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ABSTRACT

Instrumental neutron activation analysis has been used as
a complementary to other methods multielement analytical
technique to cover a wide range of geological analytical
requirements. High accuracy, sensitivity and selectivity, small
matrix interference and simple nondestructive preparation of
samples with a wide measurable concentration range are some of
its advantages. New developments in short time neutron activation
techniques with counting time prolongation by count rate decay
compensation, combined with cyclic activation, lead to higher
counting statistics and accuracy, permitting higher throughputs
and increased detection limits of short-lived nuclides, extending
the application range of this nuclear technique.

IPOXQPHMENH ANAAYZIH ENOPTANHEZ NETPONIKHE ENEPIOIIOIHEZHZ
I'ITA TEQAOI'IKH EPEYNA
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MEPIAHYH

Evépravog avaiuon e VETPOVLHA evepyomo i nan €xel
xpnoLuonmotnefi oav TUUTCANPWUAT LXH pirelels &AXeg pe 8édovg
TMOAVCTOLXELAU COVAAVTLH TeXVLH vid Vo HAAOPel evpld QAEOPS
TEWAOY LUEV AVAAVLTLHWY amat TACEWV. YPnAn axpifela, evaiodnoia xal
EMLAEMTLHSTNTA, HLMPT aAAnAeTidpaon ualL amin Tponapaoxeuvr xwplg
HATATTPOPTN TWV de LYHATWY  UE gvpeia TmepLoxy HETPHOL HWY
TMEPLEHTLHOTHTWY elval HeEpLHd and TA TAEQOVEXMTAUATAE Tng. NeEa
avaNTLEnN Ppuxuxpdviag aAVAAVONG HE VETPOVLMI] EVEPYOTOinon ue
TMPOEHNTATT TOU XPOVOL UETPEPNONG UECW AVTLOTABULONG Tng TTWANgG Tou
pLBuOL HPOVOEWY  T€ guvduaausd HE HUKA LK EMAVAANTT L KT
antLvoPfdinan, obnyel oe ULVPNASTEPN OTATLOTLHA nat aupifera
HETPNOEWV, ETL TPETOVTAG LPNASTEPOLG PLBUOLG HETPHTEWY nal aQLVENUEva
dpLa aviXVevoluoTnNTag PpaxVfLwv LooTéMwy, ENMEXTEIVOVTAS TNV
TEPQLOXN EPAPHUOYWV QLTNG TNG MUPNVLKMAGC TEXVLHIGC.

INTRODUCTION

Instrumental neutron activation analysis has been used in
a variety of applications. It is a nuclear physical technique,
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particularly suitable for elemental analysis of geological
samples 1in geological research because of its significant
advantages, such as high accuracy, sensitivity and selectivity,
small matrix interference and simple nondestructive sample
preparation, capable to cover the determination of elements with
a wide concentration range(Hoffman,E.L. and Ernst,P.C.1982) .
However for long-lived nuclide analysis the technique is quite
time consuming, mainly because of the long waiting time required
after irradiation before counting, in order to decrease the
short-lived nuclide interference. Therefore, the tendency is to
shorten the measurement time by using short-lived isotopes,
whenever possible, or to decrease the irradiation, waiting and
counting periods even of the long-lived nuclides when their
concentration is high enough to distinguish them from the matrix.
Since however short counting times decrease the counting
statistics and the accuracy and sensitivity of the technique,
optimization of the experimental conditions is necessary to
obtain the best results.

THE APPLICATION RANGE OF THE TECHNIQUE

One of the main advantages of the instrumental neutron
activation analysis i1s its multielement analytical capability.
By thermal neutron activation the following long-lived nuclides,
among others, can be analyzed (Vobecky,M.,et al,1970,1972,1979,
Frost,J.K., et al,1982) : Ag, As, Au, Ce, Co, Cr, Cs, Cu, Eu, Fe,
Ga, Hf, Hg, Ir, X, La, Lu, Na, Ni, Rb, Sb, Sc¢, Se, Sm, Sr, Ta,
Tb, Th, U, W, ¥Yb, Zn. By epithermal neutron activation it is
possible to analyse the following elements (Rosenberg,R.J. et al,
1982, Parry,S.J., 1982): Ag, As, Au, Ba, Br, Co, Cr, Cs, Eu, Fe,
Lu, Mo, Na, Ni, Sb, Sc, Sm, Sn, Ta, Th, U, Zn. On the other hand,
for the radioisotopes 28py . 13°ga, £9Ca, 86, 165Dy, 42y, 27'Mg,. 3Mn,
%Na, '%%sm, ®'ri, v, ¥ and others, short-lived nuclide
activation analysis can be applied (Vobecky,M. et al,
1970,1972,1979) . Por certain elements, such as Se and Au, both
the long and short-lived isotopes can be determined. Especially
for U and Th analysis, neutron activation with delayed fission
neutron counting is favorable {(Papadopoulos,N.N.,1987;
Papadopoulos,N.N. and Tsagas,N.F.,1993).

