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ANALYSIS TECHNIQUES
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The fast and ko-neutron activation analysis (ko-NAA)methods were used to investigate the radioimpurities
concentration of '2*Sb, **Cs, ®“Co, *’Rb, '®*Ta, **Pa, “Zn, *°Fe, '"""Ag, *'Cr, **Zr, Se and '"™In in the
target samples WO3;, MoO3;, SnO, and TeO, which are needed for radioisotopes 188Re, T, (”3mIn and '™
Sn) and "*'I production respectively at the Second Egyptian Research Reactor (ETRR-2). Experimental data,
procedures and theoretical treatments were described. The concentrations of radioimpurities were determined
and their sources either neutron capture reactions, or threshold reactions or both were identified. The
accuracy of the determined concentrations was checked using the IAEA Soil-7 reference sample.
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Introduction

Radioisotopes continue to play an important role
in the biomedical sciences. Reactor produced
radionuclides are widely used in nuclear medicine
and represent powerful tools in diagnostic and
therapeutic procedures [1, 2]. Impurities are usually
found in commercial targets which are used to
produce any required isotopes by neutron irradiation.
These impurities are formed either by neutron
capture reactions or threshold reactions or both
reactions. Reduction or elimination of these
radioimpurities is essential from the viewpoint of
patient safety, since they may co-elute with any
specific isotope. So, qualitative and quantitative
analysis of these impurities in the neutron-irradiated
targets is considered to be an important step before
carrying out any purification process prior to
preparation of any generator or isotope.

Impurities are most significantly affected by the
method of manufacturing the generator or isotope.
Néasam and Vayrynen [3] qualitatively studied the
impurities in *"Tc generators by determining their
half lives. Differences were found between
generators produced by the same manufactures using
the same method. *Zr, *>Nb, '**Sb, “Co, etc. are
found in some ™ Tc generators. The radio-
impurities: 1228, 1248b, °Co, ©Zn, *°Fe and **Mn are
found in tin targets for the production of ''"™ Sn [4].
Contaminations of the "*Rh elute with '**Ir, "*'Cs,
Ce, and '"Ru, '"Ru were reported [5]. The
radioimpurities of SIcr, *Mn, *Fe, “Co, "Se,
HomAg 12%Sh and *Zn were found in the neutron
irradiated TeO, target [6]. Simple procedures for
separation of these radioimpurities from tellurium
were reported and such procedures can be used for
the purification of the tellurium target from them
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before neutron irradiation. Prasad et al. [7] used ICP
to determine impurities levels in tellurium target. As,
Se, Sb; In and Mn; and fifteen non-volatile elements:
Ag, Au, Cd, Co, Cr, Cu, Fe, Ga, In, La, Na, Ni, Sc,
W and Zn; were determined in tin by neutron
activation analysis [8 - 10]. ”'Os and "Ir radio-
impurties were found in W target after neutron
irradiation to produce '88Re [11]. Fe, Sn and Cr
traces were found in analysis of tungsten using
neutron activation analysis [12]. Most of these
studies are qualitative; however, the quantitative
data are rare and missing in literature. In addition
some papers report the results in specific activities
only.

This work aims mainly at (i) determination of the
concentration of radioimpurities in WO;, MoQOs;,
TeO, and SnO, targets using the ko-NAA and fast
neutron activation analysis (FNAA) methods,
(ii) determination of the specific activities of the
87y, 188Re 9T M 1mgn and BT radio-
isotopes, and the contribution of epithermal neutrons
on these specific activities, and (iii) determination
the contribution of fast neutrons on specific
activities ''"™Sn isotope.

Rhenium-188 (188Re, t;,=16.8 h) is available
from the 'W/'"**Re generator system made via
double neutron capture on '**W. It is produced from
the beta decay of "W (t,,= 69.4 days). It decays by
emission of a high-energy beta at 2.12 MeV and a
low-abundance and imageable gamma-ray at
155keV (15%) [1, 13, 14]. This radioisotope is
considered as a therapeutic agent for the bone pain
palliation, synovectomy, and other tumor therapy. A
simultaneous imaging is possible since it emits both
gamma and beta rays [14].

