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Abstract — A thermally stimulated exoelectron emission (TSEE) measuring system developed and constructed at IPEN was used
to verify the feasibility of the use of sintered pellets made of pure calcium sulphate (CaB8QaSQ with a 10% graphite

content, for area monitoring of an electron accelerator with variable energy. Its counting system consists wind®vless

gas flow proportional counter, and the heating system is formed by a temperature programmer that provides linear heating of
the samples. The dosimetric characteristics of the samples, such as TSEE glow curve, response reproducibility, calibration curves
and energy dependence were studied using the secondary standard system of beta sources from the Calibration Laboratory of
IPEN. Measurements of the TSEE response as a function of the absorbed dose were taken, placing these samples in different
positions in the accelerator’s irradiation room. The obtained results show the usefulness of these materials for area monitoring.

INTRODUCTION hemispherical volume and with P-10 gas flow (10%

The dosi ; K . diati ethanet 90% argon), developed at IPEN The
e dosimetry of weakly penetrating radiations, suc amples were read out, fixed on a heater plate using

as alpha and beta particles and low energy X rays, NgSear heating at a rate of 50.s%. The temperature

led to the development of new materials and techniques o) of this heating is carried out by a temperature
that present superficial interactions, as is the case wi
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techniqué=>. room temperature to 406G. The glow curves were

In this work, the properties of sintered pellets mad ; ; . )
of pure calcium sulphate or Cag@ith a 10% graphite i(/leg:osrdseﬂ g}Gg B?ng:ig?s)l_scaler (EG&G-Ortec ACE

content were investigated using the TSEE technique, to

verify their usefulness for area monitoring of an electron
accelerator. Results on glow curves, response reprodugiESULTS
bility, calibration curves and energy dependence are
presented. Glow curve

Figure 1 shows the TSEE glow curve for a sintered
pellet made of CaSpPwith a 10% graphite content
MATERIALS AND METHODS irradiated with 10 mGy of beta radiatiof°6r-°Y). A
Powdered CaSgxrystals and chemically pure graph-similar glow curve was obtained for the pellet of pure
ite powder were used to produce sintered pellets @aSQ. The main glow peak appears at about 20
either pure CaSQor CaSQ with a 10% graphite con-
tent (6.0 mm diameter and 0.8 mm thickness). The dosi
metric characteristics of the sintered pellets, i.e. TSE
glow curve, reproducibility, etc., were determined using The reproducibility of the TSEE response of the
the secondary standard system of beta sources from aSQ sintered pellets was obtained measuring them 10
Calibration Laboratory of IPEN. The set-up consists ofimes after repeated standard annealing and irradiation
a source stand, a control unit with timer and interprocedures. The standard deviation after ten readout
changeable beta sources B8r-°°Y, 2°“T| and **Pm. cycles was lower than 5.0% for both materials.
Measurements of the TSEE response as a function of
the absorbed dose were carried out using an electron ., _..
accelerator from Radiation Dynamics Inc., model Dyna&r‘]jmbr"j1t|0n curves
mitron number E00-10210, of IPEN. The beam energy The TSEE response of both kinds of material as a
can be varied from 0.5 to 1.5 MeV, the current from 0.3unction of the absorbed dose was obtained, placing the
to 25 mA and the scanner width from 60 to 112 cmsamples directly in the electron beams, in the centre of
Prior to each irradiation, the samples were thermallthe displacement car, as shown in Figure 2, in the range
treated at 30TC for 15 min. The readout of the samplesof 0.45 to 10.0 kGy. The beam energy was kept constant
was made in a2 windowless proportional counter with at 0.6 MeV; only the current intensity was varied. The
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results obtained for CaSG- 10% C pellets are shown
in Figure 3. The response of the pure Caihtered

pellets in this dose range was in the saturation region
and is therefore not shown. It can be seen that for
CaSQ + 10% C the TSEE response presents a Iine#
region up to about 1.0 kGy, followed by a saturatio%i

tendency. The standard deviation values were n

greater than 3.0% for dose measurements with bo

kinds of materials.
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Figure 1. Typical TSEE glow curve of a sintered pellet mad
of CaSQ with 10% of graphite content irradiated with 10 mGy
of 9°Sr-=9Y.,
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Area monitoring

To monitor the irradiation room of the electron accel-
erator, the samples of pure Caséahd CaSQ+ 10% C

ere placed in three different positions on the wall, and
e absorbed dose was varied, increasing the number of
splacements of the irradiation car. The current inten-
ity (0.3 mA) and the beam energy (0.6 MeV) were kept
constant. The irradiation distances were 1.3, 1.9 and
4.1 m from the electron beam centre. The standard devi-
ation values, associated with the measurements, were
not greater than 3.5% in either case. Figure 4 shows the
TSEE response as a function of the distance for
CasQ + 10% C sintered pellets. The absorbed doses
were varied from 0.45 kGy (1 displacement) to 7.2 kGy
(16 displacements). A rapid decrease in the TSEE
response with the increase of the irradiation distances
can be observed. The absorbed doses for one of the
irradiation distances (1.3 m) and for different numbers
of displacements of the irradiation car were determined
using the linear region of the calibration curve shown
in Figure 3, in the case of Cag0- 10% C sintered pel-
lets.

Energy dependence

The TSEE response of the Caggéintered pellets was
also verified varying the radiation energy between 0.6
and 1.5MeV. For this case the current intensity
(0.3 mA) and the number of car displacements (1) were
kept constant. The obtained results are shown in
Table 1. The uncertainties were always less than 5.0%
for both materials. It can be observed that for pure

CasqQ sintered pellets the energy dependence is high
e
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Figure 3. Calibration curve of sintered pellets made of CaSO

Figure 2. Set-up of the Dynamitron electron accelerator ofiith 10% of graphite contentl), irradiated at the electron

IPEN.

accelerator.
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BeO, one of the best materials for exoelectron dosimet
(for its tissue equivalence), for beta rays with maximu

CaSQ FOR AREA MONITORING USING THE TSEE TECHNIQUE

(47.0%), but in the case of Cag® 10% of graphite in relation to BeO is probably due to the difference in
the TSEE response is almost independent of the enertheir effective atomic number.
(7.0%). According to Borp, the energy dependence of

ONCLUSIONS

energies in the range 67 keV to 2.27 MeV is also high The results obtained show the feasibility of using sin-
(30.0%). The even higher energy dependence of GaS@red pellets made of Cag@ith a 10% graphite con-
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Figure 4. TSEE response of sintered pellets made of QaS@-s

with 10% content of graphite as a function of different pos—l-

itions of irradiation. Displacementslil) 1, (®) 4, (A) 8, (V)
16.
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tent for the dosimetry of the electron beam, as well as
for area monitoring of an accelerator facility, using the
thermally stimulated exoelectron emission measuring
system developed at IPEN. The significant energy
dependence of the pure Cag@ellets does not rec-
ommend them for radiation dosimetry using the ther-
mally stimulated exoelectron emission technique.
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Table 1. Energy dependence of sintered pellets made of
pure CaSO, and CaSQ, with 10% of graphite content for
electron beams from the Dynamitron accelerator.

Energy TSEE Relative Responsel0* (arb. units)
(MeV)

CasQ CaSQ + 10%C
0.6 4.952 3.680

4.321 3.663

3.370 3.933
3.360 3.900
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