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ABSTRACT

Decontaminationfactors of the order of 104 were obtained for P

and y emitters present as fission products when uranium was precipi-

tated from 50 mC activity level solutions as uranyl oxalate under

norml uranium yield conditions for three cycles (-60~).

Factors of the order of 103 were obtained by the use of this

reaction with similar solutions under relatively high uranium yield

conditions for three cycles (-9@).

The uranium peroxide precipitation reaction proved to be of no

value on such solutions, yielding

17.1 for 13emitters and 1.2 for T

decontamination factors of

emitters for three cycles.

References: P. A. No. CMR-8-4 (sRP#8); LA Notebook 2537.

only
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1 - Introduction

In connection with the Rs.Laprogram at this laboratory, it was

proposed that 3 kg. of enriched uraniumbe substituted for the two

tons of norml uranium now irradiated in the Hanford Pile to produce

the required qyantity of active Ba140. This would relieve the prob-

lem of storing large volumes of highly active normal uranium solu-

tions after the Ba
140

kdbeen removed. However, the monetary value

of enriched uranium would necessitate its recovery and decontamina-

140tion so that it could be recycled whenever additional Ba was re-

quired.

Estimates of the quantity of Ba140 needed for single experiments

range up to 10,000 C, which would mean initial activities of the ir-

radiated uranium on the order of 106C. Decontamination factors

(after removal of the Ba140), therefore, should approach this value

so that the enriched uranium could be re-cycled through standard

processes to finished metal shapes with a minimum of shielding of the

operations involved.

Although successful decontamination of uranium from fission pro-

ducts has been achieved through the use of solvent extraction pro-

cesses, it was further proposed that precipitation reactions be in-

vestigated as to their ability to decontaminate uranium under these

conditions. Certain process advantages are obvious for precipita-
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tion-type reactions.

The uranium peroxide reaction (3@ H202 as precipitant) and the

uranyl oxalate reaction (H2C204*Z120as precipitant) are both used

extensively at this laboratory for regular chemical purification.

This report describes their use for the separation of uranium from

fission products.

II - Experimental Considerations

.

Limitations

1. Nature of activity at the time of attempted decontamination.

It was assumed at the outset of the problem that a cooling

period would be allowed prior to attempted decontamination. This

would decrease the initial activity by perhaps half and leave some

medium-lived, but chiefly long-lived, isotopes. This cooling period

could be of the order of 3 months.

2. Limit of decontamination.

Decontamination of irradiated uranium to the extent of the

P andy activity in an equal quantity of normal uranium wouldbe suf-

ficient.

3. Activity level of experiments.

Since the facilities available

protection from high level irradiation,

.4

for this study afforded no

the experiments performed

● 0:0
●
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would have to be at such starting level as to permit direct handling

of the mterial within certain time limits, and with the use of

simple tongs.

Calculations.

This work was carried out on normal uranium solutions to which

small quantities of fission product activity were added. Since nor-

mal uranium (especially old preparations) also contains p and y acti-

vity from certain isotopes in the natural decay chain, this radiaticn

was subtracted from the fission product activity. To obtain these

blank values, “hot” experiments were duplicated by “cold” experi-

ments -- actually preceded by

experience, especially in the

etc.

them, thus also providing technique

use of tongs, remote vacuum transfers,

1“
S lution aliquots were counted before a precipitation was made.

Then, fter the cake was washed, converted to an oxide, re-dissolve~

and ma e up to a definite volume, solution aliquots were again

Icounte . This value became the starting count for

tationl etc.

[

In this xmmner, any value divided by

value trovided the decontaminationfactor for that

the next precipi-

its succeeding

precipitation; or,

1the in tial value divided by the final value of a series of precipi-

1tation would equal the total decontamination factor obtained for

1that s ries.
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Sample Calculations.

The following calculations, shown in Table 1, were made for

Experiment D-2, and are typical of the calculations made for all the

experimental work, with the exception of some of the early experi-

ments where no y activity determinationswere made.

