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ABSTRACT 

Optically Stimulated Luminescence (OSL) trap parameters can only be reliably determined through the detailed analy- 
sis of OSL decay curves. In this study the kinetic parameters of a blue-light stimulated luminescence (BLS) decay curve 
from Al2O3:C sample irradiated at 0.1, 0.15, 0.2, 0.4 and 0.6 Gy beta doses were obtained using the same basic methods 
with some modifications applied and also by using our suggestion: Active-OSL Approximation (AOSL). The results 
were compared with those of other studies on the trap parameters of Al2O3:C material. 
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1. Introduction 

The Al2O3:C sample has become an important material as 
an OSL dosimeter because of its highly sensitive response 
to ionization radiation. Its use as TL dosimeters was first 
suggested by Akselrod et al., [1]. Subsequently, many 
researcher groups [2-10] have investigated the OSL pro- 
perties of Al2O3:C because of its applications in the field 
of space, medical therapy and medical diagnostic.  

Conventional OSL signals were measured using the 
illumination source with a constant intensity and lumi- 
nescence was plotted over time. In many cases there is no 
mode-based analytical function that is able to describe 
the shape of the CW-OSL decay curve. In general the 
experimental data is described as the sum of simple ex- 
ponential curves and it is often difficult to determine ei- 
ther the number of exponential curves or the number of 
contributing traps. The evaluation of OSL trap parame- 
ters is one of the fundamental requirements in under- 
standing the luminescence mechanism. 

Many approaches for determining the trap parameters 
through the application of various models exist in the 
literature. The simplest model attempted to explain the 
luminescence kinetic as consisting of single trap/single 
recombination centers. Several authors have reported that 
the decay curve of OSL can be described as the sum of 
multiple exponentials. Also, it is reported in many works 
that the OSL decay curves from Al2O3:C samples suggest 
an overlap of several peaks or even a distribution of traps 
having different activation energy and frequency factors 
[11-15]. 

In the present work the kinetic parameters of OSL de- 
cay curves from the Al2O3:C given at different doses 
were obtained using various known methods to which 
some modifications were applied. The methods used 
were: Curve-Fitting of Thermal Analysis, Linear Modu- 
lation Technique [16], General Order (GO) [17] Model 
and Active-OSL (AOSL) Approximation [18,19].  

2. Methodology 

The methods used in this study for decay curve analysis 
and their applications are as follows:  

2.1. The Curve-Fitting Method 

The experimental OSL intensity as the sample preheats 
temperature increased was fitted to [2,20]: 

  1 1 expc E kT               (1) 

Equation (1) describes the thermal quenching. Where η 
is luminescence efficiency; c is a dimensionless constant; 
E, is the activation energy and k is the Boltzman’s con-
stant. In this work, T is the preheat temperature. In first 
the Al2O3:C aliquot was tested to observe the background 
luminescence: 130 - 150 counts/s. The integrated blue- 
light stimulated luminescence experimental data (0 - 20 s) 
from Al2O3:C in the range of 295 - 673 K was fitted to 
the Equation (1). The aliquot was irradiated with 0.1Gy 
-dose and measured for 20 s at room temperature (RT): 
295 K. It was bleached by being heated at 400˚C and 
again exposed to 0.1Gy -dose/heated at 346 K for 5 
minutes, left 30 minutes then measured at RT. These 
steps were repeated for 373, 398, 423, 448, 473, 498, 523, *Corresponding author. 
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548, 573 and 673 K. Then the normalized BLS intensity 
was plotted against the temperature. These procedures 
were also repeated for 0.1, 0.15, 0.2, 0.4 and 0.6 Gy beta 
doses. 

