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Abstract

The dosimetric properties of natural colourless Brazilian topaz were studied via thermally stimulated exoeletronic

emission (TSEE) and thermoluminescence (TL) techniques. The samples were prepared in three ways: (i) powdered

samples with grain sizes from 0.75 to 0.150 mm, (ii) pellets prepared with powdered topaz mixed with Te¯on in the 1/2

ratio (wt), and (iii) crystals sizing about 5.0 ´ 5.0 ´ 3.0 mm3. The TSEE curves displayed a peak at 190°C and the area

under this peak increases sublinearly with the dose range from 10ÿ1 to 102 Gy, for irradiations with X-rays and c-rays

from a 60Co source. The dependence of the TSEE with the energy of the X-rays indicates that the TSEE intensity

increases as the energy of the photon increases. The TL emission curves of topaz samples both as pellets and powder

were measured using a home made TL reader. The glow curves were composed by three main peaks at 100°C, 180°C

and 210°C. The emission spectra were obtained from 300 to 580 nm in steps of 10 nm. All three peaks have the same

spectra with main emissions centred at 390, 430 and 460 nm. The dose dependence of the TL curves up to 500 Gy of c-

rays from the 60Co source indicates that all the TL peaks increases non-linearly as the dose increases. The results were

compared with the well known CaSO4:Dy and LiF dosimeters and it was possible to conclude that the colourless

natural Brazilian topaz is a suitable material for dosimetric applications. Ó 2000 Elsevier Science B.V. All rights

reserved.
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1. Introduction

The search for materials suitable for solid
state radiation dosimeters has been the aim of

many researches after the discover of the ther-
moluminescence (TL). Di�erent systems were
studied so far including arti®cial grown crystals
or natural materials. One advantages of the
arti®cial materials is that it is possible to control
the composition, and so, the purity, of the
starting materials used to prepare the solid state
dosimeters. On the other hand, natural materials
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can be cheaper and available in reasonably large
quantities.

The main property that decides which material
is the best for the application in TL dosimetry is
the TL sensitivity for low radiation doses (10ÿ5

Gy) that should extend to some few hundreds of
Gy before saturation of the signal is reached [1]. It
is also important that the TL response has an en-
ergetic dependence that makes possible to distin-
guish the e�ective energy of the radiation. It is also
desirable that, from the TL signal of the dosimeter,
one should be able to identify the contribution of
a-, b- and c- or X-rays to the total dose. These
features, as far as we know, are not found yet in
just one single solid state TL dosimeter, and the
way of getting the information that is needed is
using a combination of di�erent dosimetric tech-
niques.

Thermally stimulated exoelectron emission
(TSEE) was also found to be a very useful tech-
nique to be applied in dosimetry. The TSEE is
related to the emission of low energetic electrons
mainly from the surface and the few layers of at-
oms close to the surface of many insulating ma-
terials [2]. Consequently, the TSEE is specially
useful for detecting the radiation that does not
penetrate deeply into the material, like low energy
X-rays, a-, b-rays, electrons etc. So, TSEE can be
used as a complementary technique to the TL
when it is necessary to separate the contribution of
di�erent kinds of radiation to the total dose with
the advantage that it can be measured simulta-
neously in the same solid state dosimeter.

Topaz is an aluminium ¯uorsilicate with a gen-
eral composition of Al2(SiO4)(F,OH)2. It crystal-
lises in a rhombohedral structure, belonging to the
space group Pbnm. Topaz is a very hard mineral,
with a vitreous aspect normally being yellow, blue
or colourless. Gandine et al. [3] studied natural
topaz found in Minas Gerais, Brazil, and found
that the average lattice parameters of the crystals
are a� 4.64 �A, b� 8.8 �A and c� 8.4 �A. It was also
found in the coloured Brazilian topaz that the main
impurities are V, Cr, Fe and Mn [3] and the authors
pointed out that these impurities can be the source
for the colour in topaz.

The main defect found in topaz is related
to the OHÿ group substituting for the Fÿ ion.

Rosemberg et al. [4] found that the concentration
of the OHÿ in their natural samples does not
exceed 0.30, and that the refraction index as well as
the density is directly related to the [OHÿ]/[Fÿ]
ratio. One third of the octahedral sites in topaz are
occupied by an aluminium ion and 1/12 of the
tetrahedral sites is ®lled with Si4� ions. The oxygen
atoms are co-ordinated by two Al3� and one Si4�

ion and the Fÿ site is co-ordinated by two Al3�

ions [5]. All the F-sites in the topaz unit cell are
equivalent thus generating an ``intrinsic disorder''
of the occupancy of the F-sites by the OH-groups.

