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THE THERMOLUMINESCENT PROPERTIES OF Li,B,0,:Tm

Barbara Maris Rzveki and Soero Penha Morato

ABSTRACT

With the sim st to develop & material ./hich shows the necesssry properties for the production of 8 soiid
state radiation dosermeisr, thulium, (Tr', activeted lithiumr tetrahorste. (Li2B40+}. was siudied. This material shows
a thermoluminescent, (TL), effect enc waes produced in polycrystalline and giassy forms. The optimum impurity
concentration wes detarmined to be 2% by weight. Glassy Li;Ba07 Tm showed more resistance to radiation damage,
snd its TL semsitivity s sbout four mo helf times lowsr than the polycrystaili- form The TL emission spectrum
hss » dominent pesk at 455nm waen fr's into the useful photomuitiplier detection interval of the common
comunercisl TL readers. The TL giow curves consis® of three pe-ks for polycrystailine and glassy samples. Some of
the polycryssalling Li;B4O0-:Tm TL _harecteristics are: 8 ac ivator emission spectrum lies into the common
commercisl PM detection spectrur- range, bl dosimetric peak st 283°C. ¢ linear TL output '» the 0.1 mGy - 10° Gy
dose rangs, d) post irvadistion feding at smbwent tempersture less than 10% in three months

PROPRIEDADES TERMOLUMINESCENTES DO Li,8,0,: Tm

RESUMO

Com o objetivo de desenvoiver um meterial que tivesse as propredades necessdrias pera 8 producdo de um
dosimetro de @stado sdlido pers radiscdo foi estudado o tetraborato de litio, (Li;B404), ativado com tilio, (Tm)
Este materist mostra o sfeito termoluminescente. (TL), e {-1 produzido na forma policris:a’ine e vitrea. A concentragio
otima de impurezs foi determinade ser 2% em mmsa. Tetraborsto de !itio vitreo impurificado com Tm mostra meior
resisténcis 20 deno de radisgo e sus sensibilidade TL ¢ mais baixa que ne forme policristaline. #m cerca e quetro
veres ¢ meia. O espectro de emisslo TL que tem um pico dominsiie em 455 nm situs-se no intervaic el de deteccdo
des ieitoras de TL comercisis. As curvas de em 80 TL das amostras policristalinas e vitress compSem-se dé 1rés picos
distintos. Algumas cerecteristicss TL do Li»B4047: Tm policristalino sfo: a) espectro J¢ emissfo TL do marerisi ati-
vado esté no intervalo de detec,Bo des fotomulsiplicadnras comercisis, b) pico dosim  «co em 288°C. ¢ resposta TL
linesr no intervelo de doses de 0.1 mGy a 10° Gy, d) desvanecimento TL, & tempersturs amtante, menor que 0%
om trés meses.

INTRODUCTION

Lithium tetraborate samples, in polycrystalline and giassy forms, sctivated individue'lly with
lanthanide rare-sarths, (RE), showed TL peaks sround 290°C. Similar TL cutput of Li; B,O- activated
with different rare-earths could be explained by the similarity between luminescance centers and forried
traps, because of trivalent RE generic natura and due to its association with hole centers. Luminescenca
efficiency varies from one to another rare-earth. Thulium was selected to be the most favourable RE
becsuse of its TL characteristics when introduced into the Li;B,0, compound Polycrysteliine and
glsssy semples are anslysed and their TL responses are compared.



EXPERIMENTAL

Lithium tetraborate production .1 laboratory is very simole and does not need any sophisticaded
rules nor complicated pertormances like controlled atmospheres or tight systems. Samples were prepared
in our laboratory following Kirk's'®' method Beyond RE activator, it was added 0.25%, by weight, of
siicon oxide {5i0.) to reduce hygroscopicity To produce crystalline samples, platinum crucibles were
used, and the meited mass was cooled to room temperature by pourring it onto a stainless steel p'ate.
Glass matrices were obtained by fusing the mixture into a graphite crucible, which was removed from
the furnace with the fused mass and cooled to room temperature. Those two bulks were ground to
74 177um grain size powders. The structure of the crystalline Li, B2 0~ was confirmed by X-ray difraction
analysis ar:d it was observed that Tm activator ions are rot of substitutional type in Li; B;0, as for Dy
in CaSO4 7',

For gamma irradiaticns, a *°Co gamma cell (Dose rate = 43Gy’min into the sample cavity)

and a *°Co gamma panoramic source facility (source activity = 2664 MBq) were used. For X irradiations,
a Siemens Stabilipan X-ray machine was used with the experimental conditions shown in Tabie |.

