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THE QUANTLTATIVE RECOVERY
OF PLUTONIUM FROM
LABORATORY RESIDUES

INTRODUCTION

The production and fabrication of plutonium metal involves many
carefully controlled steps. As with any large scale industrial
operation, plutonium production requires control analysis to insure a
uniform product which will meet purity specifications, Discard of
sample residues from these analyses cannot be considered because
plutonium is a very valuable substance and in addition is extrenely
toxic to animal 1ife. The residues must el ther be saved in storage
indefinitely or the plutonium must be recovered from the residues.

Saving analytical residues for the reasons cited has posed prob-
lems. (These analytical residues are popularly referred to as
"wagtes", and in the text to follow, the term "waste(s)" will refer
to material containing plutonium vwhich results from gnalyses on plu-
tonium bearing substances carried out in the 234-5 Building at
Hanford Works.) Over the first 18 months of operation, the labora-
tory wastes whose compositions prohibited feedback into process
streams were accumulated in 4-liter bottles and held in storage. At
the end of that period 43 bottlefuls were on hand as wastes of nine
different general impurity compositions. The plutonium content of

the wastes exceeded 1100 grams.
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At this point indefinite storage was considered no longer prac-
tical. Accidental breakage of the storage containers by personnel
error, fire, or act of God would have resulted in extensive high
level contamination to the laboratory, which could have unfitted the
surroundings for further use, Hazard was also inherent in the eriti-
cality implications of buildup of large amounts of fissionable mate-
rial, Considering the situation economically, over a kilogram of
plutonium was being diverted from the pumoses of its very costly
produc tion and, in addition, laboratory working space (hoods) had to
be sacrificed to non-productive waste storage.

The obvious solution to the problems outlined was to recover the
olutonium in a2 form suitable for process feedstock. Several objec-
tives had to be met in order to solve the problem effectively.

Because many different waste compositions existed, it was likely
that seversl different procedures would be required to recover the
plutonium from all of the wastes, especially when one considers that
new compositions arise and old ones fall as new analytical methods
replace old methods. An equipment design which would accommodate a
variety of recovery procedures thus became one objective,

In order to solve the storage problem, it was necessary to use
separation processes which were efficient enough far plutonium re-
moval that effluent fractions could be economically discarded.
Althoagh recycle of effluents from less efficient plutonium separa-

tion processes is possible, the desirability of warking with small
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volumes was considered importent enough to seek to avoid processes
which might require reworking effluent streams.

The only space available for carrying out the recovery work was
in open laboratory hoods so that whatever recovery processes and
equipment were developed had to be safe to use in open hoods, handl-
ing multiple gram batches of plutonium, Although it was desired to
develop an equipment design capable of accommodating a variety of re-
covery processes, space limitations in the open hoods required the
equipment to be simple,

Contamination of persomnel with plutonium-bearing materials is
an ever present concern in any laboratory handling plutonium and its
compounds., To indicate the toxicity of Pu?39 the following recom-—
mendation is quoted from the Internatiormal Commission on Radiological
Protection (8, p. 436):

"On the basis of the relative biological effects of plutonium
and radium, as observed in animal experiments, it is accepted
that 3
a) The maximum permissible amount of Pu239 fixed

in the body is 0.04 microcuries (equivalent to

0.64 micrograms),
For soluble compounds of plutonium in the atmosphere, it is
estimated that 109 of the inhaled material is absorbed, with
a mean life of 10% days, The maximum permissible concentration
in air is, therefore 2 x 1012 microcuries per cubic centimeter.
For insoluble compounds, it is estimated that the mean life in
the lung is 200 days., If the irradiation of the lungs by alpha
rays were limited to the biological equivalent of 0,3 roentgens
per week, the carresponding concentration of plutonium in air
would be 7.5 x 10-12 microcuries per cubic centimeter. In view
of the possibility of the transference of some of the insoluble
material from the lungs to the skeleton, it is suggested that:

b) The maximum permiﬁible concentrati on of Pu?39
in air is 2 x 107 microcuries per cubic
centimeter for soluble and insoluble compounds.



¢) For Pu?39 in liquid media, assuming that 0.1%
of the ingested amount is retained in the
skeleton with a mean life of 10% days, the %
maximum permissible concentration is 1.5 x 10
microcuries per cubic centimeter."

Usually the quantity of plutonium being manipulated in open
hoods will be from 1 to 100 or 200 milligrams. Occasionally, quanti-
ties up to 1 gram are handled if very simple manipula tions are to be
carried out. As our requirement here was to handle multiple gram
quantities of plutonium, simplicity of equipment was doubly desirable
so as to confine contamination to as few places as possible.

It would thus seem that the objectives for efficient solution of
the waste recovery problem could be best met by developing a simple
apparatus which would be safe to use in open hood operation and which

woald have multiple gram capacity for a variety of plutonium separa-

tion processes,
HISTORICAL BACKGROUND

Plutonium recovery situations have been met before, but examina-
tion will show these situations to be different from the Hanford
Works analytical waste recovery program.

During the early days of the Manhattan Project many researca
projects had plutonium to purify (4, pp. 3, 11-12). Only milligram
amounts were involved, and the plutonium concentrations of the solu-
tions were low., The total volume of solution to be processed could

be handled in centrifuge cones and separatory funnels. The workers



were interested in recovering the last microgram of product from
their residues, and they wanted as high purity as possible., Our

ana lytical waste recovery situation to be outlined differed from this
situation in every respect.

Los Alamos Scientifie Laboratories had plutonium recovery prob-
lems (15, pp. 2-3) (18, p. 170) but one group did all the recovery
work for production and research as well as for analytical support.
This meant that a large expenditure for facilities and equipment was
possible because of the size of the job to be done. The plutonium
recovered between April and September, 1945 amounted to 7623 grams;
the analytical wastes accounted for only 178 grams of this amount
(5, pe 38). Large scale equipment, using either stainless steel, or
glass lined tanks, filter presses, and piping to make a closed system,
was feasible (18, pp. 214-215). Thus, the recovery equipment was
much like a production line itself, The final solution had to be of
very high purity because the solution was used directly for metal
production,.

Recovery of Hanford Works amalytical wastes entailed considera-
tions which were different from the cases noted above., Capacity was
required to recover about 200 grams of plutonium per month from about
30 liters of plutonium solutions in order to process the solutions
_ as they accumulated, A wide range of plutonium concentrations in the
solutions was to be met - approximately half the 30 liters contained

5 to 25 grams of plutonium per liter and half contained less than 1
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gram of plutonium per liter. The effluents from recovery processes
were to contain only small amounts of plutonium so that they could be
discarded.

The analytical waste recovery program at Hanford Works was seen
then to be a larger scale problem than early investigators of plu-
tonium chemistry faced., At the other extreme, expensive processing
facilities were not justified. The analytical waste recovery is seen
to fall between production experience and research experience regard-
ing equipment to be used and amount of plutonium to recover. Since
the operations were to be carried out in laboratory hoods, limita-
tions were placed on the size and neontamination-proofness" of the
equipment.

In deciding what sorts of recovery methods to develop, dry
chemical methods were passed over as being too hazardous to the
health of personnel for use with open hood operation. This also
avoided high temperatures which require extra apparatus. It was felt
that not enough data were available to try to set up such separation
methods as solvent extraction or ion exchange as a general case for
the various waste compositions at hand., Thus recovery by precipita-
tion methods looked most promising and is discussed in the next

section,



EXPERIMENTAL

1. Possibility of Recovery by Precipitation

The plutonium to be recovered in this study was associated with
a variety of solution compositions, each of which generally resulted
from a different analytical determimation. Portions of each kind of
plutonium solution composition were collected and stored only with
other portions of its own kind, This svcided the risk of unduly com-
plicating the recovery oroblem.

A tabolation of the various solution types which had accumulated
up to July 15, 1952, is presented as Table I. The "theoretlcal plu-
tonium content® is merely the summation of the welghts of metal
samples taken for the analyses from which the plutonium solutions
were cmllected, The relationship of this figure to the actual plu-
tonium contavt of the solutions is discussed elsewhere,

The estimation of the amount of any given constituent in a par-
ticular type of solution was made assuming the only sairce of the
constituent to be from the reagents used during the course of an
analysis sad the total amount of plutonium present. This rather
rough consideration is the basis of the composltion data given in the
table except for experimental determinati on of the composition of
Type H solutions, the total acid of Type A and Type G solutions, and

the plutonium content of Type D scluticns.



Solution Theoretical Solution

Type Pu Content
(Grams)

A 725
B 8
C 190
D "

E 285
F 724
G 760
H 273
i 195
J 54

Volume

(Liters)
70

28

36
100

15
24
19
17

35
20

TABLE 1

WASTE SOLUTIONS ACCUMULATED
UP_TO JULY 15, 1952

Qualitative Solution Composition

24 in HC104; contains 2 1 of concentrated HpSO,-Na,Cr,0n cleaning
solution.

1M in H' as €17, SO 45 mixture; contains 25 g Sn and 30 g (NH 4);2
o0
FAS

1.5¥ in H as C17, 80,= mixture; contains 85 g Ce and 1 g Ti.

Contains 400 g HCl, 500 g HOAc, 1400 g NaOAc, 70 g 8-
hydroxyquinoline,

2{ in HCl; contains 250 g Hg and 100 g Ni.
24 in HCl; contains acetone.
24 in HCl; contains methanol and traces of Ca.

6 in H' as C17, NO5~, S0, mixture; contains 30 g Na, 5 g Fe,
1gCe, 1¢gla,

2M in HCl; contains plutonium cupferride and its decomposition
products.

1M in HCl; contains 10 g hydroquinone.



TABLE I (CONT'D)

Solution Theoretical Solution
Type Pu Content Volume

(Grams) (Liters) Qualitative Solution Composition
K 13 4 A mixture of 3 1 Type B, 400 ml Type E, and 200 ml Type G
solutions,
L - 7 Unknown; collected from numerous sources; expected to contain wide

range of impurity and to be low in plutonium content.

Totals*

3227 375

#Credit received for 2379 g returned to process streams up to July 15, 1952.
482 1 of effluents from recovery processes containing 2,034 g were discarded
during this period,
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Examination of Table I shows that approximately 3/4 of the plu-
tonium to be recovered was present in solution Types A, E, F, and G.
The plutonium in these solutions was to be separated from chromium,
sodium, nickel, mercury, calcium, chloride, and perchlorate and
jsolated as a plutonium nitrate solution, the preferred Separations
Process feedstock.

