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II. Separation of Plutonium and Fission Products from
Irradiated Uranium
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A procedure, based on selective sorption on silica gel, has been
worked out for the separation of plutonium and fission products from
uranium which has been irradiated with thermal neutrons

In part I of this investigation ?, it has been shown that metal ion sorption
on silica gel can be described by an ion exchange mechanism, with silica
gel acting as an jon exchanger of the weakly acid type.

The distribution coefficient between gel and solution for the different metal
ions accordingly increases strongly with increasing pH. The distribution
coefficient is also larger for high-valent ions than for low-valent ones at a
given acidity of the solution. A graphical comparison of the metal ions inves-
tigated is given in Ref.l, Fig. 6. It can be seen that the affinity for the ion
exchanger is given by the order

Zr(IV) > UV) = Pu(IV) > U(VI) > Gd > Ca =~ Ba = Na

In the same investigation it was also found that some species are sorbed very
fast and other more slowly. UO3}*, Gd3+, Ca2*, Ba?* and Na™ belong to the
first group while the second contains Zr(IV), U(IV) and Pu(IV). The ions of
the second group are all strongly hydrolysed in the actual solutions and occur
mainly as polynuclear aggregates. For Pu(IV) it was found that at higher
pH the sorption rate is dependent on the age of the solution.

From these results it is clear that it should be possible to separate Zr(IV),
U(VI) and Pu(IV) both from one another and from Gd3*, Ca2+, Ba?* and Na™*
by suitably varying the pH of the solution.

The aim of this investigation has been to use this selective sorption on
silica gel for a separation of uranium, plutonium and fission products from
a nitric acid solution of neutron irradiated uranium.
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After a cooling period of 100 days rather few elements contribute appreci-
ably to the activity still remaining with the irradiated uranium. Apart from
plutonium these are, in order of decreasing activity, zirconium - niobium,
yttrium and several lanthanides, ruthenium + rhodium, strontium, barium and
cesium (see e.g. the compilation of Rydberg?). A cooling period shorter than
100 days is not used as a rule because most reprocessing methods presuppose
that 23*Np, 237U, 133Xe and 13! have decayed before the treatment is started 3.

On the dissolution of uranium metal in nitric acid, uranium is oxidized
to U(VI), while most of the plutonium is present as Pu(IV). The standard
potentials for the different redox steps between Pu(III), Pu(IV), Pu(V) and
Pu(VI) are so close to each other * that there is always a certain dispropor-
tionation in a solution of the mean oxidation state 4 4. There are always
finite concentrations of at least Pu(IIl) and Pu(VI) and at lower acidities
also Pu(V). Zirconium is found as Zr(IV) and niobium probably as Nb(V),
both more or less hydrolysed. Ruthenium occurs mainly as various nitrosyl-
nitrato complexes of Ru(IlI) 8. The actual state is highly dependent on the
conditions at dissolution 8. The other fission products have a less complicated
chemistry and occur as hydrated metal ion. These of higher charge especially
exist to a considerable part as nitrate complexes in the solution.

The ions to be found in a solution of neutron irradiated uranium metal are
thus the same or in any case analogous to those ions, the sorption properties of
which have been investigated in I. The behaviour of ruthenium, which cannot
be anticipated from the experiments already performed, remains obscure.
Another serious difficulty is that the separation of uranium and plutonium
requires that they are in the oxidation states + 6 and 4 4, respectively.
Pu(VI), as plutonyl ion, has the same sorption properties as the analogous
uranyl ion, while tervalent plutonium as Pu3* shows a close resemblance to
the lanthanide group. By a suitable choise of pH and total concentration
of plutonium, Cp,, the disproportionation can however be greatly suppres-
sed 77?. At low pH, the position of the equilibrium which is independent of
Cpy strongly favours Pu(IV). As the pH is raised, a considerable dispropor-
tionation will exist in equilibrium, but the rate of the disproportionation
reaction is quite slow at low values of Cp,. Thus at pH = 1 in perchlorate
medium the rate is less than 1 9, an hour for Cp, << 1074 M. The rather strong
complex formation between Pu4t and NOj 191! also stabilises Putt relative
to Pu3t and PuO2t if a nitrate medium is used.

