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0.0 ABSTRACT

An ion-exchange process for coupling the plutonium solvent extraction
with the peroxide precipitation process for plutonium purification was de
veloped and satisfactorily demonstrated on a production scale. A compari
son of the product with that obtained by bismuth phosphate precipitation
is included.
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1.0 INTRODUCTION

The purpose of the ion-exchange process is to concentrate the plutonium
in the product stream from the solvent-extraction process, to separate it^
from radioactive and ionic impurities, and to convert it to a form suitable
for peroxide precipitation. The evaporation procedure formerly used was not
satisfactory because of the build-up of corrosion products in the plutonium
product. A solvent-extraction process that was investigated was not mechani
cally operable, while precipitation generally had to be carried out with a
dilute plutonium solution.

Studies included chemical development of the process and its use on a
production scale. Studies were made of the individual steps of the process,
namely absorption, uranium elution, and plutonium elution, and of the plu
tonium losses in each step as conditions were varied. A plutonium peroxide
precipitation of the product was carried out satisfactorily, and the product
met purity specifications when reduced to the metal.

The process has been accepted for Savannah River use, for the OREL
Scrup program, and for Purex pilot plant work.

Two series of pilot plant Purex runs are discussed in this report:
(l) Runs HP-6 through l4 and Runs SP-20 and HCP-1 through 5« Run SP-20
was a natural uranium run spiked with plutonium.
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. 2.0 SUMMARY

In the ion-exchange process for plutonium isolation the product is
concentrated from approximately 0.2, 1.2, or 4 to approximately 40 g/liter,
depending on whether the feed is from the Purex No. 1 (0RNL-846), No. 3
(ORNL-1141), or modified No. 3 HBP stream. Ionic and radiochemical puri
fication of the plutonium are sufficient that the eventual plutonium metal
meets specifications. The overall plutonium loss in the pilot plant ion-
exchange runs was of the,order of 10~H in the second series of runs.

A little more than a kilogram of plutonium has now been processed
satisfactorily by this method.
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3.0 ION-EXCHANGE PLUTONIUM ISOLATION PROCESS USED IN PILOT PLANT

The columns for the second series of experimental runs were designed so
that a direct scaleup to Savannah River conditions would be possible. They are
3 in. in diameter and l4 in. high, and have a resin volume of 1.6 liters.
Based on a standard load of 80 g of plutonium, this provides a depth of approxi
mately 20 cm (about 8 in.) of clean resin below the saturated plutonium band.
A 7-in.-diameter column, the size planned for the Savannah River project
(Fig. 3.1), loaded the same way would handle 440 g of plutonium. The resin
is Dowex-50, 50 to 100 mesh, 12$ cross-linked.

The pilot plant columns are made of 3-in.-i.d. pyrex pipe and are 16 in.
high. The end plates are of l/2-in. polythene, with inlets of polythene tubing
heat-welded in place, and are held with pipe flanges. The resin bed is con
fined by two hold plates of coarse-porosity fluorothene frit; these plates are
wrapped with glass filter cloth to provide a seal around the edges and are
backed with l/8-in. stainless steel plates honeycombed with l/4-in. holes. A
compression spring between the top end plate and the top resin hold plate keeps
the resin in a fixed bed while it expands and contracts as various solutions
are passed through it. The maximum change is about 10$ of the length of the
bed.

The feed to the plutonium-absorption column, which also absorbs the uranium,
in this series of runs was the HBP stream from a modified Purex No. 3 flowsheet.
The feed contained 0.9 to 4.2 g of plutonium per liter,and was 0.29 to 0.60 M in
HN0-. Hydroxylamine sulfate, 0.05 M, had been added to the HEX stream so that
the^plutonium would be reduced to Pu(lll) during the second-plutonium-cycle
stripping. Under some conditions (see Sec. 4.3) additional hydroxylamine should
be added to the feed.

The HBP stream was produced by the pilot plant at a rate of 0.4 liter/hr.
If continuous absorption was used, the plutonium would be absorbed from this
solution at a rate of 0.2 g/hr. Instead, the HBP solution for a complete
Purex run was held in a catch tank and the composite was processed. The plu
tonium was absorbed, at a rate of 50 to 60 g/hr (feed flow rate of 250 ml/min),
and only 1.5 to 2 hr was required for the feed for an entire run. An additional
advantage of compositing the feed is that cases of high acid or insufficient re
ducing agent may be controlled.

After the absorption the column is washed with 0.1 to 0.25 M H10. con
taining 0.05 M hydroxylamine sulfate in order to wash all feed solution out
of the resin bed. If the uranium elution step is included in the run, this
wash follows that step instead of the absorption step.

The uranium elution step is included if the uranium of the feed is greater
than 1$ of the plutonium because of some irregularity in the solvent-extraction
process. It may also be included if holdup liquid from the nonequilibrium
fraction has been brought into the ion-exchange column or if there has been a
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buildup of uranium on the column. The elutriant for the uranium is 0.25 M
HpS0. containing 0.05 M hydroxylamine sulfate. The flow rate of this
elutriant is 2 ml/min/cm , and 3 to 4 hr is required for the elution.

The plutonium is eluted upflow with 5.7 M HN0_ containing 0.3 M sul
famic acid to keep the plutonium in the trivalent state. In the pilot plant
runs the plutonium was eluted under cycle conditions, about a 10$ heel being
left on the column after each run; the partial elution required 5 to 6 hr.
The flow rate of the elutriant was 0.22 ml/min/cm2. After the dilute acid
rinse, the elutriant was started through the column. Exactly the volume of
elutriant was put in as was desired in the product cut, namely, that volume
which would elute approximately 90$ of the plutonium on the column at a
concentration of 40 to 50 g/liter. Then two volume changes (l600 ml in the
pilot plant) of 0.1 M HN0- reconditioning wash were started through.. The
fractions collected from the top of the column were: (l) one displacement
volume (800 ml) of dilute acid containing very small amounts of plutonium,
(2) the desired volume of product, and (3) one volume change of recondition
ing wash, which contained a small but appreciable amount of plutonium. Cuts
1 and 3 were held for recycling.

When decontamination of the resin bed becomes necessary, the plutonium
is eluted complete^ with about 12 column volumes of elutriant. Oxalic acid,
0.5 M, is allowed to remain in place on the column overnight,; then- zirconium
and niobium are cleaned from the column with five volumes of this solution.
The digestion period could be shortened by heating both the oxalic acid and
the column.

Although the pilot plant runs were designed to demonstrate operation
under Savannah River plant conditions, they were actually carried out under
more adverse conditions. In the Savannah River plant, where a Purex No. 1
flowsheet is to be used, the acid concentration of the feed will be about
0.15 M, at which concentration the distribution coefficient for plutonium on
resin is 5 to 10 times greater than in the pilot plant runs. The plutonium
concentration of the feed in the pilot plant tests reached 4.2 g/liter, as
contrasted with 0.2 g/liter in the Purex No. 1 flowsheet, and the variations
from one run to the;next.were considerably greater than;those expected in the
Savannah River plant. The feed flow rates were lower than SRP specifications,
but, because of the higher plutonium concentration, the processing rate, in
grams per hour, was much higher.