Precipitation methods had much to offer the problem as ocutlined,
With a variety of soluticn compositions to be accommodated, precipi-
tation has the possibility of being made specific for plutonium in
each case by choice of precipitant and precipitation conditions. That
the range of this choice is wide can be seen from Table II, where
solubility data on a variety of plutonium compounds suitable for pre-
cipitation is given. Precipitation involves solution chemistry
which is preferable to dry chemistry for reasons of health hazard,
Precipitation is a batch process, and the operations can be as
simple as mixing the plutonium solution and precipitant together,
letting the plutonium compound settle out, draining off the
supernatant liquid, and dissolving the recovered product cake,

Two compounds listed in Table IT, sodium plutonium dioxytri-
acetate and plutonium (IV) peroxide, are specific for plutonium and
are capable of mroviding one step separation of plutonium from
chromium, sodium, nickel, mercury, calcium, chloride, and perchlorate,
These two compounds could furnish one step separation of plutonium
from Type A, B, C, E, F, G, and H solutions but there are disadvan-

tages to the use of either of these compbunds. The most troublesome



Compound
Pu(103)4

TABLE 1T

SOME COMPOUNDS SUITABLE FOR PLUTONIUM PRECTIPITATION

B

Solubility at 25°C Pu/l

2 in 1M HNOj + 0,154 I04

3 in 3 HNO, + 0.15M 105

Solubility

Reference

by Pe 3

Particular Advantages and/or
Disadvantages Offered

1.
2.
3.
Lo

Solubility is very low even in 3Y HNGB.
Filtration characteristics excellent.
Not very specific for Pu.

Dissolution produces I, or 1.

10 in 1.58 HC1 + 0.35M HF

19, Pe 910

1.
2.
3.

4o

Filtration characteristics are good.
Solubility is somewhat high.
Supernatant solution is corrosive to
glassware.

Dissolution is difficult.

5 in 38 HF + O.5M KF

5 in 2M HF + KF/Pu (moles)
of 4/1

19, p. 775

1.
2.
3.

e
Se

Solubility is low,

Filtration characteristics are good.
Supernatant solution is corrosive to
glassware.

Dissolution is difficult,

Introduces K into recovered solution.

?32(3204)3

6 in 0.22M H+ 0,148 HyC50,

20 in 0,75M HNO3+ 0,25
HyC20,

3, P« 71

1.
2e

Solubilities are high, especially at
higher acidities.
Not very specific for Pu.




TABLE II (CONT'D)

Compound* Solubility at 25°C (mg Pu/l) Solubility Particular Advantages and/or
Reference Disadvantages Offered
Pu(C20,)5 11 in 0.5M HNO5 + 0.05M 14, p. 8 1. Solubilities are high, especially at
H26204 higher acidities.
15 in 2,04 HN03-+ 0.05M 2, Not very specific for Pu.
Habig¥y
PuP0, 20 in 0,1M HC1 + 0,8 H'3P04 14, p. 6 1. Solubilities are high, especially at
higher acidities.
210 in 0,54 HC1 + 0.8M H3PO, 2. Not very specific for Pu.
Pu(HPDA)2 18 in 0.1 H2804—+ 0.84 H3PO, 3, P« 79 1. Solubilities are high, especially at
higher acidities.
8l in 0.5 HpS0, + 0.8Y H3PO, 2. Not very specific for Pu.
KAPu(SOA)4 21 in 0,334 K2504-+ 12% 19, p. 725 1. Filtration characteristics are good.
CHBGH (vol) 2. Dissolution is very easily
accomplished.
3. Solubility is somewhat high.
4. Introduces K into recovered solution.
HaPu02(02H362)3 70 in 5,7M NaNO,, O.2M 75 Pe 23 1. Very specific for Pu and U
NaCoH405 + 0.6% H02H302 2. Filtration characteristics are good.
3. Solubility is high.
280 in 2,1Y NaNO5, 0.2M 4. Introduces Na into recovered solution.
KaCZHBOZ-r 0,6M H023302 5, Requires oxidation to Pu (VI) before

precipitation.




Compounds#

Solubility at 25°C (mg Pu/l) Solubility

Reference

TABLE IT (CONT'D)

Particular Advantages and/or

Disadvantages Offered

Pu (IV)
Hydroxide

0,02 at pH 5.4

1 in 110 NaOH or NH,OH

9s Pe 13

1.
2.

3.

Solubility is very low,

Introduces no unwanted ions into
final solution - anion is the
operator's choice,

Dissolution is very easily accom-
plished,

Not very specific for Pu - note, how-
ever, that Pu is not amphoteric and
does not form ammono complexes,
Piltration characteristics are poor,

Pu (IV)
Peroxide

50 after 1 hour in 1M HNO,at
20°C with 10% excess Hgo05

20 after 24 hours in 1M HEO
at 0°C with 10% excess Ho0

3, pe 33

Very specific for Pu.

Introduces no unwanted ions into
final solution.

Solubility is high.

Requires control over rate of dis-
solution,

Barium
Plutonate

10 in 0.1M Ba(0H),

13, p. 8

Introduces Ba into recovered
solution,

Not very specific for Pu.

Requires oxidation to Pu(VI) before
precipitation,

Pu
Trichloracetate 100 in lg‘(CCIB)CGGH

2, Pe 2

2,

821t is soluble in some immiscible
organic solvents.

Solubility is high - may be lower at
other conditl ons,

#Formula does not include or exclude substances such as water of crystallization,

€T



14
factor is their high solubilities., In the case of sodium plutonium
dioxytriacetate the introduction of sodium and acetate is undesirable.
The possibility of reworking the plutonium-rich filtrates exists, but
this is in turn a complicating factor snd is undesirable.

If the requirement for a one-step separation is relaxed in the
case of Type E solutions and separation of the trace of calecium is
neglected in Type G solutions, the recovery of Type A, E, F, and G
solutions could conveniently proceed by way of a hydroxide cycle,
Chromium (III) hydroxide is the only material in Type A solutions
which would precipitate along with plutonium (IV) hydroxide if the
solutions were made basic, Chromium is amphoteric and could be re-
dissolved by using an excess of strong base, Type E solutions, after
preliminary treatment with hydrogen sulfide to remove mercury, would
result in precipitates of plutonium (IV) hydroxide and nickel (II)
hydroxide upon being made basic, If ammonium hydroxide were used and
added to excess, the nickel (II) hydroxide would redissolve as an
ammonia complex. Type F and G solutions do not contain any impuri=-
ties which are insoluble in basic solution except a trace of calcium
in Type F.

The condition of using a hydroxide cycle with excess strong base
is also seen to meet the recovery requirement of Type B solution
where all impurities except tin are soluble, Tin is amphoteric and
would redissolve under the conditions,.

Application of a hydroxide cycle to Type D solutions would

eliminate a large part of the storage requirement by concentrating
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the plutonium 8-hydroxyquinolate into a ruch smaller volume than 100
liters. Upon making Type D solutions basic, the complex would pre~
cipitate and the cake could subsequently be redissolved in a small
volume of nitric acid.

In summary, a hydroxide cycle used with the various conditions
mentioned is seen to be applicable, at least "on paper" to recovery
of 75% of the plutonium which was accumulated by July 15, 1952. The
storage space occupied by the recoverable 75% of the plutonium
amounted to 70% of the total storage space requirement., As for the
plutonium remaining in the solution types not discussed, it wes felt
that the general nature of precipitation as a separation means would
allow other precipitation applications to be worked out for those
cases, and that whatever equipment was devised for carrying out
hydroxide cycles would find ready usage for making those other pre-
cipitation separations. |

Equipment requirements foar a hydroxide recovery scheme were
expected to be simple, A system was visualized which consisted of a
tube having a bulb in it with a porous glass disc sealed across the
tube at the bottom of the bulb, Using vacuum transfer, solutions
could be drawn into the bulb through the fritted disc., After pre-
cipitation had occurred within the bulb, reversing the vacuum would
transfer the supernatant liquid back out through the fritted disc
while the precipitated plutonium compound would be retained within

the bulb, Experience with vacuum transfer of plutonium solutions
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indicated that this method of transferring plutonium solutions into the
system would be safe against contamination hazards for open hood
operation of the system.

Small units were d esigned around this basic idea and were fab-
ricated in the project glass shop. By running samples of the
plutonium solutions through the propcsed cycles in these small units,
information concerning the applicability of both the recovery scheme

and the equipment was obtained.

2, Critical lass Considerations

Any system which ope rates with large amounts of fissionable
materials must be considered on the basis of eriticality implications.
The amount of plutonium which had to be stored during the waste re-
covery program exceeded the critical mass, as determined by F. E.
Krusei (11, pp. 1-85), for some sets of conditions which could have
resulted had no thought been given to non—critical arrangement of the
stored plutonium solutions, Krusei's extensive studies investigated
how the eriticel mass o plutonium in squeous solutions varies with
extraneous materials content of the solution, plutonium concentra-
tion, isotopic composition of the plutonium temperature, water
tamping, dimensions and geometric shape of the containing vessel, and
the material and construction of the vessel.

As concerns geometric shape of a system containing plutonium,

neutron losses from an aqueous solution are minimized by holding small
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surface to volume ratios provided the volume is above a minimum size.
If the volume is below a minimum size, the system cannot be made
eritical regardless of the plutonium content (in solution) because of
neutron leakage. These values as given by Krusei are: (11, p. 58)

"A maximum safe tamped cylindrical diameter of 6 inches is indi-

cated, The maximum safe thickness of 2,8 inches is found for an

infinite tamped slab, The maximum safe volume of a moderated
fuel solution is 5.8 liters, containable in an 8.8 inch diameter
thin steel sphere.”

"Tamping" is the term applied to the result of surrounding &
neutron source with a material which will reflect some of the escap-
ing neutrons back into the sairce. If water is the tamper, an
effectively infinite tamper results from a layer 12 inches thick
(11, p. 19).

