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A b s t r a c t .  The coppcr-doped lithium tetraborate LÌ2B 407:Cu (LBCu) is one o f the famous 
tissue equivalent materials for the thcrmolumincsccnt dosimetry, very useful for applications 
in mcdical and personal dosimetry measurements. This material in  powder and pellet forms 
was prepared by sintering method in the Laboratory o f Applied Spcctroscopy and Geinology- 
[MS-VAST. In tlùs study the dositnclric characteristics o f LBCu powder were examined: ho- 
mogcneitv o f batch, reproducibility, dose response and evaluation kinetic parameters.
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1. Introduction

The coppcr-dopcd lithium  tetraborate LÌ2B4 0 7 :Cu (LBCu) is one o f  the well-know n materials for 
thennolum incsccnce dosim etry w ith cfFcctive atom ic num ber Z e / /= 7 .4  clo.sc to that o f soft biological 
tissue. This material has h id i  sensitivity, linear dose dependence, a w ide operation dose range, and a 
weak dcpcndcncc o f the ionizing radiation energy. LBCu is very prom ising m aterial for applications 
particularly in m cdical and personal dosimetry.

The first them iolum inescent material based on lithium  tetraborate activated b y  manganese is com 
mercialized by H arshaw  under the nam e TLD-800. This m aterial presented a very poor sensitivity, 
m ainly caused by the light em ission in the 600 nm  region o f the spcctra, far from the response region 
of most o f the photom ultipliers used in com mercial rcader. The use o f  copper as activator instead of 
m anganese overcomes the draw back o f poor sensitivity, shifting the em ission spectrum  to about 370 
nm [1, 2 .

LBCu m aterials in pow der and pellet fomis have been prepared b y  sintering and m elting method in 
the Laboratory o f Applied Spectroscopy and Gemoloey-IM S-VAST. The LBCu samples w ere iưadiated 
w ith gam m a source or X -ray tube copper anticathode at 25 kv, 5 mA. Theniially stimulated 
lum inescence (TSL) m easurem ents were carried out on the H arshaw  M odel TLD  3500 Reader.
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2. R esu lts  and  d iscussion

2.1. Preparation and op tim iza tion

The LBCu pow ders [2, A], and pellets [3, 5] w ere prepared b y  sintering method. Ethanol solution 
o f  C uC l2 w as mixed w ith  sto ich iom etric am ount o f com m ercial L Ì2B4O 7. The dispersion was hom og
enized b v  stirring the m ixture for 30 niin, u sing  a m agnetic stiưer. A fterw ards alcohol w as allow ed to 
evaporate a t am bient tem perature. D ty ing  w as com pleted in a laborator)' flimace at 100 ""C for 10-12 
hours.

The pellets (4.5 m m  in d iam eter and 0.95 m m  in thickness) w ere then  prepared by cold pressing 
the as-prepared LBCu pow ders.

Pow der and pellets w ere kept in a p la tinum  crucible and sintered at 870 ° c  for 30 min in air 
atm osphere, followed b y  a natu ra l coo lins to  room tem perature. Pow der was then eround and sieved 
to obtain erain size in the range o f  7 5 -2 0 0  f im ,  and the obtained pow der w as then heated asain  at 
400 "C for Ih.
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Fig 1. TSL glow curve o f  LBCii sample as a function  
o f Cu concentration.

Fig 2. Maximum peak intensity and rcspoase o f LBCu 
sample versus sintering temperature.

The sintering tem peratu re and Cu concentration are im portant param eters w hich influence TSL 
properties o f  the m aterial. F igure 1 and 2 show  the TSL-response as a flinction o f  Cu concentration 
and sin tering  tem peratures. It can be seen th a t the TSL-response increases gradually  w ith increasing 
copper concentrdtion and sin tering  tem perature w ith in  the range from  0.1 to 0.15 m ol%  and from 870 
to 880 °c respectively. A bove these tem peratures the sam ples undeigo a com plete m eltine and the 
TSL signal can not be collected again. A t the tem perature 890 °c, sam ples were melted. Therefore, 
the optim al tem perature o f  sinterins: process is 870 °c for copper concentration o f 0.15 mol%.