In the HP runs Purex Flowsheet No. 3 was used, and, to couple to this,
an ion-exchange Flowsheet No. 1 was developed (see Fig. 3«2).
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k.O ABSORPTION

The Purex IIBP stream from which the plutonium is absorbed is approxi
mately 0.15(No. 1flowsheet) to 0.6 M (modified Ho. 3flowsheet) in HNO^ and
contains hydroxylamine sulfate which has been added to the IIBX stream in
the amount of 0.05 M to reduce the plutonium to Pu(lIl).N. The plutonium
concentration of the feed varies from about 0.2 g/liter with a Purex No. 1
flowsheet (HP-6 and 7), to 1.22 g/liter with a Purex No. 3 flowsheet (HP-8
through Ik), to k.2 g/liter with a modified Purex No. 3 flowsheet (HCP-1
through 5)«

The distribution of uranium and plutonium on the resin during absorption
depends on the relative absorption coefficients (plutonium per gram of resin 3
divided by plutonium per gram of solution) of the two metals, namely, k.3 x 10
for Pu(lll), 2.6 x 105 for Pu(lV), and 1.0 x 102 for^ uranyl in 0.25 M HNOg.
Since Pu(lll) is held more strongly than the uranium, a band of plutonium, con
taining some uranium, forms at the top of the column and a band of uranium
forms below it. In most cases the bands were clearly defined, but in Run HCP-3
the lower edge of the saturated plutonium band was visibly feathered, consisting
of a 2-in.-wide band of narrow sawteeth. This effect was probably caused by
the high plutonium concentration and the fast feed flow rate used in this run.

4.1 Advantages of Absorbing Plutonium in III Valence State

Absorption of the plutonium in the III valence state is considered essen
tial, and the plutonium is kept in this state throughout the process. The
advantages are:

1. Polymerization of the plutonium is avoided.
2. About 25$ less resin is required.
3. The hydroxylamine used to keep the plutonium in the III state

also keeps the iron present in the II state, and the absorption
coefficient of Fe(ll) is much lower than that of Fe(lll). ^

k. Plutonium(lll) complexes with SO^ less than does Pu(lV) or Pu02 ,
and there is therefore a smaller loss of plutonium in the uranium-
elution step.

5. Plutonium(lll) is eluted more readily than Pu(lV), and a higher
concentration of plutonium is therefore obtained in the plutonium-
elution product cut.

k.2 Effect of Variations in Acidity, Plutonium Concentration,
and Flow Rate of the Feed

Increase in the acidity, the plutonium concentration, or the flow rate
of the feed might be expected to increase the plutonium loss. The only variable
that it was possible to control was the flow rate, and where this was held con
stant and other conditions were comparable (Runs HP-8 and 9, Runs HCP-4 and 5),
a very slight increase in plutonium loss was observed with the higher acidity
and plutonium concentration (Table k,l and Figsi.koil through.k16). <However,
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within the limits studied, the plutonium loss was not affected appreciably
by changing these variables. In the first series, where the plutonium con
centration varied from about 0.1 to 1.29 g/liter, the acidity from 0.19 to
0.3^ M, and the flow rate from 0.386 to 2.3 ml/min/cm2, plutonium loss in
the effluent waste was of the order of 10~2 or 10~3$. In the second series,
where the plutonium concentration varied from about 1 to ^.2 g/liter, the2
acidity from 0.29 to 0.60 M, and the flow rate from 3-3 to 17.5 ml/min/cm ,
the losses were all of the order of 10"^$. In the second series losses were
lower than in the first; this fact may be the result of differences in column
design and better control over feed conditions.



Fig. 4.1. Plutonium Activity in Absorption-Step Waste, Run SP-20.

Resin: 50- to 100-mesh Dowex-50

Column dimensions: 3-in. diameter, 14-in. height.

Feed conditions: 0.9 g of Pu(IJI) per liter, 0.25 N H*; flow rate
6.6 ml/min/cm2, downflow
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Fig. 4.2. Plutonium Activity in Absorption-Step Waste, Run HCP-l.

Resin: 50- to 100-mesh Dowex-50

Column dimensions: 3-in. diameter, 14-in. height

Feed conditions: 3.4 g of Pu(IIT) per liter, 0.47 N H+; flow rate 3.3 ml/mih/cm2, downf].
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Fig. 4.3 • Plutonium Activity in Absorption-Step Waste, Run I1CP-2.

Besin: 50- to 100-mesh Dowex-50

Column dimensions: 3-in. diameter, 14-in. height

Feed conditions: 3.7 g of Pu(III) per liter, 0.49 A1 li+;
flow rate 5.5 ml/min/cm2, downflow
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Fig. 4.4 . Plutonium Activity in Absorption-Step Waste, Run HCP-3.

Resin: 50- to 100-mesh Dowex-50

Column dimensions: 3-in. diameter, 14-in. height

Feed conditions: 4.2 g of Pu(TTI) per liter, 0.47 A' H+;
flow rate 4.9 ml/min/cm2 to 7 liters,
12 ml/min/cm2 7 to 21.4 liters, downflow
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Fig. 4.5. Plutonium Activity in Absorption-Step Waste, Run HCP-4.

Pesin: 50- to 100-mesh Dowex-50

Column dimensions: 3-in. diameter, 14-in. height

Feed conditions: 4.2 g of Pu(JlI) per liter, 0.6 A' H*;
flow rate 5.5 ml/min/cm2, down flow
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Fig. 4.6 . Plutonium Activity in Absorption-Step Waste, Run HCP-3.

Piesin: 50- to 100-mesh Dowex-50

Column dimensions: 3-in. diameter, 14-in. height

Feed conditions: 3.5 g of Pu(III) per liter, 0.46 A' H+;
flow rate 5.5 ml/min/cm2, downflow
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Table k.l

Summary of Feed Compositions, Flow Rates, and Losses During Absorption

Column dimensions:

Diameter

Height
Cross section

Volume

Resin specifications:

First Series

3 in. (7.6 cm)
12 in. (30.5 cm) p
7.07 in.2 (^5.36 on )
1.1* liters

Dowex-50, 60 to 90 mesh, 12$ cross
linked; 300$ excess for Runs HP-8
and 9, 125$ excess for Run HP-11-14

Second Series

3 in. (7.6 cm)
Ik in. (35.56 cm)
7.07 in.2 (45.36 cm2)
1.6 liters

Dowex-50, 50 to 100 mesh, 12$
cross linked; 300$ excess

Run

No. (&)

Feed Composition

Pu

(g/liter)
Acidity

(M)

Hydroxylamine
Sulfate

Added to IIBX

(M)

Total Pu

in Feed

(g)

Feed

Flow Rate

(ml/min/cm2)

Pu Absorp=
tion Rate

(g/hr)

Gross a Activity Loss
in Waste

(c/min/ml)

First Series

HP-8 0o8l 0.335 0.2 80.4

HP»9 0.796 0.19 0.05 75.133

HP-11-

1k
0.129-

-lo29

^ 0.25 0.03 119o63

(a) Runs HP=6 and 7 not included because of incomplete data; Run HP-10 not included because it contained recycle
material.