By treating a disproportionated solution of plutonium with nitrite it is
possible to transfer all the plutonium to the oxidation state +4. The reaction
is complicated and is certainly not yet fully understood 12.

CHEMICALS USED, ANALYTICAL

The preparations of neodymium, cerium, gadolinium and ytterbium salts were the
same as used by Sonesson 13,

Neodymium and ytterbium were analyzed spectrophotometrically using aurinetri-
carboxylic acid 4. Cerium(III) was oxidized to Ce(IV) by persulfate and then determined
by reduction with Fe(II). The gadolinium solutions contained the isotope **3Gd and were
analyzed radiometrically.

The other chemicals were the same as used in I, and were analyzed in the same way
as described there.
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RESULTS

The investigation consists of the following three parts:

1. Investigation of the sorption properties of separate ions using chroma-
tographic methods.

2. Sorption at continuous passage of solution through the column followed
by a determination of the sorption capacity for the metal ions in question.

3. Test separations of solutions of known composition.

Chromatographic experiments. Two different columns have been used, one
of 100 cm length and 1.0 cm inner diameter and one of 43 cm length and 1.1 em
diameter. The longer column takes a solution volume of 50 ml, the shorter
one a volume of 256 ml. By varying the length of the column and the flow rate,
the contact time between solution and gel can be widely varied.

When used, the column is first saturated with nitric acid of desired con-
centration. Then a given volume of metal ion solution is placed on top of
the column. This volume is small compared with the total volume of solution
in the column. By means of an acid flow from a vessel on higher level the
sample is transported down the column. Fractions of the outflowing solution
are collected with a fraction collector and analyzed.

The sorption of U(VI) from solutions containing 0.1 and 0.5 M nitric
acid was investigated. In both cases, U(VI) passed the column in the solution
front. No sorption thus occurred at these acidities, a result consistent with the
equilibrium experiments reported in Ref.l, Fig. 6.

In the Pu experiments, the contact time is a variable of about the same
importance as the acidity. The following experiments, performed at Oy = 0.5
and 0.1 M using different flow rates and column lengths are typical for the influ-
ence of each of these variables. For Oy = 0.5 M, the results are in Figs. 1 and
2 where Cp, of each fraction, expressed in disintegrations.-min=l.ml™?, is
given as a function of the volume of solution which has passed down the column.
The position of U(VI) for each column, as determined by the experiments
mentioned above, is also indicated. Obviously, the plutonium is separated into
two peaks. The first of these is found in the same position on the volume axis
as U(VI). It contains about 2 9, of the total amount of plutonium, .e.

10000 T T T 10000 . T T
cpm/ml

L L {  sooo} -
~| $-uem ~ - um
ol L“""" 0 r?:il"—rm 1 i 1
0 50 100 150 mi 0 100 200 300 mi

Fig. 1. Sorption of plutonium from 0.5 M F¢g. 2. Sorption of plutonium from 0.5 M
nitric acid. Column length 43 cm. Flow nitric acid. Column length 100 cm. Flow

rates: rates:
30ml-ht.cm™ ————— 10 ml-h1.cm™
60 » » e ———— 50 » » » —————
Silica gel: Kebo 100—200 mesh. Silica gel: Kebo 50—100 mesh.
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Table 1. Plutonium sorption on silica gel from 0.1 M nitric acid, with subsequent elution

of Pu(IV) by 4.5 M nitric acid. In the first series, the fractionation was started

immediately, in the second after that the plutonium had been sorbed on the column for
four days. Flow rate 76 ml . hour-!. cm™s.

