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Abstract 

This paper describes an increase in sensitivity to gamma and beta radiation on α–

Al2O3:C polycrystalline detector, which has been produced by a sol–gel process, 

following previous exposure to ultraviolet light. The increased sensitivity of the 

detector as a function of the exposure time and ultraviolet wavelength was studied. 

Since the main luminescent centers have emission peaks at different wavelengths, 

selective measurements of thermoluminescent emission intensity were done, in 

order to investigate the possible conversion of centers as a result of the exposition 

to ultraviolet light. Experimental results indicate that the nature and parameters of 

the luminescent centers in α–Al2O3:C sol–gel material can be very different of 

those in α–Al2O3:C single crystal. 

 

Keywords: Sensitization; thermoluminescence; anion defective α–Al2O3:C; 
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1. Introduction 

 

Radiation detectors based on single crystal of anion defective α–Al2O3:C became 

important for solid state dosimetry, due to their high sensitivity and versatility for 

applications in thermoluminescence (TL) and optically stimulated luminescence (OSL) 

[McKeever et al., 1999]. Commercial detectors α–Al2O3:C single crystal (TLD500), 

grown in highly reducing atmosphere in the presence of carbon, have a high 
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concentration of oxygen vacancies, which are responsible for the high sensitivity to 

ionizing radiation presented by this material [Akselrod et al., 1990]. On another hand, 

this material presents a well known anomalous heating rate dependence of the TL, 

which results from the thermal quenching of the F centre luminescence efficiency 

[McKeever et al., 1999]. Due to this characteristic, the sensitivity of these detectors 

varies strongly with the rate of heating of the material, which is an undesirable source of 

errors for its use [Akselrod et al. 1998; Akselrod et al. 1999; Kortov et al. 1994; Kitis et 

al., 1994; Kortov et al. 1996].  

Ceramic detectors α–Al2O3:C obtained by the Sol–gel process, calcination, pressing and 

sintering, described in another paper [Ferreira and Santos 2013], show high sensitivity 

to radiation, up to 24 times more sensitive than the detector LiF: Mg, Ti (TLD100) and 

about 52% of the response of the α–Al2O3:C single crystal produced by Landauer Inc., 

at a heating rate of 2° C/s. Although the sensitivity of α–Al2O3:C sol–gel is lower than 

the α–Al2O3:C single crystal for heating rate below than 10 ° C / s, its response for 

different heating rates remain practically the same.  

The intensity of the response of α–Al2O3:C single crystal and therefore its sensitivity is 

mainly related to its emission band at 420 nm (3.0 eV), corresponding to emission from 

the F–center. This material can also present emission at 326 nm (3.8 eV) from F
+
– 

centers and emission at 695 nm (1.8 eV) due to Cr3
+
 ions, an common impurity  in 

Al2O3, and emissions in other wavelengths [McKeever et al., 1999; Weinstein et al., 

2002; Weinstein et al., 2004; Vokhmintsev et al., 2013]. It has been reported also a 

weaker luminescence in the 515 nm (2.4 eV) band, which is attributed to defects in the 

anion sublattice (F2 – centers) or to interstitial aluminum atoms (Ali
+
 – centers) 

[Vokhmintsev et al., 2013]. 

It has been proposed that the TL in the F–band is realized by the reaction e + F
+
 → F* 

→ F + photon420, (F* being the excited state of F centre) [McKeever et al., 1999].  If it 

is assumed, it is reasonable to conclude that the intensity of the TL response is 

correlated mainly to the concentration of F
+
–centers in the material. Similarly, other 

emissions may occur by the reactions h
+
 + F → F

+*
 → F

+
 + photon326 and h

+
 + Cr

2+
 → 

Cr
3+*

 → Cr
3+

 + photon695.  

Studies on the absorption bands and TL emission in α–Al2O3:C single crystal has been 

made using unfiltered [Weinstein et al., 2002] and filtered at 210 nm [Weinstein et al., 
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2004] UV radiation as a means of performing photoconversion between F and F
+
 

centers, changing the ratio between the emission intensities of these centers and the 

sensitivity of the thermoluminescent material. The UV exposure and increase in 

temperature can be used for a thermally stimulated photoconversion (TSPC) from F–

centers to F
+
–centers, increasing the concentration of the latter on the material. 

