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Abstract

A single comparator method with its accuracy has been studied for determining multielement by
reactor neutron activation analysis. Spectral index at the irradiation position of each sample was
determined using two flux monitors of Au and Co, one of which was used as a single comparator.
The uncertainties of nuclear data related to the method were investigated for 18 elements and the
error of the analytical result due to the uncertainties of nuclear data related is found to be less than

6%. The analytical results of 4 USGS reference samples agree well within 15% deviation with the
results evaluated by USGS.
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1. Introduction

Neutron activation analysis is suitable for the
multielement determination.The relative method

is convenient for the determination of one or
two elements. But applying this method to the
determination of multielement is cumbersome
and time-consuming. Different approaches have
been suggested to solve the problem; the use of
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synthetic multielement standard, standard refe-
rence material[1] or single comparator method
[2-13]. In the first approach, the preparation
of multielement in one solution involves the
problems of stability of individual ions during
storage and adsorption of elements on container
wall. [14-16] Although the wuse of standard
refernce method is convenient to simulate condi-
tions of irradiation, cooling and counting of
samples, it is not easy to have proper reference
materials and the benefit is impaired by uncert-
ainties in the analytical data of those.

Single comparator method is based on West-
cott’s effective activation cross section[17, 18]
and needs only one standard element as a single
comparator instead of many individual standards.
The method is, therefore, suitable for the deter-
mination of multielement in large series of
samples and particularly for the case in which
relative variation of trace concentrations are of
primary analytical interest. Several methods have
been suggested to determine the effective activa-
tion cross section such as cadmium ratio method
[2,3,7.8] or two monitors method[4-6, 9-13].
In the cadmium ratio method, the cadmium
ratios of individual elements have to be deter-
mined prior to the analysis of samples. This is
not to be a simple task and implies large syste-
matic error stemmed from the neutron flux dip
near the cadmium cover. In the two monitors
method, the effective activation cross sections of
individual elements are calculated from the act-
ivity ratio of two monitors which are irradiated
with sample, either one of which can be used
as a single comparator. So the error involved in
determining each element comes mainly from
the uncertanties in the related nuclear data.
Efforts to determine nuclear data have resulted
in a large number of data accurate enough to
be applied to the single comparator method
without serious error.

This paper presents a single comparator met-
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hod using two monitors of gold and cobalt, toge-
ther with uncertainties in the related nuclear
data and the experimental data. The accuracy
of the method is also discussed by analyzing the
well known standard materials.

2. Single Comparator Method

When a sample is irradiated with a known
amount of the single comparator (w*), the
photopeak counting rate ratio, Ap;/Ap¥, of a
nuclide in the sample to a single comparator
nuclide leads to the evaluation of the weight of
the element of concern (w;).

Ap; R
RO e’ o ..\ S
wi=w AP* Cl'C2'C3'C4 ’
o M* . ;
where Clz%, Cz—————g;—;, C3=%;,

(1 —g~3*h) g=d%izk
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: effective activation cross section(barn),

Gi
C4=—6_T, R

(1Y

¢: detection efficiency of a detector for a
given gamma-ray energy,
b: gamma-intensity of a given gamma-ray,
f: fractional isotopic abundance of a target
nuclide,
M: atomic weight of an element(g),
2: decay constant (sec™'),
t;: irradiation time (sec),
ty: cooling time (sec).

C; and C, are absolute constants and can be
found in the literature [19]. Cs and C, vary,
respectively, with the properties of the detector
used as well as the detection geometry and
with the energy spectrum of neutron at the
irradiation site,but are apparently constant with
respect to a definite set of experimental condi-

tion. C; can be determined for each nuclide for
a given experimental condition with a set of
well known gamma-ray standard sources. C; can
be determined from the activity ratio of two
monitors irradiated with each sample and the

nuclear data related.
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With photopeak counting rate ratio of a nuclide
in a sample to a single comparator nuclide and
the values mentioned above, the right hand side
of eq. (1) can be calculated and the concentra-
tion in a sample is, therefore, evaluated.

Effective activation cross section

The effective activation cross section, &, of a
nuclide, which is not constant but a function
of the neutron energy spectrum, is defined by
Westcott {17, 18].

