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ABSTRACT

Lithium sodium sulphate doped by rare impurities (LiNaSO4: TI) has been locally
prepared. Its Thermoluminescence properties (TL) have been performed from room
temperature up to 300 °C. The used heating rate was 5 °C/sec. The samples were
irradiated by electrons of different energies (5, 7, 9 and 13 MeV.). These samples
were exposed to different duration to attain different radiation doses. It has been
observed that the glow curves are consisted of four glow peaks at 75, 125, 225 and
250 °C respectively. The first peak showed a linear dependence with electron
radiation doses and can be used in radiation measurement. The irradiated
impurities LiNaSO4: TI with energies higher than 5 Mev showed no appreciable
change in the TL peak height. The obtained results will explore the probability of
using such system (double sulphates doped by rare earth impurities) in the field of
radiation measurements.
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INTRODUCTION

Thermoluminescence (TL) is well known as a research tool in solid state physics and
radiation dosimetry. Also, TL phosphors are precise, re usable and quick reading [1-3].
Because of the experimental simplicity and significant amount of informations that can be
obtained, TL has been considered as a tool for understanding the defect structure of the
crystals associated with luminescent centres and traps [4,5 ]. TL matrix is a convenient host
for studying the role of rare earth ions. Since, it is possible to produce optical quality crystals
containing controlled amount of rare earth ions [6-8 ].

TL sensitivity of singly doped phosphor can be enhanced by incorporating additional
activator in a given host lattice. The sensitized luminescence of phosphors has been the
subject of several investigators. They concluded that the TL sensitivity increases due to the
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transport of energy from sensitizer to activator. This transfer of energy in more probable
between neighbour pairs of activator and sensitizers. The authors [9,10 ] also suggested that
an excited sensitizer ion may transfer its energy to a neighbouring sensitizer ion and hence to
an activator in order to account for the high transfer efficiency observed. That means the
energy is transfered from sentitizer to activator over a distance greater than these seperating
only nearest neighbour pairs [11 J.When one activator gets excited, it may transfer its energy
to the other species of activator in order to account for the high tranfer efficiency observed.
The first is called sensitizer and the other is activator [12-14 ].

Double sulphates are known to be good thermoluminescence materials in case of
adding rare earth impurities (LiNaSO^ TL) It has been all ready shown that the glow curve
charactesintics depends drastically on the method of preparation, concertation impurities, pre-
heat annealing, radiation doses, and energy responses of these radiation types [15 ]. The aim
of the present work is to atudy the effect of electron irradiation dose and energy on the
thermoluminescence properties of LiNaSO4: TL. The obtained results will explore the
probability of using such system in the field of radiation dosimetry.

EXPERIMENTAL

1- Sample preparation:

LiNaSCU: TL. samples were prepared by the method discribed else where [5 ] . The stating
materials were equimolar Lithium sulphate (LiSO4) and sodium sulphate (NaSO4) together
with different concentration of thallium (Tl) added as TI2SO4. The mixture is melted at
950 °C for one hour and left to cool gradully to room temperature.

2- Irradiation facilities:

The LiNaSC>4: Tl samples were irradiated in linear accelerator type Mevatron 74
(7445). It is a compact device which is capable for producing x-ray energy (lOMeV) and up
to six nominal electron energies (between 5 ans 14 MeV). The accelerating wave guide uses
microwave fields to accelerate low energy electrons to high levels. The radiofrequency (RF)
system contains an automatic frequency control power source used for acceleration. The RF
system produces up to 2.5 Megawatts of pulsed power. This power is transmitted to the
accelerating waveguide through the RF transmission waveguide, where it is used to accelerate
electrons to the required energy levels. The electron gun (injector) is the source of electrons,
from an indirectly heated barium oxide impregnated cathode of pierce design. The stream of
electrons is focused into a tightly-packed beam and injected into the accelerating waveguide.
All experiments were performed at the same electron beam current. The only vairable were
the energy of electrons and the irradiation time.
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3- Thermoluminescence (TL) Measurement

TL measurement were carried out in the temperature range 300-600K, using Harshaw
2000 A + B TL reader. The heating rate was 5 °C/s. For high accuracy, measurements were
done in duplicates. Pure and dry nitorgen gas was flushed before and during the
measurements.