/
TABLE 1

B DecontaminationResults

=

starting soln., “hot”

starting soln., “cold”

first ppt., “hot”

first ppt., “cold”

second ppt., “hot”

second ppt., “cold”

third ppt., “hot”

third ppt.,.“cold”

Aliquot

1/25000

1/25000

1/25000

1/25000

1/5000

1/5000

1/5000

1/5000

Sample
Result, Total.
(mean) Activity,

&k

Decon-
Corrected tamin-
Total Act& ation

~-

kJ+62 1.11 x 10

90 *2.25 x 10
:) 1.0,X108,

96 2.4o X 106

1
1.12 x 106 )

51 1.28x 106 )

33

\

1.65 x 105 H-E
1.65 x 105 J

119 5.95 x 105 )

59 2.95 X 105

J

1.10 x 105 )
37 1.85 x 105

Total DF = 991

97

6.8

1.5
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~ DecontaminationResults

Es2?x?k

starting sol.n.,“hot”

starting soln., “cold”

first ppt., “hot”

first ppt., “cold”

second ppt., “hot”

second ppt., “cold”

third ppt., “hot”

third ppt., “cold”

Aliquot

1/2500

1/2500

1/2500

1/2500

8/5000

8/5000

8/5000

8/5000

Sample Decon-
Result, Total Corrected tamin-
(mean) Activity Total Acti- ation

LL ~ F-

700

8

39

20

19

53

6

2

,] L73X106,
1.75 x 106

-2.00 x 10

9.75 x 104

\
4.75 x 104 J

!j.oox 104 )

)1.19 X104 *
1.19 X104 J

3.32x104 )

3.75 X103

\
2.50 x 103 f

1.25 X103

Total DF = 692

+$Average tot~ p activity found for 50 @s. 1101’M&tlU W8S

2 x 106 c/m.

*Average total y activity found for 50 gins.normal U was

2.5 x 104 c/m.

-since the blank value is higher than the hot

be neglected.

Corrections.

13andy counting of the samples was done by the

group (CMR-1O). Counting results were corrected for

coincidence before being reported to this group. No

‘ -8-

value, it must

RaLa chemistry

background and

further correc-

36

4.0

4.8
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-9-

tions

blank

small

were applied to the calculations other than the subtraction of

values. Decay of the activity over the experimental period was

enough to be neglected. (See “Sources of Activity”.) A small

fraction of the decontamination is

self -- e.g., if a decontamination

attributable to uranium yield it-

factor of 4 were obtained after a

precipitation whose uranium yield was 50$, then only half that decon-

tamination would be due to chemical purification. This is a severe

example, however, and on the basis of uranium yields and accompanying

decontaminationfactors given later in this report, yield effects were

negligible and no corrections were made for them.

Sample Preparation.

Aliquots were so arranged that one ml of solution contained

enough activity for a reasonably accurate beta count. This volume

of solution was evaporated in a glass cup 7/8” I.D. and 1/4” deep.

Duplicate samples were prepared and the cups placed in the counting

chamber. The mean, corrected result was used in the calculations as

noted.

10 ml solution aliquots were given directly to Group CMR-10 for

gamma counting. This group carried out the sample preparation for

these aliquots using annular type counting bottles.

Sources of Activity.

Two sources of fission products were used to supply the B and T

activity for the experiments:

APPROVED FOR PULBIC RELEASE
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1. Uranyl nitrate solution

This solution contained 450

ml. Samples received after 3 months’

from the Los Alamos water boiler.

mg. of uranium (14.9$ u-235) per

decay emitted approximately 1.8

mC of y activity per ml, measured by survey metez+, and at 7 months,

0.7 mC of T activity per ml, measured in the same way. A sample taken

for ~

decay

These

River

count at the beginning of the e~eriments showed the following

with respect to time:

Days

o

4

5

6

7

10

data are plotted in Figure 1.

2. Uranyl nitrate solution

Pile slug.

Sb2
9305

9087

9245

9073

9048

8810

from

Four 50 mC samples were received

the dissolution of a Chalk

cay, containing the following weights of U

total U = 2.65 gtIIS.

U-235 = 0.016 gmS

Pu = 0.00225 gms.

after about 3 months’ de-

and Pu per sample:

++~sed on the common method Or measming y-ray htellSity: One curie

= one r/hr. at one meter distance.

-1o-

APPROVED FOR PULBIC RELEASE

APPROVED FOR PUBLIC RELEASE



Samples taken for 13and y count showed the following @ecay with respect

to time:

Days ti *

o 3743 57,200

4 3723 -----

6 .-.. 55,000

7 3633 -----

14 3517 -----

These data are plotted in Figure 2.

111 - Experiments

A. Decontaminationby the Use of the Uranium Peroxide Reaction at

Various Acidities.

Two 500 ml.,0.42 M uranyl nitrate solutions were made from the

dissolution of U308 in nitric acid. To one was added a mC of water

boiler solution before the final volume’ad$astmentwas rode. Aliquots

were then taken from each solution for p counting.

