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Abstract

The preliminary concentration of tracz elements in uranium dioxide using an anion
exchange resin is presented for neutron activation analysis. The uranyl solution in sulfuric
acid is adjusted to the acidity of about pH 2.7 and loaded on a column of the anion
exchange resin. An appropriate volume of eluates obtained from the column shows good
recoveries of trace elements. By combining this preconcentration with a radiochemical separa-
tion scheme, which was developed for the determinations of impurities in aluminum, it is

possible to determine 21 trace elements in reactor grade uranium dioxide.
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impurity elements in ppm or ppb levels.
1. Introduction Neutron activation analysis is a sensitive

and convenient method for that purpose.
Uranium compound must be extremely But uranium is not considered to be an
pure and determined for the contents of appropriate matrix for the determination
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of trace impurities by neutron activation
analysis. Direct irradiation makes the sam-
ple difficult to handle because of very
high activity due to fission products and
neptunium.

One of the special behavior of uranium
is that absorption strength of uranyl form
on anion-exchange resin is very high at
low concentration of sulfuric acid and that
it decreases rapidly on the increase of the
concentration.! This absorption function of
uranyl ions in sulfuric acid differs markedly
from those in hydrochloric acid or nitric
acid. Kosta applied this behavior to neutron
activation analysis for the determination
of five impurity elements in uranium.?

Present authors study for the presepara-
tion of impurities and apply the results
for the determination of 21 elements in a
uranium dioxide. For this purpose, a radi-
ochemical separation scheme along with a
single comparator method’, which was
developed for the determination of impuri-
ties in aluminum, is adopted.

2. Experimental

2-1. Separation of Impurities from Uranium

Ten grams of sample was dissolved in a
100m! solution made from 2 N sulfuric acid
and 1m! of H;O. solution. The solution was
heated until fume of sulfuric acid was
disappeared. After cooling, the dried sample
was redissolved with water and stored in
500m/ volumetric flask. Acidity of the so-
lution was about pH 2.7.

An aliquot of 50m!/ was taken from the
flask and loaded on an anion exchange
resin column (Dowex 2Xx8, 100-200 mesh),
15cm long by 2.6cm diameter, which was
preequilibrated with 0.001N sulfuric acid,
and the flow rate was adjusted to ca. 0.7

ml//min. The column was then eluted with
150m! of 0.00IN sulfuric acid. Successive
15m! portions of the eluates were collected.
The content of uranium in each portion
was analyzed by delayed neutron counting
method*. The other four 50m! aliquots were
taken separatedly from the flask and adj-
usted to 0.01N, 0.1N, IN and 2N with 6N
sulfuric acid, respectively. Each aliquot was
loaded on a column, which was previously
equilibrated with an appropriate sulfuric
acid. Each column was treated similarly
as described above under this section. The
result shown in Table 1 indicates that the
absorption strength of uranium (VI) is
very high at low sulfuric acid concentration
and decreases rapidly on the increase of
concentration of the acid.

To find the feasibility of the separation
of impurity elements from uranium by
using these absorption characteristics on
anion exchange resin, a study on the reco-
veries of impurities was carried out as
follows.

Each radioactive trace element such as
%AS, #Ng, <K, Mn, &Cu, *Au, 2Ga, *Ni,
soCo, QQMO’ 144mIn, 115Cd’ 1ISSn’ 51Cr’ 4GSC,
10Ba, %La, *'Ce, '"Ag, *Sr and *Zr was
added to an aliquot of 50m/ of the stocked
solution and loaded on the column. This
column was then eluted with 10x15m/
aliquots of 0. 001N sulfuric acid. Each eluate
was analyzed by counting the radioactivity
with 377 x3”” Nal(T]l) well type scintillation
counter. The results are shown in Table 2.

On the basis of the results obtained
from the above experiment, a procedure
for preconcentration of impurity elements
from uranium was proposed as follows.

One gram of uranium dioxide was disso-
lved in a 10m! solution made from 2N
sulfuric acid and a few drops of H,0.
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Fig. 1. Ion Exchange Resin Seperation Scheme

