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Abstract

A radiochemical separation scheme for the neutron activation analysis is developed for

the determination of 28 elements in aluminum. The scheme is based on a group separation

using ion-exchange resin and mineral exchanger.

Present work has employed mineral

acids and their partly organic mixture excluding HF as the media as well as common

glass wares. For the determination, gamma-ray spectroscopy using 3''x3’' Nal (T1) detector

and a single comparator method are used.
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1. Introduction

Aluminum is widely used in various
industrial fields because of its convenient
chemical properties, such as, lightness, no
chemical toxicity, good thermal and elec-
trical conductivities resistance to
corrosion. More over, as its neutron absor-
ption cross section is low and the half-life

of its radioisotope is short,

and

its metal of
high purity is one of the important mater-
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ials for nuclear fields. The presence of some
other elements, even at the trace levels,
limit its use. activation
analysis is sensitive and convenient method
for determination of these elements.'~®
When the highest sensitivity is needed,
radiochemical separation may be required

in order to eliminate

may Neutron

some interfering
radioactivity or to make group separations.
In this case, the counting of the separated
sources is very often performed by means

of a Nal (Tl) crystal connected: to multi-
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channel analyzer. A large variety of radio-
chemical separation techniques ranges from
classical methods of precipitation, solvent
extraction and ion-exchange to a variety of
derived techniques.

Girardi and Pietra developed a separation
scheme for the analysis of aluminum,
which
followed by a group separation using ion-
exchange resin and HCl or HF medium.?
Beurton et al. have extended this separation
scheme for the determination of 30 elements
in aluminum.® These authors combined the
separation by ion-exchange resin with
separation methods such as solvent extra-
They
employed polymethylmetacrylate column
and other special wares instead of common

is based on neutron activation

ction, gravimetry or distillations.

glass wares in order to protect from HF

corrosion.

The radiochemical scheme which is
developed in the present studies is based
on a group separation using ion-exchange
resins, Dowex 50 and
Chelex-100, and a mineral exchanger, i.e.,
HAP  (hydrated
Present work has employed mineral acids
or their partly organic mixture, excluding

HF acid, as the media as well as common

i.e., Dowex 1,

antimony  pentoxide).

glass wares to determine 28 elements in
aluminum.

To avoid the preparation, irradiation and
measurement of large number of standards
which are very cumbersome and source of
errors, single comparator method was used
Ti, U and Th.
These elements are determined relatively,

for all elements except Ni,

i.e., by camparing the activities of smaples
with those of standards.

Nuclear Data and Interference

The elements determined in the present

work are shown in Table 1. The *Na
activity is produced by (n,7) reaction of
sodium impurities as well as by the fast-
neutron reaction of #Al (n,a) *Na. The
sodium concentration have been determined
by means of double irradiations, i.e., one
sample is irradiated with cadmium cover
and the other is irradiated without cadmium
cover, and by using the activity difference
between these two irradiations.

Uranium and thorium have been deter-
mined by the activities of #**Np and 2*Pa,
which are produced by following reactions,

respectively;
~-decay p~-decay
238]J (H.T) 23917 ‘B___d, 239Np -5 (l):
t3:23.5m t3:2. 35d
p~-decay p~-decay
232Th (n,7) *Th— — 2Pa ———  (2)
t4:22.2m t4:27. 0d

Ni and Ti have been determined by measur-
ing activities of %Co and *'Sc, respectively.

For the determination of Zr, Mo, Cd, La
and Ce, the contribution from uranium
fission products was corrected in order to
determine the trace amounts of these

impurities.
Single Comparator Methodology

When large number of elements is deter-
mined by neutron activation analysis, the
preparation, irradiation and measurement
of such large number of standards are very
cumbersome and introduce source of errors.
For this reasons, the single comparator
method which was first used by Girardi et
al.? has come into prominence in the recent
year.*™® In this work, Co was used as the
comparator as described in the previous
report.” When the samples are irradiated
together with the comparator, the amounts
of the determined elements in sample are
given by the following relations,
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Table 1. The Elements Determined in This Work