From this there was clearly no possibility in being able to add
enough plutonium in solution to the 5 liter reactor which was used
for this study or to any one 4 liter bottle to make a critical system.
The situation to guard against was that neutron interac tion between
suberitical bottlefuls of plutonium‘solution did not result in a
critically assembled system, In order to guard against such pos-
sibilities a storage pattern was worked out which would accommodate
up to 2800 grams of plutonium in 60 four-liter Pyrex bottles. This
storage arrengement is diagramed in the accompanying ?igure b 1
Figure 2 is a photograph of a quarter of the storage area, Approval

of the storage arrangement by the critical mass experts of Hanford
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Works (10, pp. 1-2) was contingent on several conditions. Possibility
that the storage hoods might be flooded with water had to be excluded
because of the moderating and tamping effect a layer of water would
have, Even tanks of water in rooms directly above or below the
storage arsa were advised against, Calculations were based on a 8
inch slab thickness (the height of the bottles) so care had to be
taken not to inerease slab thickness in the storage area., This
would, of course, decrease the surface to volume ratio and thus make
conditions towards criticality more favorable, As an added pre-
caution, cadmium sheeting 0,020 inch thick was to be inserted between
each rank and file of bottles to serve as thermel neutron absorbers,

The position of the resctor with respect to the starage area was
in a plane 1 foot above and parallel to the plane of the storage area
and 3 1/2 feet from the nearest 400 gram location, The maximum batch
processed in the reactor is 300 grems of plutonium. Although the
reactor is under the maximum safe volume of 5.8 liters, and as such,
canmot within itself be made critical by a plutonium solution, the
300 grem limit is imposed to avold any possibility of disaster in
case of inadvertent double batching of two recovered solutions fol-
lowed by neutron interaction with other stored solutions or with

itself upon diultion to 25 liters for preparing process feedstocks
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3. _The Reactor

The reaction system for carrying out recovery work was designed
to be the simplest possible construction which would accommodate the
processing requirements. A minimum number of operating parts was
used because of the hazardous nature of plutonium. The equipment
consists of a reaction flask, a reactor spray trap, a condenser, a
distillate receiver, a filtrate receiver, and appropriate connections
for vacuum control, A schematic diagram is given in Figure 3.

Figure 4 is a photograph of the equipment as set up in a hood.

The reaction flask was made by sealing a Pyrex Buchner funnel
with a 90 mm, coarse fritted disc to the bottom of a five liter
flask., The neck of the flask is a standard taper, ground glass,
female joint to which the reactor spray trap is fitted, A detailed
drawing of the reaction flask is given in Figure 5.

Provision for heating the contents of tle reactor was made by
placing a heating mantle around the reaction flask. Since a mantle
of appropriate design and size was not available as a stock commer-
cial item, a special mantle was designed and made to order. The
special Glas-Col heating mantle is included in Figure 5. This design
employs two circuits in the bottom mantle so that independent adjust-
ment of the power input to different portions of the mantle is
possible. Volumes of solution as low as 500 milliliters can be
boiled without forming crusts of crystallized salts on the reactor

walls above the liquid level. The heating system can be utilized for
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boiling under total reflux as for digestion of difficulty soluble
solids, for distiilation steps as for eliminating excess acid, and
for metathesizing chloride solutions to nitrate solutions. Some-
times it is merely desired to warm a solution to aid an oxidation.
Electrical heating by means of mentles was found to meet these needs
without extensive auxiliary apparatus.

The reaction flask is placed in a guard bowl consisting of a 12
gallon carboy with the top removed, This protects the flask from
jnadvertent breakage., It would also serve to contain the flask
contents should the flask break.

Solutions are added to and removed from the reaction flask by
vacuum transfer. Stirring is accomplished by applying a vacuum to
the top of the flask and allowing air to enter the bottom through the
frit.

A contaminated mist is associated with the air leaving the
reaction flask during stirring, Since it is desirable to keep the
plutonium in the reaction flask, it must be removed from the air
stream, This is done by passing the air through the reactor spray
trap, which is fitted to the reaction flask by a standard taper male
joint, A detailed drawing of the spray trap is given in Figure 6.
It includes provision for directing the air through nozzles against
the several bulb walls, which action effectively removes the plu-
tonium from the effluent air., Drip holes at the base of the nozzles

allow liquid to flow back into the reaction flask. Visible amounts
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of liquid are present in the spray trap only when the centents of the
flask are heated, ‘

Next in series in the reaction system is a condenser which is
used for condensation of materials boiled out of the reactor, such as
acids, volatile organic materials, and iodine. These are caught in
the distillate receiver, a flask of three liters capacity,

The vacuum system is attached to the reaction system such that a
vacuum can be applied to the top of the flask while venting the
bottom to atmosphere, as during stirring; one can apply a vacuum to
the bottom of the flask venting the top as is done during filtration,
A fine control is included in the vacuum system to regulate flow
rates, Asbestos filters isolate the vacuum train from the reaction
system.

Entry into the reaction system for addition of plutonium golu-
tions, reagent solutions, and washes is very simple and in such a
manner as not to contaminate outside surfaces of the gquipment. It is
very important that contamination of exposed surfaces, particularly
on parts which must be handled, be controlled for reasms of health
hazard to personnel as indicated previocusly.

From Figure 3 it is seen that proper positioning of the vacuum
control panel stopcocks will vent the filtrate receiver to the atmos-
phere and draw a vacuum on the upper side of the glass fritted disc,
The pressure differential which is maintained between the reactor and
the atmosphere is ad justable by a hoseclamp operated vent on the

vacuum manifold at the control panel. This of course controls the
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rate of flow of air (or liquid) into the reactor.

To charge a plutonium solution into the system, one makes the
vacuum control settings just indicated, discomnects the inlet-outlet
line from the filtrate receiver at the spherical joint, temporarily
connects a disposable tip to the inlet-outlet line, and immerses the
disposable tip into the plutonium solution to be transferred., After
the desired volume of sclution has been transferred by vacuum through
the glass fritted disc into the reactor, withdrawal of the tip from
the waste solution allows alr to sweep the inlet-—outlet line and the
void below the glass fritted disc free of liquid., A small volume of
rinse added to the reactor in a like mamer completes a quantitative
transfer of waste solution into the reactor during which contamina-
tion of the exposed surfaces of the system have been confined to the
end of a spherical joint,

The precipitant is added to the reactor in the same manner as
the plutonium solution, After addition of a solution of the preci-
pitant to the reactor, air is continually drawn through the bottom
of the fritted disc, agitating the mixture to uniformity. The
reactor is essentially a closed system at this point with respect to
activity - the spray traps prevent loss in the air stream and the
active solids are retained by the glass fritted disc. The mother
liquor is filtered off by connecting the inlet-outlet line to the
filtrate receiver, venting the space above the reactar contents to
the atmosphere and drawing vacuum in the filtrate receiver by mani-

pulation of the vacuum panel stopcocks. The filtrate is active only
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to the slight extent of the solubility of the precipitated plutonium
compound, Washing of the precipitated cake is accomplished as neces-
sary by transferring wash liquid into the reactor, stirring, and
removing the wash liquid into the filtrate receiver, all during vhich
activity is confined to the reactor.

The plutonium precipitate is dissolved by an appropriate solvent
which is added to the reaction flask in the manner previously de-
soribed, The active solution resulting from dissolution of the
precipitated plutonium compound presents little contamination problem
upon removal from the system. As soon as the inle t-outlet line has
emptied of excess recovered solution, it should be disconnected from
the filtrate receiver and cleaned, lest the traces of recovered
solution wetting the inside of the line evaporate to dryness and
flake off particles of the plutonium compound into the air at a later
time., A small volume of fresh solvent taken into the reactor,
agitated, and removed to the main portion of recovered solution
accomplishes the cleaning.

The rather simple reaction equipment design is seen then to be
capeble of making the necessary solution transfers for processing in
such a manner as to avoid extensive contamination of exposed surfaces
of the equipment, Provision for mixing of the reactor contents after
precipitation and during washing and dissolution of produict cakes
and provision for separation of prodwt solids from effluent liquids
is furnished. These are provided for without guxiliary equipment by

having the vacuum transfer feature do double duty to provide air
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agitation for mixing and by having the glass fritted disec be an
integral part of the precipitation vessel. No access poris, or
mechanical parts such as stirring rods, propellers, or magnetic stir-
ring devices, are required for mixing. Yo auxiliary equipment is
needed for separation of the produet cake from the effluent,

While a1l of the essential functions have been provided for in
this simple apparatus design, it is a compromise on other features
which could be termed "convenient" for the purpose of the analytical
waste recovery program, One example of this lies in the fact that
the contents of the reactor cannot be sampled without first removing
the contents from the reactor, This does not result in particular
inconvenience in ordinary cases because of the possibility of calecu-
lating the composi tion of the reactor contents. Analytical resultis
are obtained for all solutions before adding them to the reactar and
account is kept of all rinses and reagent solutions added to the
system and all effluent solutions removed from the system, Thus,
information such as plutonium concentration or acidity of the
reactor contents can be caleulated at any time,

No provision is made for the possibility that the glass fritted
disc may at some time become plugged while a solution is in the
reactor except that the system can be opened at the standard taper
joint between the spray traps and the 5-liter bulb. Opening of the
system and removal of the active solution would be & hazardous under-

taking but this is unlikely to be necessary if a thorough knowledge
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of the characteristic composition and reactions of each solution type
is obtained beforehand from analytical data and from small scale
experiments in the 1/50 size reaction units to be subsequently de-
seribed,

No means to rapidly remove heat from a reaction mixture is
available in the pfesent equipment design., Thus, any reactions which
tend to go cut of bounds if not moled should not be run in this
system,

Small scale reaction equipment was designed and built for use in
evaluating proposed recovery schemes. The design was small so that
large amounts of plutonium need not be involved in testing ocut ideas,
yet large enough so that most of the proposed features of the full
scale apparatus could be duplicated, The ratio between both the
fritted disc areas and the reaction flasks of the two reactors is
1/50. A drawing showing the construction of a 1/50 size reactor is
given as Figure 7., The reactors are used in a 1/50 size reactinﬁ
unit such as is photographed for Figure 8. The unit is seen to
consist of:

A, A glass tube which is the point of entry into the system;

B. A glass fritted disc of spproximately 1 square centimeter
area;

C. A 100 milliliter bulb capable of being heated by means of
an electric heating mantle;

D. A condenser;

E and E. Vacuum filter flasks so connected to stopcocks by
tubing that either flask can be vented to atmosphere while
evacuating the other, or so that both can be vented to
atmosphere at once,



g HW-27401
—ye

I/50 SIZE REACTOR il ol

\\ A

SPHERICAL JOINT 18/9 SOCKET }
PYREX GLASS BULBS; 100 Y
MILLILITERS

HEATING MANTLE, FABRICATED
FROM RESISTANCE WIRE AND
ASBESTOS FIBER

FRITTED PYREX GLASS DISC
12 MM DIAMETER

(o]
s

FIGURE 7

SR

P N

RrAl ReQairiern



Enesy al HW 2740]

1/50 SIZE EACTION UNIT

RESTRICTED P—"’

S w»f“ﬁ"%wv

Figure. 8

DECLASSIFIED



34
4 Analytical Methods

This investigation required determination of plutonium at many
points to furnish such data as the plutonium content of the starting
material, the plutonium content of the effluent waste streams, and
the plutonium in the recovered product. Two general methods are avail-
able for plutonium assay. One depends upon the radioactive decay
rate of plutonium and is called a radioassay. The second method de-
pends on the quantitative axidation of Pu (III) to Pu (IV) by a
standard solution of an axidizing agent, such as Ce (IV). This
method is known as a chemical assay for plutanium,

The prineipal plutonium isotope produced in the Hanford piles is
Pu~239 with a half 1ife of 24,340 years, which decays by alpha
emission to U-235, The daughter is an alpha emitter of half life 8.9
x 108 years. The fact that the plutonium which we wish to determine
has a long half life which is still much shorter than its alpha
active daughter allows measurement of the activity of plutonium
solutions to be a simple measure of the plutonium concentration of
those solutions, The data required to make the determination are the
specific activity (the number of disintegrations per minute which are
associated with one gram of plutonium) and the number of disintegra-
tions per minute per unit volume which occur in the solution being
assayed, The specific activity, d/m/g, of plutonium cannot be

uniquely calculated from the half life of Pu-239 because of other
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plutonium isotopes. The specific activity of such mixtures depends
upon the relative amounts of the isotopes present which in turn varies
with the total neutron irradiation received by the uranium in the
pile.

