NEUTRON ACTIVATION ANALYSIS BY CADMIUM
RATIO AND PAIR COMPARATOR METHODS

Tarek Elnimr*

Physics Department
Tanta University
Tanta, Egypt

and
Taher Sharsher

Physics and Chemistry Department
Faculty of Education
Tanta University
Kafer El-Shaikh, Egypt

: Lo

gl ol oll Spb ke i b b ol Ll 0da

UL oge 25 G poliase¥l Aed o Jnf 8y p0r ot 5 oy Janiidl SMelas (o
I Gy ol By M il Jb- e S daidt Melae o B i) £ g i
IR - T ORGSRV Sy 1 WS

Jo U paidl ke e gl Cab i 3 g2 g Bl 0da ) 3le 35 el
Ll Bl S Mobas

P Uk A Slp S B bl S5 Gead Cab ¢ G all 6 e ST
appill AL e B 8y B Pl SISy G-l oM e

ABSTRACT

New standardizations have been developed for neutron activation analysis. In
these methods, experimental activation factors are determined. The unusual feature
of these techniques is a solution for the effects on the effective activation factors
resulted from the variation of neutron spectrum at different irradiatien positions.
The methods were used to determine the concentrations of trace elements in USGS
standard rocks G—2; the results were in agreement with literature values.
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NEUTRON ACTIVATION ANALYSIS BY CADMIUM
RATIO AND PAIR COMPARATOR METHODS

INTRODUCTION

It 1s well known that the effective activation factors
is in close relationship with the b neutron spectrum
when neutron activation analysis is applied by the
single comparator method (SCM) [1, 2]. In this paper
new methods denoted as ‘cadmium ratio method’ and
‘pair comparator method’ are described, which can be
used for activation analysis with a research reactor
and provide a solution for the effects on the effective
activation factors from the variations of neutron
spectrum at different irradiation positions which are
usually encountered in the SCM.

THEORETICAL FOUNDATION

When a sample is irradiated and measured, the
photopeak counting rate of a certain nuclide of
interest in the sample leads to the determination of the
weight of the corresponding element:

A°=Km (1)
=N, /(1—e *im)(e™""e) Ce, 2
6.02 x 1023
when K =XT0&¢~,» (3)

and

m = weight of the element

M = atomic weight of the element

N, =counting rate of the nuclide at the beginning of
the measurement

C =constant depending on the source-to-detector
geometry

¢ =neutron flux
thermal neutron flux and ¢,
neutron flux.

o = effective activation cross-section.

qﬁ(h ¢tpi
¢th + ¢Cpl (,bl + ¢cpi

o,, is the thermal activation cross-section and I
is the resonance integral.

=¢n+ b, Where ¢, is the
is the epithermal

where

=0 +1,

y = abundance of gamma-ray.

f = natural abundance of the target nuclide,

€, = intrinsic photopeak efficiency of the detector for
a particular gamma-ray,

4 = disintegration constant of the product nuclide,
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t,, =irradiated period.

tqy =cooling period.

SINGLE COMPARATOR METHOD

When an element 1 is irradiated with a ‘comparator’
2, the following simple relation holds

A?__K m, “@
Ag_ uzmz )
but
M,0,y,6,
K, ,=- 5
1z M,0,7,6, ©)
e
K1/2=Ko (i)xh 1 ¢lh (6)
Ll
D 2| P
where
K _Mzel)’lam,l
0=

M, 927’2‘7(};, 2

If K,,, values are available for the element 1, the
concentration for it can be calculated simply as

m, (pg) A3/A3
m (9) K1/2

Where m, represents the sample weight in grams and
m, represents the comparator in micrograms. But
because K,,, dependends on the neutron spectrum, as
shown in Equation (6), a definite value of K, can be
used only for the same neutron spectrum at the same
position of irradiation. This is the main drawback of
this method.

pl(ppm}

THE CADMIUM RATIO METHOD

The cadmium ratio Ry, of a nuclide is defined as the
ratio of the specific count rates obtained after
irradiation of a comparator with and without
cadmium cover. This, the Cd-ratio can be written as:

Asp lh¢lh+10¢ep
(Asp)Cd 10¢ep

Rey=



(blh On
=By (7)
d)ep IO

where
A,,:Specific count ratio =0 x 6.02 x 10*°

(¢1halll + (pepil())ﬂ/'ep‘c
=0x6.02 x 1023

(/)elo}!ep.c

(Asp)Cd

If F=¢./¢un Qo=1o/0

Equations (6) and (7) can be expressed as:

K, K T LF
! 14+Q4,2F
1, %!
SPRSTN % &
@-O—’»ﬁﬂ
Reyr = —1«—--+1, )
FQ,
From Equation (9)
: =Reyy— (10)
0,,2F
Then Equation (8) becomes
Kl/2 :KO Rfdl_ l +gz:;
RCdZ
Q. 1
=K°_<K° Q0.2 K") &
=Ko—(Ko— K, ¢)/Req (11)
where
Keo= g5 Ko (12

From Equation (11) it is shown, that the activation
factor K, is dependent on the cadmium ratio R,

where 0 < =<1

where K,: thermal neutron activation factor

While

=1, KuzzKe,o

Cd2

where K, ,: epithermal neutron activation factor.
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From the linear relationship between K,,, and
1/R¢y, or from the values of K, and K, the value of
K,,, at any irradiated position can be calculated.

PAIR COMPARATOR METHOD

In this method an element ‘1’ is irradiated with the
comparators ‘2> and ‘3 simultaneously; then the
following relation holds:

0
Ay m, A ms
= hap = )
0
2

From Equation (8)

14Q,.1F
Kua=Koy 5, ¥
=K l+(QOa 1/Q0’7)(Q032F+1 (Q()v 1/Q05 )
0 14+0Q0,2F
K'O(1 _QO’ 1/QO? 2) Q()a 1 )
= K,. 13
1400 2F  \00.2)"" 3

According to Equation (13), the K, , factor can be
expressed as:

sz/z) B Qo,s/Qo,z)
1+Q,F

+ Ko3/2)(Q0,3/Q0,2)- (14)

From Equations (13) and (14), Q,,F can be
eliminated:

Kyp=

Q0. —0
Kl/”‘ KO(I'B)Q 02I<3/2
0,37

0,2

-KOQOI Q03 (15)

From Equation (15) K,,, can be calculated by using
the value of K;,, and it is shown clearly that the ratios
K,,,/K,,; are independent of special distribution and
allow measurements to be made in a variety of
circumstances.

EXPERIMENTAL

All K factors were experimentally determined and
calculated versus the 411.974keV 7y-line of °®Au and
95Zr-°7Zr. K-factors were obtained as an average of
at least three determinations. In every irradiation, the
comparator and the element to be investigated were
packed close together in polyethylene vials or in a
cylindrical Cd box (1 mm wall thickness, h/d =2). The
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Figure 1. K,,, versus 1/Rcy,
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Au comparators were irradiated as an Au — Al alloy
and Zr as thin foils. For the element under study, use
was made of materials similar to those described in
reference [3,4]. Care was taken to avoid epithermal
self-shielding, although sometimes small corrections
had to be applied, e.g. for the 0.5%, Au—Al wire (1.5%
correction, Howe et al. 1962), and for 100 um Zr foil
(correction: 2% for °5Zr and 3% for °7Zr [4].
Counting was performed using a 40 cm® single open-
ended coaxial Ge(Li) detector with a source-to-
detector separation of 15cm.

To investigate the precision and accuracy, the
methods has been applied to determine the contents of
elements Sc, Cr, Mn, La, Ce, Sm, and Th in USGS
Standard Rock G-2, by irradiation in the Egyptian
reactor.
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RESULTS AND DISCUSSION

The relationship between the activation factor K,
with the cadmium ratio. 1/R,, of the comparator are
shown in Figure 1 where K,,, factors were
experimentally determined and calculated versus the
411.794 keV y-line of '°%Au for '#°La (487.0keV)
233Pa (312.0keV) 133Sm (103.2keV), *'Cr (320.1 keV)
and '*'Ce (1454keV) K9, and K$J, as shown in
Table 1 can be obtained by extrapolating the
1/Rcy, =0 and 1/R, =1 respectively.