G=0y(g+r vT/T, S) 2
where o,—activation cross section for 2, 200m/
sec neutron
&=0n/00,
So=(2/ V7)) X Iy /8,
dn=0 at ’W/T/_T;:O,
Iy’ =resonance integral with an effecctive
lower energy limit pkT and with a
1/v term excluded;
7/ T/ Ty=spectral index.

The effective activation cross section for a
given irradiation position of each sample can be
calculated when the spectral index is determi-
ned. Spectral index for each sample can be de-
termined by irradiating two monitors.

r «/YT/T;: (81001~ 82902 R12) / (Soat02R1z— Sp1001)

Y
where R;=06,/d;, which may be easily determi-
ned by the activity ratio of monitors 1 and 2.
[13] The related nuclear data of g, I, and g
can be found in the literatures[19-23]. C, values
for all nuclides of interest can be, therefore,
calculated for each samples by Eq. (2).

Detection efficiency calibration

The efficiency calibration of a HPGe detector
is done by the empirical multi-point method
using SPECTRAN-F computer code[24]. The
detection efficiency, ¢, is represented by a simple
polynomial function of the form;

log s:Zi} b; (logE,)’ &)

Two such equations are used - one for the low

energy efficiency and another for the high energy
efficiency - with a single crossover point in common
to both. The appropriate value for the crossover
energy, Ecr, depends on the actual detector. In
this work, a Eu-152 source was used for high
energy efficiency fitting. For low energy efficien-
cy ftting, three radioactive sources such as
Am-241, Ba-133 and Eu-152 were used because
there is no single source emitting several low
energy gamma-ray of interest. 122 keV of Eu-
152 was used as the crossover energy.
Other nuclear data relevant to the method

The absolute gamma intensities of the nuclides
used for the evaluation of C, values in Eq. (1)
are given with uncertainties in the literature
[19]. A careful correction for the electron con-
version rate is necessary especially for low energy
gamma-rays(<200 keV). The conversion rates
are also available in the literature.

Other data relevant to the method such as
atomic weight(M), fractional isotopic abundance
of the nuclide(f), half life(¢;,,) can be easily
found in the same literature.

Monitors

In principle, any element can be used as a mo-
nitor (or a single comparator) if the nuclear
data of the chosen nuclide is well known. Au and
Co are a pair of the most often used monitors.
The commercially available alloys of Au-Al and
Co-Al are convenient to use for this purpose. In
this work, the above two monitors were prepared,
respectively, as follows;

An amount of 10-100mg of each metal(John-
son and Matthey, ’spec. pure’) was accurately
weighed, dissloved in a hot mixture of 2ml nitric
acid and 4ml of hydrochloric acid, evaporated
nearly to dryness by heating and finally diluted
to 50ml in a volumetric flask by distilled water.
From this solution, the amount of 100 lambda
was pipetted onto polyethylene sheet and dried
by an infrared lamp. The polyethlene sheet was
wrapped and inserted into a small polyethylene
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bag.
3. Application of the method

To certify the accuracy of the single compar-
ator method, four USGS reference materials such
as SGR-1, SCo-1, SDC-1 and RGM-1 were
analyzed as follows;

About 20~50mg of each sample was weighed
and sealed in a quartz tube. The samples were
irradiated with the two monitors of Au and Co
at the Rotary specimen rack of TRIGA Mark III
reactor for 9 hours. After irradiation, the samples
were transferred into small polyethylene vials
and counted by a HPGe detector (CANBERRA,
active volume=70cc, FWHM at 1.332MeV of
Co-60=1. 9keV) connected with a 4096 channel
MCA(CANBERRA Model 90). Two gamma-ray
spectrums were used in the analysis of each
sample; one for medium-lived isotopes (2 days
cooling, 1000 sec. counting) and the other for
long-lived isotopes (4 weeks cooling, 3000 sec.
counting). The photopeak counting rate of each
nuclide in the gamma-ray spectrum was calcul-
ated with SPECTRAN-F computer code[24].
The content of each element(ppm) in a sample
was calculated from the experimental data such
as photopeak counting rate, detection efficiency
(¢i), sample weight(w) and times of irradiation
(t), cooling(s;) and the nuclear data using
the single comparator computer code which was
developed for this purpose.

