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In this article a new technique for thermal neutron detection using pyroelectric ceramics 1» described. The detector system s
basically constituted of a PZT (lead zirconate titanate) ceramic attached to an uranm disk. The energy released in the uramium
hission gives nse to an electrical sianal in the detector which is amphfied by a lock-n system. The neutron beam impinging on the

uranium disk was modulated with a cadmium chopper. Thermal neutron fluxes within the interval of 10* to 10® n /cm® s have been
detected using a U,Oy pellet with 20% enrichment 1n 25U,

1. Introduction More recently, besides crystals and ceramics. thin

films such as polyvinylidene difluvonde (PVF.) have
also been used as photopyroclectric detectors [5.6).

A pyroclectric detector is basically constituted of a
thin layer of pyroelectric ceramic with the clectrodes
normally oniented with relation to its polarization vec-
tor. Thus, it is a thermal transducer as well as a
capacitive element. The pyroelectric effect is basically

PZT (lcad zirconate titanate) ceramics have been
successfully used for photothermal detection by several
authors [1-3]. The pyroclectric effect presented by
these matcnial allows the detection of thermal fluxes of
low intensities at room temperatures [4].

' Present address: COPESP/IPEN. CP 11253, 05593, a spontancous induction of polarization due to a change
Sao Paulo (SP), Braail. of temperature in the ceramic. On the other hand, a
° Present address. EMBRAPA. NPDIA. CP 741, change of polarization is equivalent to a source of

13560, Sio Carlos (SP), Brazil, voltage ¥V, in series with the ceramic capacitance C as
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Fig 1 Electrical configuration of pyroelectric detectors with area 4, side b, thickness d and capacitance C.
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is sketched in fig. 1. The signal ¥, is very low (pV) and
in order to scparate it from the background, produced
mainly by temperature, acoustic and Johnson noisc,
the mcasurcments have to be performed in a syn-
chronous form. A phase modulation techmigue employ-
ing a lock-in amplificr and « chopper system s usually
employed.

A change in the power level of the radiation inci-
dent on the ccramic produces a change of temperature
AT, and a charge difference of magnitude Q appears
across the ceramic clectrodes [7] with

@ = PAAT, (1)

whete, A4 is the area of onc clectrode, and P is the
pyroclectric cocfficient in C/m* K.
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H the PZT ccramic s connected to a igh impedance
load [7]. for cxample a lock-m amphificr, it acts as a
voltage source V', wath
Ve (P/pcCd)W, (2

where the symbols are

p - density of the pyroclectric material,
¢, - specific heat of the ceramic,

w - modulation frequency,

¢ - capacitance of the ceramic.

d - clectrode spacing, and

W - modulated power.

According to eq. (2), the technique provides maxi-

mum sensitivity for mput power modulated at low
frequencics.
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Fig 2 Experimental arrangement for neutron beam collimation at the IEA-R1 reactor.
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Fig. 3. Diagram of the ncutron detector system.

This type of detector system has already been used
for X-ray [8.9), y-ray [10] and ion beam [7] flux mca-
surements. In this present article a similar device was
used to detect thermal neutrons via the (n, f) reaction
in U, An uranium pellet attached to the PZT ce-
ramic produced the modulated power which is rclated

to the thermal neutron flux by the following rclation-
ship [11-13]:

W=@oN.E (3)
where,
¢ - thermal neutron flux,
- 23
o - fission cross section for =U,
N - number of ***U nuclel, and
E - cnergy released n one fission cvent.

2. Experimental procedures

The irradiations have been carried out at a beam
tube (BH-8) of the IEA-R1, 2 MW pool type research
reactor. The experimental arrangement used for ncu-
tron beam collimation is presented in fig. 2. The
thermal neutron flux and the cadmium ratio at the
position H have been measured by the activation tech-
nique with gold foils and the results obtained were
8.5 X 10° n/cm® s and 150 respectively.

At the end of the collimation assembly (position G)
there is a cadmium stopper which allows to wterrupt
the thermal neutron beam when it is necessary. A
mechanical chopper installed n front of this beam
stopper has the function of modulating the necutron
beam. This chopper has been built with cadmium foil
of 1 mm thickness. It 1s driven by a small motor which
has the rotation frequency controlled by a Variac placed
outside of the shielding shown m fig. 2. The chopper
rotation 1s monitored by a photodiode system which

sends a square wave as a reference signal to the lock-in
amphficr.