A uranium peroxide precipitation was made on each solution by the
. .

simultaneousaddition of a 3@ excess of 30$ H202 and 1:1 ammonium

hydroxide at a constant pH of 2.5. After a 5 minute digestion period

and a short settling period, the slurry was filtered through a fine}

fritted glass Btichnerfunnel with a minimum of washing. The funnel

was placed in a sxi?allcrucible furnace and the U04 converted to U%

-11-

1 .
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at 300°C for several hours. This oxide was dissolved in nitric acid,

made up to 500 ml volume again, and

p activity.

The experiment was repeated at

only, using the final solution from

aliquotted for re-counting for the

pH 3.5 and 1.5 on “hot” solutions

the pH 3.5 experiment as the

starting solution of the pH 1.5 experiment.

For pH 1.0, the same scheme was used again, this time including

the “cold” precipitation to provide a blank value for correction of

the “hot” result.

Decontamination results are given in Table 2. Although uranium

yields are not given, the reaction is essentially quantitative in this

pH ra~e.

TABLE 2

DecontaminationAchieved by the Uranium Peroxide
Reaction at Various Acidities

Decontami-
Total B Activity in Total B Activity . nation

& Starting SoIn., c/m After 1 Pptn., c/m Factor

3*5 6.28 X 107 5.16 X 107 1.2

2.5 4.51x 107 (corrected) 2.12 x 107 (corrected) 2.1

1.5 5.16 X107 1.11 x 10’7 4.7

1.0 13.2x107 (corrected) 1.30 x 107 (corrected) 10.1

-12-

.

Decontamination factors are plotted against pH in Figure 3.
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B. Preliminary Investigationof the Effect of the Uranyl Oxalate

Precipitation on Decontamination.

1. The 500 ml solution remaining from the “hot” precipitation at

pH 1.5 (see Exp. A), containing 1.11 x 107 c/m i3,

mal with respect to free HN03 and heated to steam

The uranium was precipitated as uranyl oxalate by

total, was made nor-

bath temperature.

the addition of 150

ml.of hot, aqueous oxalic acid solution (containing 29 gins.H2C20402H20).

The slurry was stirred for about 1 1/2 hours until it had reached room

temperature. The precipitate was filtered out, transferred to a plati-

nb crucible, and ignited overnight at 800°C. This oxide was dis-

solved in nitric acid, made up to 500 ml volume, and aliquotted for P

counting. The result was a total count of 8.75 x 105. This is a

decontaminationfactor of approximately 13.

By obtaining the weight of the crucible before the US08 nS tis-

solved, the uranium yield was

2. The 500 ml.solutions

precipitations at pH 1.0 (see

late as above. The corrected

corrected final count was 7.0

factor of 19.

Again the

found to be 90$ for this precipitation.

remaining from both the “hot” and “cold”

Exp. A) were precipitated as uranyl oxa-

startfng count was 1.30 x 107 c/m p; the

5x 10 c/m B, giving a decontamination

uranium yield for the precipitations was about 90$.

c. The Effect of Hold-Back Carriers on Decontamination.

Two aspects of this technique were investigated. In

experiment Al, Mg, and Fe were added to determine whether

-13-

the first

they would
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adsorb the active isotopes to any appreciable extent, thus holding them

in solution when the Uranium precipitated. These particular metals

were chosen because data were available on the purification of uranium

from them by means of the peroxide precipitation..

A uranyl nitrate solution containing 50 gins.of uranium was pre.

pared. 0.5 gm. each of Al+++, B@++, and Fe‘++ (as nitrates) was added

to it. The solution was mde active by the addition of 5 mC of water

boiler solution, made up to ~00 ml volume, and aliquotted for 13count-

ing. The uranium was precipitated as uranium peroxide at pH 2.5 as

described in Exp. A (except that a small amount of citric and malonic

acids was added to complex the Fe+++). The U04 WM ffltered out, ig-

nited to U%, dissolved in acid, and aliquotted for a second 13count.

A second precipitation was then mde to bring the Al, Mg, and Fe con-

tent to <10 ppm. The final precipitate was converted to oxide, dis-

solved, and aliquotted

The procedure was

provide blank values.

R?s?J?a

starting solution

for the final p count.

duplicated without the addition of tracer to

The corrected p results are given in Table 3.

TABLE 3

Total j3Activity Decontamination
(Corrected), c/m Factor

1.74 X108 ---

-14-

dissolution of first ppt; 1.09 x 108 1.6

dissolution of second ppt. 8.00x 107 1.4
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-15-

In the second experiment, 0.5 gm. each of Sr, Ce, and Cs were

added as nitrates, and Rb as the chloride, to the solutions remaining

from the first hold-back carrier experiment in an effort to replace

the active ions carried down by the uranium with their corresponding

inactive ions. Although a radio-chemicalassay was not made to deter-

mine the specific isotopes supplying the major activity in water boiler

solution, the literature indicated

isotopes (of which it was hoped Ce

among the principal offenders.