The relationship between activation factors K|,
and K3, of the pair comparator method are shown in
Figures 2, 3 and 4 where K,,, factors were
experimentally determined and calculated versus the
411.794keV y-line for '*°La (328.8, 487.0, 815.8, and

Table 1. Experimental Determination and Calculation of K, and K, , Factors

Isotope E, Ko
(keV) calculated
Theoretical Rcd — method Pair comparator (Equation 12)
(Equation 15) (Equation 11) (Equation 13)
46g 889.3 1.25 1.24 341x10°2
1120.5 1.25 1.25 341 x1072
$1Cr 320.1 251 %1072 248 x 1073 250% 1072 9.13x107%
S6Mn 846.8 500x 107! 499 x10"! 341 x1072
°Co 1173.2 1.31 1.31 1.71x107!
1411 328.8 2901072 - 287x1072 216x1073
487.0 6.35x 1072 6.38x 1072 6.37x 1072 475% 1073
815.8 331x1072 3.32x1072 253x1073
1596.2 1.32x 1071 1.34x107! 992x1073
141Ce 1454 3.67x1073 3.66x1073 365%x10°3 193x10°#4
1538m 103.2 2.19x1071 230x1071 229x 107! 196 %1071
233pa 3120 2.53x1072 2.54%x 1072 251 x1072 1.92x1072
6 112
5 {10
K3 =& 8
-2
x1072 3 16 X10
2 da
1 42
o * 05" TYBTK 37T 1.s

Figure 2. K,,, versus K3, (**°La)
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Figure 4. K, versus Ky, (°*'Cr and '*'Ce)
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Figure 5. The Relation Between K, ;,, K;,,, and 1/R,

1596.2keV), 3!Cr (320.1keV), '#'Ce (1454keV),
56Mn (846.8keV) and “5Sc (889.3, 1120.5keV), and
the activation factor K,, were experimentally
determined and calculated versus the 756.7 keV y-line
of °5Zr and 743.4keV y-line of *’Zr. The relationship
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Figure 7. K, versus K5, (***Sm and ***Pa)

between K,,, K3, and 1/Rg, according the two
methods are shown in Figure 5. It is clear that the
activation factors can be determined by one of the two
methods as shown in Figures 6 and 7 which is based
on Figure 5. In this way the two methods can be
adopted and at the same time can be compared with
each other. Comparison between K values determined
by cadmium ratio and pair comparator methods and
those theoretically calculated according to equation

2335,(312 KeV) x10



Table 2. Multiclement, Newtron Activafy
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pglysis of G-2

Element Ry — method Pair comparator Reported [5] Reported [6]
(ppm) (s%) method (s%)
Sc — 3.41 .8) 3.20 3.70
Cr 8.10 (2.2) 7.60 4) 8.70 7.00
Mn(% 0.0254 (0.8) 0.26 0.026
La 92.30 (3.0) 95.00 (2 3) 84.00 96.00
Ce 141.30 (2.7) 146.00 (1 9) 150.00 150.00
Sm 7.71 (0°9) 723 7.30
Th 23.20 (1.5) — 21.80 24.20

(15) show good agreement (Table 1). The nuclear
activation data and decay parameters for the isotopes
concerned are adopted from the literature [3,4].
Three samples of USGS Rock standard G-2 are
analysed and the result obtained are in good agree-
ment with the data reported in literature (Table 2).

CONCLUSION

The activation methods, namely cadmium ratio and
pair comparator, presented in this work have been
found to be very useful for the determinations of trace
amounts of Sc, Cr, Mn, La, Ce, Sm, and Th in USGS
Standard Rocks G-2. The precision and accuracy of
the two activation methods used have been found to
be very good. The present work has demonstrated that
there are simple linear relations between the activation
factors K,,, of different elements and 1/R.; of the
comparator or the activation factor K;, of the pair
comparator, where the ratios K,,/K;; are
independent of spectral distribution. Therefore, it is
considered a simple correction method for the
problems due to the variation of the neutron spectrum,
ie. if K, and K, , of element have been determined
accurately, the K, at any irradiation position can be
obtained from cadmium ratio of the comparator or
K, of pair comparator in the same position. The

straight line relationship between activation factors
presented in this paper can be used in any other
irradiation positions; this method is the most suitable
one for large quantities of samples and multielement
analysis without chemical separation.
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