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ABSTRACT

The objective of this work was to determine the kinetic parameters of BeO thermoluminescent (TL) samples. The
knowledge of the kinetic parameters is important for the general description of the physical characteristics of a
thermoluminescent material. Using a linear heating rate of 5Ks?, the BeO peak temperatures obtained were
(474.7 £ 1.2) Kand (620.5 £ 1.2) K, respectively, for the first and second TL peaks. The peak shape and the glow curve
area measurement methods and the Urbach formula have been used for the trap parameter determination. A Kinetic
order of about two was determined for the first peak, whereas the second peak followed the first-order Kinetics
according to the geometrical factor. The energy activation values obtained using different kinds of measurements are in
good agreement, including the Kitis method for deconvolution of the glow curve. Furthermore, the results agree with
those presented by other authors.
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1. INTRODUCTION

The field of thermoluminescent dosimetry is widely used in personal dosimetry, and year by
year new compounds are studied as possible thermoluminescent materials with the objective of
having a material more equivalent to biological tissue, and therefore it is necessary to know all the
physical characteristics of the substance, as for example the kinetic parameters.

One of these materials is the Beryllium Oxide (BeO). It has an effective atomic number of
approximately 7.22, that is similar to the effective atomic number of biological tissue (Zetsr ~ 7.6),
presents linearity of response of six orders of magnitude (5uGy until 5Gy), has high sensitivity to
mechanical stress, is insensitive to moisture (when in pellet form), and is of low cost of production
due to its wide use in the electronic and aerospace industries. However, BeO response presents high
fading stimulated by white light, and should preferably be handled under red or yellow light
[11[2113]

The aim of the study is to report the kinetics parameters of BeO and its physical characteristics

as a thermoluminescent material.

2. MATERIALS AND METHODS

The study was performed using ceramic BeO in disc form with (4.004 + 0.003) mm of diameter,
(0.771 = 0.003) mm of thickness and (27.18 = 0.02) mg of mass. An x-ray diffraction analysis
showed that the main impurities are Al (350 ppm), K (749 ppm) and Si (801 ppm) [4]. The thermal
treatment at 500°C for 15 min was used throughout the experiments, in order to erase any residual
information before the subsequent irradiation. Figure 1 shows an example of BeO glow curve
obtained with a linear heating rate of 5.0 K/s and a test dose of 464.8 mGy from an X-rays system
of quality RQR 8 (100kV, 10mA; CSR of 3.97 mmAl and additional filtration of 3.2 mmAl).
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Figure 1: BeO glow curve obtained with a linear heating rate of 5.0 K/s and a test dose of
464.8 mGy of X-rays (RQR 8).
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The experimental apparatus used to read out the TL emission and to record the glow curve is
based on a system RISO TL/OSL-DAZ20. For thermal treatment an oven muffin type model
MFLO1000 of Provecto Analitica was utilized.

2.1. Methods for determining the frequency factor and activation energy

The Chen method was utilized for the determination of the frequency factor; for the
determination of the activation energy the following methods were used [5] [6]:
e Urbach method;
e Peak shape methods:
o Chen method;
o Grosswiener method,;
o Lushchik method;
o Halperin and Braner method,;
o Chen additional formulae;

e The area measurement method.

Figure 2 presents the peak parameters used in all of the peak shape methods.
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Figure 2: Peak parameters used in the peak shape methods.
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Tw 1s the peak temperature, and the temperatures corresponding to the half of the peak intensity are

T; for temperature lower than Tv, and T» for temperature higher than Ty, and:

(U=T2_T1;T=TM_T1;6=T2_TM (1)

2.2. Deconvolution

The deconvolution is a mathematical method to create a curve using some theoretically and /or
experimentally determined parameters. In this work the deconvolution process was used to verify if
the kinetics parameters determined with various methods are consistent with each other by
comparing them with the experimentally curve of TL emission. The method used was developed by
Kitis cited by Chen and Pagonis [7].