Immediate fractionation Fractionation after 4 days
0.1 M acid 9%, Pu/fraction 0.1 M acid % Pu/fraction

ml ml

17.2 0 12.5 0
34.6 0 26.5 0
51.5 3.4 39.9 0
68.5 1.3 52.9 2.9
85.5 0.8 65.9 .2
438.2 15.4 — —

4.5 M acid 4.5 M acid

ml ml

25.0 1.2 18.7 0
39.0 0.7 28.8 6
52.5 0.5 39.7 0
66.5 1.1 50.2 0.2
79.56 19.2 60.5 59.6
93.3 55.6 71.0 36.1
106.5 0.8 81.7 0.9
120.3 0 92.2 0.2
133.3 0 103.1 0

just the fraction found by analysis to exist as Pu(III) and Pu(VI). In the
second peak the remaining plutonium is found as Pu(IV).

The above conclusions are further strengthened by the fact that the pluto-
nium of the first peak is not extracted at pH =0 by a 0.1 M solution of thenoyl-
trifluoroacetone (TTA) in benzene, while the plutonium in the second peak
is completely extracted into the organic phase under the same conditions 15.

At the low flow rates a complete separation into two peaks is achieved. If
the flowrate is increased, the separation is not so good (as was expected),
but the existence of two peaks is nevertheless quite clear.

At Cyx = 0.1 M, the distribution coefficient for plutonium is much larger
than at Cy = 0.5 M. An experiment with the long column and a flow rate
of 76 ml-hour~l.cm™2 is reproduced in Table 1. From this table it can be
seen that Pu(IV) is very strongly sorbed and that there is only a small pluto-
nium leakage, less than 1 9, of the total amount per fraction of 17 ml, during
the continued passage of 0.1 M nitric acid. Pu(III) and Pu(VI) are found as
before in the solution front.

By passing 4.5 M nitric acid through the column the plutonium is quantita-
tively eluted in the strong acid front, as its distribution coefficient at this
acidity is very low. In Table 1 another experiment analogous to the previous
one is also to be found. The only difference is that in the latter case the
plutonium solution has remained for four days on the column before washing
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with 0.1 M nitric acid. Pu(IIT) and Pu(VI) are found as before in the solution
front but no Pu(IV) leakage could be detected. On elution with 4.5 M nitric
acid, all the Pu(IV) came out as before in the strong acid front.

These column experiments confirm that the plutonium sorption is a fairly
slow process. This is also evident from a determination of the plutonium
distribution on the column. Sorption and subsequent washing with 0.1 M HNO,
were made in the same way as in earlier experiments. The solution phase was
then removed by blowing compressed air through the column. After drying,
the silica gel column was removed in sections of fixed length. These were
eluted with 4.5 M nitric acid and the amount of plutonium was determined.
The resulting distribution curve is reproduced in Fig. 3 and shows that the
plutonium penetrates rather deeply into the column before the sorption is
complete.

The plutonium(IV) sorption is not entirely reproducible. A large number
of experiments have been performed which show a leakage varying between
zero and an upper limit given by the first of the experiments reproduced in
Table 1. Furthermore the Pu(IV) leakage always decreases with decreasing
flow rate.

As is evident from earlier equilibrium experiments ! the sorption behaviour
of zirconium is very complicated. The variation in sorption rate with pH is
more pronounced than for plutonium(IV). The results from the equilibrium

Table 2. Zirconium sorption on silica gel from nitric acid of different concentrations,
with subsequent elution by 0.1 M oxalic acid. Flow rate 38 ml-hour~!.cm™3,

0.1 M acid % 1.5 M acid % 5 M acid %
ml Zr/fraction ml Zr [fraction ml Zr [fraction
17.6 0 10.0 0 12.1 0
36.6 6.0 29.0 0.2 36.4 0
53.4 39.2 41.7 2.6 49.0 0.9
72.0 1.2 54.2 0.9 64.5 0.1
89.8 0.5 65.1 0.1 80.8 0