2.2. General Order (GO) Technique 

According to General Order (GO) technique suggested 
by Rasheedy [17] 
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where N is the concentration of the total traps and n is the 
concentration of filled traps at temperature T. In this 
model the expression for calculating the order of kinetics 
b is given as, 
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and an expression for calculating E is given as 17 , 
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where, nie is the area under the glow peak from Ti to the 
end of the glow peak; ne is the area under the whole glow 
peak; γ = T1/T3 and α = T2/T3. As far as we know, this 
method of analysis has only been applied for TL traps 
not for OSL up to now. The peak-shape form of the de- 
cay curve is required to apply this method. To obtain the 
peak-shape curve, the reduction rate of BSL signal was 
calculated as percentage of the original signal using the 
experimental data and plotted versus T [21,22]. In this 
study three temperature points were selected on PS curve, 
one of them was on the left side of the peak and the 
others were on the right side of it. These selected tem- 
perature positions have critical importance unlike with 
Ogunxdare et al., [23,24]. 

2.3. Linear Modulation Technique (LM-OSL) 

LM-OSL technique suggested by Bulur [16] transforms 
CW-OSL signal to a peak-shape form. The details of the 
transformation process are given in the study by Bulur 
[25].  

CW-OSL decay curve for the first-order kinetic of a 
simple solid material that consisting of one trap and one 
recombination center is described as follow [12]:  

   0 expL t n B Bt               (5) 

where n0 is the initial trap concentration; B is a constant 
describing the decay of luminescence curve and is pro- 
portional to the photoionization cross section and the 
intensity of light I0 (B = I0) Bulur [25]. A new inde- 
pendent variable, u, is described to transform the CW- 
OSL curve to LM-OSL.  

2tP   

where u is time in second and P  2t.  
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Equation (6) is the first order LM-OSL curve.  

2.4. AOSL Approximation 

The process is similar to the successive decay of a radio- 
active element but not identical [18,19]. Accordingly, the 
equations describing the OSL counts and the activity (or 
OSL intensity) are proposed as follows: 
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Equation (7) describes the luminescence photons coun- 
ted experimentally over finite time intervals. N1 is the 
number of atoms in the parent element which decays at λ1 
into its daughter element; and N2 is the number of atoms 
in the daughter element, which decays at a constant 
decay rate λ2, into a stable element having N3 stable 
atoms. Assume that at time t = 0, N1 = N10 and N2 = N20. 
While Equation (7) has been used to plot the OSL decay 
curves, Equation (8) was found to be applicable to find 
the kinetic parameters of IRSL. It is important to note 
here, for the compensation of theoretical and experimen- 
tal data the term λ2 should be inserted in the numerator of 
the second term in Equation (7). This situation is diffe- 
rent from radioactive decay law. Radioactive decay law 
of successive disintegration can be found in the book 
written by Krane [26]. 

3. Experimental 

In this work the apparatus developed by Spooner et al., 
[27] was used. All measurements were carried out using 
an automated ELSEC 9010 OSL reader system with a 
ring of 24 blue-light OSL attachments. These LEDs with 
blue-light (~ 470 30 nm ) from WENRUN were settled 
to system by us. They have a power output of about 6 cd 
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at 20 mA current and an emission angle of 25˚. A green 
long-pass Schott GG-420 filter was mounted in front of 
blue LEDs to minimize the amount of directly scattered 
blue light reaching the PM photocathode. In 24 diodes, 
the total power delivered to the sample was measured as 
21.6 mW/cm2 at distance of 16 mm. Detection was made 
through 3 Hoya U-340 filters (3 mm).  

A 90Sr-90Y β-source was used for irradiation. The dose 
rate given to sample was 0.028 Gy·s–1. Bleaching was 
carried out by exposing to daylight and checked by meas- 
uring the signals from the sample. All the luminescence 
measurements were made at room temperature (RT). 
Luminescence was detected using a Thorn-EMI 9235QA 
PM Tube (with a Schott BG-39 filter) having a dark 
count rate of about 130 - 150 cps at room temperature. 
Al2O3:C single crystal discs (diameter 5 mm and thick- 
ness 1 mm) were used in the measurements.  