The second most abundant isotope produced is Pu-240, an alpha
emitter of 6,000 years half life, As total neutron irradiation in-
creases, so does the ratio Pu-240/Pu-239. Thus it can be seen that
the longer a batch of uranium is irradiated in a pile, the higher will
be the specific activity of the plutonium finally isolated from the
uranium, It is not feasible to determine the isotopic composition of
each sample of plutonium produced, so radio assay results are calcu~
lated from unit volume disintegration rates as if all the plutonium
present were Pu-239, An appropriate "isotopic correction factor" is
then applied to the result to give the true plutonium concentration,
The source of the isotopic correction factor will follow discussion
of plutonium determination by chemical assay.

The chemical assay for plutmium depends on the quantitative
oxidation of Pu (III) to Pu (IV) by Ce (IV) in 3 N HpS0, solution.

To change the plutonium in the sample from its equilibrium distribu-
tion of Pu (III), Pu (IV), and Pu (VI) to Pu (111), excess Ti (III)
is added. Using Ce (IV) for the oxidant and titrating with potenti-
ometric detection of equivalence points, a rapid change of emf is
noted first at the completion of oxidation of the excess Ti (I1I) to
T4 (IV) and again at the completion of oxidation of Pu (III) to
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to Pu (IV). Substances, such as iron, which react with Ce (IV) under
these conditions interfere. Independent determinations of the inter-
ferences must be made and the appropriate corrections applied. Iron
is the only interference which is corrected for, A radioassay is
used if additional interferences are present. Samples which are not
sulfate solutions must be fumed with sulfuric acid to give a sulfate
medium, Ordinarily a 1 milliliter Gilmont type buret is used to
deliver a 0,05 N Ce (IV) solution to an aliquot of the sample contain-
ing 7-8 milligrams of plutonium,.

It is seen that having a choice between making a radiocassay or a
chemical assay is valuable in recovery work., Solutions whose com-
positions prohibit a chemical assay are determined radiometrically.
For relatively pure solutions, the chemical assay can give the true
plutonium ccncantr#tion directly.

The chemical assay does not depend upon the isotopic composition
of the sample - &ll isotopes of a given element are chemically
jdentical, This fact furnishes an experimental method for relating
conditions of pile operation to the specific activity of the plu-
tonium which is produced, Samples of a batch of plutonium can be
determined by radiocassay, assuming all plutonium to be Pu-239 having
a specific activity of 1.37 x 101! d/m/g. Determination of the
actual plutonium concentration by chemical assay is also made. The

ratio CA/RA is then the isotope correction factor for converting
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results of a radioassay into a true plutonium concentration for that
particular bateh of plutonium, After accumulation of data for isotope
correction factors at various conditions of production in the pile, a
factor can be chosen for a particular batch of plutonium on the basis

of the pile conditions at which the batch of plutonium was produced.

5, Type A Solutions: a. Sodium Hydroxide Preecipitant

Type A solutions were known to contain plutonium at an average
concentration of 10 g/l along with varying amounts of sulfate,
dichromate, chromium (III), sodium, and traces of organic matter in
24 perchloric acid. Table I shows that 725 g of plutonium were con-
tained in 70 1 of solution. The 70 1 was stored in fractions of
sbout 4 1 each., The compositions of the fractions varied markedly
from the average, evidenced by the presence of a solid in some frac-
tions., This solid was considered to be Pu(804)2.4H20 because of its
typical red color and the known presence of sulfate in the solution.

The chemical nature of the impurities is such that precipitation
with strong base is specific for the plutonium in the solution,
present predominantly as plutonium (IV); chromium (III) exhibits
amphoteric properties, and the other salts present are soluble in
water. A trial separation was made using a 1/50 size reaction unit
in the following manner,

Nineteen and four-tenths ml. of Type A solution was introduced

into a 1/50 size unit, making the transfer quantitative by water
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rinsing, Addition of 6.0 ml of 10M NaCH caused a flocculent green
precipitate to form which is characteristic of plutonium (IV)
hydroxide, After stirring the mixture for about 10 minutes, the
supernatant liquid was removed by filtration. The precipitate was
then washed several times with water to remove adhering salts, dis-
solved in 3.0 ml of concentrated BNOB, and the plutonium removed from
the unit as a solution. This solution was analyzed spectrochemically
for impurities, Four 1/50 scale runs were made varying the condi-
tions of the separation, Table III contains the data from two of the
runs.

TABLE ITI

RECOVERY FROM TYPE A SOLUTIONS
Plutonium (IV) Hydroxide Precipitation, 1/50 Scale Runs

Run 1 Run 2
Pu in run, g: 0.400 0.352

Pu lost in filtrate and washes, gt 1.3 x 10 1.4 x 107

Dise porosity of 1/50 scale unit: Medium Coarse
Wash conditions: lst wash 10 ml., H.O 25 ml, H,0

2nd wash 25 ml. B30 10 ml. H30

3rd wash 10 ml, Hy0 e
Filtration rates, ml/min:

mother liquor 0.38 0.38

1st wash 0.17 0.17

2nd wash 0.42 0.22

3rd wash 0.33 e
Product purity, impurity in parts/million parts Pu:

Ca 200 40

Cr 10,000 10,000

Hg 400 400

Na 10,000 10,000

Ni 100 20



39

The data given in Table III shows that the separation of the im-
purities was accomplished with very little loss of plutonium. In-
creasing the amount of plutonium per run and the average filtration
rate by a factor of 50 indicates that the full scale equipment should
be able to separate at least 20 g of plutonium as the hydroxide per
batch with a filtration rate of from 8.5 to 21 ml/min, It was also
noted that a coarse porosity disc will perform the separation as well
as a medium porosity disc, Two water washes were found to be satis-
factory.

Four hundred thirty-three grams of plutonium had been recovered
from Type A solutions by sodium hydroxide precipitation up teo July 15,
1952. Recovery runs numbered 20, The processing was essentially as
described in the preceding paragraphs for the 1/50 scale runs, Pre-
cipitation was made using enough caustic to give 1 M excess NaOH in
the supernatant liquid, Two water washes each of 30 ml Hy0/g Pu were
given the cake before dissclution in concentrated HNO5, which was
added in an amount of & ml HNOB/g Pu. Presentation of processing
data on a typical full scale recovery run using sodium hydroxide as
the precipitant are given in Table VI,

During the course of full scale recovery work with hydroxide
precipitation of Type A solutions, it was found that with up to 28 g
of plutonium precipitated as plutonium (IV) hydroxide filtration
rates of about 10 ml/min, obtain, but with larger batches (30 to 35 g)

the filtration rate falls off rapidly to less than 1 ml/min. Thus,
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the prectical batch size for bhydroxide cycles in the reaction equip-
ment is limited to 28 g of plutonium,

The recovered solutions consisting of the plutonium hydroxide
dissolved in concentrated nitric acid were composited as recovery
proceeded until 140 g had been collected. A considerable amount of
silicic acid was found to settle out of the composited solutions after
about 3 weeks, althoaigh no silicon compounds are used in the analysis
from which Type A solutions asre collected., A possible source of the
silica way be the result of the reaction of the 10 M caustic used for
precipitation on the fritted disc of the reactor, This seems un-
likely since the amount of silica observed was quite large and the
time of contact of the frit with 10 M caustic is but 2 or 3 minutes
far each 28 g recovery batch. Reaction of caustic with the frit
should cause formation of sodium silicate, a soluble material one
would expect to be removed with the filtrate.

Another explanation is that the silicic acid results from the
action of perchloric acid on the soft glass in the apparatus in which
the control determination giving rise to Type A solutions is made.
The silicic acid mrticles in the accumulated plutanium solutions
being small enough to remain suspended, pass the fritted disc pores
when the solution is charged into the reactor later to be adsorbed
by the hydroxide precipitate rather than reacting with caustic to
give soluble sodium silicate, Dissolution of the hydroxide cake

with acid would release the particles which later coagulate in the



coucentrated nitric acid solution.

In time the material settles out as a jelly, and it is necessary
to separate this material from the recovered solution. The separation
is accomplished by increasing the particle size of the silica until
it can be filtered off. The reaction equipment is used to advantage
here. After 150 g or so of plutonium have accumulated as a combined
recovered solution and before the silicic acid has coagulated ap-
preciably, the solution is charged into the reactor and boiled for
about 2 hours. Partial dehydration of the silicic acid occurs in the
strongly acid solution so that withdrawal of the solution from the
reactor leaves a pad of silica in the reactor on the fritted disc,
Solution which is adsorbed by the pad is removed to the main portion
by a few dilute nitric acid rinses, after which the pad of silica is
easily peptized by 6 M sodium hydroxide to be removed through the

fritted disc as a milky suspension.

5, Type A solutions: b, Iodic Acid Precipitant

It has been observed that the separation of plutonium from Type
A solutions by hydroxide precipitation is satisfactory but is limited
to 28 g batches, Thus, it was desired to investigate the usefulness
of iodate precipitation. Although plutonium nitrate is the preferable
form for solutions to be returned to process streams, a point is
available in the Separations Process at Hanford where sulfate

solutions containing chromium can be tolerated. The strict
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requirements on solutions returned to the process stream at this
point are that ions corrosive to stainless steel be absent and that
the plutonium can be precipitated as the fluoride. In terms of Type
A solutions this means that the perchlorate ion is the main objec-
tionable feature.