(b) Runs SP-20 and HCP°3 each absorbed in two portions, at different flow rates.
(e) In Run HCP-2 the plutonium was absorbed in the IT valence state and was reduced on the column.
(d) Excess hydroxylamine sulfate was added to feed tank before the solution was passed through the resin column.

Second Series

2.3

2.3

O.386-
,0.774

17.5
6.6

3.3

5.5

h.9
12

5.5

kk
16

30

55 o5

8k

275

260

410

2x10

l.k x 10"

1.1 x 10°

——-~3j:
1.3 x 10 7
k.k x 10

-^
1.1 x 10

-k
3.0 x 10

-k
5.0 x 10

^3
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k„3 Effect of Variations in the Hydroxylamine Concen
tration of the IIBP Solution

Variations in the hydroxylamine concentration of the IIBP solution within
the limits studied (0.03 to 0.2 M) do not appear to affect the absorption of
plutonium since Pu(lV); is absorbed even more readily than Pu(lll). However,
0.05 M hydroxylamine in the feed is considered to be the minimum amount in the
IIBP solution that will keep the plutonium in the III state (see Sec. 4.1).
Since the hydroxylamine is slowly destroyed by reaction with nitric acid and
with impurities such as iron in the IIBP solution, additional hydroxylamine in
the feed may be needed, especially if the feed stands for some time before going
to the resin column.

In Run HP-ll-lU (Purex No. 3) the hydroxylamine was reduced to 0.03 M
without excessive plutonium loss in the waste effluent from the absorption step
(.Tabli^.i^.'-Iniguns HCP-2 arid k (PurexjJo. 3 modified) >: in %ich the. hydroxylamine
concentration oisthe' IIBX solution (Purex plutonium; strip) was 0.05 M? the plutonium
oxidized in the feed tank. In Run HCP-2 the plutonium was absorbed as Pu(lV) /
and reduced on the column with hydroxylamine, a procedure which is not recom- \/
mended because of the excessive formation of gas. In Run HCP-4 additional
hydroxylamine sulfate was added to the feed in the tank.

kok Effect of Variations in Excess of Resin

A 2«3-fold excess of resin was found to be sufficient (a plutonium loss .
of 10"3$) in the 3-in.-diameter 12-in.~high columns (Run HP-11-14). A 3<.4-
fold excess was used in Runs HP-8 and 9 and a 2.6-fold excess, based on 80 g
of plutonium in the feed, in Runs HCP-l through 5. The actual excess in the
HCP runs was less in some cases because of larger amounts of plutonium in
the feed.

In the HCP series flowing-stream samples of the waste were taken during
all runs, and analyses showed no increase in activity in the waste during
the course of an absorption, indicating that sufficient exeess resin was
present at all times to absorb most of the exchangeable plutonium ions. In
those cases in which some plutonium was left on the column from a previous
partial elution there was a decrease iE the flowing-stream losses during the
course of a run. This decrease may indicate partial polymerization or the
formation of some nonexchangeable species when plutonium remains on a column.
However, even in runs in which two weeks elapsed between a partial elution
and the next absorption, the effect was small.

5.0 URANIUM ELUTION

The uranium-elution step is not always needed, but, in all runs in which
it was included, the uranium contamination of the plutonium was reduced suf
ficiently that the final product met specifications, namely, less than 0.01$
uranium in the plutonium metal product, with negligible losses of plutonium.
The step is included if, owing to some irregularity in the solvent-extraction
process, the uranium in the feed is as much as 1$ of the plutonium.
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The elutriant is 0.25 M HpS0. ,which contains 0.05 M hydroxylamine sulfate
as a holding reductant to keep the plutonium as Pu(lll). This reducing compound
is essential because Pu(lV) would move down the column with the uranium. The
separation factors for uranium and Pu(lll) in this system (Sec. 4.0) are such
that Pu(lll) moves down only about 10$ while the uranium is moving down and off
the column. The volume of elutriant needed to remove a given amount of uranium
depends partly on the amount of plutonium present, since the amount of plutonium
determines the starting position of the uranium band. Partial elution of the
uranium is sufficient, since in the plutonium elution step, which is upflow,
the plutonium band moves up the column faster than the uranium band and the con
centrated plutonium cut is taken before the bulk of the uranium band reaches the
top of the column. Flowing-stream samples taken when the uranium elution was
stopped, in the HCP runs, were still assaying up to 0.1 g/liter, which indicated
that up to about 1 g of uranium may have been left on the column (Figs. 5.1 and
5.2).

Flowing-stream losses were determined in Runs SP-20 and in the HCP runs
in order to follow the loss of plutonium during the elution (Table 5*l}» In
Run SP-20, in which no hydroxylamine was used in the elutriant, the losses
showed a peak characteristic of the elution of Pu(lV). Since the operation
of the column was discontinuous, this may have been formed, while the column
was standing, by the action on the Pu(lll) of hydrogen peroxide produced by a-
particle decomposition of water. In the HCP series, 0.05 M hydroxylamine sul
fate was added to the elutriant, and the plutonium losses were lower than in
the first series.

The uranium elution step is especially valuable in cases of irregularities
in the solvent-extraction process that would result in a high uranium concen
tration of the IIBP solution. Its use would eliminate the necessity of re
cycling an entire day's run.

In Runs SP-20 and HCP-l, 2, 3, and 5 large amounts of uranium were in
troduced into the feed from holdup liquid in the tanks and lines as a result
of pulse-column startup (Table 5-l)» A uranium-elution cycle was used to
remove this excess uranium. In Run HCP-4 multiple vacuuming of the startup
fraction diluted the uranium in the holdup volume sufficiently so that no
separate elution step was necessary. The uranium-elution step can also be
used to remove uranium from a column on which the contamination has been built
up through several runs.



Fig. 5.1 . Uranium and Plutonium in Eluate from Lranium-Eiution Step, Run SP-20.

Resin: 50- to 100-mesh Dowex-50

Column dimensions: 3-in. diameter, 14-in. height

Elutriant: 0.25 M H2S04; flow rate 2.2 ml/min/cm2
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Pig- 5.2- Uranium and Plutonium in Eluate, Lranium-Eiution Step. Run HCP-l.