3. RESULTS AND DISCUSSION

The results were obtained using the described methods. In Table 1 are presented the temperature
values (obtained from the TL emission curve), where the maximum intensity of the TL emission
occurs and at half of the maximum intensity of the TL emission. In Table 2 are presented the

parameters of the peak shape methods.
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Table 1: Maximum intensity temperature (Tm) and temperatures at half of the maximum intensity
(T1 e T2) of the BeO TL peaks.

TL Tm T1 T
Peak (K) (K) (K)
First 4751 449+ 1 5001

Second 620+ 1 586+ 1 646+ 1

Table 2: Parameters used in the peak shape methods.

TL o (K) o (K) T (K) U
Peak (T2-Ti) (T2-Twm) (T2-Ta) 6/ ®)
First 504+0.1 252+0.1 252+0.1 0.500 +0.003

Second 59.4+0.1 252+0.1 342+0.1 0424 +0.003

Using the area measurement method, for the fitting of the TL curves of BeO it was considered
that the kinetic order of the first TL peak is between 1.0 and 2.0, and of the second TL peak,

between 0.7 and 2.0. The results of the fittings are shown in Figure 3.

Figure 3: Determination of the kinetics order of (a) first TL peak and of (b) second TL peak of

BeO, using the area measurement method.
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To determine the best linear fit, and consequently the kinetic order, the correlation factor was
considered close to 1, as it may be observed in Figure 4.

Figure 4: Correlation factor versus kinetic order of TL peaks 1 and 2 of BeO.
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Kinetic order

The value of the kinetic order for the first TL peak is (1.40 = 0.20), and for the second peak it is
(0.80 £ 0.20).

The values of the activation energy and of the frequency factor determined in the present work,
using the described methods are indicated in Tables 3 and 4; in Tables 5 and 6 are shown the values
obtained by Bacci et al [8].
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Table 3: Activation energy and frequency factor for the first TL peak of BeO determined in the

present work.

First TL peak

Method ivati N
etho Actlvat(lé)\r})energy Freque?s(_:l); factor Kinetic order
Urbach 0.9495 + 0.0004 10° 1
Grosswiener 1.226 + 0.006 (3.07 £0.2)x 10* 2
Lushchik 1.315 + 0.007 (2.89 +0.04)x 10% 2
Halperin e Braner 1.234 +0.007 (3.72 £ 0.06)x 10*2 2
Area 1.149 + 0.005 (4.53 +0.04)x 10 1.4+0.2
Chen (o) 1.20+0.01 (1.74 + 0.03)x 10*2 16+01
(7) 1.19 +0.02 (1.29 +0.02)x 10* 16+0.1
) 1.20 £0.02 (1.68 +0.02)x 10*2 16+01
(o) 1.271 + 0.001 (9.71 £ 0.01)x 10* 2

Table 4: Activation energy and frequency factor for the second TL peak of BeO determined in the
present work.

Second TL peak

Method Activat(Lo\?)energy Freque?sc_:l); factor Kinetic order
Urbach 1.2411 + 0.0004 10° 1
Grosswiener 1.293 £ 0.006 (6.14 +0.09)x 10°

Lushchik 1.28 +0.01 (5.31 + 0.08)x 10° 1
Halperin e Braner 1.306 + 0.007 (79+0.1)x 10° 1

Area 1.24 +0.01 (2.13 +0.03)x 10° 0.8+0.2

Chen (o) 1.32+0.01 (1.15 + 0.02)x 10%° 1.0+0.1

(1) 1.32+0.01 (8.05 + 0.01)x 10° 1.0+0.1

(0) 1.326 + 0.004 (1.17 £ 0.02)x 10%° 1.0+0.1
(") 1.279 + 0.001 (4.73 +0.07)x 10° 1
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Table 5: Activation energy and frequency factor for the first TL peak of BeO obtained by
Bacci et al [7].