Group I Group T
O.INHC) —] — As 0.2NHCI — — Discard
OSNHCI—] — No, K —H = K O5NHC! — —  Na
B 2NHCI+ | B )
OSNHCI+ | - Na 20%E10OH Co (Ni)
90%EtOH Ga
3NHCI —] —  Sc(Ti)
INHCI — -— Cu, Mn
Group I
ONHCI — f———————— O.IN HNO y——3—{ - 01N HCI Y+ —W,Ta
Hf
“4NHNOz — INHCI — B —Ag
6NHCI — [~ Co, Np 3INHNOz ] —Sr
4NHCI| —] — Pa O.IN HCI 5N HCI — —2Zr
048 —1 A [PoiNHG =]  |-Mo
o'oﬁ'él - —2Zn O5NHCI— B (—In — Sb
0.00IN 2NHCI+
HCl — —Cd 2NHCI - Fe 20 % EtOH™ — .Cr
HNO{A - Sn 2NHS0, — Sc
0N  _| - — -
HN°3 HQ 25NHN03 Ba
IN ] - ] -
NHgOH Au 4NHCI La, Ce
A ! Anion exchange resin ( Dowex 1)
B Cation -exchange resin ( Dowex 50)
[ - Chelex - 100
H . Hydrated antimony pentoxids
< > Evaporation and exchange of solvent
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solution. The solution was heated until
fume of sulfuric acid was disappeared. The
residue was redissolved with 30m!/ of water.
This solution was loaded on an anion
exchange resin column, which was preequ-
ilibrated with 0.001N sulfuric acid. The
column was washed with 150m/ of water.
The eluate was evaporated and diluted to
10 mi.

2-2. Irradiation and Separation of Radioactive
Impurity Element

In order to determine the contents of
impurities in uranium dioxide, the procedure
for their preconcentration, which has been
developed in this study and described above
under the section of “Separation of Impur-
ities from Uranium”, has been combined
with a radiochemical separation scheme®,
which was previously developed by present
authors for the determination of impurities
in aluminum, as follows.

Ion exchangers used for the separation
scheme are anion exchange resin (Dowex
1X8, 100-200 mesh), Cation exchange resin
(Dowex 50X12, 100-200 mesh), Chelex-100
(100-200 mesh, BioRad) and HAP (hydrated
antimony pentoxide, Carlo Erba, Italy).
The exchange columns used in this proce-
dure have the size of 15cm long by 1.2cm
diameter. The flow rate was adjusted not
to be higher then 0.7m! per minute.

The radiochemical separation scheme
adopted is outlined in Fig. 1.

Form the 10m! solution of uranium, a 3m!/
portion was taken into a polyethylene vial
(capacity of 4ml) and irradiated along with
a cobalt comparator for one day for the
elements in group ] in Fig. 1. The other
3m/ portion was taken into the polyethylene
vial, wrapped with cadmium sheet of 1mm
thickness and irradiated similarly for 1

day for the elements in group II. Another
3m/ portion was taken into silica vial (ca-
pacity of 4ml) and irradiated similarly for
1 week for the elements in group III. All
the irradiations were done on Rotary spe-
cimen rack of TRIGA mark III reactor.

For group I; the irradiated solution was
diluted with water to ca. 15m!/ and loaded
on a cation exchange resin column. A 20m/
volume of 0.1N hydrochloric solution was
eluted through the column for collection
of arsenic, and subsequently 100 m/ of ¢.5N
hydrochloric solution for sodium and pota-
ssium, 40m! of 0.5N hydrochloric solution
in 90% ethanol for gallium and 100m! of
1IN hydrochloric solution for copper and
manganese. Eluates which contain sodium
and potassium were collected, concentrated
to 50m/ and counted for sodium activities.
After then, the 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 counted
similarly for potassium activities.

For group II; the solution wrapped with
cadmium was diluted with water to 15m/
and loaded on cation exchange resin column,
A 100m! volume of 0.5N hydrochloric solu-
tion was then eluted and eluates were dis-
carded. A 50m/ volume of 2N hydrochloric
solution in 209 ethanol was eluted for
8Co, which is produced from nickel, and
s0mi of 3N hydrochloric solution were then
eluted for *’Sc which from titanium.

For group IIl; the irradiated solution in
silica vial was added to 10m! of conc.
hydrochloric acid and loaded on an anion
exchange resin column. Ten m! of 9N
hydrochloric solution were eluted and the
eluates (A) were kept for additional pro-
cessing. A 150m! volume of 6N hydrochloric
solution was eluted for Co and #**Np (from
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uranjum), and subsequently 50m/ of 4N
hydrochloric solution for 2**Pa (from tho-
rium), 50m! of 0.4N hydrochloric solution
for molybdenum, indium and iron (The
eluates (B) were kept for more processing),
50m/ of 0.02N hydrochloric solution for
zine, 50m/ of 0.001N hydrochloric solution
for cadmium and 50m/ of 7N nitric solution
for tin.

The eluates B were collected, evaporated
to 20m/, adjusted to pH 1 and loaded on a
cation exchange resin column. Ten m! of
0. 1IN hydrochloric sblution were eluted for
molybdenum, and subsequently 50m/ of
0.5N hydrochloric solution for indium and
50m/ of 2N hydrochloric solution for iron.