Work was carried out to formulate a precipitation cyele in acid
solution using iodate as the precipitant. It was indicated from the
work of Fries (6, pp. 14-16) that this salt, in contrast to plutonium
hydroxide, is quite filterable. Another expected advantage was com-
plete avoidance of silicic acid coagulation. Of the contaminants,
only chromium would remain with the plutonium,

Two of three 1/50 scale runs using iodate precipitation will be
described. In the first run, 35.0 ml of Type A solution was introdu-
ced into a 1/50 size reaction unit with a coarse porosity disc,
making the transfer quantitative by water rinsing, Addition of
5.0ml of 1.5 M FIIGB gave the finely divided pink precipitate of
Pu(I04) 4+ After stirring the mss to uniformity, removal of the
supernatant liquid was completed by filtratian, which was very rapid.
Thirty-eight ml more of Type A solution was added to the 1/50 size
unit containing the previous cake, rinsed in with water, and preci-
pitated with 5,0 ml of 1.5 ¥ HIG3. Filtration this time was also
rapid, so 43.0 ml more of Type A solution was added to the unit,
precipitated, and filtration completed. At this point the s0lid in

the 100 ml bulb occupied about 1/3 of the space. The cake was washed
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once with 50 ml of 0.1 M HIOg rather than wi th water because of lower
solubility of the cake in the HIO3.
| Dissolution was accomplished by reducing the iodate to iodide
with sulfur dioxide, plutonium (III) sulfate being formed in the
process. To do this the Pu(IOB)4 was slurried in 50 ml of 1 M HNOg
and treated at room temperature with 42 g of sulfur dioxide. It took
5 hours to complete the reaction, By then boiling the solution, the
nitric acid present oxidized the iodide to iodine, which was evolved
from the solution and trapped in caustic in the distillate receiver.
Plutonium (III) sulfate is converted to plutonium (IV) sulfate on
boiling the sclution., This differed from the work of Fries, who
separated the plutonium from the iodide by precipitating plutonium
(III) hydroxide.

Several things were unsatisfactory about the run described,
During the course of the filtrations it was noted that a small amount
of the Pu(IOB)A solid passed through the pores of the coarse frit
into the filtrate. Dissolution by passing sulfur dioxide through the
cold dilute acid slurry of the cake was slow., This was due in part
to the fomation of iodine as an intermediate product during the re-
duc tion which caused the reaction mixture to become a rigid, unreas-
tive mass so that most of the gas bubbled through without reacting.
When the solution was heated, much difficul ty was experienced because
of the condensation of solid iodine in the cooler sections of the

apparatus. This in turn created an unsafe condition due to possible



plugging of the system during the heating.

With previous experience at hand, another run was made using a
1/50 size reaction unit having a medium porosity frit. For dissolu-
tion the Pu(103)4-1_§ HKO3 slurry was heated to boiling before sulfur
dioxide was admitted to the system, Dissolution required a total of
20 minutes and 8 g of gas (stoichiometric amount was 4 g) compared
to 5 hours and 42 g of gas when the experiment was run in the cold.
The iodine was evolved as it was formed during the reduction so that
after dissolution was complete, only traces of iodide and iodine re-
mained in the solution. No hazard due to clogging of the system with
solid iodine was possible because the "cooler" parts of the system
had been preheated by the condensing hot vapors of the boiling slurry
and no deposits of iodine formed. The medium frit retained all
solids,

Data from the two runs described are given in Table IV,

TABLE IV

RECOVERY FROM TYPE A SOLUTIONS
Plutonium (IV) Iodate Precipitation, 1/50 Scale Runs

Run 1 Run 2
Pu in run, g: 1.29 1.29

Pu lost in filtrates and washes, g: (solids leaked 1.8 x 1074
thru filter)
Disc porosity of 1/50 scale unit: Coarse Medium

Filtration rates, ml/min:

1st charge 0.2 (Not measured
2nd charge 0.43 (but not no-
3rd charge 0.2 (ticeably dif-
1st wash 0l 7 (ferent from

(Run 1
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The amounts of plutonium and the filtration rates given in Table
IV indicate that 65 grams of plutonium should be easily processed in
one batch in the larger reactor. Plutonium losses in the filtrate
are low enough to be acceptable if a medium porosity frit is used,

Full scale recovery of Type A solutions by iodate runs have been
carried out under the conditions described for Run 2 of the 1/50
scale experiments cited in Table IV, Limitation on the capacity of
the reaction equipment for recovery by iodate precipitation is not the
filtration step — the first full scale run was carried up to 153.2 ¢
of plutonium in the cake where the filtration rate was still high.
Filtration rate data on this run are given in Table V. No explana-
tion is known for the rather erratic behavior exhibited by the
filtration rate.

TABLE V
RATES OF FILTRATION OF PLUTONIUM(IV) IODATE

s i e

Pa in
Pu(IOB)A Cake Average Filtration Filtrate Pu Assay of
() Rate (ml/min) Collected (ml) Filtrate (g/1)

15,20 35,0 5000 0.003
28,68 41.0 4000 0,001
50452 29,2 3500 0,002
88,40 2442 4000 0.001

121,66 11.1 4000 0,001

132.40 5441 7500 0.001

153.20 30.0 4000 0.005

After the Pu(IOB)4 cake of the first full scale run was com-—
pletely dissolved, the SO, addition was stopped. The solution was

allowed to cool to room temperature, air being passed tlrough the
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solution during the cooling period. Some of the 153.2 g of plutonium
crystallized as the sulfate in the reactor because of the solubility
limit of plutonium (IV) sulfate and the fact that the working volume
of the reactor is 4 1 maximum. At present, no difficulty arises due
to crystallization because the batches are kept down to 100 g in
plutonium content,

Phosphate was inadvertently present in one particular 4 1 por-
tion of Type A solution. This caused the contents of the bottle to
form a semi-solid gel. Advantage wa s taken of the characteristic
variation of solubility of plutonium phosphla tes with acidity by
adding concentrated HNO4 to the precipitated phosphates until all
were in solution. This occurred when the solution was approximately
8 M in HNO4. Upon reduction of the acidity to 3 M by dilution with
water, no solids precipitated out. The fact that plutonium is
soluble to only 0.003 g Pu/l in a solution of 3 M HNOj containing
0.15 M excess iodate provided a basis for recovery of this material.
Processing the solutions in this condition using an icdate pre-
cipitation effected successful elimination of phosphate and perchlo-
rate. Due to the chemistry of plutonium phosphates, a hydroxide
recovery of this material would have been impossible.

Up to July 15, 1952, Type A solutions having a theoretical
total plutonium content of 584 g had been recovered and returned to
process streams. Hydroxide cycles had been used to recover 433 g
with the balance being recovered by an iodate cycle. Processing

data for the iodate run and a typical hydroxide run are given in
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Table VI.

TABLE VI
RECOVERY FROM TYPE A SOLUTIONS

Plutonium (IV) Hydroxide and Plutonium (IV) Iodate Precipitation
Compared, Full Scale Runs

NaOH HIO3
Run Run
Pu in run, g 25,82 153.20
Pu lost in filtrate and washes, g 0.001 0,062
Average filtration rate, ml/min: i 32,1
Recovery rate, g Pu/hr operation: 3 6
Product purity, impurity in parts/million parts Pu:
Ca 40 Not
Cr 10,000 determined
Hg 400 "
Na 20,000 "
Ni 40 Ly

The impurity data of the hydroxide runs are taken from a spec-
trochemical analysis of a 143 g plutonium composite consisting of the
run cited along with 6 similar runs. Thirty-one elements are read
from the spectrogram so that the presence of gross amounts of unex-
pected impurities will be evident, Most of the elements which are
present in very low concentrations and therefore are of no interest
have been omitted, Impurity analytical results were not cbtained on
the product of the iodate run because of the presence of the large
amount of chromium, The recovery rates given in Table VI show that

the iodate procedure is more rapid than the hydroxide procedure.



48

The product recovered from the hydroxide runs is in nitrate
solution and is relatively free of chromium. Iodate runs yield a
product in sulfate solution which contains any chromium originally
present in Type A solutions., Effluent losses per unit of plutonium
recovered are 10 times as high for iodate runs as for hydroxide runs.
By economic considerations, effluent losses do not become alarming
until concentrations of about 10~2 g Pu/l of effluent are reached, As
the iodate losses are well below this value, there is little prefer-
ence between the two methods on the basis of plutonium losses, and
the choice must be made on the basis of other factors. The situation
is one of spending a specified time to recover plutonium at a rela-
tively high degree of purity or of requiring only half the specified
time to merely render the plutonium solution compatible with the
plant process purification facilities., The choice is obvious - a
5 liter glass vessel cannot successfully compete with plant process
equipment once the plant equipment is able to take over. Thus, for
the particular situation which exists here, the more impure but more
easily prepared product is most economic,

Differences between the data of Table III and the NaOH run of
Table VI are minor, Although the total plutonium lest in the
filtrate of the full scale run is double that anticipated from the
1/50 scale run, this is good agreement considering the large scale up

factor., The filtration rate is approximately 80 per cent that
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predicted by the average rate of 1/50 scale runs. The reported
spectrochemical results are accurate to within a factor of two, so
the impurity results compare favorably between the 1/50 and full
scale runs when the precision of the reported values is kept in mind,

Differences between the data of Table IV and the HIO3 run of
Table VI are somewhat large in the cases of filtration rates and plu-
tonium lost to effluents. However these differences are not un-
reasonable for this type of comparison.

Dissolution of the Pu(IOB)4 cake from full scale runs shows
some peculiar behavior of iodine not observed to ocewr during 1/50
scale dissolutions., Part of the reason may be due to concentration
effects existing in the reactor spray traps and distillation conden-
ser. The diameter of the openings in the reactor spray traps is
nearly the same as that for the outlet from the upper bulb of the
1/50 size reactors. The restricted portions of the full size con-
denser are of spproximately the same diameter as the condenser on the
1/50 size unit, Thus, with 100 times as much material passing one
system as another, concentration differences between the two systems
will be marked.

