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Abstract

Nondestructive neutron activation analysis of copper in high purity Aluminum samples which
can be used as a parameter of impurity is investigated and determined. Other 23 trace impurity
elements in the samples are also determined. In the analysis of copper, the new imadiation
method using thermal column was applied to reduce the interfering activity of 2%Na produced by
27Al(n, « }**Na reaction induced by fast neutron. As a result, the interference can be reduced to
100 times more than other activation methods. Also the influence by activity of 2*Na is found in
the range of 2-3 %. It has been observed that the copper contents in so—called “six nine” class
standard aluminum samples are about 0.54 +0.08 ppm. By the comparison with other values re-
ported, our results are reasonable and can be available as a improved routine analysis.
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1. Introduction industrial fields because of its excellent mechanical
properties but also one of the important nuclear

Aluminum is not only widely used in various reactor materials because of its profitable nuclear
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properties.”) Thus it is important to determine the
impurity elements concentrations for quality con-
trol and assurance. Since the concentrations of
various trace elements in high purity aluminum
are of ppb or ppm level, multielement trace analy-
ses by conventional chemical analysis is very diffi-
cult and troublesome.? Instrumental neutron
activation analysis (INAA) followed by high resolu-
tion gamma-ray spectrometry makes it possible to
analyze many trace elements simultaneously and
nondestructively for the wvarious kind of
samples.3® However, for neutron activation
analysis of trace elements in high purity materials,
special attention should be paid to the interfer-
ence by the radionuclides produced from the mat-
rix elements through other reactions than (n, 7).
When aluminum is irradiated with usual reactor
neutrons, 2Na produced through 2’Al(n,  }?*Na
reaction interferes with the determination of Na as
well as other trace elements. Particularly, the de-
termination of copper content is one of the conve-
nient methods to predict the parameter of the
impurities level rapidly.

In this work, in order to reduce the production
of #*Na through the interfering reaction, aluminum
samples were irradiated at the thermal column in
which the fraction of thermal neutron flux density
is larger than other irradiation sites. The influence
of the irradiation is investigated and the contents
of copper and other impurity elements were
observed.
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2, Experimental

About 500 mg of spectrograde aluminum sam-
ples, so—called 6-nine class standard aluminum
shot, were washed in dilute HNO; /distilled water/
acetone to remove any extemal contamination
and then weighed accurately. These were wrap-
ped in an Al foil, then packed into self~manufac-
tured aluminum container with the standard of
copper for neutron irradiation.

Neutron irradiation were carried out in a
graphite thermal column(TC) and a rotary speci-
men rack (RSR) of the TRIGA MARK-III, KAERI.
Neutron fluxes were 2.6 X10'° n/cm? and 8.0 X
10'2 n/cm?s, respectively. Table 1 shows the
quality of thermal neutron flux in the irradiation
facilities with cadmium ratios.

Gamma-ray spectra of the irradiated samples
were measured with a high purity Ge semiconduc-
tor detector, EG&G ORTEC, shielded with 10 cm
lead against natural background radiation and
connected to a personal computer and 8K mul-
tichannel analyzer, EG&G ORTEC Mastro—1[,
with advanced application software for NAA. The
detector resolution was 1.9 keV for the 1332 keV
photopeak of ®Co. The concentration of copper
was quantitatively determined by comparison with
the induced activity of the standard which was
simuitaneously activated and other elements were
directly determined by the activity equation and

Table 1. The distribution of neutron flux at the irradiation facilities of the TRIGA MARK-[ reactor.

Neutron Flux, $ =n/cm?
Irradiation Cadmium $./ 9
Facility Thermal, ¢, Fast, #; Ratio

Graphite Thermal 25 x101° 95x10* 26.08 2.74x10°
Column, TC

Rotary Specimen 8.0 x10% 7.0x108 2.57 1.14x10%
Rack, RSR

Pneumatic Transfer 1.25x1013 3.0x10'° 1.88 4.0x10%
System, PTS
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Table 2. hradiation and measurement conditions of the aluminum samples.

Irradiation Neutron Flux Irradiation Cooling Counting Nuclides
Site n/cm?s Time Time Time Analyzed
TC 2.6x101° 11 hr 12 hr 1000 sec 4Cu
47 hr 24 hr 2000 sec "
RSR 8.0x10% 47 hr 5 da 2000 sec %S¢, 6As, 122Sh,
187y 1984,
” i 15 da 4000 sec * % %k

* %k %k Slcr’ 59Fe, 7552, %Rb, IIOmAg, 113Sn, 1318a, 141Ce, 169Yb, 177Lu, 181Hf, 182Ta, 198Au, 233Pa,

ZNp.