However, there is evidence that illumination in longer wavelengths, around ~ 250 nm, 

induces the reverse reaction, F
+
 centers to F centers, possibly due to the reintroduction 

of electrons from traps into the conduction band. When F
+
 centers capture these 

electrons, the formation of F–centers occurs [McKeever et al., 1999; Summers 1984]. 

Sensitizing processes of aluminum oxide are potentially important in applications 

requiring high sensitivity. Investigations with detectors α–Al2O3:C sol–gel showed that 

the sensitivity of this material for beta and gamma radiation can be significantly 

increased after exposure to UV radiation at room temperature. This effect decays in the 

long term, after a certain number of read–outs, however this fact does not preclude the 

use of this process for routine or non–routine applications. 

Investigation on the effect of UV irradiation on α–Al2O3:C is important since this 

treatment acts on traps and luminescent centers, whose properties and characteristics are 

somehow unknown. Besides the usefulness of detectors with higher sensitivity in 

practical applications, UV irradiation, combined with various forms of read–out and 

thermal treatments are a way of investigating the fundamental parameters of this 

complex material.  

The goal of this study was to establish the response of the detector α–Al2O3:C sol–gel at 

different UV wavelengths in order to determine the range that promotes greater 

sensitization of the material to Beta and Gamma radiation, the time of UV exposure 

needed to raise this sensitization and reproducibility of the detector response after 

sensitization. 

Since the main luminescent centers, F
+
 and F–centers, have emission peaks at different 

wavelengths, selective measurements of thermoluminescent emission intensity were 

done, in order to investigate the possible conversion of one type of center to another, as 

a result of the treatment with UV in α–Al2O3:C sol–gel.  
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2. Materials and methods 

 

All the sensitization tests were performed according to the following steps: the detectors 

α–Al2O3:C sol–gel were exposed to beta (
90

Sr/
90

Y) or gamma (
137

Cs) radiation for 

determining their original response. After that, they were treated by exposure to UV. 

The next step was the read–out of the detectors to remove accumulated charges, and 

finally they were exposed again to beta or gamma radiation to determine the effect of 

UV treatment. 

 

In order to study the sensitization of the α–Al2O3:C sol–gel detector to gamma radiation 

as a function of wavelength UV, a spectrophotometer UV–mini 1240 Shimadzu, which 

has an internal 20W deuterium lamp, was used to exposure 15 detectors at different UV 

wavelengths in the range 200 to 250 nm. The appropriate corrections were made on the 

exposure time to compensate for the difference in intensity of light at each wavelength. 

The readings of the detectors were performed in a Harshaw 4500 TL reader. 

 

The time required for the maximum sensitization of the detectors α–Al2O3:C sol–gel 

was investigated by exposing groups of five detectors for each selected time to a 

mercury lamp, Sankyo Denki G4T5 4W, emitting UV at the main wavelength of 

253.7 nm and room temperature. This wavelength was chosen because of the intensity 

of the mercury lamp, which allows higher yield of photoconversion in relation to the 

spectrophotometer. After UV exposure, the detectors are reset and exposed to a dose of 

24 mGy by means of a 
90

Sr/
90

Y source incorporated to the RISØ TL/OSL–DA–20 

reader, in which the read–outs were made at the rate of 5°C/s. 

 

For conducting tests of sensitization with UV and reproducibility, 20 detectors were 

selected: 10 single crystal α–Al2O3:C and 10 α–Al2O3:C sol–gel. The samples were 

randomly selected from a batch of detectors for each type. The RISØ reader was used to 

perform the irradiations and read–outs of the detectors. All detectors were read 

immediately before the test in order to eliminate previously accumulated charges. 

Initially, the detectors were submitted to 12 cycles of exposure to a dose of 12 mGy in 

beta radiation and read to determine its initial sensitivity and reproducibility. No other 

thermal treatments were performed during the tests beyond read–outs. Next, the 
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detectors were exposed to a mercury lamp, emitting at 253.7 nm for 30 minutes on each 

side, at room temperature. After UV irradiation, the detectors were reset and started a 

second process of 12 cycles of irradiation and read–outs (linear heating to 270°C at a 

rate of 5°C/s) to determine changes in sensitivity and reproducibility after the 

sensitization with UV. 