limit of| possible
elem- nuclear separation sensiti- | interfer-
ent reaction |subgroup* vity ence
(ug)**| (g/g)***
As |As(n,7)"%As | 1B 1x10™4
Na [®*Na(n,7)®#Na 1B, 2B 5x107 |Al(5%107%)
Mg(5x 1075)
K “K (n,7)*K 1B 5x 107!
Ga ['Ga(n,"\*Ga| » 1x107%
Cu [BCu(n,7)®Cu | » 1x1073
Mn |Mn(n,7)%Mn| »~ 1x10°2
Ni %Ni(n,p)*Co | 2B 1x107!
Ti *"Ti(n,p)*Sc ” 1x107t
Co [®Co(n,7)%Co { 3A 5% 1073
Zn  #Zn(n,7)%Zn | » 1x10°t
Cd [M™Cd(n,n)'Cd] » 1x107% |U(2Xx1074)
_)115In
Sn UZSn(n,7)8Sn; » 1x10°1
Hg |“*Hg(n,7)'"Hg » 1x10°2
Au  |YAu(n,")BAW # 53X 1075
U 23817 (n,7) 20U ” 5% 1074
—29Np
Th PTh(@n,7)*»¥Thy » 5% 107
233Dy
Mo [®Mo(n,r)®*Mo| 3AB 1x107% |U(1x 107
_>99mTc
In USTn (n,7) M4mInf » 1x1071
Fe |®Fe(n,r*Fe ’” 1% 1072
Cr Cr(n,7)%Cr | 3ACB |1x10°2
Sc *5Sc(n,7)*5Sc " 1x10-3
Ba 130Ba (n,7)*'Ba| » 1x 10!
La 139La(n,7)4La; » 5x107% [U(3x107%)
Ce 40Ce(n,7)'Ce| » I1x107% [U(6x1072)
w 14W (n,7)' W | s 5% 10~2
Hf 180Hf (n,7) 8tHf| » 5% 104
Ag  ["™Ag(n,7) " Ix10™
\lO,nAg
Sr [¥Sr(n,7)%Sr ” 1x107!
Zr  PZr(n)®Zr | # 1x107* [U(3x107?)
Ta |8'Ta(n,7)**Ta » 5% 10~%

* : Symbols of 1,2,3, A,B and C are group [,
group [, group Jf, anion exchange resin,
cation exchange resin and chelex-100 resin,
respectively.

** : Detection limits were calculated according to
Currie’s method?.
*hk

: The value in parenthesis is the grams of the

element in column 1 which is produced by
one gram of interfering element,

Wew . 2SR (GG ()
_ f"-M.b’ € g
where Kl——f—.j\‘/I,—.B—‘, 2—7, Cs— ~7

A=activity of a nuclide of interest
=effective activation cross section
W=weight of element
f=fractional isotopic abundance of target

nuclide
M=atomic weight of element
b==gamma-abundance in decay scheme
S=saturation factor; 1-e™*t:
D=decay factor; e .
t=irradiation time
ty=decay time
e=efficiency of the detector for a parti-

cular gamma-ray measured
and the indication () refers to cobalt
comparator.

The effective cross section, 5, is given by

the following equation®

8=0o* (8—T1+ v/T/T,S), (4)
where g, is the cross section for 2200m/sec
neutrons, and r- 4/T/T, is spectral index. r
is epithermal index which represents the
relative strength of the epithermal 1/v
component in the neutron spectrum, and T,
and T are temperature equivalent to energy
of 2200m/sec neutron and and epithermal
neutron, respectively. g and S, are the
factors depending on the departure of the
cross section law from 1/v form. The
spectral index is related to cadmium ratio
(CdR) as follows,

re x/T/To =0

"(CdR=1) Sgo+CdR-1/K’
(5)
where the constant K is 2.293 for 0.040
inch thickness of cadmium.!® For calcula-
tion of the spectral indices, the data used
are shown in Table 2. Once constant K
and the spectral index are known, S, values

of all elements can be determined if their
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Table 2. Spectral Index in the Retary Speciman Rack of TRIGA Mark ¥ Reactor

