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Summary

A more or lees routine method for the determination of up

to 55 trace elements down to the p.p.b. range is described. To

obtain this, irradiation in a high thermal neutron flux followed

by Ge(Li)«Y~ spectrometry with large detectors ?md off-line

computerized evaluation of the spectra is necessary. To cover

the range of half-lives of the nuclides formed, spectrum

measurements are carried out about one hour, bne day, one week

and one month after irradiation. Only in the case of' highly

active and rather long living matrices is chemical separation

of the matrix from all impurities necessary. The computer

program is written in ALGOL-бО.

Introduction

For the overall analysis of high purity materials the '

'samples are irradiated in a thermal neutron flux of several

times 10 n.cm"* .sec*" for about Zk hours. As we use the single

comparator method for the calculation of the impurity contents,

0*5$ Co-Al-wires are irradiated simultaneously. For each sample

up to four Ge(Li)-Y-ray spectrum measurements are carried out,

e.g. one hour, one day,' one week and one month after

irradiation,in order to cover the range of half-lives. The

analysis can be done purely inetrumentally in weakly active or

short-living matrices such as Si, diC, S:LO_, water, etc., but
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for highly active matrices (Ge, GaAs, Se, etc.) chemical ' ' •

separation of the matrix from ell impurities ia necessary. „

The spectra are processed by means of a large off-line

computer (Philips Electrologica X8, language: ALGOL-60). In

the two computer programs much attention is paid,to reliability,

.accuracy and convenience for the user, which may be seen from

the following features:

1. versatile library of nuclear and efficiency data, easy to

. up-date

2» reliable location of the peaks, 'separation of doublets

3. corrections for dead-time losses in the detector-to-amplifior

system

h. 'first identification of the nuclides from the energies and

their abundances . , • •

5» final decision of the presence of elements by means of the

half-lives (not possible in the case of one measurement)

6. .sufficient number of efficiency-calibrated measuring

. positions (2 G@(Li)-detectors, 2 vial sizes, point sources,

various sample-to-crystal distances and sample volumes)

7* corrections for decay during counting

8» corrections for summing effects of cascades

9. corrections for epithermal/thormal flux ratio in the

comparator method

10.calculation of the limit of detection for the elements not

observed.

Up to now we have been able to determine* 30 to hG

elements in Si, SiO„ and SiC and could give the limits of

detection for the rest of the 55 elements.

Description of the method

Our method of evaluating the Ge(Li) gamma spectra

consists of two main steps:

1. location and area determination of the peaks • .

2a. identification of the nuclides followed by

2b. quantitative evaluation of the impurity contents*

It will be evident that ai'tor having found the significant

• peaks with their energies (in keV), areas (in counts per second)

and „standard deviations of the areas (in per cent) in each

speet run
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spectrum, the next stop ie the identification of the nuclides.

Only when this is .done, the decay correction with the proper

half-lives and verifying the half-lives can be carried out,

followed by the quantitative evaluation.

These are the reasons that the computer processing must

be performed in two stages» for the second stago the results of

all tho spectra of a certain sample muet bo brought together,

and of coureo this can only bo done if all measurements of a

sample are finished* The first stage is carried out by means

of the "phbtopeak analysis program" PAP, which has been

described earlier . Tho output of this program contains for *

each spectrum:the name etc* of the sample, codes for the

measuring position, the decay time and the measuring time and

further, as mentioned before, for each poak the energy, area

and standard deviation of the urea*

The peak data are already corrected for dead time losses
2

according to Wyttenbach and the limit of detection in counts

per second is printed along the energy axis.

The aim of tho program NAA ("neutron activation analysis",

see fig. 1) which carries out the' second stage, is as follows:
*

a. in each spectrum:

1. Determine from which nuclides the peaks can be, by

comparing the energies. The criterion tor this is a
* • »

maximum difference :

ДЕ в Д Е
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3
 (1)

I = constant difference in keV (usually 0«7)

, a additional difference (usually 0*5)

Б е energy of the peak in keV.