Sr, Cs, Rb, and several rare earth

would be representative)to be

Two successive peroxide precipitations were made at pH 2.5 on

both the “hot” and “cold” solutions as in the case of the A1-Mg.Fe

experiment. The corrected P results are given in Table 4.

TA.RLE4

Total $ Activity Decontamination

= (Corrected), c/m Factor

starting solution 8.00x 107
---

dissolution of first ppt. 2.30x 107 3*5

dissolution of second ppt. 1.50 x 107 1.5

De

at

A Systematic Study of the DecontaminationFactors Obtained from

Successive Peroxide and Oxalate Precipitations at Various Acti-

vity Leve18.

1. Three successive

pH 1.0 (as described in

uranium peroxide precipitations were made

Exp. A) on a 500 ml starting solution con-

APPROVED FOR PULBIC RELEASE
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taining 50 gins.of uranium and 0.5 mC of water boiler activity. ~ and

y activities were counted initially and after each precipitation. The

procedure was duplicated on a similar “cold” solution to provide blank

values.

New starting solutions were provided for identical studies at the

5.0 and 50 mC levels. The corrected results and decontamination fac-

tors appear in ~ble 5.

2. Three successive uranyl oxalate precipitations were made on

a 500 ml starting solution, IVwith respect to free HN03 (as described

in Exp. B), containing 50

activity. This study was

The corrected results and

gins.of uranium and 0.5 mC of water boiler

also repeated at the 5.0 and 50 mC levels.

decontamination factors are given in Table 5.

E. DecontaminationResults Obtained with Successive Uranyl Oxalate

Precipitations under No~l and High Uranium Yield Conditions,

USiw Pile “Dissolver”Solution as the Activity Source.

These experiments were done for two reasons: (1) to determine

whether the physical characteristicsand the activity of water boiler

solution were representative of dissolver solution from a pile insofar

as decontaminationwas concerned, and (2) to try to improve the uran- ‘

ium yield with a minimum loss in decontaminationefficiency.

1. A new starting solution was made up which contained 50 gins.

of uranium, 50 mC of dissolver solution, and was normal with respect

to free nitric acid. It was diluted to 500 ml and aliquotted for j3

and y counting.

-16-
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The uranium was precipitated as described In Exp. B, calcined to

US08, dissolved in HN03, made up to 500 ml, and aliquotted for re-

counting of the p and y activity. The cycle was repeated two more

times and the entire procedure duplicated on a “cold” solution to pro-

vide the results shown in Table 6. Uranium yield results were obtained

by weight of the “hot” U308; these yields include transfer losses.

2. For the second experiment*, 200 ml of 2 M uranyl nitrate

solution, 2 N with respect to free HN03, and

solver solution, was aliquotted for P and y

was heated to steam bath temperature and the

1~ excess of hot, 5@ oxalic acid solution.

containing 50 mC of dis-

counting. This solution

uranium precipitated by a

The precipitate was

digested hot for 1/2 hour with constant stirring. The slurry was then

chilled in an ice bath to 5-10°C and 400 ml of cold, saturated oxalic

acid was added. The chilled slurry was stirred for 10

then filtered. The cake was transferred to a crucible

to U308, which was then dissolved and re-counted. The

minutes and

for conversion

cycle was re-

peated twice more, duplicated on a “cold” solution, and uranium yield

data taken on the “hot’U308, as in the previous experiment. The re-

sults are given in Table 7.

*The uranyl oxalate precipitation conditions necessary to achieve

maximum uranium yield were based on unpublished work by J. P. Bertino.

-18-
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F. Investigation of the Presence of Radio-Colloids in Water Boiler

Solution.

-20

s

During a discussion of the problem with Dr. G. K. Rollefson*, he

suggested that some isotopes may exist in water boiler solution as

negative radio-colloidswhich would continually be carried down with

the uranium precipitates. He further suggested that, if present, they

might be removed by the addition of positive colloids such as Ti02,

ZrOz, or CeOz in a filtration step. Accordingly, the following experi-

ments were tried:

1. Four 200 ml.solutions of dilute HN09 containing 0.5 mC each

of water boiler solution were aliquotted for $ and y activity. The pH

of the solutions was then adjusted to 3.0, 2.0, 1.0, and 0, respec-

tively, by adding dilute N~OH. After being allowed to stand at room

temperature for at least 22 hours, each solution was slurried with 20

gins.of finely divided Ti02. The supernatantwas filtered off and the

procedure repeated twice with 100 ml portions of acidified wash water

at the same pH. The filtrate and washings were combined, aliquotted,

and re-counted for p and T activity. The results may be found in

Table 8.

