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THERMAL NEUTRON DETECTION BY ACTIVATION OF CaSO, Dy + KBr
THERMOLUMINESCENT PHOSPHORS*

Ana Maria Pinho Leite Gordon and R. Muccillo

ABSTRACT

Thermoluminescence (TL) studies to detect thermal neutrons wers performed in cold-pressed Ca$04:0,1%Dy
+KBr mmples. The detection is besed on the self-irradistion of tha CaSO4:Dy TL phosphor by the Br isotopes
activated by exposure to e mixed neutron-gamma field.

In 1970 a new method for the detection of thermal neutrons by the Thermoluminescence (TL)
suto-activation 2chnique was pmposedm. It consists in the measurement of the TL output of a
phosphor previously exposed to a neutron-gamma field, thermally annealed to bleach the radiation
offects, an‘ stored to undergo self-irradiation due to the decay of the thremal neutron activation
products. The TL output can then be related to the activation of the phosphor and consequently to the
thermal neutron fluence. The main advantage of the method is based on the ability to detect thermal
neutrons without gamma contributions. In ref (3) the self-irradiation was provided by 43Ca, which is »
beta-emitter, resulting from the activation of **Ca in natural CaF; phosphor. The low **Ca natural
sbundance (2,08%) as well as its ielative Jow thermai neutron cross section (0.7 b) lead to 8 minimum
fluence detection of the order of 10° neutrons/cm®. Later on Caf;:Dy (TLD-200) commercial
phosphors were used allowing an increass of the sensitivity of the method by more than two orders of
mngnitudem. An obvious extension of the method to the detection of fast neutrons has been
proposed 4.5,

In this work, improvements in the self-activation method sre reported by combining a highty
beta-sensitive TL phosphor with 8 highly effective sctivator, L., by mixing a TL phosphor with &
material with high thermal neutron cross sactions. 0.1% Dy-doped CaSO4 was choosen as the phosphor
due to its high sansitivity to ionizing rediation as well as to the ease with which it is prepared in the
hbomorym. KBr was choosen as the sctivator due to relatively high thermal neutron sctivation cross
sections for the n-gamma reactions: ?*Br to *°™Br(8.5 b; hatf-lite: 18 min), 7°Br to *°Br(2.0 b; 4.6 h),
and *'Br to *2Br{3.3b; 368 h).

Detailed experiments to find out the optimized phosphor sctivator proportion, the TL response
to thermal neutrons, and the nuclides responsible for the self-irradiation will be described. An estimate
of the minimum detectable flusnce will siso be made.

0.1% Dy-doped CsSO, crystals were grown following the procedure described by Yamashita
ond cols'®), Betors usage the powders were selected for grain sizes from 86 to 186 microns and annesled
#t 600 C/2h in sir. Reagent grade KBr powder was selected ss sbove, snnealed at 400 C/1 b, and then
sdded 10 CeSO4:Dy 10 be cold-pressed (1200 ibfin?) to discs of 1 mm thicknes. All semples were
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ovslusted for TL peak heights on a commercial 2000 A/B Harshaw thermoluminescent reader.
Pre-selection of the pellets were done by weighing end by glow curve analysis of samples exposed to
$9Co gamma rays.

The selected samples were exposed to n-gamme fields of a swimming pool Reactor at this
Institute operating at 2 Mw producing fast fission neutrons plus the order of 10® R/h of photons and
sbout 10'* n/cm®.s to 10'? n/cm?.s at our irradiation positions. A 222Cf source immersed in a water
tank with about 1.7 x 10% n/cm? s at a choosen irradiation position was also used for low exposures.
The conventional activation of gold foils was the method used to determine the thermal neutron flux
densities,

The experimental procedure leading to the evaluation of the thermal neutron induced
thermoluminescence was as follows:

1 — CaSO4:Dy + KBr samples are exposed to the mixed n-gamma field during the irradiation
time t._ :
wr

2 — the irradiated sample is thermally annealed at 600 C/15 min to eliminate the defects
produced by the gamma and neutron prompt dose;

3 — the sample is stored at room temperature for a period of 24h to undergo
self-irradiation;

4 —the TL glow curve is then obtaired giving a TL signal prpportional to the thermal
neutron flux. The proportionality constant is determined by following the above
sequence but exposing the specimen to a known thermal neutron flux density.