109.2 0.3 76.1 0 94.8 0
126.7 0.1 — - — —
144.5 0.2 — —_ — —
161.5 1.1 — — —_ —
179.3 0.6 - - — —_
195.8 0.3 — —_ — —
213.3 0.4 —_ — —_ —
226.8 0.3 — - — —
0.1 M 0.1 M 0.1 M

oxalic acid oxalic acid oxalic acid
ml ml ml
17.0 0.4 12.5 0 14.8 0
34.7 0.3 28.6 0 28.9 0
51.7 44.7 44.2 9.8 42,0 0
70.3 3.4 60.3 86.0 56.1 90.7
86.7 0.6 71.8 0.4 69.4 7.6

104.0 0.4 — — 83.7 0.6
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Fig. 3. The distribution of plutonium on Fig. 4. Separation of Pu(IV) from U(VI),
the silica gel column when sorbed from 0.1 Pu(VI), Pu(IIl} and Gd(III) by sorption
M nitric acid at a flow rate of 60 ml-h-! on silica gel from 0.1 M nitric acid, with
. cm™2, subsequent elution of Pu(IV) by means of
4.5 M nitric acid. Column length 100 cm,

flow rate 60 ml-h-1.cm"2,

measurements have been confirmed qualitatively by column experiments.
The long column has been used for all the experiments and the amount of
zirconium added has always been 1 ml of 11 mM zirconium(IV) solution.

The results from three runs at Cxz = 0.1, 1.5 and 5 M nitric acid and a
constant flow rate of about 38 ml.-hour.cm™, are given in Table 2. The
Zr(IV) leakage is very large at the lowest acidity, but rather slight at the
higher ones. This behaviour is expected as a result of the very low sorption
rate at higher pH-values (cf. part I). If the flow rate is increased the leakage
also increases rapidly. Thus a doubling of the flow rate at Cy = 1.5 M gives
a leakage of the same magnitude as found for Oz = 0.1 M at the lower flow
rate.

After a nitric acid wash, the column was eluted with 0.1 M oxalic acid.
Because of the high distribution coefficient for Zr(IV) a strong complexing
agent is needed for the elution. 1 M sulfuric acid and 0.1 M oxalic acid were
both tried, but 0.1 M oxalic acid was the better of the two.

The above is in qualitative accordance with results obtained by Rydberg 2
for sorption of tracer amounts of zirconium on silica gel. According to Ryd-
berg, the leakage is very large even at Cy = 1.5 M. The reason for this
difference might be differences in flow rate (not specified in Rydberg’s work)
or zirconium concentration.

As representatives of yttrium and the lanthanides, neodymium, gadolinium
and ytterbium have been studied. The experiments have been performed
separately for each ion, using the long column. The result was that no sorption
could be proved in 0.1 M nitric acid. Like U(VI), all the lanthanides passed
down the column in the solution front.

Acta Chem. Scand. 14 (1960) No. 5
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The results of the chromatographic experiments indicate that Pu(IV) and
Zr(IV) might be separated from one another and from U(VI) 4 lanthanides
by a suitable variation of pH. In order to get a good separation the flow rate
must not be too high.

The following experiment was performed to confirm this. A solution of
U(VI) (0.1 ml 285 mM uranyl perchlorate solution), Pu(IV) (0.1 ml 0.51 mM
nitrate solution containing 94.5 9%, Pu(IV)) and Gd(III) (0.1 m! 4.4 mM
perchlorate solution) was chromatographed on the long column at a nitric
acid concentration of 0.1 M.

The result, given in Fig. 4 is in complete accord with the previous experi-
ments. U(VI), Gd(III), Pu(Ill) and Pu(VI) travel down the column in the
solution front. Pu(IV) is nearly quantitatively sorbed, the leakage is less than
0.2 %, of the total amount of plutonium per fraction of 12 ml. By passing
4.5 M nitric acid, all plutonium sorbed can be quantitatively eluted. The total
yield of plutonium is 93.5 %, compared with the initial amount of 94.5 %,
Pu(IV).

