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ABSTRACT Measurement of thermal and epithermal neutron exposures have been attem-
pted using CaF, and Ca%0, TL phosphors cold-pressed into pellets aftar
mixing with cafefully chgsen fluxing agents which have appreciable cross
sections in this neutron energy range. Epithermal and thermal exposures
have been arbitrarily distinguished by the difference obtained with and
without cadmium filters covering the pellets: the TL measured in each
case was due to the "self-irradiation” by the induced activity after the
"prampt dose’’ has been removed immediately after theirradiation by a sui
table thermal annealing procedure. Some of the mixtures investigated are
: (CaF, + KBr) and (CaS0, + KBr) for thermal neutron dosimetry by the ‘in
duced Bramime activity asd (CaF., + Dy,0, + KC1) and (CaS0, + Dy,0.+ KC1T
for thermal and epithermal neut‘;on dogiﬂetry by the mducéd dvsér sium
activity. The pellets made of the above mixtures have been found to be
convenient for repeated use in radiation dosimetry and th2§§ neutron sen
sitivities have been evaluated for exposures to 400 jgm Cf source
and for irradiation in the core as well as the beam hole of IEAR-1, a
swimming pool reactory The ginimum detectable fluences are estiq.ated to
be of the order of 10°n.cm ~ for thermal neutrons and 10*°n.cm™“ for epi
thermal neutrons. The paper describes the optimum mixture campositions
and the perfomance characteristics on the pellet dosimeters.

Introduction

The present work was undertaken as an extension of two esrlier studies
viz. a proposal to use powder mixtures of TL phosphor and KBr and TL phosphor and |
T
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Dy,0; for thermal and epithermal neutrons, respectively (1) and another, to use
cold pressed pellets of TL phosphors mixed with XC1 in routine dosimetry (2), It
was decided to study the performance of TL phosphor-KBr powder mixture in thermal
neutron detection after cold pressing them into pellets while in the case of the TL
pl‘nospl'u)x'-[)yzo3 powder mixture it was decided to add XC1 and cold press them into
rellets for use in epithermal neutron detection.

The general principles underlying the detection of thermal and fast n-ac
tivation induced TL have been described earlier /3,4). Considerations regarding t.h:
half-lives of products involved and the choice of optimum time lag between erasure
of prompt dose-induced TL signal and the reading of activation induced TL, in the
case of presently taken up phosphors mixtures have been described elsewhere (1,5).

Exper imental

The TL phosphors used in the present study were Cam4(Dy) and natural
Can. While the former was prepared in the laboratory by the usual co-precipitation
and evaporation technique, the latter was a fluorite mineral of Brazilian origin
which was cleaned and crushed before use. Spec-pure Dy,0; powder was used as the
neutron activator while laboratory reagent grade KC1 was used as the flux to make
cold-pressed pellets (2). In another set of experiments the TL phosphors were in-
dividually mixed with laboratory reagent grade KBr which acted both as the neutron
activator and the flux to make the pellet dosimeters.

The weight of either kind of pellets was 180 mg with the discs having
approximately 1 ou diameter and 1 mm thickness. The optimum compositions of the TL
phosphor + KBr mixture and TL phosphor + Dy,O; mixtures (with KC1 weight fixed at
90 mg) were experimentally found out both for the prompt gamwma dose TL response and
the n-activation induced TL response, While the former exhibited a monotonously de-
Creasing response with decreasing weight of the TL phosphor, the latter gave a peak
response for Moptimm composition of the TL phosphor ~ n activator mixture (fig.1
& 2). All other experiments were conduced for this optimm phosphor concentration’
in the pellets. '

Unacceptable inhamogenity occurred in the distribution of the n-activa-
tor agent in the pellets pf CaS0,:Dy-KBr and CaF,-Dy,0;-KC1 which resulted in a wi-
de Scatter of the data.These are hence not included in the present papsr. Inciden-
tally, the TL transmission characteristics have been found to.be the best for the
combinations of CaF,*KBr and CaSO,+DyO4+KC1, from photoluminescence studies (6).