Iodine evolution during dissolution in the 1/50 scale units is
in the form of the characteristic violet vapor which condenses to a
solid in the condenser or passes as a vapor into the caustic
scrubber, depending on temperature of the condenser. In any case

the HyO-HNO vapors condense to liquid and run down the condenser
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into the caustic scrubber, washing the condenser free of any solid
iodine which forms., It is noted that the solid iodine which may form
in the condenser is not very soluble in the dilute HNOB which con-
denses,

Iodine evolution during dissolution in the full scale apparatus
is in the form of a very dark brown vapor, which easily condenses to
a dark brown liquid much resembling liquid bromine in appearance.
The proper heat balance in the condenser, obtained by adjustment of
the flow of water, will cause the brown liquid to run out of the
condenser in a small stream into the caustic solution where it
rapidly fades to yellow and finally becomes colorless. Removal of
too much heat from the condensing system causes very heavy deposits
of solid iodine to form throughout the condenser. The dilute HNO3
continues to condense and runs from the condenser as a faint yellow
stream but does not remove iodine as fast as it deposits, The only
way the dissolution can continue for more than a few minutes without
plugging the condenser with iodine is to restrict the flow of
condenser water so that the temperature rises and the brown liquid
again condenses out. Under these conditions the deposits of solid
iodine are soon removed by the brown liquid. The temperature of the
condenser must be about 40°C or warmer in order to prevent formation

of solid iodine,
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Simple tests showed that the solubility of iodine in dilute
HNOB between room temperature and 100°C is much too low for the
brown liquid which is observed to be merely a solution of iodine in
dilute HNOB. The fact that one prepares aqueous solutions of jodine
by forming the soluble I3 complex with iodide furnishes a clue to
explaining the behavior mentioned. Evidently some of the iodine is
reduced to iodide by excess 80,5, either in the vapor phase in the
spray traps or in the liquid slurry. Condensation of vapors contain-
ing both iodine and iodide would result in the formation of the I3
complex so that all condensed substances enter a single liquid phase,
As a drop in temperature below 40°C yields solid iodine, the system
mist be near the limit of solubility of the "soluble" I3~ complex.

It is fortunate that the iodine can be handled as a liquid be-
cause of the ease with which the liquid clears itself from the
condenser compared to the problem of keeping the condenser clear of

solid deposits.

6, Type B Solutions: a. Sodium Hydroxide Precipitant

Type B solutions are seen from Table I to contain plutonium at
an average concentration of 0.3 g/l in a solution 1¥ in hydrogen
ions, Sulfate, molybdate, chloride, tin, and ammonium ion are also
present. A total of 8 g of plutonium was dissclved in 28 1 of
solution, As in the case of Type A solutions, precipitation of

plutonium hydroxide offers a ready means of plutonium recovery,
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Tin is amphoterie, and all other contaminants remain soluble in basie
solution.

Due to the low plutonium concentration in the solutions, it was
felt that precipitation of the plutonium as the solutions stood in the
bottles would afford convenient preliminary operation. Here, in con-
trast to solutions of 10 g Pu/l, the volume of precipitate was a
small part of the volume of the supernatant liquid. Letting the pre-
cipitate settle by gravity and decanting off the supernatant liquid
is a feassible means of separation of solid from liquid in suchecir-
cumstances.

A‘volume of 200 microliters of Type B solution was added to a
2 ml centrifuge cone and made basic with 25 microliters of 10M NaOH.
After thorough mixing, the plutonium hydroxide was allowed to settle
out by gravity for 16 hours. A radioassay of the supernatant liquid
in the centrifuge cone indicated 0,001 g Pu/l to be present. On
the basis of this experiment, each bottleful of Type B solution was
made basic with excess NaOH, stirred with a motor driven glass stir-
ring rod, and allowed to stand overnight., After decanting the
supernatant ligquids by vacuum transfer, all cakes were transferred
as slurries into one bottle where the solids were washed twice with 1
liter portions of distilled water, Decantation was again used to
separate solids from liquid, Finally, the solids were dissolved in

concentrated nitric acid.



53
On this series of operations, the plutonium in the original
bottles totaled 7.897 g, and that found in the recovered solution was
7.804 g. No spectrochemical determination of purity was made. The
recovered solution was merely composited with other recovered solu-
tions, and a single impurity determination was finally made on the

composite,

7. Type C Soluticns: ITodic Acid Precipitant

Table I shows Type C solutions to contain 5 g Pu/l as an average
approximate concentration., A total of 36 1 collected had a plutonium
content of 190 g. The contaminants are chloride, sulfate, cerium,
and titanium in acid solution. In this case it was decided to remove
the chloride by aniodate cycle as described for Type A solutions and
return the recovered solution, containing sulfate, cerium, titanium,
and plutonium, to process streams at the point referred to under
"Type A Solutions: Todic Acid Precipitant”.

With the experience of processing Type A solutions by iodate
cycles at hand, the only experimental work undertaken prior to full
scale processing of Type C solutions was to test the activity of the
supernatant liquid over a small scale precipitation made in a
centrifuge cone. This was found to correspond to 0.0002 g Pu/l at
0,082l excess iodate. Full scale processing of Type C solutions was
carried out by the identical procedure described for "Type A

Solutions: Iodic Acid Precipitant“. Spectrochemical analysis to
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determine the purity of recovered solutions was not attempted due to
the gross amount of cerium known to be present. Data on filtration
rates and plutonium lost to filtrates and washes 1is similar to that
of Table VI, HICI3 Run, Type A solutions and Type C solutions are
usually recovered together as part of the same HIOB recovery cycle
because of the similarity of handling., By July 15, 1952, a total of
148 g of plutonium had been recovered from Type C solutions.,

8, Type D Solutions: Ammonium Hydroxide - Nitric Acid -
Iodic Acid Treatment.

The Type D solutions listed in Table I were found by experimen-
tal determination to contain approximately 20 g of plutonium in 100
1 of solution, For convenience in accounting for the plutonium, the
20 g of plutonium is included in the theoretical plutonium content
figures of Table I for Type E and Type F solutions. Contaminants
are listed as hydrochloric acid, acetic acid, sodium acetate, and
8-hydroxyquinoline, The plutonium was known to be complexed with
8-hydroxyquinoline. Such a system made basic yields the plutonium
complex as a voluminous brown solid, while all other constituents
remain soluble, This fact was utilized to effect volume reduction
from 100 1 of solution to approximately 3 1 of solution while sep-
arating all contaminants except some undesirable organic material.
Details of the experimental development follow.

A volume of 200 mieroliters of Type D solution was added to a

2 ml centrifuge cone and made basic with concentrated NH,OH to a
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pH of more than 10, The characteristic brown precipitate of plu-
tonium 8-hydroxyquinolate was allowed to settle overnight before
radioassaying the supernatant liquid. The concentration of the
plutonium remaining in solution after settling was 0.0004 g/l. After
removing the supernatant liquid, the solid was dissolved in 100
microliters of concentrated ENOB to give a dark brown solution., To
destroy the organic complex, the solution was heated to boiling in
the centrifuge cone and allowed to reflux gently. Gradually the
bright green color of plutonium ion in concentrated HNOB solution
appeared, indicating destruction of the organic complex.

On the basis of these observations and other experiments, the 4
1 fractions of Type D solution were made basic by adding NRAQH direct~
ly to the bottles, Solids settled out and were separated from the
supernatant liquid as described for Type B solutions. The small cake
in each bottle was then dissolved in 100 ml of concentrated HNOB and
composited. The original bottles were rinsed with small portions of
HNOB and the rinses were added to the composite., Having concentrated
the plutonium of Type D solution into a workable volume of approxi-
mately 3 1, the solution was then added to the reactor and digested
at boiling temperature for several hours until the color was bright
green.,

At this point & small sample of the material was evaporated to
dryness in a porcelain dish on a hotplate and then heated in a muffle
furnace, As the sample became dry during evaporation the ap-

pearance became black and tarry. The characteristic appearance
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woald have been brown crusts if no organic matter were present,
Raising the temperature of the sample in the furnace actually caused
some loss of sample due to vigorous combustion, Thus, destruction of
organic matter in the solution was found to be incomplete.

Further treatment was in the form of an iodate cycle. This in-
volved precipitation in acid s lution where the organic matter was
expected to remain soluble, It was also expected that the finely
divided crystalline Pu(I03) 4 precipitate would not carry the organic
matter, A 1/50 scale run was made to test these possibilities.

A 25,0 ml portion of the digested solution was diluted to 50
ml with distilled H,0 and then neutralized to 3Y H' using 6M NaOH.
The 34 acid solution was then added to a 1/50 size reaction unit and
processed as previaisly described for iodate cycles, Some experi-
mental data on the iodate precipitation are given below,

TABLE VII
RECOVERY FROM TYPE D SOLUTIONS

Plutonium 8-Hydroxyquinolate Precipitation and Nitric Acid Digesticn
Preceding Plutonium (IV) Iodate Precipitation, 1/50 Scale Run

Pu in run, g: 0.218
Pu lost in filtrate and washes, gt 1.1 x 1074
Disc porosity of 1/50 scale unit: Medium
Prodwct purity, impurity in parts/million parts Pu:

Cas 2,000

Cr 100

Ra 5’000
Ni 40
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The fact that the product remaining dissolved in the effluent
from the iocdate precipitation is 1 x 1073 g Pu/l (filtrate and wash
volume was 110 ml) shows that the HﬂOB digestion did release the plu-
tonium from the organic complex quantitetively so that all of the
plutonium was available to react w ith jodate, Another ignition test
of the solution after the iodate cycle indicated that no organic
matter was present, Thus, hydroxide precipitation, HNOB digestion,
and iodate precipitation are shown to complement one another very
well for the recovery of Tyoe D solutions.

No data uniquely applicable to the full scale iodate cycle
following 11@@03 digestion are available because the digested solution
was combined with other solutions for the iodate processing and

therefore lost its identity.

9. _Type E Solutions: Ammonium Hydroxide Precipitant.

Type E solutions contained plutonium at an average concentration
of 19 g/1 with variable amounts of nickel and mercury in 2M
hydrochloric acid. Much of the mercury was precipitated as mercurous
chloride, but some was in solution as a soluble chloride complex.
From Table T it can be seen that 2¢5 g of plutonium were to be pro-
cessed from 15 1 of solution,

The plutonium was present predominantly as plutonium (IV) so
that no oxidation or reduction treatment would be necessary to pre-

cipitate plutonium (IV) hydroxide, Nickel forms a soluble complex
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with excess NHAOH and so could be separated in a hydroxide cycle
precipitation, The mercury of Type E solutions would unfortunately
give insoluble Hg(NH-)Cl on treatment with NHAGH.