Resin: 50- to lOO-mesb Dowex-50

Column dimensions: 3-in. diameter, 14-in. height

Elutriant: 0.25 M^2SQA . 0.2 Mhydroxylamine sulfate; flow rate
2.2 ml/min/cm2
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Table 5.1

Elution of Uranium Absorbed from Purex Equilibrium Streams

Elutrianti 0.25 M HSO. + 0„02 M hydroxylamine sulfate

Flow rate: 2 ml/min/cm2

Total Pu

(g)

Eluate

Volume

(liters)

U

Eluted

(g)
U in Product Pu Loss

Run No. (g) (* of Pu) (nig) i

SP-20* 26.6 56 31 0.25 8.7 x 10

HCP-l 61 30 3.2 0.038 0.07 0.146
-k

2.4 x 10

HCP-2 TO 38 2.2 0.17 0.26 0.074
-4

1 x 10

HCP-3 90 38 6,4 0.055 0.07 34.9 4 x 10'2

HCP-4 91 0.0127 0.03 — —

HCP-5 16 38 4.7 0.02 0.04 0.054 7x 10~5
* No hydrcrxylamine present in uranium elutriant.

Table 5.2

Elution of Uranium Absorbed from Purex Non-equilibrium Streams

Total plutonium in product; 186 g
Total uranium in feed: 190 g

U in Flowing Stream
at Cessation.of

Elution (g/liter)

U in Product Pu

Run No. Total (g) (# of Pu)

RD 0.8 0.031 0.06

RG 0.43 0.022 0.027

RI* 0.14 <0.02 < 0.04

* Includes recycle of dilute Pu fractions from the equilibrium runs.
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6.0 PLUTONIUM ELUTION

In order for the plutonium to be eluted in a reasonable length of time
at a sufficiently high concentration, the nitric acid concentration of. the
elutriant must be approximately 6 M» An antioxidant, sulfamic acid, is used
in the elutriant to inhibit the oxidation of Pu(lll) to Pu(lV) by the strong
acid. Since the plutonium band is at the top of the column when the elution
starts, upflow elution is used to obtain a higher concentration of plutonium
in the eluate.

In the elution procedure found most satisfactory (see Sec. 3.0) the
product cut contains about 90$ of the plutonium on the columnj about a 10$
heel is left on the column (Table 6.1). The volumes of elutriant dan be
adjusted to the column size and plutonium loading so that this procedure
will fit into any elution scheme. The method gives a smaller volume and
lower acidity and plutonium concentration of the material to be recycled
than previously developed elution schemes.

The plutonium balances (Table 6.2) for the HCP runs are only approximate
because of the lack of precision in the analytical methods for plutonium.
However, they indicate that elimination of the uranium step (as in Run HCP-4),
in which the plutonium band is spread, may result in a higher concentration
of plutonium in the product with less heel, and that extremely high absorp
tion rates (e.g., 138 g/hr, as in Run HCP-3) coupled with the uranium-
elution step may spread the plutonium band suffiently to reduce the concen
tration of the product fraction appreciably.

Since the amount of plutonium on the columns varied in the second series
of runs, direct comparison of the curve® obtained by plotting the plutonium
concentration of the eluate against the volume of the eluate is not possible
(Figs. 6.1 through 6.6). However, the volume of eluate per unit weight of
plutonium on the column can be plotted against the plutonium concentration
of the eluate in order to obtain a normalized curve for use in comparing the
various runs. Composite curves (Figs,, 6.7 and 6.8) for several runs made
under the same elution conditions may be prepared for a particular columiu •--'
From these.:an estimate •.can be made.,of the..concentration level..in any product
fraction-.from the;: same .column,,,

Table 6.1

Ion-Exchange Plutonium Product Data from Equilibrium Runs*

Run NOc

HCP-l

HCP-2

HCP-3
HCP-4

HCP-5

Pu in Product

(g/liter)**

43.02
42.66
42.76
44.60

44.57

Total (g)

54.46
64.13
78.53
88.54

j 71-71
* In addition to the equilibrium runs

Acidity of Product
Solution {M)

5»3
5.3
5.10
4.80

the nonequilibrium fractions
yielded three products averaging 4l g/liter and totaling 186 g„

** Plutonium assayed potentiometrically.
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Table 6.2

Plutonium Ig,

Run No.

Total on

Column

In Product

Solution

In Dilute

Fractions

of Eluate

Heel on

Column

Pu in Product Cut,

Calc. d of total)

HCP-l 61 54.5 4.7 .1.8 89

HCP-2 70.8 64.1 3.4 3-3 90

HCP-3 91.3 78.5 12.8 0 86

HCP-4 91 88.5 0.5 2 97

HCP-5 78 71.7 1.2 4.3 92

Nitric Acid.

6.1 Effect of Varying the Elutriant

A nitric acid concentration of 5*7 M is recommended for
plutonium elution. Sulfamic acid, 0.3 M, is added to prevent oxidation of_^XUI>UUi.UIU CJ.UU1UUI wi^uo>iu.v ^—j-—., ~'^ 12.J —— — Jr

the Pu(lll) to Pu(lV), which would be undesirable not only because of the lower
plutonium concentration that would be obtained in the product cut (see Sec. 4.1)
but also because the nitrogen oxides formed in the oxidation would rupture the
bed and cause channeling of the acid. The sulfamic acid breaks the oxidation
chain by reacting with the nitrogen oxides as rapidly as they are formed. The
induction periods characteristic of nitric acid oxidation can be extended from
a few minutes for the uninhibited system to two weeks for the inhibited system.

In earlier work, before the addition of sulfamic acid was tried, an attempt
was made to elute the Pu(lll) with 2 M HN0-, but even this strength nitric
acid oxidized the plutonium.

Acetates. Acetate solutions have shown promise as elutriants for plu-
tonium, but the acetate system has not yet been fully investigated. In runs
made with 2 and 4 M ammonium acetate, high product concentrations and small-
volume stripping were obtained. Oxidation of the plutonium to the Pu02 ion
would cause precipitation in the product solution, but this oxidation can be
prevented by using a holding reductant, such as hydroxylamine, in the elutriant.

Sulfates. Sulfates had been shown in previous work to be effective in
stripping Pu(IIl) from Dowex-50 resin. High product concentrations and small
tailings were obtained with 1 and 2 M ammonium sulfate, but the formation of
NHiPu(S0),)o precipitates in some of the product solutions was undesirable.
AlSali-plutonium sulfates are even less soluble than ammonium. Sulfates are
consdsred at this time to be of no interest.
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Fig. 6.1 • Plutonium in Eluate from Plutonium-Elution Step, Run SP-20.

Resin: 50- to 100-mesh Dowex-50

Column dimensions: 3-in, diameter, 14-in. height

Elutriant: 5,7 M !1N03 , 0.3 M sulfamic acid; upflow

Total Pu on column: 29.09 g
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Fig. 6.2 . Plutonium in Eluate from Plutonium-Elution Step, Run HCP-l.

Besin: 50- to 100-me.sh Dowex-50

Column dimensions: 3-in. diameter, 14-in. height

Elutriant: 5.7 MHN03, 0.3 Msulfamic acid; upflow

Total Pu on column: 61 g

Total Pu product: 54 g at 43 g/liter
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Fig. 6.3 . Plutonium in Eluate from Plutonium-Elution Step, Run HCP-2.