The eluates A were similarly collected,
heated, converted to nitric solution, adjusted
to pH 1 and loaded on a Chelex-100 resin-
column. Ten m! of 0.1N nitric solution
were eluted and the eluates (C) were kept
for more processing. The 40m!/ of 4N nitric
solution were eluted and the eluates (D)
were kept for more processing.

The eluates D were heated, converted to
hydrochloric solution, adjusted to pH 1 and
loaded on cation exchange resin column.
“Ten m! of 0.1N hydrochloric solution were
eluted and eluates were discarded. After
then, the 50m/ of 2N hydrochloric solution
in 20% ethanol were eluted for chromium,
and subsequently 50m/ of 2N sulfuric solu-
tion for scandium, 50m/ of 2.5N nitric
solution for barium and 50m! of 4N hydro-
«chloric solution for lanthanum and cerium.

The eluates C were heated, converted to
hydrochloric solution, adjusted to pH 1 and
loaded on cation exchange resin column.
Ten ml of ¢.1N hydrochloric solution were
eluted for hafnium. A 50m! volume of 1N
hydrochloric solution was eluted for silver,
50m/ of 3N nitric solution for strontium

and 50m/ of 5N hydrochloric solution for
zinc.

2-3. Counting and Determination of Each
Elements

All the eluates for each element were
transferred to 50m! volumetric flask. Each
flask as well as cobalt comparator was
counted by 3x3” Nal (Tl) crystal con-
nected to 400 channel analyzer. From the
gamma-ray spectra, characteristic photo-
peak area of the nuclei were measured at
given geometry where the efficiencies of
characteristic gamma-ray are known. The
weights of the elements were calculated
from the activities of the cobalt comparator
and samples, using the comparator method
as reported previously by present authors.®

3. Results and Discussion

The absorption strength of uranyl ions
in sulfuric acid on anion exchange resin is
drastically increased with descreasing the
concentration of sulfuric acid as shown in
Table 1 and this shows a good agreement
with the result by Kraus and Nelson.! In
order to decrease the concentration of
sulfuric acid in the sample solution, the
solution was heated until the fume of
sulfuric acid was disappeared and the
residue was dissolved with water. By doing
these ways the acidity of the solution was
found to be ca. pH 2.7. The sample solution
thus obtained was loaded on the anion
exchange resin column. The column was
washed with 150m! of 0. 001N sulfuric acid.
The results shown in Table 1 show that
the eluates contain such a small amount of
uranium as 5, 42pg. The amount of uranium
is so low that radioactivities of neptunium
and fission fragments which stem from
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Table 1. Separation of Uranium by Anion Exchange Resin
amount of uranium contents(ug) in seccessive 15-m! eluate
acids uranium T eigver y
added, mg| 1 ’ 2| 8| 4| 5] 6] 7 | 8| 9| 10 |Total] )
2NH,SO, 881.5 4210{ 4560 3980] 3710, 4120] 3200; 3850 4410 4620{ 4750{ 414104.7
}_,NHZSO.; ” 1120 12801 810, 670 600, 510 390 290, 320/ 280 63700.72
0.1NH,SO, ” 25| 24 25 21 19 18 21 21 16) 141 2022.3%x10°2
0.01NH,SO, ” 5.00 3.1 2.4 2.4 2.5 2.0 2.4 2.6 29 3.2 28.532x10°%
0.00INH,SO,  » 0.65 0.89 0.84 0.76 0.52 0.40| 0.46) 0.27] 0.24] 0.39 5.426.1x10-¢

Table 2. Recoveries of Trace Elements from Uranium Solution (The effluent is sulfuric acid of pH 3)

