therefore, the micro- alumina had 
to go through a calcination process at 1300 ° C in order to change its crystalline phase from 
gamma to alpha phase. The crystal structure of both micro and nano alpha-alumina were 
confirmed by X-ray diffraction. Fig.1 shows the spectrum of γ-alumina before the calcination 
process. In the inset of Fig.1 it is shown the same material after calcination. We can observe 
that the crystalline structure is now alpha-phase. We also can see that the crystalline Bragg 
reflections are well defined, with narrow peaks, indicating a higher crystalline order after 
calcination. 
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Figure 1. A) X-ray diffractogram for micro-
alumina in the gamma phase, prior to calcination. 
In the inset it is shown the X-ray diffractogram for 
the same material after calcination, in the alpha 
phase. 

 

A test was performed to verify the optically stimulated luminescence response of alumina 
doped with carbon nanoparticulated. The samples were irradiated with doses of 2.0 and 30.0 
Gy. The optical excitation was done with a LASER centered at 405 nm. As it can be seen, in 
Figure 2 there are two luminescent emission peaks, in 511nm and 694nm, respectively. The 
virgin sample did not show any photoluminescent emission while the irradiated ones have 
shown the same luminescent intensity for increasing doses. This detail indicates that the 
luminescence observed is probably due to OSL or radiophotoluminescence (RPL), which 
occur just in irradiated materials, and that it is not appropriated for dosimetric purposes.  
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Figure 2. Optical emission of alumina nano-
particles, doped with 2% carbon, excited by an 
LASER centered at 405 nm.  

 

Figure 3 shows a comparison among TL responses nano-alumina doped with 2% carbon, 
micro-alumina doped with 0.5% carbon and LiF:Mg,Ti (TLD-100), irradiated with 10 mGy 
of gamma radiation . It is reported in literature that Al2O3: C shows several TL emission 
peaks which are activated or not according to the experimental conditions under its 
processing as for instances the heat treatment [13]. For the materials used in this investigation 
we have observed a peak centered at 240oC for micro alumina samples and a more intense 
main peak centered at 278oC for nano-sized samples. The TLD-100 dosimeter is the most 
widely used commercial TL in the world, with high TL sensitivity. It is observed that the 
thermoluminescent response for nano-alumina show an excellent TL output when compared 
with the TL responses of the two other materials. Its TL output is about 90 times the response 
of TLD-100. The response of micro-alumina is also higher than that of TLD-100, around 40 
times higher. However, this sensitivity is smaller than that reported in literature [6]. The 
results obtained here are very promising, though they still require several additional tests such 
as reproducibility, dose linearity, energy dependence, fading, moisture and other influences. 
The high TL response of alumina nano-sized particulates is of particular interest to the 
development of thermoluminescent films composed of a polymer matrix impregnated with 
alumina, for application in digital radiography. The nano-metric dimensions are capable to 
provide image resolution much higher than the TL films made with micro-particulate 
materials [7]. 
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Figure 3.  Signal comparison between the 
thermoluminescent alumina micro and nano 
particulate and TLD-100. 

 
 

4. CONCLUSIONS  
 

The luminescence of alumina doped with carbon was investigated for the purpose of use in 
digital films. The results indicate that the nano-alumina have a luminescent response that can 
be both OSL and RPL, but not appropriated for radiation dosimetry. On the other hand, the 
results indicate that micro-alumina doped with 0.5% carbon and nano-alumina doped with 
2% of carbon present TL output signals 30 to 100 times the signal of TLD-100, the TL 
dosimeter most used in the world. The results indicate that these ceramic nano-particulates 
have great potential for use in Thermoluminescent Digital Radiography, being able to provide 
image resolution much higher than the micro-sized alumina 
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