Important are of course also the detection limits which
determine the sensitivity of the technique for the various
nuclides. Some estimated detection limits, depending however on
the matrix and other parameters, are given in Table 1. As can be
seen from the Table, the method is highly selective but there is
also a need to determine the optimum irradiation, waiting and
counting time sequences, as well as the proper thermal or
epithermal reactor neutron flux for sample irradiation in order
to optimize the results for each element. Usually certain
scenarios are applied to determine groups of elements, such as
(a) t;=20s, t =2 min, t =5 min, (b} t.=5 min, t =30 min, t_=10 min,
(c) t,=1 h, t£=12h, t =1 h, (d) t,=30 h, t,=3 weeks, t=3h, (e)
t,=1 week, t =1-4 weeks, t_=1-3 h.

It is obvious that the technique should be complemented by
other methods to cover the whole range of analytical
requirements.
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Table 1. Approximate detection limits by INAA

ppm ppm ppm
Al 200 Ge 10 Rb 20
Ag 3 Ga 5 Sb 0.2
As 1 HE 3 Sc 0.1
Au 0.005 Hg 0.05 Se 4
Ba 100 T 40 Sm 01
Br 1 In 0.1 Sn 100
Ca 1000 I 0t 0 Sr 5
Ce 2 X 2000 Ta 1
Cd 5 La 1 Tb 0.1
Cl 500 Lu 0.1 Te 1
Co 1 Mg 100 Ti 300
Cr 50 Mn 10 Th 0.4
Cs 0.5 Mo 2 U 0.3
Cu 1 Na 250 v 20
Dy 0.5 Nd 5 W 1
Eu 0.1 Ni 40 Yb 0.5
Fe 2000 Pd 1 Zn 100
Ga 0.5 Pt 0.5 Zr 200

THE ANALYTICAL SYSTEM

Special emphasis has been given to short-time instrumental
neutron activation analysis, for shorter measurement times and
higher throughputs. It is obvious that for this case short-lived
nuclides are the most suitable ones, although also long-lived
nuclides with relative high element concentration can be
considered. The short-time analytical system has been described
elsewhere (Papadopoulos,N.,1982). The new technique includes a
movable sample holder at the counting position in order to
approach the irradiated sample to the detector during counting,
resulting in count rate decay compensation. Thus the counting
period can be prolonged considerably, leading to higher counting
statistics and accuracy of the technique. Since the sample holder
speed should be relatively low for proper compensation of the
count rate decrease from the radiocactive decay, an oil driven
piston with constant air pressure on the o0il in two tanks is
used. A low frequency motor is envisaged to be used for higher
repeatability, reliability and accuracy.

In addition, cyclic activation with intermediate sample
storage is used to further improve the counting statistics and
accuracy, with optimum count rates in order to avoid dead-time
losses and pulse pile-up effects.

The new technique has been tested for uranium analysis by
delayed neutron counting of short-lived fission products. Some
preliminary measurements give promising results. The U
concentration and the measured counts C of two standards S,, S,,
as well as the measurements and results of an unknown-~test sampfe
X are given in Table 1. Further improvements of the experimental
device are necessary for more reliable results.
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Table 2. Measurements and concentrations of standard and test

samples.
C U
S, 3673 68.306
S5 4633 86.786
X 4643 86.947

Another advantage of the technique is the possibility to automate
the analytical procedure. Thus a programmable logic controller is
being installed for the automatic operation of the short-time
analytical system and computer software programs are being developed
for automatic data evaluation.

For long-lived nuclide neutron activation analysis, after sample
irradiation in a rotating device at the reactor core, the measurement
is performed with a conventional gamma spectrometer system and the

data processing by proper software {Papadopoulos,N.N. and
Synetos,S.,1988).

CONCLUSIONS

The continuous improvement of the analytical system for
neutron activation analysis and its adjustment to specific
analytical needs, such as for geological research, is expected to
broaden the analytical capability and the application range.
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