Table !

Experimental conditions of X-ray irradiation

[ e | R [ mwm Efective eneray |
tkvp) {mm} {mm) iweV)
R - — ]
80 20 Al 210 Al 2
120 0.2Cu 0.35Cu 55
160 05 Cu 0.70 Cu 70
200 1.0 Cu 1.43 Cu o«
250 Thi 240Cu 126
300 Th it 4.00 Cu 155

The TL sensitivity of both polycrystalline and glassy samples were compared by simultaneously
exposing to ®®Co gamma rays (Dose = 1 Gy).

TL glow curves and TL emission specirum were obtained using 8 home made TL reader
constructed at the Radiation Protection and Dosimetry Center, as Jescribed by Suntal14', vhose
temperature heating rate could be well controlled during long displaying times. Each TL measurement
was carried out for 13 mg of powder spread over a planchet area of 0.36 cm’. It was also used the
Harshaw's Chem Co. TL reader, Mode! 2000 A-8. The TL emission spectrurn was obtainud by connecting
the photomultiplier housing assembly, of the tirst type TL reader, with a Jarreil-Ash Ebert monochrotmator
which had two gratings blazed at 300 nm and 600 nm separately. The hesting assembly was atts: hed to
the entrance slit of the monochromator and the photomuitiplier to the exit slit. A 100 nm/min scanning
rate was employed while Li;B,0,: Tm sample was maintained at a constant temperature of 150°C to
assure a siow TL Jecay rate.



RESULTS
Emission spectra

TL emission spectra of pure and RE activated Li, B4 O, were reported before''!' . Figure 1 shows
the TL emission spectrum of polycrystalline Li; B,0,: Tm after gamma irradiation (Dose = 10° Gy).
The emission spectrum shows a multiple bands behaviour and the promissing characteristic is that the
broader emission bands match the most common PM tubes spectral response.
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Figure 1 — Thermoluminescent emission spectrum of polycrystaliine Li;B40O,: Tm compered with
filter transmission and photomuitiplier absolute sensibility.

TL glow curves and sensitivity

Typical TL glow curves of Li;B,0,:Tm in polycrystailine and glassy forms, after a test dose
of 10 Gy, are shown in Figure 2. Hesting rate of 7.5°C/s was used in temperature renge from 25°C to
400°C. In each case three peaks compose the curves: 110°C, 150°C and 288°C in the polycrystalline
sample and 100°C, 156°C and 288°C in the glassy ones. The dosimetric peaks are 288°C and 156°C for
polycrystalline and glassy samples respectively.

The messured sensitivity of glass samples relative to the polycrystalling ones is 14%.
Activator concentration effect

Pure polycrystalline Li; B,O, has its TL intensity output incressed by RE impurity introduction.
Figure 3 shows Tm concentration effect in Li; B0, matrix. Samples with activetor concentration
verying from about 0.0!% to about 3% were prepared and TL outputs compeared for ggmma irradistion
dose of 1 Gy. A sherp incresss can be seen wom 0.01% to about 1.8% reaching a maximum for »

concentration of 2%, sfter which the TL output graduslly falis as expisined by the “concentration
quenching etfect’’!2.3},
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Figure 2 — Thermoluminescent glow curves for Tm activated Li; 8,0, in (A) polycrystalline and
(B) glassy forms for a test dose of 10 Gy.
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Figure 3 — Relative TL output for different concentrations of Tm activated Li; B0, polycrystalline
phosphor.

Dose ageinst TL response

It was not observed significant deviations of the dosimetr c peaks in the polycrystalline and
glassy samples for diferent gamma ray doses. The linearity of the 7L response agsinst dose starts from
a minimum detectable dose of 0.1mGy up to 10° Gy for polycrystsltine Li;B,0,:Tm and from
0.45mGy up to 10* Gy for glassy Li; B4O,:Tm, figure 4. Slight increase in TL output is observed for
the former sample between 10° — 10* Gy and seturstion effect above 10* Gy. Glassy samples showed
lineas response for all the intervel.