Irradiations were carried cut near the core of IEAR-I swimming pool reac
tor using s pneumatic drive for activation periods of the order of seconds; at an—



- 418 -

of the beam holes of IEAR-I,for activatmn periods of the order of mimutes and insi
de water at 2.5 am from a 400 }J.g Cf source for activation periods ofliha order
of hours. The thermal fluxes at these locations were of the order of 10 107 and
10 with Cd ratios of about 17, 13 and 6 respectively as determined by fold foil ac
tivation experiments. ’
Significant half-lives of the beta-active activation prodis.ts of KBr are

4.5 hours and 3.6 hours and that in the case of Dy, 0y is 2.4 hours. For the sake of
convenience and standardisation purposes, both the type of dosimeters after each ac
tivation exposure, were anneled immediately (maximum delay was about 15 mins and
could be easily aceounted for) at 600°C for 20 min , theself irradiation from the-
decaying activity was allowed for a 24 hours period and then activity induced TL
was read. While for Dy,0s., this 24 hour self-irradiation period resulted in the
maximm obtainable sensitivity, for KBr this gave only slightly less than the ma-
ximum obtainable sensitivity (24 hours correspond to more than 7 half-lives of the
decaying Dy activity; nearly 6 half-lives of one of the decays of Br which was pro
duced with 6 = 13.5 barns and less than one half-life for the other decay of Br
whose o= 3.3 barns).

Results and Discussions

It is interesting to note the difference in the shapes of the two cur-
ves presented in figs. 1 § 2 for the optimum mixture campositions of CaF,+KBr and
Ca0,:Dy+Dy 0 (+KC1). The TL emission spectra are different as also the optical ab
sorption spectra of the fluxing agents of XBr and XC1; besides in the latter case,
the presence of Dy,0; as a third component in the pellet makes the average distan-
ce between the beta emitter and the TL phosphor grain greater than in the case of
KBr pellets for the activation induced TL responses. The difference in the shapes
of the response curves could very well be due to the combined effects of these fac-

tors. -
Fig. 3 presents the results obtained for the n-irradiations done on

Caf, + KBr pellet dosimeters. These dosimeters gave less than 101 responses after Cd
filtration. and these have been subtracted in the plots. It is worth mentioning here
that a line of linearity has been obtained for an entire fluence range of 108 - ol4
na "~ fral various sources on a log-log scale but not with a slope of wunity. Fig.4
presents the results obtained for the n-irradiations done on cadmium covered KC1 pe-
1let dosimeters; hers an unit slope has been cbtzined for short time irradiation in
the reactor and a sublinear plot has been obtainsd for the longer irradiations done
with zssz source. It is known that in activation experiments one can assume fairly
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linear activation for exposure periods less than 1/3 or 1/4 times the half-life of
the activation product. This has been experimentally verified to be true for the ca-
se of activation induced TL (4). Thus even in fig. 4 (b) an unit slope line can bs
assumed upto 40 min of irradiation and then a gradual fall towardssatuation. The
case of CaF, + Kbr is complicated because of simultaneous activities with different
half-lives being present and scatter in the results are more for longer irradiation
periods as seen in fig. 3 . Besides, KBr is fairly TL sensitive and has a peak at
larger doses more or less coinciding with the CaF, dosimetry peak. This may be the
reason for the slight supralinearity obtained. Nevertheless the log-log linear plot
can still be useful in dosimetry.

Conclusions

It is obvious that the Ca$4*Dy203+l(C1 pellet dosimeters can be used in
pairs - with and without Cd filters to monitor -efficiently both the thermal and epi
thermal neutrons. (Dy thermal activation cross section may be hundred times more
than that of Br). The advantage with KBr is only that in this case one does not ne-
ed a separate binding agent to make the pellet dosimeters. Extrapolation from the
present results indicate that thermal neutron fluences of the order of 10°n an™?
and emthemal fluences (of a light water moderated fission spectrum) of the order
of 1010 o -2 could be easily detected by these pellet dosimeters. While the chief
advantage of this activation induced TL dosimetry lies in its freedom from the om-
nipresent gamma background in the neutron field, the main disadvantage still rema-
ins that this can be used only for very short exposures and requires an immediate
erasive thermal treatment and hence may be useful only in area monitoring.

Although these pellet dosimeters ars almost 1000 times less sensitive
than the powder mixtures in activation dosimetry (1,5), an unique possibility could
be envisaged with these pellet dosimeters: the beta activity induced by the neutron
exposure can be absoclutely measured from a calibration for the X-40 beta induced
self irradiation of the dosimeter. Such a measuﬂ'snent can lead to the estimations
of the neutron flux accurately just as in any foil irradiation and counting measure
ments, provided some kind 6f equivalence could be established between the K-40 beta
activity and the Br/Dy beta activity as the case may be. Thus these pellet dosime-
ters can serve as even secondary standards in neutron flux measurements, the techni
que being lot easier than the absolute foil counting technique. This is being irves
tigated now.
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