Resin: 50- to 100-mesh Dowex-50

Column dimensions: 3-in. diameter, 14-in. height

Elutriant: 5.7 M HN03, 0.3 M sulfamic acid; upflow

Total Pu on column: 70.8 g

Total Pu product: 64.1 g at 42.7 g/liter
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Fig. 6.4 . Plutonium in Eluate from Plutonium-Elution Step, Run HCP-3.

Resin: 50- to 100-mesh Dowex-50

Column dimensions: 3-in, diameter, 14-in. height

Elutriant: 5.7 */ HN03 , 0. 3 Msulfamic acid; upflow

Total Pu on column: 91.3 g

Total Pu product: 78.5 g at 42.76 g/liter
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Fig. 6.5- Plutonium in Eluate from Plutonium-Elution Step, Run HCP-4.

Resin: 50- to 100-mesh Dowex-50

Column dimensions: 3-in. diarceter, 14-in. lieight

Elutriant: 5.7 M 1)IS03 , 0.3 M sulfamic acid; upflow; 0.22 ml/min/cm2

Total Pu on column: 91 g

Total Pu product: 88.5 g'at 44.b g/liter
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Fig. 6.6 . Plutonium in Eluate from Plutonium-Elution Step, Run HCP-5.

Resin: 50-*to 100-mesh Dowex-50

Column dimensions: 3-in. diameter, 14-in. height

Elutriant: 5.7 M HNO 0.3 M sulfamic acid; flow rate

0,22 ml/min/cm2, upflow

Total Pu on column: 78 g

Total Pu product: 71.7 g at 44.7 g/liter
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Fig. 6.7 . Normalized Elution Curve, Composite for Runs IlCP-1, 2. 3.
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Fig. 6.8. Normalized Elution Curve. Composite for Runs HCP-4, 5.

Column load: 75 to 90 g of Pu
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Nitrates. A satisfactory product was obtained with k M ammonium nitrate
in 1M HNO ,but oxidation of the Pu(lll) occurred after elution of about lk<Jo
of the pluxonium on the column. The ammonium nitrate system could probably
be stabilized by the addition of sulfamic acid.

6.2 Gassing Effect of Impurities

The occasional evolution of gas that occurs during elution is believed
to be caused by impurities on the column,which may be corrosion products from
the stainless steel from which the pilot plant is constructed or peroxides
formed in the system by plutonium a bombardment. In experimental runs in
which clean plutonium solutions were absorbed in all-glass systems, the plu
tonium was completely eluted without gas formation at any time during the
run, and the product was stored as Pu(lll) for weeks without oxidation to
Pu(lV). In runs in which plutonium contaminated by corrosion products,
principally iron, was used,the oxidation appeared to have a shorter induction
period.

Corrosion Products. Ferrous iron, the impurity most likely to be present
in the product stream from a stainless steel column, causes reduction of nitric
acid. In experimental runs, plutonium from solutions contaminated with cor
rosion products, principally iron, was absorbed by Dowex-50 and eluted with
5.7 M HN0_—0.3 M sulfamic acid without evolution of gas in the bed. Preli
minary experiments made with 0.l8 M ferrous sulfate alone indicated that 0.3 M
sulfamic acid is not sufficient to inhibit the oxidation of ferrous iron of
this strength by 5.7 M HNO- but that 0.75 M sulfamic acid inhibits it for sever
al hours. However, iron contamination of this magnitude is not expected in the
production plant, and would be objectionable in any case because it might in
terfere with the peroxide precipitation. It was also shown that 0.3 M^HNO-
(the acid concentration of the Purex IIBP stream) oxidizes Fe to Fe^+, but
that 0.05 M hydroxylamine prevents the oxidation.

Studies are being made on the oxidation of chromium and nickel.

Eydroxylamine. Hydroxylamine alone is absorbed by Dowex-50 and causes
gas evolution when it is eluted with uninhibited 5.7 M HNO . It was found
that the absorption of hydroxylamine depends on the acidity of the feed solu
tion and that hydroxylamine is approximately the same as H in absorbability
(Fig. 6.9).

A 10-ml column that had been saturated with 0.05 M hydroxylamine was
eluted with 5.7 M HNO containing 0.3 M sulfamic acid fTable 6.3). No gassing
occurred, and essentially all the hydroxylamine was eluted in three to five
volume changes. In a similar experiment in which 0.1 M HNO- was used in the
feed and 0.3 M HNO- with no sulfamic acid was used as the elutriant, no gas
sing occurred~and 35 volume changes were required for elution of most of the
hydroxylamine (Table 6„k)o

The variation in the absorption of hydroxylamine as a function of H con
centration was shown by the fact that a 10-ml resin column with a capacity of
about 23 milliequivalents absorbed 7.8 milliequivalents of hydroxylamine from
a 0.05 M solution in 0.3 M HNO- and 13.8 milliequivalents from 0.1 M HHOg.
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Trnn plus Hydroxylamine. When iron and hydroxylamine are both P^sent,
gassing occurs if uninhibited 5-7 M HNO. is used as the elutriant. A10-ml
r^in folumTwas saturated with afeed containing 0.05 MTeSO 0.0M hy-
Soxylamine sulfate, and 0.3 MHN0-. No gassing occurred when the elutriant
was 5.7 M HN0-. plus 0.3 M sulfamic^acid, but violent gassing an
the bed occurred when the elutriant was uninhibited 5-7 M HNO .
appeared qualitatively to be more violent than when hydroxylami

resin coxumn was sai/iuawu wa.u^ «, *.—— -^ - _ »,-,, „n7,4._4i»y,+Soxylamine sulfate, and 0.3 MHN0-. No gassing occurred when the elutriant
wasTrM HN0o plus 0.3 Msulfamic3acid, but violent gassing and rupturing of
the bed fccurf^ ™-« **•" -i«+-^«+. v^ uninhibited 5-7 MHN0o. The gassing
appeared qual:
being eluted.

Although the resin is supposed to be in the acid form at the start,there
is an acid deficiency, as was shown by an ^rl«rt in J**%a 0.3J HNO3
feed containing 0.052 Mhydroxylamine sulfate and 0.0^5 MR ^!^ce te_
h?-t<r 6 30) The acid deficiency of the resin is shown by the difference oe
Iwefn the eiceSV and tL theoretical displaced if. During the first twenty
volume cLSes, both hydrcalamine and iron are absorbed almost cutely.
It saturation,\*ich occurs near 60 volume changes throughput (300*1),
the reS bed\eld 13.5 milliequivalents of Fe2+ and k.5 milliequivalents of
hydroxylamine*

Peroxides. Hydrogen peroxide was found to be absorbed In small amount^
only 1millimole on a10-ml Dowex-50 resin column from a0.3 MHNO solution
containing 3gof hydrogen peroxide per liter. However, the effects of per-oxtSs inVprXSon run might be very different from those^ •run rfthl.
2nd. In the production run, where the peroxides are formed in situ, active
free radicals are undoubtedly formed first.