nuclide half-life S, > K Cd ratio rvT/To
©Co 5.27y 3716,18 1.7815.18 2.2931 13.8%0.1 0.0347 0,002
19541 2.70d 98, 817,18 17,3118 ” 2.60+0.06 0.0347+0. 008
$%Mn 2.58h 13.31618 0.69716:18 7 25.8+0.2 0.0350+0. 003
Table 3. Cd Ratios and S, Values
reaction o glo¥ Cd ratioc |S° in this work 3?0;’11( other
SAs(n,7)78As 4.476,18 2.58+6.03 14.9+0.2 15,1
2Na(n,7)*Na 0.52816 48.8+1.5 0.158£0.005 0. 155118
YK (n,7)4K 1. 4618 31.5%0.6 0.494%0.009 0.4681%18
1Ga(n,7)"?Ga 4.716:18 5.84%0,07 5.40+0.07 5.49'
Cu(n,7)%Cu 4. 41618 1.000 24.1%1,0 0.793+0.003 0,774
5Mn (n,7)%Mn 13. 318,18 1.000 26.1%0.2 0.695+0.005 0.680'%18
%Co(n,7)*Co 3716,18 1.000 13.8+0.1 1.78%0.01 1.781678
%Mo (n,7)*Mo 0.141%18 1.42:+0.10 76.1+£4.8 60,0
I (n,7) 4In 8. 11618 1.0211 1.85%0.05 33.6%0.9 35.441618
%Fe(n,7)*Fe 1. 141618 2.60%0.30 0.6990.008 0.680¢
$7Zn(n,7)%Zn 0.821 13.7+0.5 1.67£0.24 1.69%
14Cd (n,7) 15Cd 0.3018 1.3945 1.50+0.19 79+10 86.9'®
1280 (n,7) %S0 1,22 1.83%0.13 33.8+2.4 38. 3%
59Cr(n,7)%Cr . 16.0% 53.0%4.3 0.108+0.009 0.09178
+5Sc(n,7)%Sc 2518 55.2+4,0 0.0876+0.0064 0.07908
130Ba (n,7) *'Ba 13.5% 2,40£0.04 19.8+0.3 22,18
139La(n,7)La 9.0'7 21.5+0.5 0,948:0. 022 1.027
18Ta(n,7)182Ta 21.5Y7 1.814 2.44+0.06 35.6+0.9 37.07
WCe (n,7)'9Ce 0.5818 34.24+0.7 0.419+0.009 0. 446
14W (n,7)185W 1.8Y7 4,12+0,03 8.66+0.06 8.27"
180Hf (n,7) 8 Hf 12.6Y7:18 1.023 10.5+0.2 2.55+0.05 2,36'
1094 0 (n,7) M 0mA g 4.7 1.006 2.32+0.05 21.1%0.5 18.9'°
#Sy (n,7)%Sr 0. 801618 2.83+0.05 15.1%+0.9 14.4%
“Zr(n,7)%Zr 0.075:5:18 6.30£0.08 4.92+0,06 5.20518
“’ng(n.T)”’Hg 309217 0 o118

* . g values which do not listed in this column are treated as 1.00

cadmium ratios are measured.’® The
effective cross section, &, are then calculated
by using the equation (4). For this purpose
the used data are given in Table 3. K,
values are shown in Table 4. C, values
were measured experimentally as described
previously.®

I. Experimental

Determination of Cd Ratio

An amount of 10-100mg of each metal or
metal oxide (Johnson and Matthey, “spec.
pure”) were accurately weighed, dissolved
in a hot mixture of 3ml concentrated nitric
acid and 0. 5ml hydrofluoric acid, evaporated
to expel hydrofluoric acid by heating and
finally diluted to 25ml in volumetric flask
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Group 1 Group Qi
0.IN HCl—| | As . 0.2N HCI4 | Discard
0.5N HCI—| +—Na, K ~E—~ K 0.5N HCIH  FNa
0.5N HCI in| B | 2 N HCI in ,
90%EOH — — Ga Na 20% EtOH—] —Co (Ni)
IN HCI— — Cu, Mn 2 N HCIH —Se (Ti)
Group I
9 N HCIH (0. 1N HNO )—»——— b INHCI _};"f: Te
: 4N HNO — C 1N HCI- L Fag
6 N HCIH{ - Co, Np jm HNO— = s
4 N HCIA — Pa — (0. 1N HCI4 5 N HCIA —7r
0.4 N HCIq p =—0.IN HCI)=— Mo I
0.02N HClIH = —Zn 0.5N HClI— B 1y ST —Discard
UAOOIN HCLR - =Cd - 2N HCI— - -Fe g(\f’}/aF{(ﬁ:;" —Cr
7N HNO — — Sn 2N H:SQ.* B s
0. 1N HNO — Hg 2.5N HNO —_Ba
1N NH,OH- | Ay 4N HCI— —La, Ce