Figure 1 shows the TL output of CaSO4:Dy + KBr pellets, obtained according to the
experimental procedure described above, for various relative proportions of phosphor and activator. The
total mass of each pellet was 180 mg. The therma! neutron flux in the irradiation position was
determined by the pold foil activation technique to te 6.66x 10'' thermal neutrons/cm®.s; the
exposure time was 20s. As the TL outputs of the different pellets was within less than 25%, the
optimized proportion was choosen according to the one providing easiness of hendling of the pellets:
100 mg of CaSO,:Dy and 80 mg of KBr, The TL glow curve for that pellet is shown in the insert.

Henceforth all the results are shown for the optimized pellets, and the TL signal is taken ss the.
height of the higher amplitude TL peak.

.In Figure 2 the thermoluminescence response of CaSO4:Oy + KBr to different thermal neutron
fluences is shown, For this work snother irradiation position st the reactor was used, with a thermal
neutron flux density of 5x 10'2 neutrons/cm?.s. The upper curve was obtained for samples allowed to
undergo selt-irradiation for a period of 24 h, The bottom curve represents the second TL reading,
namely, after obtaining the TL output resuiting from the 24 h self-irradistion, the semple is stored for
1h and its TL analysis is made sgain. These results show that even though the TL analysis is a
destructive one, further measurements can be made.

in Figure 3 similar resuits sre shown for peilets exposed to the radistion field of o
400 micrograms **2Cf source immersed in water. The fluence range was from 10'° to 10" therma!
n/em?, determined by gold foil sctivation techniques. Every irradistion has besn done using one bere
specimen and snother wrapped in 1 mm Cd foil in order to deduce the contribution due to intermediate
feutrons, The minimum detectsble fluence was estimsted to be of the order of 10°thermal
meutrons/cm’, .

Succemive TL readings st ona hour intervels were carried out in » CaSO4 Dy ¢ KBr pelist
oxposmd to » mixed radiation tield in the Reactor Station. The results summerized in Figure 4 show »
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Figere 1 — Ssitinduced thermoluminescence output of 180 mg pelists of mixed CaSO4 Dy (phosphor
ond KBr (activetor) for verying the reistive smounts of phosphor and activator In the mix-
turs. Tharmal neutron flux density: 6.6 x 10°! n/em® .9; iradistiun time: 20s; mm:
24 h. Inmert: typical glow curve for a peliet with 1.2 men ratio
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Figure 2 — Seffinducsd TL output of 180 mg pellets of Ca804 Ly + KBr as @ function of irradistion
time. Therme! neutron flux density: 6.08 x 10'! njem’ 3; seif-drradiation times: 24 h (upper

ourve) end 1 h ofter the first reading (bottom curve)
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Figwe 3 ~ Beifinduced TL output of 180 my pellets of CaBOsDy + KBr s & tunction of thermel
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Figurs 4 — Howly decay of the msif-induced TL in 180 mg pellets of Ca804 Dy + KbBr



decrease which was fitted to a sum of exponential decays. Only two half-lives could de evaluated with a
fair accuracy: 20 min and 4.6h, which wera assigned to ®®™Br and ®°Br, respectively. The same
identification process was used previously in other mntnrials“'z'a’.

The main results suggest then the use of CaSO, 0.1%Dy + KBr pellets and thermoluminescence
23 » complimentary technique in thermal neutron detection.

RESUMO

Foram feitos estudos de Termoluminescincis (TL) pera @ detecclo de nbutons tirmicos em smostras de
CaS04:0,1% Dy + KBr compactadas a frio. A deteccSo bemiess ns suto-irradiaglio da fbeforos de CeSO4: Dy pelos
isdtopos de bromo stivados pels exposicio em o i néutron-gams.
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