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ABSTRACT

Thermoluminescent (TL) materials are mainly used in personal and environmental dosimetry. In addition to 
these applications, their use as the sensor element in the manufacturing of digital radiographic films has been 
investigated. Particularly, there is an interest concerned to the influence of the particle size in the TL response 
and in the resolution of the digital imaging. Aluminum oxide, or alumina, is a mineral found in the ruby or 
sapphire form, and may be synthetically produced in the alpha or gamma crystalline phase. Since the 50s, these 
materials have been studied in their diverse forms and phases. Particularly, the microsized a-Al20 3:C is 
considered one of the best TL dosimeter ever produced in the word. In this work, nanosized alumina particulates 
in the alpha phase, sintered at different temperatures and doped with different concentrations of carbon, were 
investigated aiming application in industrial radiography and medical diagnosis. The mixture of the oxide 
powder with the carbon source was pressed and sintered at temperatures of 1740 °C and 1745 °C, under 
reducing atmosphere. For doping purposes we have used two sources of carbon, graphite and high purity 
polyvinyl acetate (PVA), respectively. During the sintering process, intentional inclusion of oxygen vacancies 
into the oxide crystal lattice is performed, allowing the inclusion of carbon atoms into the crystal lattice. Among 
the samples studied, the nanosized alumina doped with 0.01 at.% of carbon and sintered at 1745 °C has shown 
an excellent thermoluminescent response, with sensitivity higher than that of LiF: Mg, Ti (TLD-100), when 
irradiated under similar conditions. This is an excellent result, since the material with nanosized particles offers 
the best features for radiographic image. Thus, it is concluded that the a-Al20 3 doped with 0.01 at.% of carbon 
is a good candidate for use in TL films for application in digital radiography.

1. INTRODUCTION

Thermoluminescent materials are widely used for personal and environmental dosimetry 
[1,2]. Among the main thermoluminescent materials (TL) we can cite the fluorides LiF and 
CaF2 doped with rare earths. Recently, K2YF5 crystals doped with Tb mid Dy 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 properties of alumina (AI2O3) with different dopants [5]. However, it 
was only in the year of 1990 that Akselrod et al. discovered that the doping with carbon by
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sintering under reducing atmosphere could produce high TL response for alpha-alumina. The 
TL output was reported to be approximately 50 times greater than LiF-100, with good 
dosimetric properties [6].

Recent studies have shown that TL and optically stimulated (OSL) phosphors are strong 
candidates for use in digital radiography. In fact, the current X-rays radiographic devices, i.e. 
Computed Radiography (CR), is 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 metracrylate). The major problems reported in TL films 
are the higher doses need to obtain the digital image and their poor resolution, when 
compared to the images obtained from OSL materials [7].

A possible alternative to solve the poor resolution problem may be related to recent advances 
in nanotechnology, in which the size of microparticles can be reduced by a factor of 1000, 
reducing the grain size and improving the TL image resolution [8,9]. The recent technological 
advances have provided new physical mid chemical methods for the production of nano
particles in the form of ceramic rods. Also, they 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 [10,11]. Thus, in this paper we will 
investigate the TL response of nanosized polycrystalline alumina, doped with different 
concentrations of carbon atoms, for gamma radiation fields.

2. EXPERIMENTAL PROCEDURE

Commercially available pure nano sized (X-AI2O3 was purchased from Nanum Nanotecnologia 
with particles size in the range of 80-100 nm. We tested two different carbon sources, 
graphite and polyvinyl alcohol [(C(C4IL02)n FLCXjn (PVA)] at different concentrations of 0.01, 
0.05, 0.1 mid 1.0 at.%, respectively. The mixture of (X-AI2O3 oxide powder and different 
amounts of carbon were sintered at temperatures of 1740 °C and 1745 °C, under reducing 
atmosphere. The morphology of the sintered alumina samples was analyzed using the 
scanning electron microscope (SEM). The image analyzer Quantikov [12], 2012 version, was 
used to calculate the average grain size of alumina after sintering. All samples were irradiated 
with a Cs-137 source. The TL signal measurements were carried out in a Harshaw-Bicron 
4500 reader with a heating rate of 25°C/s and maximum temperature of 300 °C.