Fig. 1. Ion Exchange Resin Separation Scheme

A: Anion exchange resin (Dowex 1)

B: Cation exchange resin (Dowex 50)

C: Chelex—100 H: Hydrated antinony pentoxide
{ » Evaporation and exchange of solvent

by distilled water. From this solution, the
amount of 100 lambda was each pipetted
onto polyethylene foil and dryed by the
heat of an infrared lamp. The polyethylene
foil was wrapped and inserted into the
small polyethylene bag. This polyethylene
bag was irradiated with and without
-cadmium cover at the rotary specimen rack
of TRIGA Mark § reactor for 1 day. The
jrradiated sample was counted by 3''x3"
Na [ (TI) crystal connected to 400 channel
pulse height analyzer (Hitachi, RAH-403
Model, Japan). From the gamma spectra,
<characteristic photopeak area of each nuc-
lide is calculated and -cadmium ratio thus

obtained are shown in Table 3,

Irradiation of Aluminum

For the removal of the contaminated
impurities on the surface of aluminum
sample, the sample was dipped into 6 N
HCl solution for a few minutes, transferred
into redistilled water and washed by ethyl-
alcohol. About 0.7-1.0 gram amount of the
decontaminated sample was weighed accu-
rately and wrapped with aluminum foil.
An accurate weight of about 100pg of
cobalt comparator was attached on each
sample. The samples were irradiated in the
neutron flux of 1X10' neutrons per square
cm per sec using rotary specimen rack of
TRIGA Mark [ reactor. Irradiation times
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Table 4. The K; Values and Nuclear Data

nuclide |  E(MeV)* T f | b M KT

6As 0.559 26.4h 1.00 0.431 74,92 2.96
%Na 1.37 15h 1.00 1.00 22,99 0.390
2K 1.52 12.4h 0.0677 0.18 39.10 54.4
2Ga 0.834 14.1h 0.399 1.19 69.72 2.49
#Cy 0.511 12.8h 0.691 0.38 63.55 4.11
%Mn 0.845 2.58h 0.99 1.00 54.94 9.42
60Co 1.33 5.27y 1.00 1.00 58.93 1.00
%Mo 0.143(d) 66h 0.241 1.00 95.93 6.75
HMm]p 1.30(d) 49.5d 0.043 0.965 114.8 47.0
5Fe 1.10 44.6d 0.003 0.56 55.85 564
A 1.115 243.8d 0.486 0.49 65.38 4,66
H5Cq 0.336(d) 53.5h 0.287 0.95 112.4 7.00
1sgn 0.392 115d 0.0101 1.00 118.7 200
198 Ay 0.412 2.67d 1.00 1.00 197.0 3.34
SICr 0.320 27.7d 0.0435 0.090 52.00 225.4
43¢ 0.889 83.8d 1.00 1.00 44,96 0.763
13183 0.496 11.7d 0.0011 0.294 137.3 7206
140Lg 1.597 40.2h 0.999 0.60 138.9 3.93
uiCe 0.145 32.5d 0.8848 0.70 140.1 3.84
185W 0.1254 75.1d 0.3067 0.003 183.9 3391
182y 0.100 115d 1.00 1.00 180.9 3.07
1L f 0.482 42.4d 0.352 0.83 178.5 10.4
19Hg 0.077 65h 0.00146 0.999 200.6 2334
HomA o 0.884 252d 0.4817 0.74 107.9 5.14
83r 0.514 65.2d 0.0056 1.00 87.62 265.5
%BZr 0.756 64.0d 0.174 0.49 91.22 18.2
88Co (Ni) 0.810 70.8d Relative Method
47S¢(Ti) 0.1594 3.41d ” ”

233Pa (Th) 0.312 27.0d 7" ”
29N p(U) 0.106 2.35d ” ”

*:(d) in this column means radioisotope of daughter.

were on the range of 8 hours-one week
which are depended on groups given in the
Fig. 1.