Experimental Results_^n^ilp^Pl^Jcale. During the prod^lution
in the HCP series of"runs, slight evolution of gas was o^rved, which re
suited in the formation of dime-sized dry spots in the resin bed. The gas
evolved was never sufficient to disrupt the bed or «?^ f£ ^°V
„+p ana there was no visual evidence of oxidation of Pu(III) to Pu(iv;.
S Runs^CP-fanrt ?he elutriant used was 5-5 *HNO +0.5 Msulfamic acid
insSat orthe usual 5?7 MHNO, +0.3 Msulfamic acil. There was no apparent
cnangfafthete two level! of antioxidant concentration. The column was
tZSSa with 0.1 Msulfamic acid alone prior to the elution step of Run HCP-5,
but there was still no observable change during the elution.

6.3 Effect of Variations in Elutriant Flow Rate

In small-column studies (0.5 cm2 in cross-sectorial area, "20 cm high)with an SSrianfSow rate ofVl to. 2.0 ,ml/min/cmj, the ^\*™*^
was found to rise quickly and reach asharp peak of nearly 130 g/liter after
7% volume changes (Fig. 6.1l). At faster elutriant flow rates, i.e., 0.8, and
2*0 £S/S^Se peak was lower and tailing was greater. Since these runs
were^aX £th'dirfeSnt samples of resin, the results are only approximately
comparable.

in the HCP runs, with columns k5^ cm2 in cross-sectional area and ik
cm higS, an elutriant flow rate of 0.22 ml/min/cm^ was ^V^^et?
c*t with satisfactory plutonium concentration in the product. A10* heel
was Sffe.:.on the -eoMis* Th*-®*&t»U:*£ -the c^splacement volume+was.varied
S^Si^^^s^^emn^l^^i^^£tem*^Um^fei^«(i]9Jm: *»•» efc-riaF^ima^/ilrflB^^^^a^ the-last two, and
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Fig. 6.9

Absorption of Hydroxylamine
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Table 6.3

Elution of Hydroxylamine with 5.7 M HNOg + 0.3 M Sulfamic Acid

Feed: 0.3 M EMX, containing 0.05 M hydroxylamine sulfate

Column: 10 ml of 12$ cross-linked Dowex-50 resin, 50 to
100 mesh; glass column, 0.5 cnr in cross section,
20 cm high

1 volume change = 5 "0.

Volume of Eluate

(ml)
H+
(M)

Hydroxylamine Sulfate

(M)

((Elutriant)
10

20

30
ko

55
65

5-75
1.30
5.70
5.70
5.80,
5.70
5.80

0.0035 (blank)
0.320

0.555
0.017

0.0035
0.0035

1 0.0025

Table 6.k

Elution of Hydroxylamine with 0.3 M HNO^

Feed: 0.3 H HNO- containing 0.05 M hydroxylamine sulfate

Column: 10 ml of 120 cross-linked Dowex-50 resin, 50 to
100 mesh; glass column, 0.5 cnr in cross section,
20 cm high

1 volume change =• 5 ml

Volume of Eluate (ml) H+ (M) Hydroxylamine Sulfate
(a)

(Elutriant)
25

0.30

0.29

0.001 (blank)
0.100

50 0.30 0.115

75 0.29 0.123

100 0.30 O.098

125 0.29 0.072

150 0.29 0.0U5
175 0.29 0.03^

200 0.30 0.005

225 0.29 0.002

250 0.30 0.001

300 0.30 0.002

350 0.30 1 0.001
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2f
Absorption of Fe and Hydroxylamine Sulfate on Dowex-50
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a more abrupt plutonium peak was obtained with the slower rate. The concen
tration gradient between the dilute nitric acid in the column and the strong
nitric acid elutriant depends 6n the diffusion rate of the acid through the
resin particles, and the boundary between the liquid fractions is sharper if
a slow flow rate is maintained in all elution operations. This slow flow
rate through all operations also gives abrupt boundaries to the plutonium
product band.

6.k Channeling in Resin Bed During Upflow Elution

In the HCP runs the resin was maintained in a fixed bed by the compres
sion spring between the top end plate and the top resin hold plate (Sec. 3.0)
and there Ws no channeling problem. It is believed that this construction
will be equally satisfactory with the 7-in.-diameter column.

In some of the earlier runs a particularly bad type of channeling occurred,
as a result of the following conditions: the density of Dowex-50 is approxi
mately 1.2 and that of 6KHNO- is 1.19- The settling rate of there•" " «»
acid Is therefore very slcV, and,if the acid flows at an appreciable velocity
it tends to carry the resin along. This resulted in .the formation in the resin
of a wall-less tube of fluidized resin about l/2 in. in diameter. Such a
channel has a lower resistance to flow than the compacted bed, and, as more of
the flow is diverted to the fluidized channel, the fluidization is augmented.
The "tube" slowly meanders through the bed and eventually thoroughly mixes the
clean excess resin with the active resin on which' the plutonium is absorbed.
Since a large part of the flow takes place in a small portion of the cross-
sectional area of the bed, the true flow rate per square centimeter ^ much
higher than the apparent average flow rate. The churning action destroys the
concentration graSent along the depth of the resin bed and the countercurrent
elution is converted into a pseudo-batch elution of diluted resin.

Two methods of preventing the fluidization were tried before the com-
pression spring was introduced, but neither was entirely satisfactory. In Run
|p-9 asintered-glass disk was fused into the column about 5 in. from the top
to retain the bed during the elution. However, the column was filled with
resin in the expanded state, which is the state in 0.25 MVV^™. bpSSh
tracts in the 5^7 M HN0o elutriant, creating an excess aqueous volume beneath
^sintereddisk." In lun HP-ll-lU the sintered disk was replaced by amovable
bed of coarse Ottawa sand (density 2.6 g/cc) resting on several close-fitting
Ftterglas disks. The weight of the sand compacted the resin bed and prevented
fluSfzation of the resin, but the depth of sand (3 in.) needed to force the
resin down was dead space and resulted in a lowered product concentration.
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7„0 PURITY OF PRODUCT

The purification obtained in a given resin system depends on the dis
tribution coefficient of the ion in question relative to the plutonium form
of the resin. In the downflowing absorption stream, saturation of the top
of the column with plutonium causes the contaminating ions to be absorbed
farther down the column, and, if the downflowing uranium-elution step is in
cluded, some ions are forced farther down the column. With the upflowing
Plutonium elutriant these ions do not move to the top of the column until
after the plutonium product fraction has been collected.

7.1 Overall Decontamination Factors

Specifications for the plutonium nitrate product solution require that
gross I and 7decontamination factors of the order of 10' be obtained in
the overall Purex process. These specifications were met (see Appendix A2,
pp. 56, 61 ,and 65. The overall gross pand 7decontamination factors
Se rax-her uniform, in the neighborhood of 6x107 and 2x10 ,respectively,
for runs on slugs cooled from about 90 to 190 days (Runs HCP-2 through 5 .
The factors are somewhat higher for the slugs cooled 330 days (Run HCP-l}.
The history of the slugs used in these runs is given in Appendix 7-

7„2 Individual Decontamination Factors

The individual fission product decontamination factors varied widely
from one run to the next. The variations were not the result of erratic
behavior of the resin column but of certain other conditions that were not
always controlled, for example:

1 Since zirconium and niobium in weak acid solution plate out on
the walls of the feed tank, the decontamination factor deter
mined for these elements is partly dependent on the length of
time the feed solution is allowed to stand before being analyzed.