3. RESULTS AND DISCUSSION

In order to check the main TL properties of carbon doped nanosized (X-AI2O3 such as glow 
peak temperature structure, linearity of the TL x dose response function and reproducibility, 
alumina samples were produced with carbon concentrations of 0.01, 0.05, 0.10 mid 1.00 at.%, 
respectively. These samples were subjected to doses of 0.1, 0.5, 1.0, 5.0 and 10 mGy and the 
TL readings were taken soon after the irradiation process. It was possible to observe that both 
the doped samples as the undoped presented good results.

For all doses, the samples doped with 0.01 at.% of carbon atoms, from both carbon sources 
(PVA and graphite), have showed the best TL signal outputs, for the dose range investigated.
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However, as seen in Figure 1, the sample doped with 0.01 at.% of carbon arising from the 
graphite have the better characteristics for application in TL dosimetry and also in TL digital 
radiography purposes, since it has practically only active one TL glow peak around 280 °C. 
This TL peak has a little asymmetry towards high temperature, probably due to a very small 
TLpeak around 300 °C. In fact, one of the major characteristics of good TL materials is the 
existence of a single emission curve, facilitating the dosimetric analysis protocol. For 
application in digital radiography it is also interesting, allowing the image collection in 
shorter heating time. Moreover, computing the total integrated TL output between 50 and 
300 °C, we can observe that the sample doped with graphitic carbon atoms has a higher TL 
signal, five times higher than the TL output for the well known TLD-100, irradiated at the 
same conditions.
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Figure 1 - TL glow curves for alpha-alumina doped with 0.01 at.% carbon (from graphite and 
PVA sources), sintered at 1700 ° C and irradiated with 5 mGy.

We may now investigate the morphology behavior of nanosized alumina, after the sintering 
process. It is well known that thermal annealing at high temperatures produces an increase in 
the size of crystalline grains. Also, the TL output has a tendency to increase grain dimensions. 
We remark that, for application in digital radiography, the TL material should have the 
smaller grain dimension as possible in order to improve the image resolution. This is due to 
the presence of defective crystalline grain boundary that put some limitation to the heat- 
released electron displacement towards neighbor nanograins or nanoparticles. In other words, 
there is an optimal relationship between grain size and TL output that may produce the best 
resolution for the TL digital imaging.

The sample morphology of the sintered alumina nanoparticles was analyzed using scanning 
electron microscopy (SEM). The microscopic image showing the nanosized a-alumina 
sintered under reducing atmospheres is shown the left of Figure 2. With the aid of an image 
analyzer Quantikov, we have estimated the grain average size to be 5.7 pm, with maximum 
values of 14.8 pm and minimum ones of 0.1 pm. The histogram related to the grain size 
distribution is illustrated on the right of Figure 2. The crystallites dimension estimated from 
XRD data using the Scherrer Equation is 19.3 nm. Taking into account that the starting
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nanosized particles have dimensions in the 80-100 nm range, therefore having a few 
crystallites or nanograins inside them, we can speculate that the individual structures seen in 
Fig. 2 must represent nanoparticles aggregation rather than individual grains. In this context, 
the starting nanosized (X-AI2O3 material would preserve their dimension range after the 
sintering process. Thus, we conclude that the doping of nanosized (X-AI2O3 crystals with 0.01 
at.% of graphitic carbon through sinterization under reducing atmosphere produces a TL 
material with high potential to be used in radiation dosimetry and also in digital imaging 
applications.

Lengths (̂ m)

Figure 2 -  SEM image of nanosized (X -A I2O 3 sintered under reducing atmospheres with 
increase of lOOOx. Diffractometer Jeol JSM5310 (Left). The right, histogram of the size 
distribution of grains in an area of nearly 9 mm .

3. CONCLUSIONS

In this work, nanosized alumina particulates in the alpha phase, sintered at different 
temperatures and doped with different concentrations of carbon, were investigated aiming 
application in industrial radiography and medical diagnosis. Alumina samples were produced 
with carbon concentrations of 0.01, 0.05, 0.10 and 1.00 at.%, respectively, from graphitic and 
PVA carbon sources. For all doses, the samples doped with 0.01 at.% of carbon atoms, from 
both carbon sources (PVA and graphite), have showed the best TL signal outputs, for the 
gamma dose range investigated. SEM images were analysed with the aid of the image 
analyzer Quantikov, estimating the grain average size to be 5.7 pm. We conclude that the 
doping of nanosized (X-AI2O3 crystals with 0.01 at.% of graphitic carbon through sinterization 
under reducing atmosphere produces a TL material with high potential to be used in radiation 
dosimetry and also in digital imaging applications.
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