Recrystallization of Aluminum and Separation

Procedures

The irradiated aluminum sample was

dissolved in 6 N HCl solution and a 0.3ml

amount of concentrated H;O, solution was
added. This solution was saturated by
passing the gaseous hydrogen chloride. The
crystallization of the aluminum chloride

occurred spontaneously in 12M HCI1 solution.
The precipitates of aluminum were filtered
with filter paper (Wattmann No. §) and
washed three times with 3ml aliquots of
12M HCI solution.

JIon exchangers used in this .work are
anion exchange resin (Dowex 1x8, 100-200-
mesh), cation exchange resin (Dowex 50X
12, 100-200 mesh), Chelex-100 (100-200:
mesh, BioRad) and HAP (hydrated anti-
mony pentoxide, Carlo Erba, Italy). Each
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ion exchange resin column is 1.2cm in
diameter and 15cm long. The elution rate
was adjusted not to higher than 0. 7ml per
minute.

The separation scheme in the present
work consists of some procedures which
have been adopted routinely in this labora-
tory for the analysis of biological samples'®
and water!® as well as other procedures
which are based on Beurton’s® but a little
modified by Strelow’s distribution data'®,
The separation scheme is outlined in Fig. 1.

For group [, the filterates obtained by
filtering the precipitates of aluminum were
collected and adjusted to pH 1 by adding
6 N NH,OH solution and loaded on a
cation exchange resin column. The 20ml of
0.1 N HCI solution were eluted through the
column for the collection of arsenic and
subsequently 100ml of 0.5 N HCIl solution
for sodium and potassium, 40ml of 0.5 N
HCl in 90% ethanol for galium and 100ml
of 1 N HCI solution for copper and man-
ganese. The latter part of this procedure
is based on Strelow’s distribution coefficient
(Kd), i.e., Kd of Ga, Cuand Mn are 3.5, 26
and 730 in the medium of 0.5 N HCI
in 90% ethanol,
Eluates which contain sodium and potassium
were collected, adjusted to 50ml by diluting

solution respectively.’?

with distilled water and counted for sodium
activities. After then, this solution was
adjusted to pH 1 and loaded on HAP resin
column for removal of sodium. The eluates
from HAP resin column were collected and
similarly counted for potassium activities.
For group [, some portion of filterates
were also converted to pH 1 as like group
1 and loided on a cation exchange resin
column. The 40ml of 0.2 N HCl solution
was eluted and eluates were discarded.
Then the s50ml of 0.5 N HCl solutinn

was eluted for *Na which was produced
mostly from aluminum and subsequently
50ml of 2 N HCI solution in 209 ethanol
for *Co and 50ml of 3 N HCI solution for
#Sc which were produced from nickel and
titanium respectively. This procedures are
also based on Strelow’s data, i.e., Kd of Co
and Sc are 8.9 and 57 in the medium of 2
N HCI solution in 20% ethanol, respec
tively.®

For group I, another portion of the filter-
ates were diluted to 9 N HCl solution and
loaded on a cation exchange resin column.
Ten ml of 9 N HCl solution were eluted
and the eluates (A) were kept for additional
processing. The 150ml of 6 N HCI solution
were eluted for Co and #°Np (from uran-
ilum), and subseqgently s50ml of 4 N HCI
solution for #*Pa (from thorium), 50ml of
0.4 N HCl solution for Mo, In and Fe
(This solution (B) was kept for more
processing), 50ml of 0.02 N HCI solution
for Zn, s5oml of 0.001 N HCl solution for
Cd, 50ml of 7 N HNO, solution for Sn,
goml of 1 N HNQO, solution for Hg and
soml of 1 N NH,OH solution for Au.

Filterates B were collected, heated to
20ml, adjusted to pH 1 and loaded on a
cation exchange resin column. Ten ml of
0.1 N HCI solution were eluted for Mo,
and subsequently soml of 0.5 N HCI
solution for In and 50ml of 2 N HCl solu-
tion for Fe.

The eluates A were collected, heated,
converted to HNO; solution, adjusted to pH
1 and loaded on a Chelex-100 resin column.
Tenmlof 0.1 N HNO, solution were eluted
and eluates(C) were kept for more process-
ing. The 40ml of 4 N HNO,
were eluted and these eluates(D) were kept

solution

for more processing.

