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Abstract

The proprictics of the thermally stimulated exoelectron cmission  (TSELE) and
thermoluminescent emission (TL) of composites of topaz-glass were studied with the aim of use
as solid state dosimeters. ‘The TSEE response was studied as a function of the radiation encrgy
(photons and particles) and as a function of the absorbed dose. For clectromagnetic radiation
(""Co and X-rays) topaz-glass composite presented a lincar TL and TSEE response to dose
within a range of 0.01-1 Gy. The topaz-glass composites presented higher TSEL peaks than
topaz-Teflon pellets, In dosimetry of the wradiation fields normally used in radiothetapy the
responses of the topaz-glass dosimeters arc comparable to topaz-Teflon pellets And the results
confirmed that these samples can be uselul i monitoring the quality of the radiation sources.
This dose mapping techmques is particular useful to investigate the dose distiibution throughout

a planned target volume.
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INTRODUCTION

The thermoluminescent (TL) properties of manufactured composites with a mix of topaz-
Teflon have been studied by our group since 2000 with mean to develop a new sohd state
dosimeter |1-4] In 2003 was presented the first results about TL response of topaz-glass
composites prepared with a mixture of the powdered topaz crystal and powdered commercial
plass [3]

Published results in previous work showed that the topaz composites are very promise
candidate for differing TL applications, mainly in dosimetry of patients on radiotherapy [1-4].
The composites present a linear response for gamma rays from 10 Gy up to 1 Gy dor of the
topaz-glass and untul 20 Gy for those of topaz-Teflon. Dose for T saturation response to gamma
dose are the about 2 kGy. Both composites and pellets present a dose response dependent ol the
radintion encrpgy. Thice dependence can he redneed with the nge of an approprsted  ilters
combination in the dosemeters”™ badges; and that this dependence may be utilised to determine
the effective energy of an unknown radiation source. Composites to display feasible for the
successive nradiation-reading-annealing cycles without appreciable change m thew sensitivity.

The main known advantage of the topaz-glass composite over the topaz-Tetlon pellets as a
T1 dosimeter s which it can be anncaled at 400°C. Topaz-Teflon composite can be thermally
treated only up to 300°C, above this Teflon is volatilised, Thermal trcatiment at 400°C 1s more
elticient to depopulated the traps, witch possibilities climinate completely the T signal betore
reusing [4]

Another technique used for studied dosimetric characteristics of the composites topaz-
Teflon was the thermally stimulated exocelectorn emission (TSELR). TSEE 1s a techmqgue that can
be applied specially for detection of not much penctrating radiation, hike low encrgy X ravs,

clectrons, alpha radiation and beta,



In 2001 we presented the first results of TSEE analyses with topaz-Tetlon pellets |2}
These previous work presented the influence of the dose and the energy of alpha, beta, gamma
and X rays on the TSEE response. Results about TL responses of these composites were also
studicd. These techniques were combined in order to check the possibility of building a solid
state dosimeter that should be used in both techniques. Those one showed efficient for dosimetne
applications by TSEE techniques too. Like TL results, TSEE response increased with the dose of
radiation and 1s dependent of the energy of the beam.

The mam of the present work is to investigate the potentiality of applicaton ol the topaz-

glass as a new TSELE dosimeter and continue to the investigation about topaz-Tellon pellets,

FXPERIMENTAL

Composites of natural colourless topaz samples from Santo Antomo do Jacinto, Ninas
Gierais, Brazil was employed in this work. The topaz-Teflon pellets were prepared  wiath
powdered topaz samples with grain sizes from 0.75 and 0.150 mm, mixed with Teflon i the 12
ratio (wt) and pressed producing pellets with sizes of 6 mm diameter < 1 mum thickness | 1]

To produce topaz-glass composites were used reeycled window glass, classified as
transparent for industrial usage. For the preparation of the composites, topaz crystals were
powdered with in the size interval of 45 - 65 pm. The glass was crushed into pieces with
diameter of - 0.5 mm After the milling step, the glass powder was dried and nixed with the
topaz crystals (50 % in mass) and formed via umaxial pressing into the form ot pellets with 6
mm i diameter and 2 mm an thickness 4]

Composites and pellets were always thermally treated for Th before irradiation, Topaz-

Teflon at 300°C and topaz-glass at 400°C.