2. Decide whether a nuclide is probably present, depending

on the presence of the most abundant peaks.

for each sample:

1. Collect the nuclides found according to (a) in all the

' spectra of the sample . <

2. Correct for decay (also during counting ) and chock the

half-lives. The standard deviations of the areas arc u*>ud

for the weight factors in the calculations for the

definitive decision of whether a nuclide is present.

where AE.
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As a measure for the fit of tho decay curve (checking

tho half-life) we use»

(2)

whoro

(3)

(5)

(6)

crit = criterion for the half life check

f. « weight factor = s.~ (s. in 9̂ )

c. » count rate at end of irradiation

"c a average count rate at end of irradiation

n e number of measurements.

Xt will be evident, that a. . depends entirely on the
' intern r

standard deviations (c.q* counting statistics) of the

separate observations, whereas s t depends also upon

the differences between the observations . For samplee

'taken from an infinite normal population, z equals unity

with standard deviation s (eq. b). If z differs from

unity by an amount much greater than is to be expected on

the basis of statistical fluctuations, it may be concluded



that systematic errors are likely to be present* In our

case this means that we used the wrong half-life, and

therefore the peaks belong to another nuclide* Up to now

we have used crit « 10,

If a sample is measured only once, then the above

mentioned half lifo chock • is not possible. The only

thing that can be done in this case is to reject those

nuclidоs for which the decay correction factor exceeds

a certain value*

3* Calculate the ,avorage count rates with standard deviations,

at the end of irradiation for the snain peaks of each

nuclide which is found*

k. Correct these count rates for the efficiencies of the

detector to obtain the disintegration rates (including

corrections for summing effects from cascadoc ) with the

proper efficiency equations for the relevant measuring

position, sample volume etc*

5* Calculate the impurity contents by moans of the single

comparator method. This method is applied 'in such a way,

that the noutron flux is monitored by moans of a Co»Al-

wire and that wo suppose the Cd«ratio for cobalt to bo

constant during longer times* In the wol,\-known activation

formula we use for the effective cross section 6*^^

(7)

where

<Г в thermal neutron cross section (barns)

X « resonance integral (barns)

K,Co cadmium ratio for cobalt*

The library of data which is used in this program contains

the parameters for the' detector efficiencies as a function of

the energy for 18 measuring positions and tho nuclear data, for

about 130 activation reactions.

These data are» the half-life, atomic weight, isotopic abundance,

cross section, resonance integral/cross section ratio, up to 10

energies (if there are) with their abundances, indications of

б.
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which peaks arc с пас ado о, indications of tho two "nioin peaks"

that aro used for the quantitative calculations and the

coefficient of internal conversion for the first (= most

abundant) main peak.

For the convenience of tho user we made "she output

rather extensive* An example of a part of the final output is

given in fig. 2»

Drawbacks of tho program

Л difficulty that we have not overcome up to now is the

overlap of main peaks of two nuclldes, e.g. the only peak of
5 1
Cr (120 keV),

 6/
*Cu(511 keV),

 1O3
Ru(U97 keV),

 198
Au(4i2 keV)

and Hg
ZO
'-

i
(279 koV) interferes with a peak of

 1 7
Nd, annihilation,

* Eu and '^Se, respectively»
чь

As can be seen fpom fig. 2, the 1121 keV peak of Sc and
182

Та overlap, which leads to too large contents calculated

from this peak. Another example in fig* 2 is the Incorrectly

.calculated Cu-content from the 511 keV-peak, which is In fact

an annihilation peak due to Na.

Though correction of those interferences will lead to a .

rather large extension of the program, it must be poseiblo to

overcome these difficulties to a considerable extent.

The full text of the computer programs is available from the

authors.
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Fig. 1, Simplified flow shoet of the program.

Fig. S*. l»art of the output from the computer for one sample.



I' road • print library

±
rotul Д&., Д'̂ 'у» crlfc» soquoneo of eeunplet»,

neutron fluxce, Cd-ratiou, i r r . time, «ample weights e t c .

±
| read + print spectrum data output from РЛР |

identify nuclidos, print peaks identified for each spectrum

print peaks not identified

print nuclides probably present in each spectrum

with 2 main peak energies, areas, s.d.'s.

another

spectrum
yoe

no

gather + print all data calculated for a sample

calculate + print average disintegration rates

at end of irradiation for the 2 main peaks of

each nuclide probably present, check Т£, decide

whether present/not present

if present: calculate + print yug and ррш

уев

Fig. 1. Simplified flow sheet of the program NAA
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