The eluates D were heated, converted
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Table 5. The Accuracy of the Present Method

amount | amount number

element | added  |recovered | Wr/Wa lof deter-

(eg), Wal (ug), Wr mination
As 10.1 | 9.0%0.5 [0.900£0.051 3
Na 26.3 [24.5%0.6 |0.932%+0.021 3
K 108.7 |109.0£3.3] 1.01£0.03 3
Ga 30.0 | 29.1+£0.3[0.970%0.010 3
Cu 29.5 | 29.4+0.20.997£0.005 3
Mn 88.1 188.1%£2.7] 1.00%=0.03 3
Ni 49.9 | 49.3%0.8/0.988£0.016 4
Ti 51.7 | 51.9%1.0] 1.00:£0.02 4
Co 53.0 {53.0£1.6| 1.00£0.03 7
Mo 52.5 {52.4+1.00.992+0.018 4
In 50.3 | 48.1£0.50.9560.010 4
Fe 250.1 249.7+2.20.998+0.009 4
Zn 106.2 |104.8+1.3/0.987+0.012 2
Cd 102.1 {100.2+1.0/0.981+0.009 2
Sn 253.7 1250.3+5.30.897+0.021 2
Cr 50.9 | 48.7+4.1/0.957£0.081 4
Sc 15.8 {15.8*1.1} 1.00%0.07 4
La 26.0 | 25.7*0.40.988%0.017] 4
Ce 25.7 | 25.6%0.2/0.996£0.007 4
Hf 15.7 | 15.7%1.4 1.00X£0.09 3
Hg 25.0 | 22.8%1.9/0.912+£0.083 4
Ag 152.3 | 145%*12 10.953+0.081 3
Sr 150.4 |141.2+1.4(0.939%0.009 3
Zr 52.1 |53.2+2.3 1.02%0.05 3
Au 10.7 | 10.5%0.3/0.981+0.030 3
Ba 62.0 | 60.3%2.70.9721+0,040 3
U 10.1 | 10.0%0.7}0.9900.030 3
Th 53.9 | 53.0%0.6/0.983+0.011 4

to HCl solution, adjusted to pH 1 and
loaded on cation exchange resin column.
Ten ml of 0.1 N HCI
eluted and eluates were discarded. After
then, the 50oml of 2 N HCI solution in
20% ethanol eluted for Cr, and
subsequently 50ml of 2 N H.SO, solution
for Sc, soml of 2.5 N HNO, solution for
Ba and s0oml of 4 N HCI solution for La
and Ce. This procedures are based on
Strelow’s data, i.e., Kd values of Cr, Sc, Ba
and La are 7.5, 57, 74 and 68 in medium
of 2 N HCI solution in 209 ethanol, respe-
ctively.'® The Kd values of Sc, La and Ce

solution were

were

are 8.5, 10* and 10* in 2 N H,SO, medium,
respectively and Kd values of Ba, La and Ce
are 8.4, 30 and 30 in 2.5 N HNO,; medium,
respectively.!®

The eluates C were heated, converted to-
HCI solution, adjusted to pH 1 and loaded
to cation exchange resin column. Ten ml
of 0.1 N HCl solution were eluted for Hf
Subsequently, the 50ml of 1 N HCI solution
were eluted for Ag, 50ml of 3 N HNO,
solution for Sr and s50ml of 5 N HCI
solution for Zr.(Kd values of Sr and Zr are
6.1 and 112 in 3 N HNO; medium, respec-
tively.!®)

Activity Counting

All the eluates for each element were
transferred to 50ml volumetric flask and
diluted to s50oml. Each flask as well as
cobalt comparator was counted by 3''Xx3"
Na (TI) crystal connected to 400 channel
(Hitachi, Model
From the gamma-ray

pulse height analyzer
RAH-403, Japan).
spectra, characteristic photopeak areas of
the nuclei, A, were measured at given
geometries where the efficiencies of charac-
teristics gamma-rays are known as described

previously.?
Determination of Each Elements

The weights of the elements were calcu-
lated from the activities of cobalt compa-
rator and samples by Eq. (3) using the
values of K;, C;, C; S and D.