Mo (t;,p=65.94h) 1is produced by the
%Mo (n, v) ®Mo reaction. It decays by beta emission
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(84.7 %) to *™Tc (ty,= 6.015 h) emitting gamma ray
line at 140.5 keV (89 %) [15]. *"Tc is the most
important nuclide used for diagnostic purposes,
since radiopharmaceuticals labeled with **"Tc are
employed for >80% of nuclear medicine
applications, e.g., for detection of lung cancer,
cardiac blood pool imaging, liver and spleen
scintigraphy, etc. [16].

381 is produced by the ''?Sn(n, y)'*Sn reaction.
It decays with a half-life of 115.1 days to produce
the daughter nuclide '*™In. '*™n is a low energy
gamma-ray emitter with a half-life of 1.658 h [17].
"M has many important medical and industrial
applications. For example, '*"In-labeled compounds
can be used for lung and liver scanning [18], and for
brain imaging applications [19]. It can also be used
as a radiotracer to study the flow behavior of crude
oil in a battery of industrial crude oil/gas separators
in oil industry [20].

BlT, 125 m)
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""mSn s characterized with high yield of the
conversion electrons, with the energies of
0.126 MeV (64 %) and 0.152 MeV (26.1 %), and the
low-energy (158.5 keV) gammas. It can be produced
in a nuclear reactor via neutron capture ''°Sn(n, y) or
via the inelastic neutron scattering ''’Sn(n, n’) [21,
22, 4]. It is a promising radionuclide for therapeutic
applications, since the emitted low energy
conversion electrons deposit their energy within a
short range (0.22 - 0.29 mm) — shorter than beta rays
- and which can destroy tumors with lesser damage
to the surrounding tissues. Moreover, the emitted
gamma rays allow imaging for targeting and
dosimetric purpose [21]. "'I (t,,=8.04d) is
produced by the neutron irradiation of tellurium
according to the scheme [23] shown in Fig 1. ®'I is
used to diagnose and treat cancers of the thyroid
gland. Moreover, thyroid disorders can be imaged
[24 - 26].
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Fig. 1. Production and decay scheme of "*'L.

Theoretical treatment

Neutron activation using the ko-NAA is widely
accepted for multi-element NAA with research
reactors [27]. The concentration p, of an analyte
“a’” in the Hegdahl formalism for which it is
required that the cross-section in the thermal neutron
energy region varies as 1/v (v — neutron velocity), is
obtained [27] from its measured activated

radioisotope/ gamma ray spectrum as:

pa= [(N, /tuWSDC),/(N,/t,wSDC),] X
(1)
X (l/kO au)[((f+ QO,au(a))/(f+ QO,a(a))] : ((;,au/ é;,a),

where Au refers to the co-irradiated gold monitor
and N is the net number of counts in the full-energy
peak; W - the weight of the sample; w - the weight
of the gold monitor; t;, - the measuring time; S=1 -
-exp(-Mi); A - the decay constant; t,- the
irradiation time, D = exp(-A tp); tp - the decay time;
C = l-exp(-Atyn)/Aty; f-the thermal, @4 to
epithermal, @, neutron flux ratio, Qy(o)= (Ip(a)/cp)
(resonance integral to 2200 ms” cross-section o)
ratio; o - the measure for the epithermal neutron flux
distribution, approximated by 1/E™* dependence
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[27] with o considered to be independent of neutron
energy, ¢, is the full-energy peak detection
efficiency and ky,, are composite nuclear data
constant factors [27, 28]. a and f are the input
parameters in the ko-NAA and are determined
experimentally as follow: the flux ratio f as a
function of o is given by the so-called bare bi-
isotopic monitor method as

f(o) = [Qi(a) -
- Qref((Asp,i/kO,au(i) é;,i)/(Asp,i/kO,au(ref) Q,ref))] -
+ [((Asp.i/Ko.au(1) Zp,i)/ (Asp.i/Ko au(rel) Q,ref))' 11, (2)

where Ay, = (N,/t,WSDC), ref refers to a reference
isotope, say '""Au, and i refer any other isotopes,
7/ "Nb or °"Zr/™Nb. Thus, the activated set
8Au, #Zr/”Nb, *"Zr/"™Nb is used to construct
three curves for f(a) vs a and every curve consists
of a pair of isotopes: ¥ Au, Pz7r/°Nb; '®Au,
97¢/"™Nb; and *’Zr/’"™Nb, *Zr/*>Nb. The plots of
f(o) vs a intersect in a unique point which gives
simultaneously a and f.

