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ABSTRACT

A study has been made of

by means of a llbasicacetate?l

oxidized to F’u02++with KMn04

addition of smmonium acetate.

the separation of plutonium from hn

precipitation. The plutonium was

and the iron precipitated by the

The following results were obtained:

1.

2.

3.

4.

96 - 9@ of the plutonium may be separated from the

iron by the acetate method if acetate is >1.9 ~ and the

plutonium is oxidized to the VI state.

The carrying of PU02++ by the iron precipitate is

primarfiy a function of acetate concentration.

No dtiference in the carrytig of Fu02++ by the iron pre-

cipitate was noted when Fe was present initially h the

concentration range .005 1%-.1 ~.

U02++ acts effectively as a holdback carrier for plutonium

when plutonium is present in tracer quantities. The effect

is negligible for macro concentrations of plutonium.
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REMOVAL OF IRON FROM PLUTONIUM SOLUTION
BY BASIC ACETATE PRECIPITATION

I. Introduction:

One of the problems in the recovery and purification of pluton-

ium from plant by-products is the removsl of iron.

lies in the high standards of the iron removsl step

that the iron waste solution shall not contain more

of plutonium~ The usual means of precipitating

ing tion in solution are not acceptable because

remafis behind in the iron waste fraction.

The difficulty

which requires

than 1 X 10-5 gpl

plutonium and leav-

too much plutonium

A possible method of precipitating iron without carrying

plutonium was suggested in CN 2449by Beaufait, Stevenson end

Rollefson. The process consists of okidizing plutonium to the VI

state and precipitating colloidal ferric hydroxide in the presence

of acetate and uranyl ions. It was reported that less than 2% of the I,‘

plutonium was carried by the iron under these conditions.

The present work was undertaken in an effort to decrease the

amount of plutonium carried and to determine the applicability of

the process to plant scale operation in recovery work.

uNc\As5\f\ED
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II. Experimental:

Experiments were

general procedure was

performed on a 100 ml

used in all runs:

1. Initial Conditions - The plutonium

concentrationsvarytig from 1 x 10-4 gpl to

present ae Fe 111 at concentrationsranging

scale. The following

was present as Pu IV at

0.2 gpl. The iron was

from 0.3 gpl to 6.o gpl.

Except for the presence of U02++ in some runs, no other metals were

present. The initial acidity varied from 0.1 HN03 to 1.0 N HN03.

2. Oxidation Step - 0.52 M Ibfn04(standardized)was added to

the initial solution to a final.concentration of .05 M

least two hours were snowed for oxidation of Pu IV to

temperature. The oxidation state of the plutonium was

spectrophotometricanalysis after oxidation.

~04. At

Pu VI at room

checked by

3c Precipitation Step - Fe (OH)3+:was precipitated by the

addition of NH40H or NH4 acetate. The procedure is given in the

tables. In those cases where NH4AC was used, a calculated smount

was added to bring the pH to the desired value and the solution was

then heated at 75°Cfor 30 - 120 minutes until precipitation was

complete.

‘For simplicity Fe(OH)3 is used to designate hydrous ferric oxide,
colloidal ferric hydroxide or basic ferric acetate.

e
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4. Ffl-traticmad Dissolutionof the Fe (OH)Q- MnO~ Precipi-:

tate - After precipitation and digestion, the slurry, con-

sisting chiefly of Fe (OH)3 and Mn02, was collected on No. 4.2filter

paper and washed with 100 ml of .1% NH40H. The ffltrate and wash

solutions were analyzed for both plutonium and iron. The fflter

cake was leached with a 1 N HN03, 0.2 N H2S04 solution and then

dissolved completely in a H202 -HN03 solution.

The leach solution was analyzed spectrophotometricallyfor

the plutonium oxidation state if the plutonium concentration was

sufficiently high (> .02 gpl Pu VI) and then combined with

dissolving solution. The plutonium and iron concentrations

determined in the combined solution.

the

were

Effect of Acetate Concentration on the Carrying of PuO~++ by Ferricm

Hydroxide

Table I summarizes the dependence of PU02* carrying by ferric

hydroxide on acetate concentration. Experiments 1 and 4 were done

h triplicate, the other experiments b duplicate. The arithmetical

mean and the average deviation of the arithmetical mean are given in

the ~lPrecipitatel!column. The results show that as the acetate

concentration is &creased, the carrying of PU02++ diminishes until

a rein- value of 2.1% is reached at a 6 M NH4Ac concentration.

The volubility of the iron precipitate increases with increasing

acetate concentration.

7
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Table I

EFFECT OF ACETATE CONCFfiTRATIONON THE
CARRYING OF Pu02++ BY FERRIC HYDROXIDE

Initial Conditions . . . . Pu IV 0.2 gpl

Fe III 3.0 gpl (Expt’s 1-3)

5.6@ (Exptls 4-6)

HN03 0.1 N

Oxidation . . . . . . . . 0.05 M KMn04, room temperature, 2 hours

Precipitation . . . . . . NH4Ac added as indicated in table, a

calculated amount of NH40H or HN03 added to make PH 5.3.

Solution heated for 1 - 2 hours at 75°C after acetate addition.

experiment
No.

