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INTERMEDIATE NEUTRON DETECTION BY THERMOLUMINESCENCE*

Eliana Navarro dos Santos and R. Muccillo**

ABSTRACT

Thermolumi {TL) studies were carried out in cold-pressed CeSO4:Dy + Dy303 + KCI (spwiruliied)
snd CaF3 + Dy203 + KC! {speniyuimes) mlvwwn xposed to mixed o fields, ~Prerpuspese
O Rgsiegduimt-intermediste neutrons o ‘evsluation of tha TL signal of the specimens stored for
24 hours sfter being sxpossd t2 & Mmixed neutron-gamme fiekd and thermally annasied to erase the tatsl radistion-induced
TL.

> The sddition of Dy303 to CaS0,4:Dy in the proportion 1:2 increased the nsutron response by 8 factor of 160
reistive to that of c.so. 'D_D

k,)wo mg of £aSO4:Dy + Dy303 + KCI  in the propostion 2:1:3 ;how-u to be an wmwnne gﬁnc\m of
intermadiste neutrons; the mini le fi was estimeted to be 3.5 x 10° neutrons/em?. 2

| — INTRODUCTION

The thermoluminescence (TL) technigue has been widely used in rediation dosimetry. In this
work we are mainly concerned with TL neutron detection, which could either be direct — requiring the use
of two materials with different neutron/gamma sensitivities — or indirert — the TL material is self-irradiated
during the decay of activated nuclides. The latter has the advantage of the easy discrimination of the
gamma components always present in neutron fields.

Seversl thermoluminescent materials have already been proposed to the detection of fast and
thermal neutrons by the self-activation techmque‘ 12,89) we decided to undertake a research work which
coukd lead to the detaction of intermediate neutrons, namnly, neutrons with energies ranging from the Cd
cut-off energy to about 100 KeV :” This is usually done by activation of metal foils but it is
time-consuming in the determination of intermediste neutron flux densities from Isotopic sources which
range from 10* 10 107 n/em? s,

We have used the seif-activation technigue because it allows easy discrimination of gamma
radiation and also can have its sensitivity highly improved by mixing a suitable TL phosphor with
convenient material having isotopes with large thermal neutro: activetion cross sections

Readily available natural Calcium Fluoride and essily prepered CaSO4 :Dy{0,1%)'! 2! were choosen
a3 TL phosphors due to their known radiation sensitivity, little fading and high iight yield!!!?; Dysprosium
Oxide was used 83 activstor because it has 28,18% ' °*Dy, an isotope with a thermal {and consequently
also intermediste in the teil of the Maxwellian distribution of energy) neutron a-tivation cross section
of 2600 b. Mixing these two materisls did not make good peliets so KCI was choosen as an sggregant,

* We report here a systematic experimental work to choose the best proportion of the components
of the pellets (phosphor:activator: sggregant), to detect intermediste s well as therms! neutrons from an

* Resswrch work pertisily spomsorad by IAEA under contract n. 1428/R2/RB end Comisafo Naciona! de Energia Mucleer.
** Instituto da Energie Atdmica, 5o Paulo, Brawil.
Aprowdo pera Publiesgfo em Dezemby /1878,
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isotopic source and the possibilities of using the self-irradiation technique to determine intermediate
neutron fluences. :

il - MATERIALS AND METHODS

Two kinds of TL phosphors were used: Brazilian natural Calcium Fluoride (greenish fluorite)
and CaS0,:0.1% Dy prepared by the method described by Yamashita and cols.} 12,

Peliets of 10 mm of diameter and 1 mm thick were prepared by adding Dy, Q3 (as activator)
and KCI (as additive) to the TL phosphors, mixing and cold-pressing at 1200 Ib/in? for 3 min. The TL
phosphors, the additive and the activator were grinded and sieved to 85-185 microns. Natural CaF; as well
as CaS0, : Dy were annealed at 600 C/2 h prior to usage.

Thermoluminescence measurements were done in a commercial Harshaw 2000 A/B TL reader;
TL peak heights were taken as a measure of the response of the pellets.