4. Results and Discussion 

Figure 1 shows the pulse annealing experimental curves 
for the integrated BSL (0 - 20 s) in the range of 295 - 673 
K from α-Al2O3:C. The experimental data was fitted to 
the Equation (1) and the activation energy values were 
obtained from this fitted curve:  
 = 1/(1 + 4.25 × 1010exp (–1.15/ (0.000086174 × T))) 

for 0.1 Gy; 
 = 1/(1 + 3.33 × 1010exp (–1.05/ (0.000086174 × T))) 

for 0.2 Gy; 
 = 1/(1 + 5.60 × 1011exp (–1.07/ (0.000086174 × T))) 

for 0.4 Gy;  
 = 1/(1 + 2.63 × 109exp (–1.066/ (0.000086174 × T))) 

for 0.6 Gy. 
The activation energies and dimensionless constants 

can be seen from these equations. It can be seen that the 
activation energy of α-Al2O3:C does not vary with beta- 
dose in the range 0.1 - 0.6 Gy and that its mean value is 
1.084 eV. 
 

Temperature (K)

350 400 450 500 550 600 650 700

N
or

m
al

iz
ed

 C
ou

nt
 r

at
e 

(a
.u

.)

0.0

0.2

0.4

0.6

0.8

1.0

1.2
0.1 Gy 
0.2 Gy 
0.4 Gy 
0.6 Gy 

 

Figure 1. The experimental pulse annealing curves at dif- 
ferent beta doses. 

Figure 2 was plotted using the fitted data in Figure 
1.They are peak-shape (PS) curves for α-Al2O3:C at the 
doses given. The percentage of reduction in the BSL 
signals was plotted against annealing temperature. As 
seen from Figure 2, peak temperatures are different a re- 
lationship between dose and peak temperature was not 
observed. 

To apply the GO technique suggested by Rasheedy [17] 
the three temperature points were selected on the peak- 
shape (PS) plots. For example the data for 0.1 Gy are T1 = 
503 K; T2 = 563 K and T3 = 593 K. The value of b, that is 
the order of kinetics of OSL decay mechanism, was cal- 
culated as 1.71 using the Equation (2). The order of ki- 
netics that describes the retrapping number of charges 
should be the integral number so it is possible to assume 
as 1.71  2. The results were listed at Table 1 for other 
doses values. The activation energy was found to be 1.09 
± 0.035 eV using the GO Model for 0.1 Gy beta-dose. In 
this study, although the GO model was applied for the 
analysis of the OSL traps, the selected temperature points 
on the PS curve should not be random; one of them 
should be selected before the maximum temperature and 
the others should be selected after the peak temperature. 
The comparison of trap parameters determined by using 
GO model and the pulse annealing curve fitting are 
shown in Table 1. The discrepancy between activation 
energies at 0.1 Gy and 0.6 Gy was found to be 92% using 
curve fitting and 99.09% using the GO model. Therefore, 
it can be seen that the activation energy of α-Al2O3:C 
does not change with beta dose in the range 0.1 - 0.6 Gy. 
Bulur et al., [6] reported that the activation energy of 
Al2O3:C as E = 1.15 eV and Akselrod et al., [28] found 
to be about 1.08 eV. 
 

Temperature (K)

350 400 450 500 550 600 650 700

%
 R

ed
uc

ti
on

 r
at

e

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6
0.1 Gy 
0.2 Gy 
0.4 Gy 
0.6 Gy 

 

Figure 2. Percentage of the BSL signal reduction plotted 
against annealing temperature for α-Al2O3:C given dif- 
ferent beta-doses.  
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Table 1. Trap parameters of α-Al2O3:C using GO model 
and pulse annealing curve fitting. 