Results and Discussion

Electron irradiation affects quantitatively on the properties of the doped samples of
LiNaSO4 by Tl dopants in the same way as other kinds of radiation [12 ]. Fig (la, b & c) show
the TL glow curves of various concentrations (0.08, 0.2, 0.4 and 0.6% Tl) exposed to different
electron radiation doses with different energies (5, 9 and 13 MeV). It is observed that the
structure of the TL glow curves consists of 4 main glow peaks (at ~ 75, 125, 225, 250 °C) as a
result of electron irradiation. Fig. (1-a) shows that the TL intensity changes with the dopant
concentration of Tl+, reaching maximum enhancement at 0.6% by weight. This trend has been
observed for all exposure doses as wall as different electron energies. This may be attributed
to the fact that insertion of Tl impurities create sort of defects in the host lattice of LiNaSO4
samples as shown also in figures (1-b and c). In the mean time electron irradiation generate
ion vacancies. The presence of these vacancies in the bulk of the speciment facilitate
of Tl+ ions in the dislocation region would first leads to the formation of Tl+ ions pairs.
Hence, this effects on the TL enhancement.

Fig. (2) represents the TL glow curves for LiNaSO<i doped by 0,6% TI by weight.
Samples were irradiated by different energies and exposure dose equal to 82.6 Rad. It is
observed form this figure that strong TL peak are located at about 80 °C which can be used in
the dosimetric purposes. At low energy (« 5 MeV) the peaks are reasonably resolved while at
higher energies these peaks are overlapped. This can be attributed to the following aspects:

The losses in energy of the electrons when traversing the sample; Three essential mechanisms
are considered [13 ] .

inelastic interaction between electrons of the beam and those of the atoms in the crystal
lattice leading to excitation or ionization of the atoms.

elastic interaction between electrons of the beam and atoms of the lattice causing
displacement of whole atoms from equilibrium position within the lattice.

in elastic between electrons of the beam and the electric fields of nuclear leading to an
emission of x-rays (Bremsstrahlung). The first two mechanisms are essentially effective in
producing defects in the crystal lattice. Thus, the first mechanism can cause ionization of the
atoms leading to a disruption of chemical bonds in large molecules of the material.
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Fig. (3) represents the TL glow curves for 0.6% Tl by weight doped samples irradiated
with electron energy (13MeV) and different exposure doses. It is clear from this figure that
the first peak height increases linearly with dose as shown in Fig. (4). While the fourth peak
increases to certain extent then shows saturation by increasing the electron exposure dose.
This can be attributed that the number of population in the first TL trap is high enough to fill
up more electrons in this particular energy gap. While that corresponding to the fourth trap
show small energy gap and hence a small number of population that can be settled in this
energy region.

From the above studies it is observed that the peak temperature depends upon the extent
of trap filling as shown in Fig. (5). In this figure the first TL peak temperature (PKI)
decreases with increasing electron exposure dose. While TL peak temperature (PK IV)
increases with increasing of electron radiation dose. This can be attributed to the nature of
each TL trap, which behaves in separate manner.

Conclusion

From the obtained results it is concluded:

The TL intensity of (PKI) for LiNaSO^ Tl increases linearly with electron irradiation
doses up to 2500 Rads.

The peak temperature of (PKI) shifts to lower temperature as the electron irradiation
doses increases.

The peak temperature (PK IV) shifts to higher temperature by increasing the electron
doses.

0.6% Tl content is the most efficient ratio for the TL response.
It is concluded that there is no appreciable change in the TL peak height (PK I) after

5 MeV electron energy radiation.
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