Sorption behaviour on continuous passage of solution. For work with larger
amounts of material it is desirable to be able to use a continuous sorption
process. In this case it is of interest to know the sorption capacity S = Cuc
for the column. By applying the law of mass action to the exchange reaction
(Ret.1, eqn. (4)) the following expression is obtained

_ _ g M [HG]

where K is the concentration constant of the exchange equilibrium. From
this expression it can be seen that S increases with increasing [M"*], ¢.e.
with increasing Cys and decreasing [H*]. For very high Cysg, S will of course
finally reach an upper limit when practically all sorption places are occupied
by M** instead of the original H*. For the sorption of Pu(IV) or fission pro-
ducts where Cys is fairly low as a rule, this saturation value will not, however,
be approached in practice.

The sorption capacity, S, has been determined as a function of Cys and
pH for a number of metal ions. A solution of fixed metal ion concentration,
Cy, and pH is passed down the column and the effluent solution analyzed
on the ion in question. The column capacity for a solution of the value of Cy
used has been reached when the solutions entering and leaving the column
have the same concentration = Cy which is then identical with Cyg as defined
above. From the break-through curve the sorption capacity is then easily
calculated. The value thus obtained was then checked in the following way:
The column was rinsed free from mechanically adherent solution by washing
with pure solvent of the same pH as was used at the sorption. In order not to
disturb the equilibrium in the column appreciably, the volume of the washing
liquid was only one to two column volumes. After washing the column was
eluted with strong acid and the eluate analyzed. The sorption capacity has
been determined in this way as a function of pH for Zr, U(IV), U(VI), Ce(III),
Gd, Ca and Ba.

Acta Chem. Scand. 14 (1960) No. 5
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Table 3. The sorption capacities for U(IV) and U(VI) as functions of pH and the total
concentration of metal ion, Cm.

U(VI) Uav)

S S S
mcll\‘i pH | mequiv/ Igll‘& pH | mequiv/ gﬁ gﬁ mequiv/

g g g
11.4 2.00 0.005 22.8 2.70 0.041 10 25 0.18
11.4 2.30 0.011 22.8 2.86 0.070 10 50 0.12
11.4 2.50 0.016 22.8 3.44 0.296 10 100 0.10
11.4 2.70 0.023 22.8 3.75 0.473 10 500 0.008
11.4 3.10 0.106 22.8 4.21 1.595 25 50 0.13
11.4 3.40 0.176 45.6 2.40 0.023 25 100 0.16
11.4 3.60 0.240 45.6 3.31 0.320 25 500 0.011
11.4 3.80 0.336 45.6 3.58 0.493 50 50 0.25

50 100 0.16

Table 4. The sorption capacities for Gd(III), Ce(III) and Zr(IV) as functions of pH.

Gd(I1I) Ce(11I) Zr(IV)

Cum = 2.8 mM Cum = 26 mM CMm = 9.2 mM

S S Cu S
PH mequiv/g pH mequiv/g M meyuiv/g
1.0 0.000 3.2 0.001 1.5 0.56
2.0 0.003 4.2 0.003 5.0 0.40
3.0 0.006 5.2 0.007
4.0 0.009

Table 5. The sorption capacities of Ca?t+ and Ba*+ as functions of pH.

Ca Ba
Cm = 256 mM Cu = 25 mM

S S
PH mequiv/g PH mequiv/g
9.25 0.093 10.30 0.92
9.66 0.378 10.51 1.90
10.25 1.86 10.85 2.52
10.44 2.84 10.94 3.46
10.50 3.97 11.20 3.46
10.61 4.50 11.28 3.76
11.10 4.37

Because of the very low affinity of the ion exchanger for calcium and barium
ion experiments with these ions have been done in ammoniacal solution, all
the others in nitric acid solution. The results are given in Tables 3—5.

From these tables it can be seen that the sorption capacities for the trivalent
lanthanide ions examined are very small within the pH range investigated.

Acta Chem. Scand. 14 (1960) No. 5
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Fig. 6. Break through curve for Zr(IV) on a column filled with 60 g silica gel. Column
length 100 cm, corresponding to & solution volume of 50 ml, Flow rate 60 ml.h-1.cm™2,
Cu =092 mM, Cag =5 M,

On the other hand, the capacities for U(VI), UIV) and Zr(IV) are large
even at rather low pH-values. A determination of the sorption capacity for
plutonium is not possible because of the small amount of material available.
A sorption capacity of the same order of magnitude as for other four-valent
ions is a plausible estimate.