The detector system is positioned in front of the
chopper by means of a small cart which is moved on an
aluminium support through a pulley system. The cart
basis has been built with a special plastic cushion in
order to isolate the detector against mechanical vibra-
tions.

Our detector is constituted of a square PZT, ce-
ramic 2 ¢m long and 3 mm thick (Edon-Western
Corp.) attached to a uranium (U,Oy) pellet with 14
mm diameter and 2 mm thickness. A good coupling
between ceramic and uranium has been obtained by
using an Apiezon-L type greasc. The silver clectrodes
of the pyroelectric detector were connected to a lock-in
amplifier through coaxial cables as 15 sketched in fig. 3.

3. Results and discussion

The detector response for a thermal neutron flux of
about 8.5 X 10° n/cm” s has been studicd employing
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Fig 4. The pyroelectiic detector response as a function of
exposition time. (1) and (3) detector background signal, (2)
with neutron flux = 8 5% 10° n/cm? s, modulation frequency
=3.0Hz
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an uranium (U,0,) pellet converter of 1.694 g with
20% carichment in 2¥*U isotope. As can be scen in fig.
4 the signal gencrated by the detector was 740 + 10 pV
tor a modulation frequency of 3 Heo On the other
hand. with the thermal neutron flus interrupted by the
cadimum stopper, the detector bachground signal was
only 2 uV at the samec modalation frequency. These
results show that, for monitoration of thermal ncutron
fluxes with intensitics > 10* n/em?® s, converters of
natural uranium could be adequately used. According
to the signal fluctuation (+10 uV) obtained in this
cxperiment, one can say that with the present detector
system, a variation of only = 1.5 in thcrmal ncutron
fluxes would be observed.

Fig. 4 shows the detector signal recorded during
approximatcly 10 min of observation. Mcasurcments
performed during all the rcactor operation period (= 8
h) did not show any significant variation of the detector
responsc for a constant ncutron flux, when the PZT
ccramic produced by Edo-Western Corp. was used.
However. for PZT ceramics from other manufacturers
a slow and continuous decay of the signal has been
observed 1n some cases during the ncutron exposition.

The detector response for different thermal neutron
fluxes has been experimentally studied and the results
arc shown in fig. 5. Neutron fluxes of several intensitics
were obtained using foils (200 wm thickness) of Makro-
fol-E (C,(H,,0:. p=121 g/cm?) to attcnuate the
ncutron beam before impinging on the detector sys-
tem. Mecasurcments of neutron fluxes have been per-
formed with gold foils for two particular situations, onc
without attenuation and the otherwith 3 mm thickness
of Makrofol-E. The results obtained were 85 x 10°
and 4.2 X 10° nyem® s respectively which are n excel-
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Fig 5 Pyroelectric signal amphtude as a function of Makro-
fol-E thickness Detector made with U(20%), at a modulation
frequency of 3.0 Hz
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Fig 6 Pvroelectric signal amplitude as a function of inverse of
the chopper modulation frequency

lent agrcement with the experimental data presented
in fig. 5. Onc can also observe in this figurce that the
detector response for different thickness of Makrofol-E
follows the expression:

O=d,c M (4)

as cxpected from the theorctical model predictions
[14] In this equation, @ 1s the neutron flux observed
after the neutron beam has passed through a thickness
of 2 materntal with an absorption coefficient p and @,
15 the neutron flux incident.

Mcasurements have also been made using different
modulation frequencies and the results obtained dre
shown n fig. 6. As can be scen in this figure, the
experimental data points are in excellent agreement
with the theoretical predictions expressed by eq. (2).
According to this equation and theoretical model pro-
posed by Liu and Donald [4], and Rosencwaig [3], the
signal generated by a pyroelectric detector should be
inversely proportional to the modulation frequency of
the chopper.

4. Conclusions

The detector sysiem developed in this work has
shown to be convenient and adequate for momtoring
thermal neutron fluxes within the nterval of 10° to 10°
n/cm® s. Much higher neutron fluxes can be measured
by changing the modulation frequency, using a con-
verter of natural uranium or by means of beam attenu-
ation with appropnate materials.

This technique of thermal neutron detection may
also be an important tool for other areas of the nuclear
technology. such as: measurements of 2**U enrichment
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in uranium samples, measurcments of the energy re-
leased in nuclear fission, study of thermal parameters
of nuclear fuels, for example thermal diffusivity, ctc.
Besides fission other nuclear reactions may eventually
be also studied with the present technique.
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