The ®rst results of the TL in topaz were re-
ported by Moss and McKlveen [6]. They found
that in their natural samples from the Topaz
Mountain in Utah, USA, the saturation dose for
topaz is 700 Gy and that, after 40 cycles of irra-
diation-TL measurements-thermal treatment, the
intensity of TL signal was increased by 20%.
Azorin and co-workers [7] studied di�erent natural
samples from Mexico, including topaz. The best
sensitivity found was the topaz with TL signals 100
times higher than the TL signal of amethyst. They
have pointed out the existence of two main TL
peaks.

Lima et al. [8], on the other hand, found four
TL peaks in their measurements of natural topaz
from Goverdador Valadares, Minas Gerais, Bra-
zil. They also observed that the number and po-
sition of TL peaks depends on the storage time
between the irradiation of the samples and the TL
measurement.

In previous works [9,10], we have studied the
TL emission of natural topaz from di�erent parts
of Brazil and with di�erent colours. We found
that: (i) in some samples there are six TL peaks at
80°C, 140°C, 170°C, 230°C, 280°C and 330°C, (ii)
colourless samples have better sensitivity to c ir-
radiation than coloured ones; (iii) UV light can
promote the ®lling of some TL traps. We also
determined the kinetic parameters of the peaks
and we found that some of them follows a ®rst-
order model. Natural topaz also displays an
anomalous fading of the peak at 170°C.

The aim of the present work is to investigate the
possibility of using these properties of the TL
emission of Brazilian natural topaz for dosimetric
application. We are combining the results of TSEE
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with TL in order to analyse the possibility of
building a solid state dosimeter that can be used in
both techniques simultaneously in order to detect
contribution of di�erent types of radiation.

2. Experimental

The TSEE signal was registered using a system
with a 2p windowless gas-¯ow proportional
counter (the gas mixture is 90%Ar + 10%CH4).
The temperature follows a linear heating program
from 25°C to 300°C with a heating rate of 5.0°C/s.
The irradiation of the samples with X-rays was
performed in air, at 50 cm of the focus of the X-ray
tube, with energies between 14 and 22 keV. The
irradiation with c-rays was done at a distance of 1
m from a 60Co source. The sample was kept under
a plate of Lucite of 3.5 mm thickness during the c
irradiation.

The TL equipment was described in a previous
paper [10]. It can operate from room temperature
up to 400°C following a linear heating program.
For the measurement of the TL emission spectra, a
monochromator was attached between the
photomultiplier tube and the sample holder. A
monochromatic TL curve was taken every 10 nm
from 300 to 700 nm and the 3D TL emission
spectra or the contour plots were composed via
software.

Natural colourless topaz samples from Santo
Antonio do Jacinto, Minas Gerais, Brazil, were
used in this work. They were prepared in three
ways: (i) powdered samples with grain sizes from
0.75 to 0.150 mm, (ii) pellets prepared with pow-
dered topaz mixed with Te¯on and (iii) crystals
sizing about 5.0 ´ 5.0 ´ 3.0 mm3. For the pellets,
the crystals were powdered and the grains between
0.075 and 0.150 mm were thermally treated at
300°C for 30 min followed by another thermal
treatment at 400°C for 1.5 h. These are the same
treatments that are used for the CaSO4:Dy dosi-
meters produced by IPEN/CNEN/SP, Brazil. The
thermally treated topaz powder was mixed with
Te¯on in the 1:2 ratio (wt) and pressed producing
pellets with sizes of 6 mm diameter� 1 mm
thickness. The TSEE measurements were per-

formed in the crystals while the TL measurements
were done in all three kinds of samples.

3. Results and discussion

The TSEE curves of thermally treated (300°C/1
h) crystals of topaz irradiated with either c- or X-
rays display only one main peak at about 190°C, if
a heating rate of 5°C/s is used. Fig. 1 displays the
TSEE peak area as a function of c- and X-ray
doses. We can see that the area increases with the
dose obeying the following equation:

ATSEE � aDb; �1�
where ATSEE is the TSEE area of the peak and D is
the dose. For both the X- and c-rays, in the dose
range investigated here, the dependence is sublin-
ear and the coe�cient b is 0.55 and 0.70, respec-
tively.

