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With the development of the nuclear programme in Brazil, the need 

of environmental and personnel monitoring becomes imperative. The 

present dosimetry system in use employs the photographic film and 

thermoluminescent (7L) doscraetcrs (Lir extruded ribbons) both of . 

which are commercially available but imported. In view of saving 

foreign currency and becoming self sufficient in this field, a 

pellet dosemeter of CaSO., :Dy + Teflon was developed at IPEN. 

CaSOfciDy thermoluminescent phosphor, grown in the Dosimetric 

Materials Production Laboratory was chosen, due to its high 

sensitivity, ease of preparation and comparatively low cost. 

Pellets were produced by cold pressing and sintering a mixture of 

CaSO^:Dy and Teflon powders. Extensive work was done to study in 

detail ."11 CanÔ :I)y pr-Hots chnracforistier; from the point of 

view of dosimetry with the purpose of introducing it in the : 

routine ucc. A filter combination providing an energy independent 

response from 20 KcV to 1,25 McV was obtained. The dosemetcr 

consists of three pellets scaled between two thin plastic sheets 

and placed under plastic and lead filters. The combination of 

these tree filters allows the exposure as well as the: energy 

determination of an unknown source. Field trials of thin 

drtccmeter have shown very good results. 
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Fig. 2 - TL response of CaSO(,:Py Teflon pellets for gamma 

radiation from 60Co. 
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Ptg. 3 - Energy response o f CaSd. :Dy Teflon pellets under 

different f i l t ers . 
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I - open window 

3-3' - lead filter 

2-2' - plastic filter 

*t-V - lead with a central hole filter 
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INTRODUCTION 

With the development of the nuclear programme in Braz i l , the need of 

environmental and personnel monitoring becomes Imperatives. The present 

dosimetry system in use employes the photographic fi lm and thermoluminescent 

(TL) dosimeters (LIT extruded ribbons) both of which are commercially avai lable 

but Imported. In view of saving foreign currency and becoming s e l f suf f i c i ent 

III this f i e l d , a new type of p e l l e t dosimeter was developed at IPEN. 

CaS0^:Dy thermoluminescent phosphor, grown in the laboratory was chosen, 

due to i t s high s e n s i t i v i t y , ease of preparation and comparatively tow c o s t . 

P e l l e t s were produced by cold pressing and s inter ing a mixture of CaSO^ruy 

and Teflon powders. 

Extensive work was done to study in detail a l l CoS0i,:Dy pe l l e t s 

characterist ics from the point of view of dosimetry with the purpose of 

Introducing i t in the routine use. 

PHOSPHOR PREPARATION 

The laboratory phosphor preparation method used by Yamashlta et al In 

a large scale production showed two great inconveniences: corrosion and 

environmental pollution âua to the HjSO^ vapour. On the other hand the y-ray 

TL s e n s i t i v i t y variation of the powder obtained with t h i s method from batch 

. t o batch was t 202 due to contamination from external impurit ies . To avoid 

these problems a new preparation method for the obtentlon of TL dosimetric 

s ingle crysta l s of CaS0i,:0y of optical quality for dosimetric and physical 

studies was developed. 

Single, crystals are now grown by the slow evaporation method from the 

solution of CnSOi, -f Dy203 In excess of concentrated K2f»0i,t u t i l i z i n g a seated 
(2) system with constant nitrogen gas flow as carrier vapour* ' . 

By th is method crys ta l l i za t ion can be controlled by varying the 

temperature and the gas flow rate . 

The resulting sample of CaS0i,:Dy (0,1$ n»l) Is obtained in the form of 

single crystals with dimensions of 5.5 x 3.5 x lmmr whoso monoerystalUnity 

we* eonflrrasd by the X-ray diffraction Lauo method» 

This material 1& washed repeatedly with d i s t i l l e d water to remove any 

traces'of i^i'./v./ic ..c'ul, i:-o.;.'.i:J t»; C, •/:><• •..<;, cru-iw:*' .'..»«' r/iuwtl. ? w i U.Xcs of 

,.Jttfi||„jf»ctwfccn S5 and l85>i» arc cc lectcd . TU powde»' Is annealed at i>0G £ te- , 



éfctttit optimum TL s e n s i t i v i t y * . The f r a y TL s e n s i t i v i t y variation of the 

powder from batch to batch produced by this method i s ± 3* . 

The CaS0t,:Dy powder i s mixed with Teflon powder in the rat io of 1:1 by 

weight. Mine pe l l e t s of 50mg in the form of small discs with 4mm In diameter 

and 0.8nm in thickness are cold pressed slmultaneonsly In a spec ia l ly designed 

tet-up and than sintered. 

DOSIMETRIC CHARACTERISTICS 

To study the dosimetric characterist ics of the p e l l e t s , a Harshaw TL 

system, model 2000 A+3 was used, with a constant flux of nitrogen (4 */mln). 

The heating rate was 5°C/sec and the maximum temperature in the reader was 

-3J-5 C. The emission l ight was Integrated in the temperature interval 180 - 350 C. 

A typical glow curve i s shown in Fig. 1. The main glow peak appears at 220°C. 

AKNEAUNG 

The annealing procedure to be used with the CaS0t,:Dy p e l l e t s in order to 

eliminate the e f fec ts of previous exposures was f i r s t l y studied. It was found • 

that» In our conditions, for the temperature of 300°C, a period of f i f teen 

minutes Is the hí*sí nnncnling t ime. 