1

2

3

4

5

6

I Percent of Fe an
W

Oxidation Stat;
)itate1 of Plutonium

Pu-~ carried b
fPrecipitate 2)-

99.9 (~o.o) Pu VI

‘* wNH4Ac Cone.

.
0 99.8(*0.0)

0.014 100.O(*oel)

0.14 100.0(~o.2)

1.86 99.2(~0.1)

4.0 94.3(*0.2)

6.0 95.0(*0.1)

99.7(*0.1)

79.4(*0.4)

3.5 (*0.6)

4.0 (moo)

2.1 (*002)

Pu VI

Pu VI

--

.

(1)l!hepercents listed h this and all subsequent tables are the
perc&t of the initial plutonium or iron ~arried by the precipi..
tateo

(2)Oxidation states were determined in the leach solutions.

$’
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Rffect cf Irm Concentration on the Carrying of PU02++ b&Ferric—.

Hydroxide

In the plant byproducts frol:lwhich Pu might be recovered, the

plutonium concentrationwill be fairly constant, 0.1 to 0.2 gpl.

The tion concentrations,however, wfll vary considerably (1 gpl to

25 gpl). It is, therefore, desirable to know the extent to which

the initial iron concentration affects the carrying of PU02++.

Table II shows that in the iron concentration range .279 gpl (.005 M)

to 5.59 gpl (.1 M), no significant difference is noted in the carry-

ing of PU02++.

*
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Table II

EFFECT OF IRON CONCENTRATION ON THE
CARRYING OF Pu02+* BY FERRIC HYDROXIDE

lhitial Conditions . . . . .

Oxidation. . . . . . . . .

Precipitation . . . . . . .

PUIV 0.196gpl

HN03 0.1N

U present as UO~++

G.05 MKMn04, room temperature, 2 hours

~4Ac concentration as tabulated, HN03

added in experiments 1 and 2, pH of all filtrates 5.3

,

Experiment Fe Cone.
No. J@

1 0.279

2 2.79

3 5.59

4 5959

FU Cone. NH Ac

-W k

8.20 1.98

8.20 I 1.9S

8.20 1.98

0 1,86

10

.

98.9 I 2.5

99.1 I 2.5

99.4 I 3.0

99.6 300

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.

.

.

.

,

Effect of U02++ on the Carr@ng of Pu02* by Fe(OH)~

h CN-2449, the authors describe the precipitation of colloidal

ferric hydroxide with ammonium acetate h the presence of Pu02++

snd U02**. Only 2% of the plutonium was carried by the precipitate.

Their data suggest that U02* might serve as a holdback for PU02++”.

The expe@nents tabulated in Table III were done in an effort to

duplicate the.results of CN-2449 and determine the holdback effect

of U02++ for tracer and macro concentrations of plutonium. It will

be noted that for tracer concentrationsof plutonium (Experiments1

and 2), U02‘+ has a marked effect on the carrying of Pu02*.
For

macro concentrationsof plutonium, however, the holdback effect of

U02* is insignificant l$xperiments1 and 2 were done h duplicate;

experiments 3 and 4 in triplicate.

XL
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Tabl~ III

EFFE(jTOF UO t+ ON THE CARRYING
2OF Pu02 + BY Fe(OH)3

Initial Conditions . . . . . . HN03 0.1 N

U present as U02++

Oxidation . . . . . . . . . . 0.05 M KMn04, room temperature, 2 hrs.

Precipitation . . . . . . . . NH4Ac cone. as tabulated, pH 5.3

INITIAL CONDITIONS Percent of original
Expft. U Conco Pu Conco Fe Cone. NH Ac

k
Feand Puin

No. gpl Rpl gpl Preci itate

1 0 1.68 x10-4 .278
● 54 98:;(=00o 24? ~ .1

2 . 8.20 1068 X10-4 .278
● 54 98.9(*0.0) 7.8(*1.1)

3 0 .196 5.58 1.86 99.2(*0.1) 3.5(~0.6)

4 8.20 .196 5.58 1.98 99.4(*0.2) 3.9(*0.6)
“ ‘y%!

12
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111. Discussion:

Although the basic

separation of iron from

advantages:

acetate precipitation

plutonium, it has the

of iron affords

following dis-

a gross

1. A mjnhum of three precipitations and two dissolving would

be required to achieve filtrates containing <10-5 gpl Pu.

2. The precipitate is difficult to filter. It filters at

about one quarter the rate of a corresponding concentration

of ferric hydroxide precipitate.

The use of oxidizing agents other than KMfn04has been suggested

as a possible means of improving the plutonium-iron separation. It

is believed that such a study would be fruitless

following factors:

1.

2.

3.

Table I shows that it is actually Pu VI

because of the

which is carried.

No evidence of lower oxidation states was observed in the

leach solutions.

(~4)$208 (.075 M) with Ag+ Catalyst (.004 M} was used as

an oxidizing agent in some preliminary e~eriments but gave

poorer results than .05 MKMn04.

Beaufait, Stevenson and Rollefson report in CN-2449 that

KMn04 is superior to Na2Cr207 as an oxidizing agent in the

acetate process and recommend the use of KM04.

0
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In view of the above disadvantages, it does not seem likely that

a practical application of the acetate process can be developed as

part of a recovery flowsheet.

-,
4
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