The specific activity per gram A, from Eq. (1) is
given by:

SAJNEPHA ®I3UKA TA EHEPTETUKA T.10,Ne 4 2009



DETERMINATION OF THE IMPURITIES CONCENTRATION

[N/(tnWSDC)]s = [Np/(ty WSDC) oy X
X (kO,au) [(f + QO,S(OL))/(f + QO,au(a)], (3)

where s and au refers to element and comparator Au.
The left hand side of Eq. (3) is the experimental
specific activity (Ag,), while the right hand side is
the theoretical specific activity. In Eq. (3), the
nuclear data are lamped in the kg ,, and Q, constants
[27, 28]. Eq.(3) is for a simple decay code I,
however for other complicated decay codes, the
terms SDC and Qg are modified [27]. It can be
converted to the classical well known form after
replacing ko, by (Y 06¢/M)s/(y 66¢/M)a,, Where M,
Y, © and N, are the atomic weight, gamma ray
intensity, isotopic abundance and Avogadro's
number respectively. As a result, Eq. (3) reads

(Np/tmWSDC)s = yNab (¢n00 + Pumlo()/M,  (4)

and the specific activity for epithermal neutrons
(Asp)ep 1s given by:

(ASp)ep = yeNa(PepI(a)/M. (5)
Experimental procedures

WO; (BDH, England), MoO; (Ohnson Mathey,
England), SnO, (Prolabo, France) and TeO, (BDH,
England) target samples; and Sn, Au, Zr, Ni, Mo and
W standards samples were wrapped in clean
aluminum foils. The weights of target samples are
21.5, 32, 36.2, and 50.4 mg respectively. The
weights of the standard samples are 5.1, 4.3,4.7, 5.3,
8.6 and 5.7 mg respectively. The targets purity is
99.99 %. The Au (IRMM-530R) is a wire of 0.5 mm
and diluted in Al (0.1 % Au), while Zr, Ni, Mo, W
and Ni are foils of the purities 99.9 - 99.99 %.

The targets, the standards samples and the JAEA
Soil-7 reference sample (30 mg) were irradiated in
one of the inner irradiation sites of the second
Egyptian research reactor (ETRR-2) for 3 h. After
proper cooling times, the aluminum foils
surrounding the activated samples were removed
and the samples were weighted again. The samples
were transferred into clean polyethylene vials for
gamma ray measurements.

The gamma ray spectra were collected using a
p-type coaxial EG&G Ortec HPGe detector, with
29.4 % relative efficiency and 1.66 keV FWHM at
1332.5 keV of ®Co. A Canberra 10 cm thickness
ultra low background lead shield with low carbon
steel casing is used in shielding the detector. A guine
card of 16384 channels ADC is mounted on PC for
data acquisition and analysis. The absolute
efficiency curves of the HPGe detector were
previously determined [29]. The samples are
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measured after proper cooling times so that, dead
times did not exceed 5 %. The measurements were
performed at a distance far from the detector head
(10 - 15 cm) to minimize true coincidence effects.
The measuring times varied from 0.2 to 4 hours. All
the calculations (o and f; and elemental concentra-
tions of the standards and samples) were performed
with Excel spreadsheets.

Results and discussion

The epithermal flux index o and the flux ratio f,
needed in applying ko-NAA method, were
determined simultaneously using Eq. (2). The results
are shown in Fig. 2. From this figure, o and f were
found; 0.06 £ 0005 and 17.3 + 1 respectively. The
average fast neutron flux, ¢; over U fission
neutron spectrum was determined using the
reactions: Mo (n, p) “*™Nb, Mo (n, p) °Nb,
*Ni (n, p) **Co, “Ni (n, p) “Co and *°Zr (n, 2n) ¥7Zr.
The results are shown in Table 1. These reactions
are characterized with different threshold energies. It
is clearly seen from the determined values that, the
fission neutron spectrum is unperturbed.