First TL peak

Method Activation energy Frequen(_:ly factor Kinetic order
(eV) (s9)
Urbach 0.99+0,01 10°
Grosswiener 1.47 £ 0,02 (1.0+0.2)x 10 2
Lushchik 1.55 + 0,02 (7.1+0.3)x 10 2
Halperin e Braner 1.49 +0,03 (1.6 £0.2)x 101 2
Area 1.14+0,01 (2.4 +0.5)x 10 1.61+0.04
Chen (o) 1.45 = 0,05 (6.4 +0.2)x 10 1.7+£0.2
(1) 1.45+ 0,05 (6.4 +0.1)x 10 1.7+0.2
@) 1.43+0,05 (3.9+0.3)x 10" 1.7+£0.2
(®) 1.52 + 0,01 (3.4 £0.2)x 10% 2

Table 6: Activation energy and frequency factor for the second TL peak of BeO obtained by
Bacci et al [7].

Second TL peak

Method ivati N
Actlvat(lé)\?)energy Freque(r;f:ly)/ factor Kinetic order
Urbach 1.28 +0.01 10°

Grosswiener 1.24 +0.05 (3.1+0.4)x 10° 1

Lushchik 1.36 + 0.06 (3.0+0.2)x 10° 1

Halperin e Braner 1.25+0.06 (3.7 £ 0.4)x 10° 1
Area 1.27 £ 0.03 (5.4 +0.2)x 10° 1.0+0.2
Chen (o) 1.19+0.08 (1.2 £0.2)x 10° 1.0£0.1
(7) 1.19 £ 0.07 (1.2 +0.5)x 10° 1.0+£0.1
(¥) 1.16 £0.09 (0.7 £0.1)x 10° 1.0£0.1

(%) 1.29 +0.05 (7.9 +0.2)x 10° 1
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Analyzing the results of Tables 3 and 4 it is possible to see the agreement of values obtained
using different methods. The values obtained using the peak shape and area measurement methods
are more in agreement with each other that the Urbach method for the first TL peak. This occurs
because Urbach considered the frequency factor 1 x 10° st in his method [5][8][9].

According to Chen, the values of activation energy involving 6 and o result in an inadequate
evaluation, where the equations using t are more accurate [8].

When comparing the values of Tables 3, 4, 5 and 6 it may be concluded that the activation
energies and the frequency factors do not agree. This occurs probably because the BeO samples
used in this work have impurities that do not exist in the samples studied by Bacci et al [8] that
influence the types of traps present in the material. In Table 7 are presented the impurities found in

the BeO samples tested in this work and those by Bacci et al [8], for comparison.

Table 7: Impurities in BeO samples.

Impurities
(GROPPO, 2013) Si, K, Fe, Ale Co
(BACCI et al, 1989) Mge Si

The deconvolution of the TL emission curve was obtained using the Kitis method, and
considering the values of activation energy and frequency factor obtained with all the methods used

in this work. The results are indicated in Figures 5 and 6.
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Figure 5: Deconvolution of the TL emission curve of BeO using the values of frequency factor and

activation energy obtained by Chen method and the parameter o.
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Figure 6: Deconvolution of (a) the first TL peak and (b) the second TL peak of the TL emission

curve of BeO, using the values of frequency factor and activation energy of Tables 3 and 4.
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Comparing the curves obtained with the deconvolution, using the values of activation energy
and frequency factor of Tables 3 and 4, it can be seen that there are no significant differences

among them, except in the curve that used the kinetics parameters obtained with Urbach method.
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Therefore, any determination method of the frequency factor and activation energy, except that of
the Urbach method, is acceptable, from the point of view of the present study.

4. CONCLUSIONS

The kinetics parameters of BeO correspond to the values obtained in all of the methods, except
by Urbach method, what is evident in the deconvolution of the TL emission curve when compared
with the TL emission curve obtained experimentally. The values of kinetics parameters obtained in
this work disagree with those from other studies, possibly because of the different impurities in the
samples used in the studies. The impurities interfere in the trap depth of the samples, so the

impurities need to be considered in all samples to determine correctly the Kinetics parameters.
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