2.2. H om ogeneity

Evaluation o f the hom ogeneity  w as caư ied  out w ith 10 sam ples taken from a given batch and 
irradiated at the same radiation  dose. The m aterial exhibiting standard deviation about 2 % could be 
accepted for the dosim etric application.
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EvcPy’ batch o f  m ore than 3 e in wciiih has to be hom ogeneity  tested . The resultant TSL response 
was betw een 2.0-3.0 %  variations based on standard deviation o f  10 sequential m easurem ents. A c
cording to the evaluating o f the Radiotherapy Laboratorv^ in Hcnr>' M ondor H ospital, our dosim eters 

show a standard deviation o f 2.25 %.

2.3 R ep w d u cib ility

The TSL sensitiv ity  o f sample T4 is almost unchanged afte r 10 tim es o f  the TSL reading out. The 
fluctuation o f  the TSL intensity w as estimated about 3.6 %. It indicates that LBCu is the reusable 
m aterial in the dosinictric application.

2.4 TSL dose response

The dose response w as chocked by Henry M ondor hospital. The results o f  the m easurem ents show 
a linear dose response in the study raníỉe o f dose until 30 G y (show  in iig.3).
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Fig 3. TSL response of the main glow peak versus giimina ray dose.

2.5 Evaluation o f  the kinetic param eters

Some selected TSL glow  curves o f  sample after iư ad ia tion  o f  d ifferent dose levels are shown in 
fíơ.4. The glow  curve shows 4 peaks in the range from  50 to  450 ° c .  The tem perature o f every peak 
in the glow  curve o f  LBCu does not shift w ith increasing  dose levels. T his m eans that all o f the glow 
peaks in the investigated region ought to be o f the first- order o f  TSL kinetics.

The variable heating rate method consists o f  m onitoring  a glow  peak tem perature w ith  different 
heatm g rates. In accordance w ith  the method, the tem perature Tm  depends on the heating rate /3 this 
dependence can be defined by  the following equation:

ỉ n ự l l í ĩ )  =  E j k T m  +  l n { E l k s )  

where 6( s “ ’ ) is the  frequency factor, E (eV) is the trap depth, T m (A ') is the maxim um  tem perature 
o f the elow -pcak and k is B oltzm ann’s constant. I f  Tm. is m sasured  for a num ber o f different heating 
rates E can be found from  the slope o f the straight line obtained from  the p lo t o f the logarithm ic term  
/n (T ^  /3) against XjTm-  The value o f s can also be obtained from  the intercept o f the slope. Figure
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Fig 4. The TSL glow  curvc o f LBCu with different 
Xray irradiation tim es (at a heating rate o f 2
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Fig 5. Glow cu w es o f LBCu measured at various 
healing rates.

Table 1. A ctivation energy E and frequency factor s arc obtained using the variable heating rate method

Peak Energy (eV) Frequency factor (s )
1 0.43 1.3x10^
2 0.98 7.3x10^
3 1.17 4.1x10^
4 1.46 1 .7 x l0 ’°

5 shows TSL glow  curves o f LBCu irradiated x-ray at various heating rates and obtained results arc 
presented in table 1.

3. Conclusion

The L ithium  tetraborate doped w ith  copper in pow der and pellet fom i w ere prepared by sintered 
method. For the preparation o f  th is dosim eter the optimum sintering tem perature was 870 ° c  and the 
optimum concentration o f Cu w as 0.15 m ol% . The hom ogeneity from batch to batch was accepted to 
dosim etric application. The reusability  o f the dosimeters has been investigated for nearly 10 repeated 
readouts using  the  readout anneal, w ith  no change on the TSL response.

Represented dosim etric characteristics make sintered solid lithium  tetraborate dosimeters very 
prom ising and suggest potential use in different TSL dosim etry applications, particularly  in medical 
dosimetry, and also  for individual monitoring.
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