The characteristics of the sulfides of the cations present
suggests a simple preliminary separation of mercury from the acid
solution as HgS. The sulfides of nickel and plutonium are soluble in
acid solution. Attractive features of this preliminary separation
are that HgS is a very insoluble precipitate which settles rapidly to
a8 small volume. Thus, the supernatant liquid containing the plu-
tonium and washes of the residue cen be removed by decantation.

One of two 1/50 size runs was corducted as follows, Twenty-one
and three tenths ml of Type E solution was taken into a 100 ml
Erlenmeyer flask and reduced so that addition of HyS would not result
in the formation of free sulfur. The reduction was accomplished by
passing 80, through the cold acid solution until the blue color of
plutonium (III) ion appeared,

Hydrogen sulfide was passed through the solution until a sample
of the supernatant, liquid gave no further precipitate with HyS
treatment, Thus the mercury was shown to be completely mrecipitated.
After a 30 minute settling period, the supernatant liquid was trans-
ferred into a 1/50 size reaction unit with a coarse porosity frit.
Two 1N HCl washes of the residue were added to the sclution in the
1/50 size unit.

The hydroxide cycle is best carried out with plutonium (IV)
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which forms a more insoluble hydroxide than plutonium (III).
Oxidation of plutonium (III) to plutonium (IV) was accomplished by
gently warming the solution after adding 1.0 ml of concentrated HNO3.
Heating was stopped as soon as the blue color of plutonium (III)
gave way to the orange~brown of plutonium (IV). Six ml of concen-
trated NH,OH were added as a precipitant and the mixture thoroughly
stirred by air agitation. The filtrate, and to a lesser extent the
first wash consisting of 1M NH,OH, showed the blue color of Ni(NH3) L
The second wash was with pure water. Spectrochemical analysis of
the recovered solution, made by dissolving the cake in 3.0 ml of con-
centrated HNO,, comple ted the run., The details of the experiment
appear in Table VIII,

The data in Table VIII indicate essentially the same filtration
rates and plutonium losses in the filtrate as for the hydroxide
cycles of Table III, Mercury is seen to be very effectively removed

from the solution.



TABLE VIII
RECOVERY FROM TYPE E SOLUTIONS

Mercuric Sulfide Precipitation Preceding Plutonium (IV)
Hydroxide Precipitation, 1/50 Scale Run

Pu in run, g: 0.328
Pu lost in filtrate and washes, g: 2.8 x 107
Disc porosity of 1/50 size unit: Coarse
Wash conditions: 1st wash 10 ml 1M NHAOH

2nd wash 10 ml Hy0
Filtration rates, ml/mint

Mother liquor 0.14

1st wash 0.25

2nd wash 0.30
Product purity, impurity in parts/million parts Pu:

Ca 100

Cr 200

Hg 400

Na 250

Ni 2,000

When the full scale recovery processing was done on Type E solu-
tions, the sulfide precipitations were carried out by passing the
gases (302 and HQS) directly into the solutions in 4-liter bottles.
The plutonium bearing supernatant liquid was decanted from the HgS
through the filtration setup shown in Figure 9. This is merely a
vacuum transfer line containing a filter made from a Pyrex glass
Buchner funnel having a 90 millimeter diameter fritted disec.

The entire collection of Type E solutions was recovered by

July 15, 1952. Five precipitations with HyS were made in 4-liter
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bottles to separate mercury. The mercury-free solutions were then
processed in ten hydroxide runs to complete the recovery. After
oxidation of plutonium (III) to plutonium (IV) the cmditions of the
hydroxide runs were the same as outlined for full scale hydroxide
runs with Type A solutions except that NH,OH was used as the preci-
pitant in place of NaOH, and the first wash was with 1 ¥ NHAOH
rather than 320. The processing details on a typical hydroxide run
using NHAOH are given in Table IX,

In Table IX the impurity results are from a composite solution
of similar hydroxide runs containing 150 g of plutonium rather than
on only the run cited. Comparing the data of Table IX to Table VI
data for the NaOH run, we find about the same figures except for
impurity results. This is of course primarily due to the two types
of solutions containing different impurities initially; however,
excess NH,OH seems to separate nickel from plutonium more effec-
tively than excess NaOH separates chromium from plutonium. Another
point of interest is that the preliminary separation of mercury
does not affect the estimated recovery rate because the preliminary
separation does not require use of the reactor. The preliminary

separation and the hydroxide cycles can progress simultaneously.



(2:158V1330

RES TR

SETUP FOR

FILTRATION ON

TRANSFER




63

TABLE IX

N

Mercuric Sulfide Precipitation Preceding Plutonium (III) Hydroxide
Precipitation, Full Scale Run,

RECOVERY FROM TYPE E SOLUTIONS

Pu in run, g: 28,03
Pu lost in filtrate and washes, g: 0.003
Average filtration rate, Ml/min: Qe
Recovery rate, g Pu/hr operationi 4 3
Product purity, impurity in parts/million parts Pu:

Ca 40

Cr 200

Hg 400

Na 500

Ni 2,000

10, Type F Solutions: Metathesis of Chloride to Nitrate.

Type F solutions had accumlated to the extent of 724 g of plu-
tonium in 24 1 so the average concentration was 30 g Pu/l, (See
Table I). These solutions were objectionable as Separations Process
stream feedstocks only in that they contained chloride ion which is
corrosive to stainless steel process equipment. The presence of
acetone in the sclutions is not pertinent to the consideration,
Thus, replacement of the anion with nitrate would effect a very
simple satisfactory recovery of the solutions.

A method for this replacement is to evaporate the acid solution
and fume just to dryness several times, each time taking up the

residue with HNO3. Conversion of chloride to nitrate in acid solution
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is straight forward because of the reaction between chloride and
nitrate to give gaseous products. Conversion without going to dry-
ness was considered desirable as this would eliminate any possibility
of overheating, which might yield difficulty soluble solids,

Preliminary experience in converting chloride solutions to
nitrate solutions was obtained by working with non-radicactive
material, In these runs, concentrated EEOB was added to a given
volume of HCl in a distilling flask connected to a condenser and the
flask contents heated to boiling. During distillation the volume in
the flask was never allowed to become smaller than the criginal
volume of chloride solution, concentrated HNOg being used to maintain
the amount of liquid, As distillation progressed portions of dis-
tilla te were tested qualitatively for chloride with AgNOB until the
test was negative. At tlat point the material in the distilling
flask was also tested and found chloride free. Over the range of
concentrations from 4 Y HC1 to 12 ¥ HCL, it was found that a total
of 2 volumes of concentrated HNO3 were always required to convert 1
volume of chloride solution, regardless of whether the HNO3 was
added in many small increments, fewer large increments, or even all
at once before distillation had begun., The most efficient conversion
of a given amount of chloride solution is done by reducing the
volume of the sclution to be converted to the smallest practical

amount before beginning the conversion,
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Experimental work was continued in a 1/50 size reaction unit,
having a coarse porosity fritted disc, using Type F solutions. A
200 ml portion of Type F solution was added in several increments to
the 1/50 size unit, concentrating as necessary by distillation be-
tween increments., Finally all had been added and concentrated to a
volume of 15 ml, The plutonium concentration at this point was ap-
proximately 400 g/l. A 35 ml portion of concentrated HEO3 was
added to the system and the mixture heated gently until finally it
was boiling smoothly. After volume reduction of the sclution back to
15 ml, a few drops of the last fraction of distillate were tested
with AgNGB and found chlorid-free. The recovered solution was also
found to be chloride-free upon testing, after cooling and removing it
from the 1/50 size unit, Spectrochemical analytical data was gotten
on a portion of the solution, Details on the run appear in Table X.

The impurity content of the recovered solution is mot excessive,
This is to be expected since the only reagents contacting the

samples are HCl, acetone, and HNOB.



TABLE X
RECOVERY FROM TYPE F SOLUTIONS

Metathesis of Chloride to Nitrate, 1/50 Scale Run

Pu in run, g: 3.618
Pu lost in distillate, g 0.0025
Product purity, impurity in parts/million parts Pu:
Ca 50
Cr 20
Hg 400
Na 1,000
Ni 500

A full scale recovery run of 300 g of plutonium was carried out
on the basis of the 1/50 scale experience and all aspects of the run
were as expected, Conversion to nitrate was made after concentra-
ting the chloride solutions containing the 300 g of plutonium to a
composite volume of 1% 1,

By July 15, 1952, a total of 581 g of plutonium had been re-
covered from Type F solutlons and returned to process streams,

Data on a typical run are given in Table XI.
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TABLE XI

RECOVERY FROM TYPE F SOLUTIONS

Metathesis of Chloride to Nitrate, Full Scale Run

Pu in run, g 223,50
Pu lost in distillate, g: 0.012
Recovery rate, g Pu/hr, operation: 10
Product purity, impurity in parts/million parts Pu:

Ca 50

Cr 40

Hg 400

Na 500

Ni 500

It is observed that the concentration of plutonium in the dis-
tillate from the large scale recovery is less than was found in the
distillate from the 1/50 scale run (See Tables X and XI)., The total
distillate volume for the 1/50 scale run was about 220 ml containing
nearly 0.0l g Pu/l, The distillate volume from the full scale run
was about 11 liters containing 0.001 g Pu/l. This difference is due
to the fact that mechanically entrained spray is more efficiently
trapped by the full scale spray trap than by the single bulb of the
1/50 size reactor,

Whenever this simple conversion by metathesis will effect re-
covery of a solution, advantages are to be gained by using it rather
than a precipitation method, The expenditure of time and effart per
unit of plutonium recovered is lower than for precipitation methods

because of reduced handling - the larger batch size means that the
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reactor need be unloaded but once per 300 g, and it can be loaded in
as few times as it takes to get enough waste volume to represent 300
¢ of plutonium - and the fact that the processing requires little
attention between loadings or unloadings. Along with time savings
comes less exposure to the hazardous operation of plutonium handling,
which is an important safety consideration,

The batch size for distillation is limited only by eriticality
restrictions discussed elsewhere provided that no interferences are
present to cause crystallization of salts from the solution being
converted, In the presence of such interferences, the solubilities of
whatever species are present in the solution and the volume of the

solution will determine the plutonium batech size,

11, Type G Solutions: Metathesis of Chloride to Nitrate.