Calcium and barium ions are not measurably sorbed at pH-values below 7.
At higher pH-values there is a strong increase in sorption, a fact also confirmed
by other authors 14718, For some reason which is still unknown, saturation
capacities much higher than those observed for sodium ions (Ref.l, Table 2)
seem to be reached.

The distribution coefficients D = Cyc/Cus which can be calculated from
these column experiments as the ratio §/Cy agree fairly well with those obtai-
ned in the equilibrium experiments of Ref.1, even for the four-valent ions.

The slow Zr(IV) sorption gives rise to a leakage of between 5 and 10 9
of the total amount Zr on continous passage of solution. A typical break
through curve is reproduced in Fig. 5. The rise at about 750 ml is caused by
saturation of the column.

Analogous experiments have also been performed on plutonium solutions
at concentrations about 108 M. The flow rate was, however, slower, only
2.3—4.6 ml-hour.cm™2. The results showed a quantitative sorption of pluto-
nium(IV) and, as before, no retention of plutonium(III) and (VI).

These experiments proved that a selective sorption is possible even with
a continuous column process. In the next section some test separations on solu-
tions of known composition are described.

ForU(IV), the found increase of S with Cys is somewhat irregular (cf. Table
3) which is certainly due to the fact that solutions of different age were used
for the experiments. U(IV) solutions of low Cy alter their properties markedly
with time, due to slow hydrolytic reactions 1°.

Test separations on solutions of known composition. The first solution had
the following composition: Cz; = 9.17 mM, Cp, = 2.39 X 1073 mM, Cywy =
199 mM, Cx = 4 M and a total volume of 100 ml. The y-activities of the com-
ponents were measured separately before mixing. For 5 ml samples the
U(VI) solution gave 1525 cpm and the Zr solution 9 663 cpm. The latter

Acta Chem. Scand. 14 (1960) No. 5
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1. 1A,

zirconium sorption —> zirconium elution
2. 2 A.

plutonium sorption — plutonium elution
3. 3 A.

uranium sorption > uranium elution

Fig. 6. Block scheme for the separation of uranium, plutonium and zirconium,

solution contained activities from %Zr, %Nb and 181Hf, as discussed in Refl
The separation procedure can be illustrated by the block scheme, Fig. 6.

The different steps in the above scheme will now be separately described.

1. The zirconium sorption step is made at Cy = 4 M, and a flow rate of
about 3.5 ml-hour~t.cm™2.

1 A. After sorption the column is first washed with 4 M nitric acid and
then eluted with 0.1 M oxalic acid which quantitatively removes the zirco-
nium.

2. The solution which has passed down the column in step 1 is evaporated
to dryness to remove excess nitric acid and is then restored to the initial
volume with 100 ml 0.1 M nitric acid. The heating with 4 M nitric acid caused
a strong disproportionation and possibly also oxidation of the plutonium.
A TTA-extraction proved that only about 12 9, of the total amount remained
as plutonium (IV). All this amount plus zirconium leakage from step 1 was
quantitatively sorbed.

2 A. After washing with 0.1 M HNO,, plutonium was eluted with 4.5
M HNO,. Zirconium remained sorbed.

3 and 3 A. After step 2 the solution was partially neutralized with sodium
hydroxide, to a pH of about 3. When this solution was passed down the column
the uranium was quantitatively sorbed. Sorbed uranium is then removed by
a strong acid.

The other solution of known composition which has been separated was
a nitric acid solution of neutron irradiated uranium. After irradiation the
uranium had cooled for three years. The solution was obtained from A. B.
Atomenergi, Stockholm, which gave its composition as: Cywyy = 1.075 M,
Cpy = 1.45 X 1078 M, Cy = 0.95 M. The solution also contained long-lived
fission products, mainly 19%Ru—106Rh, 144Ce —144Py, 908y —90Y and 137Cs—137Ba.