2. A single 200 ml dilute Hl@ solution containing 0.5 ti of

water boiler solution was made up and aliquotted for ~ and y counting.

*Consultant to the Chemistry-MetallurgyDivision.
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About 1/4 gm. of sodium silicate was added to the solution, Wd the pH

was adjusted to 3.5. At the end of 24 hours, a small amount of silica

had precipitated. The solution was then filtered through a 3/8” damp

cake of Ti02 on a 150 ml fine, sintered glass funnel, followed by two

100 ml portions of wash water at pH 3.0. The filtrate and washings

were recounted for B and y activity. These results are also given in

Table 8.

TASLE 8

P Results

Standing Starting Soln.
~. ~ Time, hrs. Activity, c/m

F-l-a 3.0 22 8.52x 107

F-l-b 2.0 23 8.26 X 107

F-l-c 1.0 41 8.38x 107

F-l-d O 44 8.65 X107

F-2 3.5 24 8.60X 10’7

y Results

F-l-a (as above) 1.03 x 106

F-l-b 9.52 X 105

F-l-c 9.44 x 105

F-l-d 9.22x 105

F-2 6.62 x 105

Filtrate
Activity, c/m

7.85 X 107

8.15 X107

7.86 x 10’7

8.18X 107

8.23 x 107

Decontami-
nation
Factor

1.09

1.01

1.07

1.06

1.04

7.63 X 105 1.35

4.1OX 105 2.32

3.40 x 105 2.77

3.45 x 105 2.67

5.80 x 105 1.14

-21-
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Iv - Discussion and Conclusions

Experiment A showed that the decontamination of uranium with

respect to-the ~ activity in fission products is dependent upon the

pH at which the peroxide reaction is carried out. This is clearly

shown by the curve in Figure 3. However, it is known from a study of the

uranium peroxide precipitation reaction (Report LA-1089) that pH 1.0 is

the highest acidity at which the precipitate can be conveniently han-

dled. It may be assumed, then, that a p decontaminationfactor of 10

(per cycle) is maximum for the reaction. This value is not unprofit-

ably small if it could be repeated during subsequent cycles. This iS

not the case, as Em. D showed. Here, a constant factor was not ob-

tained during three successive precipitations at pH 1.0 at any activity

level. Furthermore, the reaction provided for virtually no decontami-

nation from y activity.

The decontaminationefficiency of the peroxide precipitation was

not improved by the use of hold-back carriers. The factors obtained

in Exp. C were negligible. At this point it was concluded that the

uranium peroxide precipitation reaction had no decontamination value,

and further experimental work was abandoned.

With respect to the uranyl oxalate precipitation reaction, the

results of Exp. B were so encouraging that a systenmtic study of de-

contamination from various activity levels was

(Exp. D). By referring to Table 5, it is seen

immediately undertaken

that decontamination was
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obtained to below the level of an equal quantity

(Also see the Sample Calculations for the 0.5 mC

y decontaminationwas not as successful as total

I

of normal uranium.

level, page 7.) Total

B reduction, but was

of the same order of magnitude.

In Exp. E it was found that the oxalate reaction was several times

less effective on solutions containing activity from pile dissolver

solution. The reason for this is not known, although two suggestions

for the difference in results have been offered: (1) that pile dis-

solver solution, being less pure than Los Alamos water boiler solution,

contained some colloidal silica which carried activity along with the

precipitated uranium, and (2) that the concentrations of the various

active isotopes differed slightly between the two activity sources, so

that, due to the individual decontaminationcharacteristicsafforded

each species by the reaction, the total factors were also different.

The decrease in total factors for Exp. E-2 as compared to Exp. E-1 is

more easily accounted for. In the case of high uranium yield, the

percentage separation of filtrate from cake is considerably less per

cycle than for the so-called “normal” uranium yield for the uranyl

oxalate reaction. If suitable calculations were mde to correct for

this difference, the factors from Exp. E-2 and Exp. E-1 would probably

compare very favorably. Such calculations are not presented here be-

cause the necessary data were not taken.

Radio-colloids do not

in water boiler solution.

appear to exist to any appreciable extent

The results of Exp. F showed essentially
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no decrease in total p activity after attempted removal of such col-

loids, although total y activity was reducedby a factor of 2-3. This

reduction is not worth the effort as compared to 104 obtained directly

by precipitation. Pile dissolver solution was not tested for the

presence of colloids.
●
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