Type G solutions represent another system in which the only
objectionable feature is presence of chloride, (See Table I) The
traces of calcium can be tolerated and methanol does not interfere
with the process, Table I shows 19 1 of solution had collected con-
taining 760 g of plutonium at an average concentration of 40 g/l.
The solutions were processed as indicated for Type F solutions. The
recovered solutions contained 5000 ppm of caleium but otherwise
yielded processing data similar to that of Table XI. A total of 496
g of plutonium had been recovered and returned to process streams by

July 15, 1952.
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12, Type H Solutions: Metathesis of Chloride to Nitrate.

Table I lists Type H solutions as containing 273 g of plutonium
in 17 1 of 6M acid solution along with sodium, iron, cerium, and
lanthanum, Anions in the solution were chloride, nitrate, and sul-
fate. These solutions were also processed by metathesis of chloride
to nitrate. The material was processed in three separate batches be-
cause the distribution of plutonium and sulfate among the 4 1 portions
in which the solutions were collected was such that some of the
solutions could not be concentrated to more than 40 g of Pu/l without
erystallization of Pu(SOA)z.Z,Hzﬂ. A1l of the 273 g of plutonium had

been returned to process streams by July 15, 1952.

13, Type I, J, K, and L Solutions:

No discussion of Type I, J, K, and L solutions will be presented,
Due to time limitations no full scale recovery work had been done on

these solutions by July 15, 1952.
DISCUSSION OF RESULTS

The problem as previously presented was seen to be the recovery
of plutonium from a variety of analytical residues in multiple gram
batches, with the restriction on the process that virtuslly no loss
of product coild be tolerated. The physiological effects and nuclear

properties of plutonium imposed restrictions on the equipment to be
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used. The health hazard of plutonium handling necessitated an equip-
ment setup which could be easily kept free of plutonium on its outer
surfaces. A careful space arrangement of the stored residues,
processing equipment, and recovered prodwct had to be maintained so
as to prevent critically assembled systems of plutonium solutions,

It was decided that precipitation methods were best suited for
plutonium recovery from the wide variety of analytical residues on
hand, Many plutonium compounds were known to be inscluble enough to
use for plutonium recovery, and equipment requirements for preci-
pitation processes were compatill e with the space and health hazard
requirements of the problem, In particular plutonium (IV) hydroxide
and plutonium (IV) iodate were successfully utilized in precipita-
tion methods as compounds for plutonium recovery. Both compounds
give only slight plutonium loss in the waste filtrates, The plu-
tonium (IV) hydroxide is rather difficult to filter compared to the
jodate, but is very easily dissolved, The plutonium (IV) iodate is
easily filtered in the reaction equipment in amounts up to 150 grams
of plutonium but dissolution of the iodate is mach harder to
accomplish than for the hydroxide., Neither compound offers specific
recovery of plutonium from many of the cations of the periodie
system. Each recovery situation las to be considered individually as
to whether an iodate precipitation eycle or a hydroxide precipitation

cycle will give the best plutonium recovery for that situation,
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The reaction equipment was designed to meet heating requirements
as well as the ordinary requirements for precipitation methods such
as solution transfer, stirring, filtration, and dissolution. Cap-
ability of heating the reaction flask allowed very rapid recovery of
plutonium by nitric acid metathesis in the simplest system containing
chloride as the only objectionable feature, The advantage of heating
was also invaluable for wet digestion of systems containing organie
matter, Designing the reaction flask to have a fritted glass bottom
and to utilize vacuum transfer of solutions yielded provision for
solution transfer, stirring, and filtration without any auxiliary
apparatus, The 5 liter flask in which reactions take place is below
the minimum size for the possibility of being made critical with
plutonium solutions as discussed under "Critical lass Consideration",
The reaction equipment successfully meets the requirements of this
problem, shown by the fact that 2375 grams of plutonium were recovered
and returned to process streams by July 15, 1952, with only small
plutonium loss to waste effluents and no air contamination in the
processing room to levels requiring respiratory equipment (assault
masks ).

A small 1/50 scale reaction unit proved to serve an important
function in setting up the recovery procedures. The initial experi-
mentation which enters into defining the recovery procedure for a
specific type of plutonium solution is carried out with small amounts
of material, To start immediately working with large amounts of
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material could have very serious contamination consequences in case
of an accident resulting from ignorance. Another risk would be that
any failure in the experimental processing could be economically
costly due to the valne of the plutonium in a large batch, Defini-
tion of a recovery procedure results from following through the three
step scale up to be described.

At the first step a procedure selected for investigation is run
on & milligram scale in centrifuge cones. Micro techniques are par-
ticularly valuable st this stage. Runs can be made rapidly,
especially when plutonium is determined by radioassay, and contamina-
tion is easily controlled. Interferences which become evident by
spoiling a run involve little enough plutonium that the whole run can
be discarded to buriasl facilities., Usually the information sought at
this stage includes the reagent concentrations to give the least plu-
tonium loss during the separation and assurance that one hasn't
overlooked an important factor which disqualifies the procedure
which was chosen for development.

After preliminary work on the smallest scale, the information
gained is applied to runs using 0.1 to 1 gram of plutonium in a 1/50
size reaction unit. The proper 1/50 size reactor is used, according
to whether a fine, medium, or coarse porosity fritted dise is under
consideration for a given application., This level of scale-up is a
convenient point at which to find whether a fine, medium, or coarse

porosity fritted disc best fits the requirements of a precipitation
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procedure and to roughly indicate the likely recovery rate of the full
scale equipment.

Another value of experimentation in the 1/50 size reaction unit
with 0.1 to 1 gram of plutonium is the opportunity to observe any
reactions which terd to be vigorous. Obviously, an energetic
reaction is likely to be more safely and efficiently carried out in
100 gram batches on the basis of observations on 1 gram batches than
on the basis of observation of milligram scale runs,

A specific example of benefit yielded by the scsle-up approach
to recovery procedure definition occurred in work on dissolution of
plutonium (IV) iodate., Experiencing on a 1 gram scale the difficul-
ties described undoubtedly spared the author much anxiety, dis-
couragement, and hazard which would have accompanied a 50 or 100
gram recovery run conducted in the manner of the first 1 gram run
described,

Recovered solutions from 0.1 to 1 gram runs have use as samples
for spectrochemical analysis for impurities, the amount of material
from milligram runs being too small to conveniently serve this pur-
pose. With an impurity analysis available, the capability of the
separation conditions to remove unwanted cations can be judged.

When conditions are established by which the proposed procedure
is considered feasible for full scale recovery, full scale recovery
actugl 1y proceeds as the final step in the scale-up, After eny

necessary modifications are incorporated the recovery procedure can



T4
be used routinely by laboratory personnel.

A strict accountability must accompany handling of all fission-
able materials to meet the bookkeeping requirements of the Atomic
Energy Commission., For waste recovery, this amounts to performing
the requisite manipulations very carefully so that no material is
unaccountably discarded. A material balance on all processing is
maintained by securing various analytical data during collection of
the residues and the course of the recovery.

Initial data are available from the recorded weight of metal
samples taken for determination of a particular constituent, an
account being kept of which samples are collected in particular waste
bottles. Summation of the sample weights gives the amount of plu-
tonium expected to be contained in a particular bottle. Such sum-
mations have been referred to as "theoretical plutonium contents"
because they do not allow for the fact that some loss of material is
likely to occur during the course of analytical determina tions and
that the samples weighed out are not 100% plutonium.

The total of the theoretical plutonium contents of all solutions
which had been recovered and returned to Separations Process streams
by July 15, 1952, was 2375 grams, Credit received for return of
plutonium to process streams from these recoveries was 2379 grams.
In addition, 482 liters of effluent solutions from recovery process—
ing containing 2.034 grams of plutonium were known to have been

discarded during the period under consideration.
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The theoretical plutonium content of the solutions recovered
should actually be more that the credit received for return of the
plutonium to process streams, assuming the two figures to be true
values, because of the impurity in the samples weighed out. Any
losses of plutonium during analysis would also make the figure for
credit received smaller than the figure for theoretical content. It
is obvious that the figures cited for theoretical content and credit
received are not "true values", for credit received is the larger,

The figure for the theoretical content could be lower than the
true theoretical content only if weighings were negatively biased or
if some samples which were weighed out were not recorded. The case
of summation of thousands of sample weights being taken by many dif-
ferent individuals on a number of balances in various locations over
a 3 year period is likely to be only slightly positively or nega-
tively biased. The bookkeeping system precludes sample weights not
being recorded,

In some cases there was known to be lack of agreement on the
plutonium contents of particular shipments of recovered material
returned to Separations Process streams when the estimates were based
on analytical results from different control laboratories. These
differences were not always resolved because the shipment of material
would be mixed with production streams after sampling and could not
be resampled. In view of this fact and the relatively few shipments

made, it seems likely that the apparent extremely good agreement in
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the overall material balance figures is caused from tte figire for
the plutonium content of some of the shipments back to process
streams being positively biased from the true value.

The quality of the recovered product varied primarily with the
kind of impurity associated with the analytical residue as collected,
This infeormation influerced the choice of the recovery procedure re-
quired to yield a solution compatible with Separations Process
stainless steel equipment and Process separation reactions., Thus,
Type F solutions which contained only plutonium, hydrechloric acid,
and acetone, yielded a much more pure recovered solution than did the
jodate recovered Type A solutions which initially contained plutonium,
perchloric acid, sulfuric acid, and sodium dichromate. The goal in
each case was the same, namely make the residues compatible with
production streams. Nothing precludes cholice of recovery procedures
capable of giving high purity recovered products if this is easily
accomplished while meeting the stated goal.

In other applications of this recovery scheme and reaction
equipment it may be desired to proiuce high purity products. In such
cases where plutonium purification is the goal, other precipitations

highly specific for plutonium are available and would fit the purpose.



SUMMARY

A scheme for making quantitative recoveries of plutonium from
analytical residues by using precipitation and metathesis reactions
has been worked out and is presented. Precipitation of plutonium (IV)
hydroxide, plutonium (IV) iodate, plutonium 8-hydroxyquinolate,
partial destruction of orgenic matter with nitric acid, and meta-
thesis of chloride solutions to nitrate solutions are used singly and
in combinations for the recovery procedures.

Pyrex glass laboratory scale equipment for performing reactions
with up to 300 grams of plutonium was designed and is described, This
equipment features a fritted glass disc as an integral part of the
reaction flask for use in filtration, vacwmm transfer of all solu-~
tions, and air sparge stirring.

Using the recovery scheme presented and the equipment described,
the losses on recovery of a total of 2375 grams of plutonium from 8
different types of anmalytical residues amounted to 2.034 grams or
0.09%.
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