2 The forms of zirconium and niobium present in the pilot plant
IIBP solution have a lower affinity for Dowex-50 resin than
does plutonium, and they are absorbed farther down the column..
With larger amounts of plutonium and of sulfuric acid elutriant,
the amount of these contaminants eluted with the uranium is
larger.

3. About a third of the activity of a gray, curdy material that
formed in suspension in the feed in seme of the runs was shown
to be due to UXn + UXp. This material deposited on the top
hold plate of the column, and varying amounts of it were dis
solved by the strong nitric acid plutonium elutriant and passed
into the product. A filter has been installed in the feed line
to keep this material from the column in future runs.

k. The high concentration of plutonium in these solutions made it
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necessary to dilute all solutions considerably before making
analyses. At these low concentrations of fission elements the
low precision of the decontamination factor determination may
have caused apparent variations.

The consistency of the leakage of ruthenium in absorption and the partial
elution of zirconium and niobium along with uranium demonstrate an interesting
phenomenon. These elements are known to form various hydrolyzed and polymeric
states with slow mutual exchange properties, which may well be the cause of
the apparent fractionation in different steps.

7.3 Distribution of Radiochemical Contaminants

Absorption Step. The principal activity.-in the absorption-step effluent
is ruthenium. It appears in both the flowing stream and composite waste as
a constant leakage of p and 7 activity (Fig. 7-l). The amount in the effluent
is reasonably constant at approximately k0$> of that in the feed (Table 7.1)-

Uranium-Elution Step. Small amounts of ruthenium and rare earths appear
in the uranium eluate, together with varying amounts of zirconium, niobium,
and UX +UX2 (items 2and 3, Sec. 7-2)..The pand 7activities of the eluate
vary with increasing volume (Fig. 7«2).

Plutonium-Elution Step. About kV$> of the ruthenium of the feed goes into
the plutonium product solution. This is the limiting activity in product
purification. The amount of UX, + UXp that goes into the product may be con
siderably less when the gray curd is filtered off. Other contaminants are •
less than 5$ of the amount in the feed. The residual fission product activity
of the plutonium product is only a few per cent of the natural plutonium X-ray
activity (see Appendix 6).

7„lj. Ionic Reduction Factors

Appreciable decontamination from ionic constituents is obtained in the
ion-exchange process. Reduction factors varied from apparent enrichment in
some cases to 195 for iron in one run (see Appendix 2, pp. 56, 57, 62 and 66.
Analysis of the absorption and uranium-elution effluents showed that- only
very small amounts of ionic contaminants went into these streams, and that
no apparent ionic decontamination took place in these steps (Appendix 2,
page 67).



Fig. 7.1. Beta and Gamma Activity Levels in Waste During Absorption, Run HCP-2.

Gamma activity measured in millivolts on ionization chamber in Pldg. 3019.

Pesin: 50- to 100-mesh Dowex-50

Column dimensions: 3-in. diameter, 14-in. height

Feed conditions: 3.7 g of Pu(ITI) per liter, 0. 49 A' H+; flow rate
5.5 ml/min/cm2, downflow; total volume 19 liters
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Fig. 7.2 • Beta and Gamma Activity Levels in IJranium-Elution Step Eluate, Run HCP-2.

Gamma activity measured on ionization chamber in Bldg. 3019.

Resin: 50- to 100-mesh Dowex-50

Column dimensions: 3-in, diamter, 14-in, height

Elutriant: 0.25 M H2SO4+0.02 M hydroxylamine sulfate; flow rate
2.2 ml/min/cm2, downflow
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Table 7.1

Distribution of Radioactive Contaminants under Cycle Operation

0RNL-1357

Activity in Absorption Waste Activity in U Elution Waste Activity, in
Product^'

($> of feed
activity)

Activity
Buildup on
Column^—'
(# of feed
activity)

on-

ami-

(c/m/mg Pu in
d of feed activity) /.\

(c/m/mg Pu.in
feed)(b) ($> of feed activity) , x

ant HCP-2 HCP-3 1HCP-4 HCP-2 HCP-3 HCP-4 Median^"' HCP-2 HCP-3 HCP-5 HCP-2 HCP-3 HCP-5 Median^

u ^90 77^. 729 40.6 ko 37 40 40 215 78 3.3 11 h-3 4 40 10 - 20

r 1.6 6*2 1,2 0.8 h,7 0.05 <1 1.6 88 20 0.8 68 2.9 (£)
<5(c) 95(c)

b 0.8 2,4 1 1.5 1 0.2 <1 4 14 26 8 46 19 (c) <5(c) 95<*}.
RE 0.6 —_.. 2 O.k 0.2 <1 1.2 — .. 5o2 1 — 11 <1 3 95

xi+! -.
if

ra2! 6 2* 1*7 (d) 8 1 r — 20 14 90 (i) k9 (4) ___ 5 - 10^)

(a) These values are selected in an attempt to evaluate the data. They are not to be considered
necessarily representative.

(b) Normalized to total plutonium in run in order that direct comparison with feed and product;
activities, might be made.

(c) See Sec. 7«3»
(d) 'Amount in waste higher than in feed.
(e) Anomalous amount of activity in runs, but amount in product guessed to be;5 to 10$ of that

in feed if the curd is separated prior to the product elution.
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800 RESIN COLUMN DECONTAMINATION

8.1 Decontamination Procedure

After a number of absorption and elution cycles the accumulated fission
products, chiefly zirconium, niobium, and rare earths must be removed
from the column if shielding is to be avoided. First, the plutonium
heel from the last run is completely eluted. The column is then washed with
2.5 volume changes of 0.5 M oxalic acid, which, by removing the zirconium
and niobium, reduces the contamination by a factor of 10. This decontami
nation is sufficient to prevent serious buildup, but, if other activities are
considered objectionable, they can be removed with 2 M ammonium citrate at
pH 5.6. Sufficient ammonium citrate (about 2.5 volume changes) must be used
to convert all the resin to the ammonium form. The cleaning action of either
solution is improved by allowing it to stand in the column for a few hours,
probably because polymerized forms are converted to a soluble form and dis
solved.

8.2 Distribution of Activities on Column

Activity profiles were determined from readings made on a P-7 probe placed
in contact with the column at various places along its length (Fig. 8.1). Fol
lowing Runs HCP-3 and 5, the column was stripped of plutonium, and activity pro
files were determined after various treatments had been given to the column.