E. Results and Discussion

Recrystallization of Aluminum

To check the absorption of ions on the
surface of aluminum chloride during recry-
stallization of aluminum by passing hydro-
chloride gas, an experimental procedure

was applied.
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Table 6. Recoveries During Recrystallization of

Table 7. The Analytical Results of Impurities in

Aluminum Aluminum
Ztlicgnign tradioactive activities (%) element ! results(ppm)
crystal of AlICly solution | sample 1 sample 2
Ga 0.02 100.0 Na 0.037%0.016 0.31+0.08
In 0.06 99.99 K N.D. N.D.
Fe — 100.1 Cu 0.54%0.01 1.2+0.2
Ni —_ 100.0 Mn 0.71+0.01 0.95+0.02
Co — 100.3 As 2.8%0.3 1.9+0.1
Sn 0.03 99,97 Ga 4.1%0.1 4.8+0.3
Cr 0.03 100.1 Ni 0.41%0.03 4.8+0.3
Mo 0.02 99.99 Ti 0.31%0.01 0.31%0.01
Zn 0.01 99.99 Co 1.3+0.1 1.6%0.1
Hf — 99.88 Mo 3.2+0.2 5.0+0.2
In N.D. N.D.
One gram of nonactive aluminum metal Fe =1 6812
was dissolved as discribed in the procedure Zn =I5 T3
Cd N.D. N.D.
of “the recrystallization of aluminum and Sn N.D. N.D.
separation”. To this solution, some radioac- Hg N.D. N.D.
tive trace ions were added and aluminum Cr 0.10%0.10 0.15%0.01
chloride was recrystallized by passing Sc 0.018+0.003 0.21%0.01
hydrochloride gas. The precipitates of Ba 0.7120.02 2.1%0.3
) - . o La 0.22%0.01 0.25+0.01
aluminum chloride were filtered as discribed Ce 0.02840. 001 0.100+0.003
in the procedure. Activities of precipitates Au N.D. N.D.
and filtered solution were each counted Hf 0.014%0.001 0.02720.001
using well type scintillation counter. Abso- Zr 1.3+0.3 3.9£0.5
rption of jons on surface of AICI, crystal U 0.13%0.01 0.23%0.01
was found negligible as shown in the Th 0.100:£0.003 0.110.1

Table 6.

Ton Exchange Separation

Fifty ml solution was sufficient for the
elutions of most elements, however, 150ml
of 6 N HCl and 8uml of ¢.1 N HNO,
solution were needed for the collection of
Co and Np, and for mercury in group [,
respectively. When mercury solution was
heated for the concentration to 50ml, it
was found that some mercury was vapo-
rized. For the determination of mercury
that eluates were therefore transferred to
100ml volumetric flask and counted.

It was found that tungsten and talium

were collected in eluate C. When eluates C
were loaded on cation exchange resin, these
two elements were eluted simultaneously
below 0.2 N concentration of HCl. Because
of similar gamma-ray energy of the nuclides
produced from these elements, it was not
possible to determine these elements in the

present work.

Accuracy of the Present Method

It was certified by tracer work that
recoveries of all elements were above 98%
in the jon exchange separation. In order to
verify the accuracy of this work, a mixture
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of the known amounts of all the elements
was irradiated by neutron along with Co
comparator. The radioactive mixture was
dissolved in 20ml of 6 N HCI solution with
1 gram of inactive aluminum sample. Then,
each elements was separated as described
in the procedures. The results of this trace
work are shown in Table 5. Amounts added
5%
relative deviation for all the elements
except Hg, As, Ag and Sr, and within ca.
10% for these elements.

and determined agreed within ca.

Analysis of Aluminum Sample

Two aluminum samples were analyzed by
this method. The results given in Table 7
show that the present scheme for separation
and determination enables one to determine
the amount of trace elements with the
accuracy of less than 10% relative standard
deviation. It was notable that present
scheme has employed mineral acids or their
partly organic mixture, excluding HF acid
as the media as well as common glass
wares to determine 28 elements, whereas,
the works reported by previous authors»®
generally employed HF mixture and special
wares such as polymethylmetacrylate co-
lumn in order to protect from HF corrosion.
The maximun duration for the radiochemical
separation was 15 hours in this work. This
time is shorter than those of other proce-
dures. ¥
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