 

Measurements of the contribution of the two main luminescent centers, F and F
+
, to the 

total emission of α–Al2O3:C sol–gel and single crystal were also performed in the RISØ 

reader using optical band–pass filters Hoya U340, Schott BG 39 and filtering plates 

with optical grade of Glass, Yellow PMMA and Violet PMMA. The filters were 

combined as shown in Table 1. Emissions measurements of luminescent centers were 

corrected to compensate the difference in the transmittance of the various filters.                                                                                             

 

Simple and composite filters were used to measure selectively the contributions of 

different luminescent centers. Figure 1 shows the pass bands (transmittance) of the 

filters or combinations, determined with the Shimadzu spectrophotometer UV–mini 

1240.  

 

Table 1. Simple filters and combinations were used for selective measurement of emission of luminescent 

centers. 

Filter Wavelength range (nm) 

Hoya U340 275–375 (peak at 330) 

Violet PMMA + BG39 338–515 (peak at 396) 

Yellow PMMA +Glass+BG39 480–640 (peak at 540) 
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Figure 1. Spectrophotometric measurement of the transmittance of optical filters used in 

the selective analysis of TL in the range of 200 to 800 nm. 

 

 

3. RESULTS 

 

The sensitization of the α–Al2O3:C sol–gel detector for gamma radiation as a function of 

wavelength in the UV range is shown in Figure 2, where a significant increase in 

sensitization at 206 nm is observed, from which there is an approximately linear 

decrease in this effect. The results of exposure to radiation beta or gamma were very 

similar. The sensitization at this wavelength is in agreement with the treatment with 

filtered UV reported [Weinstein et al., 2004]. 

 

The sensitization of the α–Al2O3:C sol–gel detector for beta radiation as a function of 

time of exposure at 253.7 nm is shown in Figure 3, in which it is possible to observe a 

rapid increase of the effect of sensitization during the first five minutes, reaching about 

95% of maximal value, then tending to saturation. This result allows establishing the 

time of treatment for this wavelength in 10 minutes, with reasonable confidence. 
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Figure 2. Effect of wavelength of UV exposure on sensitization of α–Al2O3:C sol–gel, 

in the range of 200 to 260nm. 

 

Figure 3. Dependence of sensitization effect of α–Al2O3:C sol–gel as a function of time 

of exposure to UV at 253.7nm. 

 

In Figure 4 it is possible to observe that the α–Al2O3:C sol–gel detector treated with UV 

at 253.7 nm and at room temperature, shows a significant increase in sensitivity (93%) 

for beta radiation in comparison with the detector α–Al2O3:C single crystal (15%). It is 

also observed that the effect of photoconversion of α–Al2O3:C sol–gel gradually 

decreases, about 10% after 12 cycles of irradiation and read-outs. Although this 
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decrease did not impair the use of sensitization in short term applications, the use of 

these detectors in monitoring routine requires periodic recalibrations, as usual for any 

detector in this kind of application. Table 2 shows the coefficients of variation for the 

detectors used in sensitization test for 12 cycles of irradiation and read–out. It may be 

noted that both before and after the treatment with UV, the results meet the requirement 

of reproducibility of IEC 1066 [1991] (coefficient of variation  0.075). 

 

Figure 4. Reproducibility of α–Al2O3:C response under beta radiation before and after 

exposure to UV (at 253.7nm). ▲α–Al2O3:C sol–gel, ▼α–Al2O3:C sol–gel after UV, 

■α–Al2O3:C single crystal, ● α–Al2O3:C single crystal after UV. 

 

Table 2. Coefficient of variation for both Al2O3 single crystal and sol–gel, with and 

without treatment at 253.7nm.. 