60 —

S0 —

flux ratio (f)
\

10 —

0 T[T T[T [T T[T T TIT [T [TTr [T T[T 7T
003 006 009 012 015 018 021
oL

Fig. 2. The flux ratio (f) as a function of a.
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The TAEA Soil-7 reference material has been
used to check the ko-NAA results. The calculated
concentrations with their standard deviations, and
the comparisons of the calculated and recommended
elemental concentrations (% deviation of the
calculated from the recommended concentrations,
R.E. %) for 16 elements, are shown in Table 2. The
calculated concentrations are the mean values
arrived from at least three or four measurements.
The deviation of the measured concentrations from
the reported values is mainly within 10 % except for
Cr.
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Table 1. Experimental results of determination of fast neutron flux with nuclear data used.
Nuclear data were taken from Ref. [30 - 33]

. Gamma ray energy, Effective threshold . Fast flux
Reaction keV energy, MeV Cross section, mb <107 1-om? - s
Mo (n,p)”’Nb 765.900 6.6 0.1348 £0.0035 2474021
%2 Mo(n, p)**™Nb 934.440 6 73404 2.13+0.17
601 60 1173.23
Ni (n,p)”" Co 1332.54 6.8 2.31 £0.072. 2.51+0.23
**Ni(n,p)** Co 834 2.6 111+3 2.26+0.15
0 7r (n,2n)% Zr 909.150 12.07 0.104 + 0.002 2.51+0.25
Table 2. Analytical results of the IAEA-Soil 7
o,
Element This work + S.D Recommended Reported .95 /o R.E., %
confidence interval
Tb 0.59+0.1 0.60 0.5-0.9 5.0
Ta 0.68 + 0.05 0.80 0.6- 1.0 0.0
Th 8.28+0.9 8.20 6.5- 8.7 0.12
Hf 520+04 5.10 48-55 1.4
Fe (%) 2.65+0.2 2.57* 2.52-2.63 3.1
Cr 75.60 + 3.6 60.00 49 - 74 26
Ce 58.00 + 0.09 61.00 50 - 63 -4.92
Ba 175.00 + 3.0 159.00%* 131 - 196 10
Cs 537+0.17 5.40 49-64 -0.55
Sb 1.52+0.07 1.70 14-1.8 -10
Rb 51.55+4.7 51.00 47 - 56 -1.1
Co 8.30+0.3 8.90 8.4-10.1 7.2
Sc 8.70+ 0.3 8.30 6.9-9.0 4.9
Yb 2.60 +0.03 2.40 19-2.6 8.3
Nd 27.60 £ 0.06 30 22 -34 -8
La 26.30 28 27-29 -6.07

* Information values.

Table 3. The elemental concentrations (ppm) of radioimpurties in the WQO;, M0oOs, TeO,
and SnO, targets determined by k-NAA

Activated Half live time Concentration, ppm
product WO, MoO; TeO, Sn0,
) 60.1d 2.16 £0.07 0.206 + 0.01 111+5 238+ 13
“Co 52y 0.25 +0.04 0.081 + 0.004 0.165 + 0.004 0.174 + 0.02
%2Ta 114.4 d 11.1+04 nd nd nd
BiCs 2.065y 7.6+ 0.6 nd nd nd
%Rb 18.63 d 14 nd nd nd
7 64.02 d nd 168 + 11 nd nd
2pg 26.97d nd 0.17 nd nd
7n 2443 nd 2.087 nd nd
*SFe 45d nd nd 52.7 nd
Hom A g 249.8d nd nd 2.65+0.11 nd
*Se 119.8d nd nd 162+5 nd
Icr 27.7d nd nd nd 52243
Hm 49.51d nd nd nd 463 + 10

Analysis of the gamma ray spectra of the WOs;,
MoQ;, SnO; and TeO, irradiated targets showed the
followin§ radioimpurities: '**Sb, '**Cs, “Co, ¥Rb,
lnga, 23 Pa, 6521’1, SéFe, llOmAg’ SICI', 9SZI', 7SSe and
"M The ko-NAA was used to determine the
concentrations of these radioimpurities. The results
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are shown in Table 3. According to the determined
impurity concentrations especially ''*"In, '**Sb, "*Se
and “°Fe (high concentrations), and their half life
times, the targets should be chemically purified
before neutron irradiations.