Acta Chem. Scand. 14 (1960) No. 5
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p and y activities were determined by scintillation counting. The 8 detector
was a Tracerlab P-20 C with a stilbene crystal, the ¥ detector was the same as
used in Ref!. The initial activities were y = 7.500 X 105 cpm/mland g = 1.615 X
108 cpm/ml.

As the amount of plutonium was known (the volume of solution being
100 ml) the total number of plutonium a- decays per minute could be calcula-
ted and was apy = 47.30 X 10%. The separation process can be described
with the block scheme, Fig. 7, where the different activities at different
stages in the separation have also been inserted. The activities are everywhere
related to an initial volume of 100 ml and are measured in constant geometry.

1. Because of the short half life (7, = 65 days) for %Zr, all %Zr—%Nb
has disappeared during the cooling period. The first stage of the process was
therefore omitted.

2. The acid excess was removed by evaporationg to dryness and the solid
residue dissolved in 100 ml 0.1 M nitric acid. The evaporation also caused
in this case a strong plutonium disproportionation but by treating the solu-
tion with sodium nitrite the oxidation state was restored to 4 4. At a nitrite
concentration of 50 mM, this was achieved in a few hours at 80°C. The high
concentration of nitrate ions in the rather concentrated uranyl nitrate solu-
tion also stabilized the plutonium very much as Pu(IV).

After cooling the solution was passed down the column at a rate of about
3.5 ml-hour™.cm™2. After washing with 0.1 M nitric acid plutonium was quanti-
tatively eluted with strong nitric acid. The result (Fig. 7) shows that the all
plutonium was sorbed and that most of the fission porducts were removed
from the plutonium fraction. A further decontamination was obtained by
sorbing the plutonium twice more onto the column.

D 1. The eluate from 2 was evaporated to dryness, dissolved in 100 ml
0.1 M nitric acid and treated as before with sodium nitrite. As no uranium
was present the nitrate concentration was rather small, 0.1 M compared with
2.3 M at the first reduction. In this solution Pu(IV) disproportionates and in
fact only 73.5 9, of the plutonium remained fourvalent. On passage down
the column a small Pu(IV) leakage, about 0.5 9, of the total amount pluto-
nium, was observed. The activity measurements showed a further deconta-
mination from fission products and the plutonium(lV) yield is greater than
99.5 9, (Fig. 7).

D 2. The eluate from D 1 is evaporated to dryness and then treated as in
the previous decontamination step. About 77 9, plutonium was found in the
oxidation state + 4. After elution a, 8 and y-activities were measured as before
(Fig. 7).

The plutonium solution finally obtained was completely separated from
uranium and partially decontaminated from fission products. The decontami-
nation factors were for y-activity 5.4 x 10® and for f-activity 2.65 X 104
On the assumption that plutonium is kept in oxidation state - 4 the separa-
tion can be made with a yield larger than 99.5 %,. Plutonium missing in D 2
is found as Pu(III) and Pu(VI) leakage from D 1 and D 2. To collect the
plutonium in the leakage from D 1, this portion was treated with sodium
nitrite. After sorption and elution an amount of plutonium = 9.6 X 108
disintegrations - min was recovered.
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3. From the solution which hade been passed down the column at 2 the
uranium was recovered. By adding sodium hydroxide the pH was increased
to between 2.5 and 3.5 and from this solution uranium was sorbed on the
column. The column was washed with water and eluted with strong acid.
The f and y activities of this fraction were then measured. After subtracting
the activies due to daughter products of uranium (determined separately by
measuring a pure uranium solution) the activities of the fission products were
obtained.

As seen from Fig. 7 (U-sorption), a small decontamination from fission
products was achieved. To get a larger total decontamination the above
treatment was repeated twice, decontamination steps D 3 and D 4. The
uranium yield was always 100 9%, and the decontamination factors for the
final uranium solution were for g activity 505 and for y activity 106.