Type of detector Coefficient of variation 

α–Al2O3:C single crystal 0.01 – 0.02 

α–Al2O3:C single crystal + UV253.7 0.01 – 0.02 

α–Al2O3:C sol–gel 0.02 

α–Al2O3:C sol–gel + UV253.7 0.03 – 0.04 

 

Selective measurements of the emission from luminescent centers in three wavelength 

bands are shown in Table 3, which shows the percentage contribution of the three 

luminescent centers observed using the filtrations presented in Table 1, relatively to the 

total TL measured without filtration. The luminescent emission from  α–Al2O3:C single 
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crystal is concentrated in the F–center, as described by other authors [McKeever et al., 

1999], possibly, following the reaction e
–
 + F

+
 → F* → F + photon420. However, after 

treatment of sensitization by exposure to UV (253.7 nm), it is possible to note a 

decrease in the emission from F–center and a significant increase of the emission from 

F
+
–center, possibly through the reaction h

+ 
+ F → F

+
* → F

+
 + photon326 (h

+
 as a free 

hole). This result is different from the conversion of F–centers to F
+
–centers by 

treatment of photoconversion by unfiltered and filtered UV at 210 nm, increasing the 

initial concentration of F
+
–center and the emission resulting from the F–center at 420 

nm [Weinstein et al., 2002; Weinstein et al., 2004]. On another hand, the observed 

result is in agreement with the opposite effect of centers conversion F
+
 → F and a 

consequent increase in emission at 326 nm centers, reported for the treatment with UV 

for wavelengths ~ 250 nm [McKeever et al., 1999, Summers 1984]. Furthermore, α–

Al2O3:C single crystal still has a small contribution of a luminescent center emitting 

photons between 480 and 640 nm, which are not altered by the UV treatment, which 

may be the center which emits at ~515 nm (2.4 eV) [Vokhmintsev et al., 2013]. 

 

Table 3. Contribution (%) of TL emission filtered corresponding to luminescent centers 

relative to the total TL emission without filtration. 

TLD 
F–center 

(420 nm) 

F
+
–center 

(326 nm) 

Center 

(480–640nm) 
Sum  

α–Al2O3:C single crystal 74 6 7 87 

α–Al2O3:C single crystal + UV 44 33 6 83 

α–Al2O3:C sol–gel 39 7 27 74 

α–Al2O3:C sol–gel + UV 35 4 26 64 

 

 

4. DISCUSSION 

 

The material α–Al2O3:C sol–gel exhibits a distinct behavior compared to α–Al2O3:C 

single crystal on the luminescent emission from original material and after UV 

treatment. In spite of the main contribution for the luminescence of α–Al2O3:C sol–gel 

corresponds to the F–center emission (420nm) as in α–Al2O3:C single crystal, its 
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amplitude is quite lower.  The amount of luminescence is composed by a center 

emitting in the range 480–640nm, possibly with peak at 515 nm, and a small emission 

from the F
+
–center (326nm). The emission at 515 nm is attributed to defects in the anion 

sublattice (F
2
–centers) or to interstitial aluminum atoms (Ali

+
 – centers)

 
[Vokhmintsev 

et al., 2013]. It is important to note that the emission from this center practically does 

not change after treatment with UV (at 253.7nm).  

The total amount of contributions of the three α–Al2O3:C sol–gel centers are lower than 

the total contributions to the α–Al2O3:C single crystal before and after treatment with 

UV. This indicates the existence of one or more important centers for the sol–gel 

materials not identified in the experiments. There is a decrease in the percentage 

contribution of the three centers identified in the α–Al2O3:C sol–gel, while the TL 

response increases significantly after treatment with UV. This suggests that the effect 

observed in the sensitization of α–Al2O3:C sol–gel is probably on unidentified centers, 

which would explain why the two materials have different responses to the UV 

treatment at room temperature. 

It can also be observed that the variations of the contributions of F–centers after 

sensitization with UV treatment are different for α–Al2O3:C single crystal  (43% lower) 

α–Al2O3:C sol–gel (10% lower), indicating that the action of UV on the F–centers in 

both materials is different, possibly due to differences in the fundamental properties of 

these centers. 

 

 

5. CONCLUSIONS 
 

Applied studies performed with α–Al2O3:C sol–gel allowed to determine the most 

effective wavelength for the sensitization of this material, the time required to reach 

saturation of the effect at 253.7 nm and the reproducibility of the sensitized material. 

The reduction of sensitization effect is negligible for the applications since periodic 

recalibrations are a routine procedure.  
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Selective measurements of the contributions of luminescent centers show different 

characteristics of α–Al2O3:C sol–gel compared to α–Al2O3:C single crystal and require 

further investigation. However, such observations indicate clues for the different 

behavior of the sol–gel materials, which lacks the strong thermal quenching observed in 

the material obtained by crystal growth. 
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