In the recorded gamma ray spectra of the irradiated
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MoO; target (spectra of high count rates), a peak at the
gamma rays energy of 320 keV is observed. This peak
is due to pile-up (random coincidence or random
summing) [34] of 140 - 181 keV gamma rays — it is
not of >'Cr. The 281 keV peak is another example of
the pile-up of the 140 - 140 keV gamma rays. These
peaks disappear from the spectra with increasing the
cooling times since pile-up is proportional with the
square of the count rate and does not depend on the
geometry of the experiment [34].

Neutron threshold reactions on the stable isotopes
of the targets are sources of some impurities and
may interfere with neutron capture reactions. With
the knowledge of the cross sections over **U fission
neutron spectrum and the nuclear data of neutron
threshold reactions, their contributions to neutron
capture reactions were calculated. The contributions
of the following reactions: '*W(n, p)'*Ta,
®Mo(n, a)Zr, '**Te(n, p)'**Sb, '**Te(n, 2n)'*'Te
and ''*Sn(n, p)"'*™ In reactions are found negligible.

The ratio of the calculated count rate of the
"W(n, 2n)'**W reaction at the gamma ray line
125 keV of "W to the observed one in the recorded
gamma ray spectra of the WO; target (sum of
W(n, v)'™W and "*W(n, 2n)'*W reactions) is 0.4.
However; the above ratio for 182W(n, 2n)181W to the

observed one (produced by "'W(n,y)"'W and
"W (n, 2n)""'W reactions) is 0.23. Namely, the
OW(n, 2n)'"*W and "™™W(n, 2n)"*'W  reactions
increase the count rates of the "*W(n, y)'"®W and
"W (n, v)'"™W reactions by 66 and 30 % respec-
tively. It was not practically possible to determine
the Zr concentration in the MoO; target via its
isotope °Zr at the gamma ray line at 756 keV,
because it is obscured by a high Compton
background of the **™ Nb nuclide (produced from
“Mo(n, p)**Nb reaction). Instead, the reaction
®Mo(n, p)”°Nb was used to calculate the count rate
of ®Nb, which was subtracted from the observed
total count rate in the gamma ray spectra and the
concentration of *Nb (the decay product of “Zr)
was determined. The nuclides '*'Te, '*'™Te, '*Te,
PTe, "Te. and '*'Te are observed in the TeO,
irradiated target. Their sources are neutron capture
and neutron threshold reactions on the target
isotopes of Te. Table 4 shows the cross sections
used in the calculations. The values of these cross
sections are uncertain and scatter in literature. The
cross section values of the '*Te(n, 2n) '*'Te and
W (n, 2n)"*'W reactions are estimated — there are
no experimental measurements. Consequently, most
of these cross sections should be measured again.

Table 4. The neutron threshold reaction cross sections used in this work.
The underline values were used in the calculations

Reaction

Cross section, mb

182-Ta(n,p)182-Ta 0.0038 £ 0.006

186-W(n,2n)185-W 10+0.7

181-W(n,2n)182-W 3.9

Mo-98(n, o) Zr-95

0.00947 + 0.004, 0.00857 + 0.00056, 0.014 + 0.002, 0.014 £ 0.0013

Te-124(n ,p)Sb-124 0.06 + 0.005
Te-122 (n,2n)Te-121 0.52
Sn-114(n, p) In-114m 2.37+0.2
Sn-120(n, o) Cd-117 0.14+0.01
Sn-120(n, o) Cd-117m 0.33+0.02
Sn-117 (n, p) In-117 0.13 +0.006

Sn-117 (n, n) Sn-117m

140 + 20 [4], (222 + 16 [35], 176 + 14) [36]

Sn-118(n, 2n) Sn-117m

0.8 (estimated) , 1.473

Sn-114(n, 2n) Sn-113 10

Table 5. The experimentally determined and calculated specific activities (Ci/g) and nuclear data used.
Nuclear data were taken from Ref. [27, 38]