Irradiations were made using a *2 Cf source immersed in a water tank, its thermal neutron flux
density was measured by conventional activation foil analysis and determined to be 1.65 x 10° njem? s,
In all irradiations two similar pellets were used: one bare and another wrapped in Cd foil. The Cadmium
ratio was 6.43. The Cd cover used w.s 1 mm thick. so it was sufficient to absorb the thermal neutrons of
energies lower than the Cd cut-off ener,+'*!. One of the irradiation facilities of IEAR-1 (swimming pool-
type reactor} was also used. The theinal neutron flux was determined as above: 6.7 x 10° 'njcm®s,
with a Cd ratio of 17.36.

IH — RESULTS AND DISCUSSION

Figure 1 shows the results that gave the best proportion of the components in specimens |
and |l to neutron detection. Ten bare samples of each composition were exposed to a3 mixed neutron-
gamma field in the Reactor, annealed at 600 C/10 min, allowed to be self-irradiated for a period of 24
hours (which corresponds to approximately ten half-lives of ! ¢ *Dy) and had their TL output dete amined.
This best proportion is in both cases phosphor:activator:additive::2:1:3, showing that the seif-shielding
effect due to the thickness of the specimens is the same for both mixtures, The shape of the curves is to
be expected because of the competition between the TL sensitivity (for decreasing the mass of the
phosphor) and the internal irradiation source (for increasing the mass of the activator), The TL intensity
reaches a maximum and then decreases due to several factors: decrease of phosphor concentration, self-
absorption of the TL phosphor due to a reduction in the optical transmission of the pellets, and self-
shielding.

The ratio of the TL output of the best proportion-specimen to the one without addition of Dy;0;
is 160 (specimen I) and 60 (specimen |l). A memory effect has been observed: the samples which gave
rise to the results of Figurel were re-stored to undergo self-irradiation, and then had their TL outputs re-
measured yielding similar results. .. Then the optimized proportions for neutron detection were found to
be 60 mg of the phosphor {CaSO4:Dy or CaF;) + 30 mg Dy, 05 + 80 mg K. Hereafter all experiments
were performed using pellets with thess compositions.

The next step was to find out the internal radiation source responsible for the self-irradiation
of the specimens. The simplest procecure is to follow the decay of the self-induced TL at equal time
intervals'>7). The results are shown in Figure 2 where the measurements were parformed every 0.6 hour
using three samples: spacimen | (line A}, specimen | covered with Cd (line B), and bare specimen fl {line C).
A, 8, and C have tha same slope and the half-lifs was detarmined to be 2.3 b, showing thet '*30y is
actually the contributor to the self-induced TL. (t has already besn shown thet activation due to other
nuclides(’ ‘S, for example) makes contitbution to the TL only for self-irradistion times longer than 24 h!67,
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Figwe 1 — Self-induced Thermoluminescence as 8 Function of Dy; O Concentration; Left: CaS04:0.1%
Dy + Dy;0; +90 mg KCI; Right: Natural CsF; + Dy; 0y +90mg KC1. Mass of the Pellets:

180 mg
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Figura2 — Decay of the Self-Irradiation Induced TL in CaSO4: 0.1% Dy + Dy, 03 + KCI (Specimen 1)
ond CaF; + Dy; 04 + KC! {Specimen 13); A: Specimen ), B: Cd-covered Specimen |, and
C: Specimen 11
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Several specimens were then prepared to study the possibility of detection of intermediate
neutrons. For this purpose two pellets at a time were exposed to the moderated neutron field of the
252Gt source. The Cd cover in one of the pellets assured the absence of thermal neutrons. The results
are shown in Figure 3 where the TL intensity (self-induced TL; storage time: 24 h} is plotted as a function
of exposure time. The upper curves are supralinear because the TL here reprzsants the sum of the activities
due to thermal and to intermediate neutrons. On the other hand, the lower curves show a sublinear
response in agreement with the foil-activation technique results already well known. These results found
to be reproducible within 5% suagesting the use of the technique to the determination of intermediate
neutron flux densities from isotopic sources with known spectrum of neutron energies.