Total
- recovery
Fracer 1 ’ 2 | 3 £ | 5| s 7 s | 9 | o | @
6As 12.1 167 18.0 23.4 14.7 8.3 3.1 1.8 0.3 0.1 99.5
#Nga 3.8 8.3 13.6 1.1 0.3 0.1 — — — —  100.3
2K 2.50  79.6] 14.0 2.1 0.6 0.3 — — — —  100.0
%Mn 1.4 75.2] 12.9 6.5 2.1 0.2 — — — — 98.3
#“Cu 0.7 337 48.9 12.7 2.5 1.0 0.5 0.2 0.1 —!  100.3
2Ga 6.6{ 386 37.4 12.3 3.0 1.1 0.5 0.3 — — 99.8
“Co 0.1 36.7 40.3 11.2 4.9 2.7 1.0‘ 1.0 0.3 0.3 98.5
*Mo 29.1 513 6.6 6.0 3.8 2.2 0.8 — — — 99.8
u]p 0.7] 54.6 30.6 7. ; 2.1 1.8 0.8 0.1 — — 98.4
$Fe 2.7  75.6] 17.1 2.4 1.1 -] —-t — ~— — 98.9
T 6Zn 21.00  65.0 7.2 1.9 1.3 0.9 0.6 0.1 — — 97.0
usCq 5.6{ 28.7F 43.3  10.0 5.3 2.1 1.0 1.0 — — 97.0
. 113gn 16.3]  29.0 3.2 12.9 3.8 2.2 1. 0‘ 0.3 0.2 0.1 97.0
S0 1.9 3651 21.4 13.3 7.1 3.6 2.0 2.0 0.2 — 88.0
S 6.6 71.0 21.0 1.0 0.3 — — — — —  100.5
131, 0.3 64.7] 317 2.3 0.9 — — — — — 99.9
R 0.1 781 18.1 3.7 — — — — — —  100.0
HICe 3.9] 89.1 3.3 1.3 0.7 0.4 — — — — 98.1
S HmAL 17.3]  69.2] 10.1 1.4 0.6 0.3 — — — — 98.9
83r 4.3 66.7] 27.5 L. 6 0.3 — — — — —  100.4
_%Zr 4.1 72.7) 1.1 5.6 3.1 1.2 0.6 0.3 — — 98. 4
1987y 4.7 3.6 1.1 0.3 — — —_ — — — 9.7

uranium by irradiation are not interfered
in the subsequent determination of impu-
rities.

" The recovery ratios of trace elements as
shown in Table 2 indicate that the added
amount of tracer, i.e., Na, K, As, Cu, Mn,
Ga, Ni, Ti, Co, Mo, In, Fe, Sn, Zn, Cd, Sc,
Ba, La, Ce, Zr, Ag and Sr have quantita-
tively recovered over 982. However, reco-
very of chromium shows only about 88%

of yield within +59% of deviation. This
result about chromium shows an agreement
with those by Kostaz. Gold is absorbed
quantitatively on anion exchange resin as
expected.®

It was reported that the recoveries of
trace elements in the radiochemical separ-
ation scheme which is adopted in this
study are more than 9595 with exceptions
of Hg, As, Ag, Sr, and more tha}n 909% for
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Table 3. Analytical Results of Impurities in
Uranium Dioxide

element results(ppm), + 10
As 0.063=%0. 009
Na 43+3

K 11+0.4

Cu 0.039+£0.02
Mn 0.017£0.04
Ga 0.095%0. 004
Ni 0.840.04
Ti 1.7+0.2

Co 0.023£0.003
Mo 1.7+0.4

In <0.1

Fe 4.8+0.2

Sn <0.1

Zn 13x1

Cd 0.021%0. 005
Cr 0.43+0.09
Sc 0.41£0.02
Ba 1.8+0.3

La 0.085+0.012
Ce 0.019+0. 030
Zr 2.8+0.7

Ag <0.1

Sr <0.1

these elements.?

By combining these results with the
recoveries of trace elements shown in
Table 2, it is found that the accuracies of
the present method are more than 95%
except Hg, As, Ag, Sr and Cr, but more
than 90% for these elements. Using the
present method, uranium dioxide sample
was analyzed for their impurities and the
results are shown in Table 3.

When employing our present irradiation
conditions, it is found that 1pg of uranium
produce the activity of **Cd equivalent to
2% 107*¢#g of cadmium, that of Mo equiva-
that of
1L a equivalent to 3X10~%¢g of lanthanum,
that of #'Ce equivalent to 6Xx107%ug of
cerium and that of °Zr equivalent to 3Xx

lent to 1X10~'#g of molybdenum,

107%ug of zirconium from uranium fission
as shown on previous calculation®
the data of fissionyieldss.

using
This means
again that the fission fragments of uranium
contribute about 5% to the analytical res-
ults of cadmium and zirconium, about 19%
to that of lanthanum and 92% to that of
cerium. The analytical results of Cd, Zr,
La and Ce shown in Table 3 are those
obtained by subtracting the contributions
of uranium fission from analytical results.
By employing acidities of 0.01N and 0. 05N
of sulfuric acid as like Kosta®? instead of
0.001N acidity employed by present work,
it is found by the similar calculation as
described above that uranium contributions
of the fission fragments to the results of
those element indicated above are more
than 50%.

As trace impurities are collected before
irradiations and, therefore, the problems
associated with keeping blank values at a
negligible level are also important in this
work. In order to minimize to blank values
of impurities, redistilled water has been
used and this was found to contain norm-
ally common elements such as Na, K. Cu
and Mnbelow 10ppb levels. The elimination
of the interference of these elements has
been carried out by passing further through
a column of cation exchange resin.
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