Asp Asp Decay . . o

Isotope Experimental Calculated Code Contribution of ¢., % Qo, Qo(v), Iy, In(av), T
me 1.21 1.2 1d 63 53.1,45.1, 6.96, 5.907, 0.131
8m 0.14 0.13 Ve 62 48.4,42.12,26.2,23.2,0.561
mgn 0.104 0.096 I 21 56.3, 48.7,0.336, 0.29, 0.00596

131 1.8, 1.5,0.342, 0.28, 0.19,

I 0.71 0.78 Vila -
GOm/GOJg = 0074> Q()m: QOg
R 9.26 9.82 I 22 13.7,12.6, 530, 485,38.7
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The nuclides "'"™ Sn, '®Sn and '*Sn/**’Sb('*’Sb
is the daughter of '*Sn) are observed in spectra of
the irradiated SnO, target. Source of '>*Sn and '**Sn
are neutron capture reactions. ' "Sn is the decay
product of the reactions: '*’Sn(n, a)''’Cd, '*Sn(n, o)
Hmed, "Sn(n, p)''"In and '"*Sn(n, 2n) "'"™ Sn. The
contributions of these reactions are 1, 0.3, 0.1 and
0.75 % respectively. ''"™Sn is mostly produced by
"°Sn(n, y) """™Sn reaction and the inelastic scattering
reaction ''’Sn(n, n')!'"™Sn. The cross section of
inelastic scattering reaction was determined using
the irradiated Sn standard sample after subtracting
the contribution of the reaction ''°Sn(n,y)"'"™Sn.
The cross section was determined relative to the fast
neutron flux value of 2.5 - 10" determined by the
reaction *Ni(n, p)**Co and found 60 + 3 mb. This
value is smaller than the values reported in literature
[4, 35, 36], which are also different from each
others. The scatter in the cross section values of this
reaction is due to the low neutron threshold energy
for this reaction (318 keV). Namely, this cross
section depends on the fission neutron spectrum
especially in the low energy region. At this region,
the spectrum may be disturbed because of neutrons
thermalization [37]. In addition, the contribution of
the reaction (''’Sn (n, n) ''"™ Sn) to the total activity
of both '"7Sn(n,n)""™Sn and '"®Sn(n,y)"'"™Sn
reactions, decreases as the neutron thermalization
increases [37].

The specific activity per gram A, of the finally
produced isotopes were determined experimentally
and calculated theoretically using Eq. (3). For the
calculation purposes, the determined neutron flux
index o was used to correct the Qq-values (Qo(at) =
=Ip(a)/op). This factor is so important since the
value of Ip(a) may become more or less than the
value of I, (Table 5). Consequently, this factor
should be taken into account when performing such
kind of calculations. Fig. 3 shows the variation of Q,
as a function of the parameter a for '*Sn(n, y) '"*Sn
reaction. As o becomes more negative, the value of
Qo(@) increase, namely I (o) increases. This behavior
is not only for the '"*Sn(n, y)'"*Sn reaction, but also
for all other nuclear reactions. As a result, the
specific activity due to epithermal neutrons can be
increased when irradiation sites, characterized with
highly negative values of a are chosen for neutron
irradiation.

The contribution of epithermal neutrons to the
specific activities was calculated. It is found that
their contribution is more than the contribution of
thermal neutrons, especially for nuclear reactions
characterized with high Qg-values. The higher the
Qo-value, the higher the contribution of the
epithermal neutrons to the specific activity, since the
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Fig. 3. Variation of Qy(ct) for the ''°Sn (n, y)''"™Sn
reaction versus o.

smallness of the epithermal flux is compensated by
the high Q, -value.

The specific activities of the ''"™Sn for the
irradiated SnO; sample due to ''’Sn(n, n)"'"™ Sn and
"%Sn(n, y)"'"™Sn reactions were determined experi-
mentally and found to be: 0.104 Ci/g. The inelastic
reaction contributes by ~ 68 % to the total specific
activity. The contribution of epithermal neutrons is
~21%. As a result, epithermal and fast neutrons
contribute by ~ 89 % to the total specific activity.
This predicts that ''"™Sn can be produced with high
specific activities in irradiation positions characte-
rized with high fast and epithermal neutron fluxes.
Sometimes, in literature the so called effective cross
sections are used in calculating the activities [21,
35]. In these calculations, the resonance integrals are
not corrected for oo — namely a = 0. This leads to
overestimating the specific activity contributions of
epithermal neutrons. In our work setting o = 0,
increases the specific activities of *™ Tc, '"™In,
1mgn, BT and "W by 17, 13, 16, 22 and 9.3 %
respectively.