nuclear data” for each element. Also the detection
limits of various elements are achieved by Currie’s
equation® under our counting system and the
analytical conditions. Table 2 shows the analytical
conditions applied for irradiation,cooling and

measurement.
3. Results and Discussion

—Analysis of Copper

There are several problems to consider for the
analysis of copper in the high purity aluminum by
nondestructive neutron activation analysis. Even
though radionuclides ®*Cu and %Cu are available
for the analysis, the 511 and 1346 keV photo-
peaks from ®'Cu must be used because of the
matrix effects. It is also desirable to use the 511
keV peak of which the relative intensity is 200
times higher than the 1346 keV peak. The analy-
tical methods using the 511 keV peak from %*Cu

is, therefore, considered in this work. Thermal col-
umn, in which the ratio of thermal neutron flux
and fast neutron flux ($t/#f) is relatively high, is
selected as the imradiation site to reduce the in-
terferences caused by the secondary pair produc-
tion from 2’Al{n,  )**Na reaction and scattering
from the interaction of ”7-ray with materials. First-
ly, the ratios of >*Na photopeak intensity from the
(n, a) reaction and the 511 keV peak intensity at
the different sample counting positions are calcu-
lated to find out the counting position factors. The
results are shown in Table 3 as counts/counting
efficiency and peak intensity ratio. The effect be-
comes significant with increasing source—detector
distance. Secondly, to check the effect of fast
neutron at the different irradiation positions the
activity ratio of 2*Na produced from the #’Al(n,
a)**Na and %Na(n,y ) *Na reactions at each irra-
diation site is calculated by the following approxi-

_ mate equation.

Table 3. The effects of pair production at various source-detector distances. ‘

Source Counts/Counting efficiency Peak Ratio
Position

(cm) 511 1369 2754 511/1369 511/2754
#1 (2.5 50 E5 31 E7 29 E7 0.04 0.09
#2 4.7) 81 E5 3.0 E7 3.0 E7 0.07 0.15
#3 (6.9 13.8 E5 29 E7 2.7 E7 0.12 0.26
#4 (9.1) 203 E5 2.6 E7 25 E7 0.20 0.39
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AR=Anat/An1s

where An,; and Aa;¢ are the activities produced
by thermal and fast neutrons, respectively. In-
terference factors shown in Table 4 are relatively
compared with 511 keV annihilation peak and
1369 and 2754 keV photopeaks. As a result the
interference can be reduced to 100 times more
than one at the other irradiation sites. The influ-
ence of ?*Na activity is less than the range of
2.3-2.8 % when thermal column is used for irra-
diation. Copper content of 6-nine class Al samples
is 0.54+0.08 ppm under the analytical condition
where the reference was also used for the compa-
rative method. This analytiéal method is good
enough comparing to another reported value®
and can be used as a improved routine analysis of
aluminum.

~Analysis of other trace elements

It was impossible to analyze short half-life nuc-
lides because of the strong interfering radioactivi-
ties produced by matrix elements. Intermediate
and long-half life nuclides which have the good
analytical sensitivities were quantitatively analyzed
under the established analytical condition in adv-
ance. Detection limits of each nuclide are calcu-
lated by Currie’s definition® allowing 10 % uncer-
tainty.
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Detection Limit=K2/2 {1+ (1+4B/K%!/?

where, K is the value of 100 divided by allowable
uncertainty in % and B is the total counts of
natural background, compton scattering, and elec-
tronic noise. Table 5 shows the results of quantita-
tive analysis of 23 trace impurity elements. These
results are satisfactory comparing to other
results®1? This analytical method, therefore, can
be used as a routine analysis accompanying with

the analysis of copper in aluminum.
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Table 5. Analytical results of impurity elements in the aluminum samples.

This Work(6-nineclass) Other Values®
Element {5-nine class)
Content, ppb (RSD) Det. limit, ppb
Ag 5.25+1.53 (29.2) 39 < 60
As 1.92+0.34 (18.1) 15 36,5 (18.3)
Au 0.14+0.02 (17.5) 0.005
Ba 76.29+2.80 (3.7) 79 2000 (6)
Ca* 3.27+0.60 (18.3) 29
Cr 49.76+7.02 (14) 0.1 82,5 (22.3)
Cu* 0.54+0.08 (15) 0.007 < 5 (50)
Fe* 2.15+0.26 (12.4) 0.2 6.45 (23.7)
Hf 2.17+0.33 (15.2) 0.26 13 (9)
Mo 13.43+1.52 (11.2) 5.6
Rb 543+1.79 (33) 8.1
Sb 27.12+1.64 (6) 08 55.8 (25.5)
Sc 28.951+1.09 (3.8) 0.03 94.8 (4)
Se* 0.10+0.005 (5.6) 0.003 < 30
Sn* 5.70+1.94 (34.2) 7.3
Ta* 0.13+0.01 (11) 0.002
w 71.55+7.34 (10.2) 5.0 < 15
Zn 13.29+7.71 (58) 83 890 (11)
La 0.71+0.19 (27.5) 0.03 190 (5)
Ce 0.06+0.02 (40) 0.02 460 (7)
Sm 11.45+8.35 (73) 0.7 55.3 (13.5)
Yb 2.44+0.19 (8.1) 0.09 14 21)
Lu 0.0410.02 (46) 0.02 2.1 (15)
U 1.85+0.45 (24.5) 1.0
Th 0.53+0.09 (16.8) 0.3 109 (5)

%* Concentration in ppm.