Dose (Gy) b E (eV) 
s (1/s) 
1010 

E (Puls-anneling curve 
fitting) (eV) 

r2 

0.1 1.71 1.09 0.6 1.15 0.99

0.2 1.87 0.91 0.7 1.05 0.99

0.4 1.85 0.94 1.3 1.07 0.99

0.6 1.60 1.10 0.3 1.066 0.99

 
The experimentally measured CW-OSL decay curves 

from the α-Al2O3:C is shown in Figure 3 for different 
beta-doses. Their dose dependence can clearly be seen. 
The total luminescence counts increase as dose increases 
as expected in the luminescence technique and the in- 
creasing dose distorts the shape of the peak. An initial 
increase was observed in the BSL intensity from Al2O3:C. 
McKeever and Chen [29] reported that the reason for the 
initial increase in luminescence intensity was thermally 
metastable traps. So, in this study the measurements used 
to calculate the parameters were taken after the maxi- 
mum intensity. These decay curves were fitted to the sum 
of two simple exponential functions and the decay con- 
stants are shown in the Table 2. These curves were 
transformed to LM-OSL curves using the transformation 
equation suggested by Bulur [16] (Figure 4). Although 
the measured decay curves at 0.1, 0.15 and 0.2Gy of 
Al2O3:C can be fitted to the sum of two simple expo- 
nential functions, the LM-OSL curve cannot clearly dis-
play the different two peaks (Figure 4). This situation 
was also seen in the work reported by Bulur et al., [30].  

Figure 5 shows the comparison between the experi- 
mental decay curve and the analysis model’s decay curve 
known as AOSL Approximation. The peak-shaped forms 
obtained using the AOSL approximations are shown in 
Figure 6. The two peaks having different decay con- 
stants can be clearly seen for a 0.2 Gy dose. The decay 
curves at 0.4 and 0.6 Gy were fitted to only one simple 
exponential function. In the AOSL approximation the 
graph of the logarithm of the luminescence intensity 
versus the time clearly shows the two decay constants 
(Figure 7). The decay constants determined from these 
graphs are also shown in Table 2. However the decay 
constant, 2, decreases as dose increases but 1 does not 
change. The line equations for 1 at Figure 7 are as fol- 
lows:  

y = 0.197x + 9.359 (r2 = 0.999) for 0.1 Gy; 
y = 0.196x + 9.740 (r2 = 0.999) for 0.15 Gy; 
y = 0.192x + 10.046 (r2 = 0.999) for 0.2 Gy. 
They are as follows for 2: 
y = 0.0699x + 8.6 (r2 = 1) for 0.1 Gy; 
y =0.049x + 8.42 (r2 = 0.999) for 0.15 Gy; 
y = 0.0346x + 8.40 (r2 = 0.999) for 0.2 Gy. 
Yukihara et al., [13] also observed that the rate of de- 

cay increases as dose increases. 

5. Conclusions 

The determination of OSL trap parameters is one of the 
fundamental requirements in understanding the lumines- 
 

 

Figure 3. The decay curves measured experimentally. 
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Figure 4. LM-OSL curves. 
 

Table 2. The decay constants using CW-OSL curve-fitting 
and AOSL approximation. 

1 (1/s) 2 (1/s) 
Dose (Gy)

CW-OSL AOSL CW-OSL AOSL 

0.1 0.296 0.197 0.070 0.0699 

0.15 0.260 0.196 0.049 0.0493 

0.2 0.240 0.192 0.034 0.0346 
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Figure 5. Comparison of decay curves between CW-OSL 
and AOSL. 
 

 

Figure 6. Peak-shape form of luminescence intensity using 
AOSL approximation. 
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Figure 7. The graph of the logarithm of luminescence in- 
tensity versus time using AOSL approximation: The differ- 
ence between the decay constants was clearly determined. 

cence mechanism. Trap parameters of Al2O3:C sample 
are also important for dating and dosimetric studies using 
the OSL technique. This study shows that the activation 
energy of Al2O3:C does not change with beta radiation 
dose but that its decay constants do change. It may be 
said that the results of activation energies obtained from 
different experimental conditions are nearly the same.  

The decay curve of Al2O3:C nears a single simple ex- 
ponential function as the dose increases. AOSL approxi- 
mation is reliably valid in determining the decay con- 
stants. 
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