Novkovi¢ and Kandi¢ [39] and Alfassi and
Groppi [40] calculated the specific activity for '’Au
resulting from double neutron capture in '*’Au.
These calculations were performed for thermal
neutrons only. We extend these calculations, to
calculate the specific activity of "W as a result of
double thermal and epithermal neutrons captures on
'8W. The specific activities of "**W due to thermal
neutrons per gram of W, (Ayp) w, is given by:

(Asp)in = (YON/M)516520m[Aa(1 - exp(-Bit)) -

- Bi(1 - exp(-Rat)V/[(A2 - B1) Bil, (6)
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and for epithermal neutrons, it is given by:
(Asplep = (YONI/M)Li (o) Ladep[Aa(1 - €xp(-Batinr)) -

- Bo(1-exp(-Aatier)) V[(A2 - B2)B2], (7

where Bl = 7\,2 + (I)th G, Bzz }\42 + (I)eplz(ot), }\,1 and 7\,2,
o, and o, [;(a0) and I, are the decay constants,
thermal neutron cross sections and the resonance
integrals of "W and '**W respectively. The sum of
Egs. (6) and (7) gives the total specific activity of
"SW. It was calculated and found to be 1.2 x
x 107 Ci/g(c, = 64b and I, = 2760 b were taken
from Ref. [5]; o; and I;(a) are taken from Table 5.
The specific activity of '*W was determined
experimentally via '™Re. It is defined as (Ayp) =
= Nyre-188/(tnWD &),  Where  Npre1ss is  the net
number of count in the full energy peak (the gamma
ray line 633 keV was used) and D is the decay time
correction factor given by exp (-A, tg). Ay, was found
to be 1.08 x 107 Ci/g and in agreement with the
calculated result within 10 %. On the other hand,
Egs. (6) and (7) and the experimentally determined
specific activity can be used to determine the W
content in samples (via '"**Re or "*'W or both
nuclides) with the knowledge of the neutron
spectrum parameters and cross sections.

Conclusions

The neutron spectrum parameters characterizing
the irradiation position were experimentally
determined. The fast neutron flux over °U was
determined using a set of flux monitors. The fast
neutron flux in the irradiation position is
unperturbed. The accuracy of the ko-NAA method
was checked by analyzing the IAEA soil-7 reference
sample. The radioimpurity concentrations in WOs,
MoQO;, SnO, and TeO, targets were determined
using the ko-NAA as well as FNAA. Sources of
these impurties were identified. Some values of the
cross sections are uncertain in literature. It was
suggested to purify the targets before neutron
irradiation for purpose of radioisotopes production.
The specific activities were determined experimen-
tally and theoretically. The contribution of the
epithermal neutrons to the total specific activity is
higher than the thermal for most isotopes having
high Qop-values. The higher the negative value of the
parameter o for the neutron irradiation site, the
higher the specific activity of the produced isotope
by epithermal neutrons. The radioisotope ''"™ Sn can
be produced by fast and epithermal neutrons since
they constitute 89 of its total specific activity. The
theoretically and the experimentally determined
specific activities of W are found in good
agreement.
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BU3HAYEHHSI KOHIEHTPAIIL JIOMIINIOK Y BOJIb®PAMOBUX, MOJIIBJIEHOBHUX,
OUHKOBHUX TA TEJYPOBHX MIHEHJIX METOAOM
HEUTPOHHOI'O AKTUBAIIIMHOI'O AHAJII3Y