The results shown in Figure 3 were also used to give values of TL intensity as a function of
intermediate neutron fluence (see Figure 4). The intermediate neutron flux density ¢ was estimated by
using the following equation‘19):

EZ
(AN — Ac/Nc) J dEfE
Eq

¢ = -
1 -eMicr - 1) I‘E' a(E) dEJE
[

where

A and A_ are the activities of the bare and Cd-covered specimens, N and N ¢ the numbers of target nuclei
in the bare and in the Cd-covered specimens, E, and E2 the minimum and the maximum energies E of the
neutron in the 232Cf source spectrum, E ¢ the Cadmium cut-off energy, A the disintegration constante of
the target specimen, CR the Cd ratio at the irradiation position, and o (E} the neutron activation cross
section of the target specimen. Gold foils were used allowing the determination of the intermediate
neutron flux density in the irradiation position. The minimum detectable fluence was estimated to be
3.5 x 10° n/cm® taking into account the sensitivity of our TL detection apparatus. This figure could
probably be fowered by improving the thermoluminescence detection system and/or increasing the mass
of the pelfets.

IV — CONCLUSIONS

1) Cadmium-covered cold-pressed peflets of 60 mg CaSO,:0.1% Dy + 30 mg Dy, 0, + 90 mg KC!
showed to be easy to handle detectors of intermediate neutrons.

2} The minimum detectable fluence of intermediate neutrons was determined to be 3.5 x
10% n/cm?.

3) The main advantages of this new detector are the easiness of fabrication, its sensigivity to
intermediate as we!l as to thermal neutrons, and the discrimination against the gamma radiation field.

AESUMO

Foram feitos estudos relativos &s s8es  termolumi de fésforos dosimétricos, vissndo @
detecgSo de néutrons na feixe de anergia intermedidria, Esta intervelo foi definido como sando desde & snergia de corte do
cédmio atd 0,1 MaV, por anslogia 80 que § adotado no campo de metrologia nuclesr. A medide da termoluminmalncia fol
feits em amostras policristalinas de CaSO4: Oy + Dy;03 + KCl @ de CaFanet + Dy303 + KCI compactadas s frio. A
dstecco de néutrons & feita indiretaments pela auto-rradiecso provocada pela stivagho neutrénica, o

- Ewss pestilhas spresentem difacentes dependéncies de smpiituie de emissfo TL com o tratsmento mecénico,
meng efsito de suto-blindagem feissastatsde téF's mesma importdncia nos dois tipos de emostras, —
Sl e ol ) '
«. . Estudas de sensibilidede faram feitos comparstivemente & de pastilhes de © LIF: Mg; Ti |TLD-800), obtendose
que, pere uma Mmesme dose de radiacho, ss amostras que contém CaSO4: Dy (CaFanat) spresentam ume smplitude de
omimfo TL 24 (3) vizes superior & des pastilhas de TLD-600.



O resuitados que ss s8g estéo rel dos is pestilhas que contém coma #Ssforo o CaSO4: Dy, visto
que sua elewada sensibilidade relstivements 3 amostras de Huorita.

¢} ds issfo TL neses materiais foi também werificado stravis de irradiscOe nos campos
mistos ngams do reator IEAR-1 8 de ums fonte de ’an, tendo sido » fiubncia minima detectével: ~3,5 x
10° nom™2.

Foi identificado, através da determinaclo da meis-vida efetive da emingo TL, o 162 Dy como ssndo o principsl
| pals termoluminesod auta-dnduride nesias amontrss.

Os resultack bick a utilizagho de pastithss de CaSO4: Dy + Dy303 + XC1, na determinacho de

e o

flugnciss de néutrons intermatidrios em fontes isatdpicss.

Cosq:DyQDyzos-tKCl (2::3) 60§ -n-oyeos-n- KC! (2:1:3)
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Figue 3 — Dependence of the Self-Induced TL intsnsity on the Exposure Time of Specimen 1 and i
to Neutrons of & * % Cf Source; Upper Curves: Bare Samples; Lower Curves: Cd-covered
Samples
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Figure 4 — Self-induced TL Intensity as & Function of Intermediste Neutron Fluence of a? *? Cf Source;
Phosphor: 60 mgCaS0,: 0.1% Dy + 30 mg Dy; 0y + 90 mg KCI
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