Photon energy dependence

Among the common TL phosphors, Li;B40, is the most closely “tissue-equivalent’”’ material.
Thulium activated Li;B,0, TL response, for a given absorbed dose and relative to tissue in the 70 keV
region, is about three times greater tha+ that of *°Co gamma energy. It coud be pcssible activate
Li;B40+ with certsin specific impurity quantity in order to let the phosphor response be equivalent
to tissue in the low energy range. However this is not always feasible without impsir some TL
characteristics. The relative TL response to tisue of Li;B4sO,: Tm plotted ageinst photon energy is
shown in figure 5.
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Figure 4 — Dosimetric peak TL response against dose for Tm activited Li;B50, in polycrystatline
form compared with glassy form.
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Figure 5 — Energy dependence curve for Tm activated Li;B8,0- relative to tissue for photon energies
in the 20 keV to 125 MeV region.



The strong enerqy dependence of L.;B;0-: Tm around 70 keV is mainly due to ‘.igh mass
energy absorption coefficient, {ue,/p), of the constituent elements when compared to the o:her energy
values as showed in Table Il Thulium has a strong influence on this behaviour. The relativ: TL response
was calculated using the expression given by Attix''' and the mass energy absorr.on coefficients
{Hen/p) were calculated from Storm and Israel''3’ data. All experimental data :vere obtzined for
irradiations made in electronic equilibrium conditions and are very close to the calculated data. The
errors involved in the determined experimental values are about 4%.

Table 11

Mass energy attenuation coefficients far Li; B4O,: Tm, Si, air and tissue

Energy Hen/p tcm’ /g)
(keV) Li;Bs0,:Tm, Si Air Tissue
20 1.2634 0.3110 0.48780
55 0.0871 0.0355 0.03435
70 0.0921 0.0234 0.02735
96 0.0620 0.0234 0.02472
126 0.0482 0.0242 0.02595
155 0.0384 0.0250 0.02731
1250 0.0259 0.0268 v.02930
Annesling

The best annealing condition of polycrystalline Li;B,O-:Tm was determined as 320°C for
30 min. Below and above this temperature was observed a decrease of the TL output for the same
irradiation dose of about 1 Gy. Higher temperatures are probably responsible for trap concentration
changes (as Frenckel or Schottky defects annihilation). For glassy samples the annealing at 200°C for
15 min is sufficient to eliminate some residual TL output. If either of samples are irradiated with doses
lower than 1 mGy no annealing is necessary for reutilization.

Fading characteristics

Room temperature fading was analysed for both polycrystailine and glassy Li;8,0,:Tm
samples after gamma irradiation dose of .25 Gy. It was observed that the glassy dosimetric peak fades
at room temperature about B% in 30 days and about 12% in three months. Polycrystalline dosimetric
peak presented a 6.2% of fading after 30 days and about 10% in three months.

CONCLUSIONS

Based on the obtained results for Li; B,O0-: Tm in polycrystalline and glassy forms it is assumed
that the first one is more convenient for dosimetric purposes.

The RE activator in Li;B;0, is an electron trapping center as well a TL emitting center as was
previously observed by fluorescence'®' and optical absorptior.'12’ measurements. The main TL process
for Li;B40+ wes described by the suthors'®) and is similar to .he mechanism proposed by Merz!5 for
CaF; and Nambi'?' for CaSO, both activated with RE impurities.



Silicon addition provides moisture resistance and this fact gives the possibili., to compact
the phosphor in pellet form without any special encapsulation.

Despite the TL energy dependence in the energy range of 20 keV to 155 keV, the phosphor
can be used with an adequate filtration as occurs with some other TL phosphors'6'.

!f necessary to measure doses higher than 10° Gy. glassy state Li;B,0,.Tm is preferable
because of its non saturation behaviour

The dosimetric peak of the polycrystalline Li;3,0,:Tm at 288°C permits the reuse of it
{minimum 10} even for high gamma doses without any radiation damage. This is also an advantage
that recommends it as a suitable dosemeter.
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