A. Eab A0x, M. Mocrada

3a OOmOMOrO0 METOIB AaKTHUBAIIHOTO aHami3y Ha IIBHOKAX HEWTpOHaX Ta K -HEHTPOHAX IOCIIiIHKEHO

: : 124 134 60 87 182 233 65 56 110m 51 95 75 114m:
KOHIICHTpALii pagioakTUBHUX AoMimoK ~ Sb, ~'Cs, > Co, “'Rb, °"Ta, “"Pa, °Zn, " Fe, Ag, > Cr, "Zr, "Se Ta In
y mimensax 3paskiB WO3, MoOs, SnO, ta TeO,, HeoOXimHUX A1 BUPOOHUIITBA PaiOaKTUBHUX 130TOIIIB 188Re, #MTe,
(*®™n and "™ Sn) ta "'l BigmosizHO Ha Ipyromy erunercbkoMmy pocuimauiskoMmy peaktopi (ETRR-2). Ommcano
eKCIIepUMEHTANbHI [1aHi, METOAWKY EKCIIEpUMEHTY Ta OCHOBH TEOPETHYHOTO Minxoxy. Bu3HaueHo KOHIEHTparlii
pamioaKTUBHHUX JOMIIIOK Ta BCTAHOBJEHO JDKepeNia iX TMOXO/KEHHS - 3 PEaKIliii 3axOIUIeHHsS HEHTpoHIiB abo 3
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DETERMINATION OF THE IMPURITIES CONCENTRATION

MOpOroBHUX peakiid. TOYHICTh KOHIIEHTpAIlil, 10 BHU3HAYAIUCH, MEPEBIpsUIach 3a JOMOMOIOI0 €TaJOHHOTO 3pa3Ka
MATATE Soil-7.

Kniouosi cnosa: nOMINIKK, KOHIIGHTpAILlis, 130TOM, MOTIK MIBHIKUX HEWTPOHIB, aKTHBHICTh, MOPOTOBI PEaKIIii,
ko-HEHTpOHHMI aKTUBALIHNI aHaJli3, MillIeHb, TapaMeTPH HEUTPOHHUX CIIEKTPIB.

ONPEJAEJEHUE KOHIEHTPAILIUA NMPUMECEN B BOJIb®PAMOBBIX, MOJIUBJIEHOBBIX,
HUHKOBBIX M TEJJIYPOBBIX MHUIINEHSX METOJIOM
HEUTPOHHOI'O AKTUBAIIMOHHOI'O AHAJIM3A

A. Dab Ada, M. Mocrtada

IIpy momMomM METOJOB AaKTUBAIMOHHOIO aHaIM3a Ha OBICTPBIX HEWTpPOHaX M Ky-HEWTpPOHAX MCCIICIOBAHBI
KOHIIEHTPALlMU PaJMOAKTUBHBIX MPUMECEH 1248, 13Cs, “Co, *Rb, "*2Ta, ***Pa, “Zn, **Fe, 110mAg, SICr, ¥Zr, Se n
1My B MumeHsx obpasio WOj;, MoO3, SnO,, TeO,, He0OXOAUMBIX TPU MPOU3BOJCTBE PAJUOAKTUBHBIX H30TOIIOB
'Re, *™Tc, (*"™n and "™ Sn) m "'l coOTBETCTBEHHO HA BTOPOM EIMIIETCKOM HCCIIEIOBATEIBCKOM PEAKTOpE
(ETRR-2). OnwucaHbl 3KCIIEpUMEHTATIBHBIC JaHHBIC, METOJMKA SKCIICPUMEHTa M OCHOBBI TEOPETHUYECKOT'O IOIXOAA.
OnpeneneHbl KOHUEHTPALKUN PAAUOAKTUBHBIX PUMECEd U YCTAaHOBIEHBI HICTOUHUKHM UX MPOUCXOXKJEHUS - U3 PEaKIIHii
3axBaTa HEUTPOHOB WJIM M3 ITOPOTOBEIX PEakid. TOYHOCTH OIPENeNIeMBbIX KOHIICHTPAIMHA IIPOBEPSIIACh MIPU TOMOIIN
stanmonHoro obopazma MAT'ATD Soil-7.

Kniouesvie cnosa: mpumecH, KOHIIEHTPAIHSA, H30TOIL, TIOTOK OBICTPHIX HEUTPOHOB, AKTUBHOCTH, IIOPOTOBBIE PEAKIIHH,
Ko-HEHTPOHHBIN aKTHBAIMOHHBIN aHAIM3, MUILICHB, TAPAMETPLI HEHTPOHHBIX CIICKTPOB.
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