TKERKAL FADING 

Thermal fading"characteristics of CaS0u:Dy + Teflon p e l l e t s were 

Investigated and after storage periods of one and three months at room 

temperature, i t was found a fading In the TL response of 3fc and 7Z respectively. 

OPTICAL FADING 

No evidence of optical fading was found on exposing p e l l e t s to laboratory 

-Ugtit (not f luorescent) . 

REPRODUCIBILITY 

The main advantage of the TL dosimetry system Is i t s individual reusabi l i ty . 

•The effect of repeated heating c y c l e , Irradiation (60Co) and TL reading was 

Investigated. None of the pe l l e t s showed a standard deviation value more tharc 

t | | by repeated irradiation and heating cycles up to 20 t imes. Therefore* 

CsS&VOy * Teflon pe l l e t s can be used repeatedly without rccolíbratíon at least 

20 time». 

EXPOSURE fcfSP0SSB 

Ttve VL rr-s;vn::;- Hnonrity :>"> ft func ion of exposure to G0Co r.viifttion WAS 

wrifUrJ bt!tv/i.:rt 2.í,íl x lo"7 C/ícg (1 m.t) SUM'. 12.90 x iú"7 C/kg (5000 R) and i s 



supra-11 near. 

tmmsr RESPONSE 

The X-ray energy TL response of CaSO r̂Oy pe l le t s was measured from 20 keV 

to 155 keV and normalized for the 60Co response. In this case, the experimental 

conditions are l i s ted in Table I and the energy dependence is shown in Fig. 3 

(curve A). The resulting strong energy dependency below 200 keV might be 

at tr ibuted to the high Z value (15.3) of the CaSOi,. 

. UJWÊR DETECTÍON LIMIT 

The lowest detectable value was chosen as X0+ 3a where X0 is the average 

background signal of unirradiated samples and o the standard deviation from 

tft« mean value. The average TL response for k$ unirradiated pel le ts was (0.060 

É 0.005/nC. Therefore» the equivalent minimum measurable exposure from 60Co 

was found to be about 3.87 x.lO~8 C.kg"1 (150 yR). 

B0SIKETER BADGE 

In environmental and personnel monitoring a wide range of unknown radiation 

energies Is present; therefore radiation dosimeters with energy independent 

response, relative to a i r , are prefercd. In the cose of CaSOi, pe l le t s the 

method of part ial surface shielding f i l t e r s was applied to reduce the energy 

dependence of I ts Tl response. Detailed work showed that the use of 1.0mm 

thick lead f i l t e r in combination with 3nvn thick p las t i c f i l t e r provides a 

.cutoff in the 100 keV region and a uniform response above this energy. On the 

other hand, a 0.8mm thick lead f i l t e r with 2mm diameter central hole together 

*Hh 3mm thick p las t ic f i l t e r provides a nearly energy independent TL response 

frtsm 20 keV to 1.25 KeV. The responses of the dosimeter behind 3nan p las t ic 

f i l t e r , cutoff f i l t e r and energy Independent f i l t e r arc shown in Fig. 3. 

Thus the final dosimeter badge proposed for radiation monitoring should 

have three dosimeter pe l l e t s , between pairs of the described f i l t e r s (Fig. 4 ) , 

This f i l t e r combination permits radiation quality estimation. 

AM6UUR DEPENDENCE 

Angular dependence studies were performed and showed that In the most 

unfavourable case (20 keV X-rays and TL response of the dosimeter behind the 

lead f i l t e r with hole) ihc.TL response ^ to '»5 degrees was independent (Fig. 5) . 

Another cases are shown in Fig. 6 and 7« 

Field t r i a l s for a period of one year in personnel and environmental 

radiation monitoring were performed in the Ins t i tu t e . The resul ts were compared 

with those cbtatrmd ;.s»nc-LIf (TLD-700)» .It was ÍOWÂ that these results agree 

wj,||t|» í \0Z In 1033; of the case» In cnvíroiv^ntal monitoring and 80Í of the 



Table \ - Energies used for CaSOu:Dy pellets energy response 

ENERGY 
keV 

20 

28 

3* 

45 

55 
66 

70 
7h 
96 
116 

126 

155 

ADDED FILTRATION 
ran 

2.0 At 

2.0 Afc 

2.0 Ai 

4.0 Al 

0.2 Cu 

0.5 Cu 

0.5 Cu 

0.5 Cu 

1.0 Cu 

Th il 

Th I 

Th III 

HVL 
un 

0.75 At 

1.62 Ai 

2.86 M 

5M At 

0.35 Cu 
0.57 Cu 

0.7 Cu 

0.76 Cu 

1.42 Cu 

2.07 Cu 

2.4 Cu 

4.0 Cu 

National and International Intercoraparlsons results showed an anreement 

within ± 10? In 951 of the cases . 

CONCLUSIONS 

In conclusion It can be stated that CaS0i,:Dy + Teflon p e l l e t s retain the 

original glow curve.shape and s e n s i t i v i t y of CaS0i»:Dy powder. The character i s t ics 

of CaS0j/.Dy pe l l e t s studied in th is work show i t s great useful lness In radiation 

dosimetry: low thermal fading» reusabil i ty until 20 times without recai I brat ion, 

linear TL response to radiation exposure and poss ib i l i ty of obtaining energy 

Independence. This material presents optimum qua l i t i e s for personnel and 

environmental dosimetry purposes and started to be used by the principal 

Kent toring Services of Brazi l . 
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