In order to trace the behaviour of the different fission products present,
y-spectra have been recorded for the original solution, the plutonium fraction
2 and the uranium fraction 3. The spectrum of the original solution showed that
the y-activity almost completely came from 1¥Cs. A small peak from 44Ce,
only a few percent of the cesium peak, could also be seen. Spectra from frac~
tions 2 and 3 also showed the presence of 3°Cs, while 144Ce had disappeared.

The long cooling period is of course the reason why the y-activity comes
almost exclusively from !37Cs and the uranium decay series and the g-activity
from %Sr and the uranium series.

According to Ref.l, Fig. 6, Cs* and Sr?*, which are very similar to Na*
and Ca?*, Ba?*, ought not to be sorbed at the pH in question and the decon-
tamination factors are consequently unexpectedly small. For a further study
of the pH influence a new decontamination was performed on a part of the
original solution. Uranium was sorbed as before but the column was washed
with 0.1 mM nitric acid instead of water. After elution and measurements
of the activities the decontamination factors were calculated as 75 for y-activity
and 20 for g-activity compared with 8.6 and 6.8 for the corresponding factors
in D 3. It is evident that the distribution curve for Cs* and Sr?* which ought
to be the same as the curves in Ref.l, Fig. 6, for Na* and Ca?*, Ba2*+ have
been shifted towards lower pH-values at the low Cs*, Sr2* concentrations used
here.

REFERENCES

. Ahrland, S., Grenthe, I. and Norén, B. Acta Chem. Scand. 14 (1960) 1059.

. Rydberg, J. Acta Chem. Scand. 9 (1955) 1252,

. Culler, F. L. Proc. Intern. Conf. Peaceful Uses Atomic Energy, Geneva 1955, 9 (1956)
464 (P[822).

Connick, R. E. The Actinide Elements, Natl. Nuclear Energy Ser. Div. IV, 14 A
(1954) 229.

. Fletc})ler, J. M. and Martin, F. S. Proc. Intern. Conf. Peaceful Uses Atomic Energy,
Geneva 1955, 7 (1956) 141 (P[437).

. Rudstam, G. Acta Chem. Scand. 13 (1959) 1481.

. Connick, R. E. and McVey, W. H. J. Am. Chem. Soc. 75 (1953) 474

. Rabldeau S. W. J. Am. Chem. Soc. 75 (1953) 798.

. Ra.bxdeau, S. W. and Cowan, H. D. J. Am. Chem. Soc. 77 (1955) 6145.

. Bjerrum, J., Schwarzenbach, G. and Sillén, L. G. Stability Constants, Part I1, The
Chemical Socwty, London 1958 p. 55.

[l <Re N N [>,3 - W b =

[

Acta Chem. Scand. 14 (1960) No. 5



1090 STEN AHRLAND ET AL.

11.
12,

13.
14.
15.

16.
17.
18.
19.

Grenthe, I. and Norén, B. Acta Chem. Scand. 14 (1960). In press.

Connick, R. E., The Actinide Elements, Natl. Nuclear Energy Ser. Div. IV, 14 A
(1954) 269.

Sonesson, A. Acta Chem. Scand. 12 (1958) 165, 1937.

Holleck, L., Eckardt, D. and Hartinger, L. Z. anal. Chem. 146 (1955) 103.

Hyde, E. K. Proc. Intern. Conf. Peaceful Uses Atomic Energy, Geneva 1955, 7 (1956)
281 (P/728).

Berestnewa, Z. and Kargin, V. Acta Physicochim. U.R.S.S. 4 (1936) 675.

Bruns, B., Burshtein, R., Feodotov, N., Livshitz, M. Zhur. Fiz. Khim. 11 (1938) 7.
Nikol’skii, B. P. and Grigorov, O. N. Doklady Akad. Nauk. S.S.S.R. 50 (1945) 325.
Kraus, K. A. and Nelson, F. J. Am. Chem. Soc. 72 (1950) 3901.

Received January 30, 1960.

Acta Chem. Scand. 14 (1960) No. 5