Photon irradhations were performed at IPEN/CNEN/SP facilities. X-rays irradiation were
performed using a Rigaku Denk generator, model Geirflex, with Philips tube (60kV), with
effective energies of 143, 17.2 and 21.2 keV. Gamma irradiation was carricd out using the

Gamma-Cell 220 (™

Co) system. Radiotherapic simulations were performed ina Sicmiens
accelerator of a radiotherapy institution. Irradiation with gamma and 6 MV X-rays was done
with the composites kept under Lucite badges in the order to obtain the clectronic equilibiium
conditions. All the irradiations were done at room temperature.

For measurements in radiotherapy the dosemeters were installed i acryhe phantoms
fulfilled with water. ‘The phantom was used to simulate the pelvis region of a adult. The
composites were placed in the geomeltrie center, in the entrance, in the exit and in the depth (half
thickness) of the radiotherapy fields.

Figure 1 shows the phantom that has been used for simulated radiotherapy treatments
based on current chinical trials.

‘The TL readouts were done in Harshaw 3500 equipment using a lincar heating program
with a rate of $"C/s in the temperature range from room temperature up to 350°C

The TSEE signal was registered using a system with a 2n windowless  gas-{low

proportional counter, with henuspherical volume |5]. The heating was hincar at a rate of 5°Cls

from room temperature up to 350°C.

RESULTS AND DISCUSSION

Figure 2 presents the TSEE glow curves for topaz-glass composites and topaz- T'eflon
peltets arradiated with 5 Gy of X-rays (21.2 keV). Both the samples displayved only one mam
peak at about 190°C This peak presents in the same temperature range of the most tense 11

peak. However, a comparative T1 glow curve analyses with both composites show another peak



at 110"C 4. TSELE response of the topaz-glass composites was more intensity that one of the
topaz-Teflon composites by a 10 factor, approximately.

In the tigure 3 is showed the response of the TSEE of the topaz-glass composttes as a
function of absorbed dose for gamma and X radiation with 21.2 keV in the iterval between 0.5
Gy and 5.0 Gy and of 177 keV in the range from 1.0 at 5.0Gy. The integrated arcas of the TSE
peaks were calceulated. The TSEE responses increase with the dose and are more intensce to the
composites irradiated with X-rays of 21.2 keV than those irradiated with 17,7 keV.

In order to determine the dependence of the TSEE response to the radiation gamma ("'Co)
the topaz-glass composites were irradiated in the range from 0.005 at 0.04 Gy, As the TSEE
response of topaz-glass composites is morc intensity than topaz-Teflon pellets was possible
measure low doses than 0.5 Gy. The lower dose observed by topaz-Teflon 1s 0.5 Gy (2). As
expected, the TSSE response of the composites increased with the dose. And as the response to
0.005 Gy was intense, will be possible to measure low doses.

A comparative analyse of the TL response presented by topaz-glass in dosimetric
procedures m radiotherapy 1s showed in figures 5 and 6. In this figures we presented the
theoretical value and experimental measurements of TL response versus the ficld ol irradiation
and the depth that the composites were positioned inside the phantoms. The topaz-Tellon and
topaz-glass composttes were irradiated with 045 Gy (X-rays of 6 MV) The 1L signals were
analysed to measure in the hall thickness (12.0 ecm) and in the exit sutface The dose profiles

show a god agreement wath the profile of the equivalent tissue material,

CONCLUSIONS

The topaz-glass composites presented  higher TSEL peaks than topaz-Tetlon pellets

[Indicating that the TS response of the former can be suitable to analyse the entrance dose



radiotherapy. In dosimetry of the irradiation fields, normally used mn radiotherapy, the TL
responses of the topaz-glass dosimeters are comparable to topaz-Teflon pellets.

The dose response in the depth of topaz-glass composites was in accordance with the
literature results,

The results confirmed that these samples can be useful in monntoning the quality of the
radiation sources. This dose mapping techniques is particular useful to investigate the dose

distribution throughout a planned target volume,
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Figure Captions

Figure 1. Phantom used for simulations in radiotherapy.

Figure 2 T'SELE emission curves of the composites irradiated with 5 Gy of X-ravs (21.2 keV)
Figure 3. TSIE response (arca) of topaz-glass composites as a lunction of absorbed dose for X
radiation (17.7 and 21.2 keV).Figure 4. TSEE response (arca) of topaz-glass composites as a
function of absorbed dose for gamma radiation (*'Co).

FFigure 5. Pcrcentage depth doses presented by the topaz-Teflon pellets as a function of
radiotherapic fields.

Figure 6. Percentage depth doses presented by the topaz-glass composites as a function ol

radiotherapie fields.
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TSEE Response (arbt. units)
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TSEE Response ( arb.units )
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