The analytical results are given in Table 1
with the others[25-29]. The present work is
represented by “SCM”. The values of Katz and
Grossmann [25], represented by “RSM”, have
been obtained by the standard reference method
of instrumental neutron activation analysis, Am-
ong the values represented by “Others” in Table
1, the values for Fe, Rb, Sc, Zn, As, K, Na
and Mn had been obtained by X-ray fluorescence
26], those for Cr and Co by photographed
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optical emission spectrometry[271, those for Sb
and Hf by instrumental neutron activation ana-
lysis[28] and those for U and Th by delayed
neuatron technique [29]. The values obtained
from two kinds of neutron activation analysis,
of which one is from the single comparator
method and another from standard reference
method, agree well within 109 variation except
for some elements. The values obtained by
other methods have large variations from
those obtained by neutron activation analysis.
In case of Cs, Cr, Rb and Ta, there are more

than 409 variations between the two methods.
4. Discussion

As shown in Table 1,
single comparator method is as good as that of

the accuracy of the

the standard reference method as far as the
multielement analysis of large series of samples
is concerned. In the standard reference method,
only the elements whose contents are accurately
known in the standard refernce material can be
analyzed and thus the accuracy depends mainly
on that of the standard reference material used.
Whereas, any element in a sample can be deter-
mined by the single comparator method if the
corresponding photopeak is detected and the
related nuclear data are well known. In the
related nuclear data the largest uncertainties are
frequently found in ¢, and I, therefore in C4.
Uncertainties of C; and C; are less than 0.5%
and 2%, respectively, and C; can be determined
within 1,5% uncertainty for a given set of
experimental conditions. In order to illustrate
the uncertainties in the related nuclear data in
detail, those of oy, I, ¢, and b were investiga-
ted for atomic numbers 11-80 and 90,92. Among
them, 9 nuclides were excluded because they
can hardly be analyzed by this method. The
uncertainties in the half lives are less than 0.5
9 for most of the nuclides. The uncertainties in
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Fig. 1. Relative Errors of Nuclear Data of 63 Nuclides

gy, Iy and b are shown in Fig. 1. The uncer-
tainties of o, values are within 29 for 40% of
the nuclides and within 9% for 9495. Those of
b values are within 29 for 47% of the nuclides
and within 109 for 94%. As for the resonance
integral, the uncertainties are relatively large
compared to those in g, and &. About 57% of the
nuclides have the uncertainties within 6% and
89% within 1495. These uncertainties contribute
to the errors of the effective activation cross
sections only by the factor of 1/20~1/40 as

neatron energy spectrum at the Rotary specimen

Table 2. The Minimum Error Occurring in The
Elemental Contents Analyzed by The
Single Comparator Method (quadratic
summation of all uncertainties of the nuclear
data used)

Nuclide used | Error(%)

‘Nuclide used| Error(%)

Sb-124 3.8 Pa-233(Th) 5.7
Cs-134 5.6 Zn-65 2.9
Cr-51 2.0 Np-239(U) 5.1
Co-60 1.2 Sm-153 5.5
Eu-152 4.5 As-76 5.4
Hif-181 2.8 K-~42 2.8
Fe-59 4.9 Na-24 3.4
Rb-86 2.9 Mn-56 1.5
Sc-46 6.0 La-140 1.3

rack of TRIGA Mark III reactor is considered.

The errors of the analytical results obtained
by the single comparator method are calculated
from the uncertainties of the related nuclear
data of o, I, b, f,t,,» and the experimental data
of w,e, Ap by the error propagation method.
The major sources of the errors in the analytical
results are gy, ¢ and Ap. The uncertainties in o,
and ¢ are fixed at present. Uncertainty in Ap
depends on the matrix effect of sample, time
scales of irradiation, cooling, measuring, and
the type of detector used. The uncertainties in
Ap could, therefore, be reduced less than 1.5%
in this experiment. Finally to show the error
stemmed only from the uncertainties in the
related nuclear data, the errors in the contents
of 18 elements in Table 1 are calculated only
with the uncertainties in the related nuclear
data and are shown in Table 2. They are less
than 6% for all the elements. These values are
the minimum errors which arise in the single
comparator method, and can be reduced further

if the more accurate values of nuclear data come.
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