In Fig. 2 we present the dependence of the area
of the TSEE peak with the energy of the X-rays at
a constant dose. We can see a strong energetic
dependence with the total emitted charge increas-
ing with the energy of the photons.

In Fig. 3 we can see the 3D TL curve of a
powdered sample of natural topaz from 300 to 580
nm and from room temperature up to 350°C, ob-

Fig. 1. Area of the TSEE peak at 190°C as a function of the

dose for c- and X-rays of 21.2 keV. The data points were ®tted

to Eq. (1). The obtained parameters are a � �5:8� 0:8� � 102

lA/Gy and b � 0:70� 0:03, for c irradiation, and are

a � �7:8� 0:9� � 102 lA/Gy and b � 0:55� 0:06, for X-rays.
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tained using a heating rate of 4°C/s. The main TL
peaks are located at 110°C, 170°C and 250°C. It is
also possible to see that the spectra of these TL
peaks are quite the same and are mainly composed
by emissions centred at 380, 420, 460 and 480 nm.

The 3D TL curve of the pellets produced with
topaz is displayed in Fig. 4. As we can see, the
main peaks are at 130°C and 230°C. It is also
possible to see a shoulder at about 270°C. The
main di�erence between the TL of the natural
samples and the pellets is the overall intensity of
the emission, that is smaller in the case of the
pellets. It was also observed that the relative

intensity of the TL peaks are di�erent. In the
natural samples irradiated with an extra dose of 50
Gy, the peak at 170°C is the most intense one,
while in the pellets, where the topaz powder was
thermally treated, the peak at 230°C is the most
intense one. In a previous paper [10], we showed
that there are at least six TL peaks in the colour-
less natural topaz within this temperature range. It
was also found that thermal treatments can change
the intensities of the TL peaks. The maximum
temperatures of these peaks are very close and in
some cases two or more peaks can be superim-
posed generating ``extra'' TL peaks. As a result,
these ``extra'' peaks can shift the position after
thermal treatments since these treatments change
the intensity of the six original peaks. This result
can explain why the TL peaks seem to be di�erent
when we compare the TL emission of treated and
untreated samples of topaz.

If the relative intensity of the di�erent peaks
changes, producing apparently di�erent TL peaks,
this means that the distribution of the charge traps
in topaz are changing when the samples are sub-
mitted to thermal treatment. This feature was also
observed in many other silicates [11,12].

Another important feature that we can observe
when comparing Figs. 3 and 4 is that the spectral
composition of the peaks does not change indi-
cating that the recombination and emission centres
remain unchanged after the thermal treatment that
pellets of topaz are submitted to.

Fig. 4. 3D TL curve of topaz pellets. Each monochromatic glow

curve were recorded with a heating rate of 4°C/s and the

spectral response of the detection system (photomultipli-

er + monochromator) was taken into account.

Fig. 3. 3D TL curve of powdered samples of natural colourless

topaz. Each monochromatic glow curve were recorded with a

heating rate of 4°C/s and the spectral response of the detection

system (photomultiplier + monochromator) was taken into ac-

count.

Fig. 2. Area of the TSEE peak as a function of the energy of the

X-rays for a ®xed dose of 10 Gy.
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We also measured in the same experimental
conditions the 3D TL curves of the LiF dosimeters
(TLD-100) and the CaSO4:Dy dosimeters pro-
duced at IPEN/CNEN/SP, Brazil. In Table 1 we
summarised the main results obtained for these
dosimeters comparing them to the values obtained
in the present work for the pellets of colourless
topaz. We can see that the intensity of the main TL
peaks at the maximum wavelengths for the CaSO4

dosimeters are higher than the values obtained for
the other systems. But our samples displayed
higher intensities than those obtained for the
commercial LiF TLD-100 dosimeters.

In Fig. 5 we plot the intensity of the main TL
peaks as a function of the dose for irradiation with
c-rays obtained with topaz samples thermally
treated at 400°C by 1 h. We can see that the in-
tensity of the peaks increases with the dose without
displaying any saturation until 400 Gy.

This result combined with the results presented
in Fig. 1 and in Table 1, indicates that the col-
ourless topaz from Minas Gerais, Brazil is a
promising material for dosimetric application and
it can be useful for personal dosimetry, in moni-
toring the radiation sources usually employed in
radiotherapy, and in the dosimetry of nuclear ac-
cident, where sometimes we want to know which
kind of material can be used to measure the radi-
ation dose in the region of the accident during or
after the accident.
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