For Run HCP-3, activity profiles were determined (l) after absorption of
the plutonium, (2) after elution of the plutonium, and (3) after each of suc
cessive washes of the column with 0.05, 0.1, and 0.5 M oxalic acid and 0.5 M
ammonium citrate, pH 5.6 (Fig. 8.2). The activity was considerably less after
the plutonium elution, and it dropped after each wash. After the final wash
the top hold plate containing the high-activity sludge was removed, and the
column was then essentially decontaminated. Results of analyses of the eluate
made at two points (Table 8.1, Fig. 8.3) showed that principally zirconium and
niobium were removed with oxalic acid. All are removed to some extent by the
citrate wash.

In Run HCP-5 the fission product activity in the IBP stream was consider
ably higher than in Run HCP-3 (Appendix 7)° .The activity profile after the
plutonium product elution had the same shape in the two runs, but for Run HCP-5
the level was higher. The profile was determined after complete plutonium
elution and then after various volumes of 2 M ammonium citrate (pH 5.6) had
passed through the column (Fig. 8.4). The radiation of the column was down
to background after about 6 volume changes. The decontamination was improved
considerably by allowing the citrate solution to remain on the column over
night (Table 8.2, Fig. 8.5).

The activity levels in these experiments may be some indication of those
under Savannah River plant conditions if the same relative purity of the' Purex
product is assumed. The ion-exchange coupling columns should add activity
during each run which is roughly 2 to 3 times that on the 3-in.-diameter column
after Runs HCP-4 and 5. The cooling period of the slugs will be less, but the
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6- or 7-in«-diameter columns will offer more self-shielding. Under these con
ditions, 50 to 60 mr/hr of activity would be expected on contact with the
columns for each run. However, it should be emphasized that this is not the
activity level at any reasonable working distance. In all runs the maximum
level at 2 ft was 2 mr/hr or less.

Table 8.1

Radiochemical Analysis of Resin •Column Decontamination Waster:Run'HCP-?

Samples taken from fractions of waste as indicated in Fig. 8.3
Flow rate of elutriant: 0.5 ml/min/cm2

Activity in Waste (c/m/ml)

Contaminant

. 0.5 M Oxalic
Acid Wash

0.5 M Ammonium

; CitrateT pH 5.6, Wash

Ru p 1* 456

Zr P 1030 83

Nb p 81 *3

Total rare

Earth P 9

u^ + ux2 p 10 88

Table 8.2

Radiochemical Analysis of Resin Column Decontamination Waste, Run HCP-5

Elutriant: 2.0 M ammonium citrate, pH 5*6

Samples taken from fractions of waste as indicated in Fig. 8.5

Activity in Waste (c/m/ml)

Contaminant

After 1 Vol.

Change
After 2.5 Vol.

Changes

After 5.5 Vol. Changes
and Column down Overnight

Ru p 404 1,710 56O

Zr p 860 10,400 35^0

Nb P 956 411 717

Total Rare

Earth p 22 8 8

ux1 + ux2 p 67 171 636
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Fig. 8-1 . Activity-Level Distribution Along Process Column. Through
HCP-3 Product Elution. Activity at contact with column measured with 6-

Measurements w*>rn made at the end of the product elution,
'ilh approximately a 10% plutonium heel on the column.
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Fig. 8.2 . Activity Levels along Process Column after Decontamination steps

Following Run HCP-3. Activity at contact with column measured with .1-• probe.
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Fig. 8.3. Beta and Gamma Activities in Eluate During Decontamination Rinse after Run HCP-3

Product Elution. Arrows show point at which samples were taken for radiochemical analysis.
Gamma activity measured in millivolts on ionization chamber in Bldg. 3019.
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Fig. 8.4 . Activity Profile of Process Column Through Decontamination Cycle, Run HCP-5.
Activity at contact with column measured with ,/3-y probe. See Fig. 8.5 for comparison with
points on citrate elution curve.
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Fig 8.5, beta and Gamma Activities in Effluent During Decontamination after Run HCP-5 Product
Elution. Arrows show point at which samples were taken for rad i or.heroi ca1 analysis. Gamma activity
measured in millivolts on ionization chamber in Pldg. 3019.

Resin: 50- to 100-mesh Dowex-50

Column dimensions: 3-in. diameter, 14-in. height

Elutriant: 2.0 M ammonium citrate t.pi> 5-6), 0.55 ml/min/cm2, upflov
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Appendix 1

PRECIPITATION OF PLUTONIUM PEROXIDE

Tests were made on the plutonium product from the ion-exchange process
in order to determine its suitability for conversion to the peroxide, The
peroxide is hydrofluorinated to form plutonium tetrafluoride, whiefc is
eventually converted to elemental plutonium. Results indicate that the ion-
exchange product can be handled without difficulty and that the peroxide
prepared from it is satisfactory in yield and bulk density (Table Al.IJ.

Addition of sulfate before the precipitation is not necessary sinee the
sulfate ion required is supplied by the oxidation of the sulfamic acid. Addi
tion of sulfite is not necessary because the plutonium is eluted in the III
valence state. A small decrease in the plutonium loss in the surcrnatant is
achieved by lowering the nitric acid concentration from 5»*0 to *U24 M, but
this is not important since the supernatant is recycled.

Table Al.l

Summary of Plutonium Peroxide Precipitation Data

Run HP-9: Sample of ion-exchange plutonium nitrate product solution pre
cipitated with 30$ \02 by weight to give final solution 10*
HJ3p "by weight; mixture cooled to 8 C.

Run HP-ll-lks Samples of ion-exchange plutonium nitrate product solu
tion (sample C diluted to lower the HNO3 concentration) pre
cipitated with equal volumes of 30$ HgOg by weight, which
was added rapidly; mixture slowly stirred for 1 hr and tem
perature held at 5 to 8 C; precipitate allowed to settle for
15 minutes, and its volume then measured

Sample

HP-9

HP-ll-lU:
A

B

Pu Conq.

(g/liter)

81.5

51.k

$l.k

ko

Composition

2.1 M HN0-, 0.055 MFe3 ,to which
was added HgSO. to 0.25 M sulfate
and Na-SO fo 0.05 M sulfite

5.1*5 M HNO ,0.3 M NHgSO^,

0.004 M Fe3+

Same as above, to which was added
solid (NHj^)2S0^ to 0.25 M and
(NHj^)2S03 to 0.05 M

k.2k N HN03, 0.2 M NHgSO^,
0.003 M Fe3+

Pu in

Supernatant
(mg/liter)

&k0

(1.8JD
(a)

50-4

59-k

.30.4

Bulk

Density of
Ppt.(g/ml'

0*07

0>03

0.03

(a) High loss was due to large amount of iron in the ion-exchange product.
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Appendix 2

RUN SUMMARIES

Runs HP-6 and 7

Data on these runs are very incomplete and therefore are not repro
duced here.

Runs HP-8 and 9

Resin Column Specifications;

Resin

Resin bed, volume
Depth
Column, diameter •
Cross-sectional area

Excess resin

Volume change

Dowex-50, 12* cross linked, 60 to 90 mesh
1400 ml in 0.3 M HNO-
12 in. (30.5 cmj 3
3 in. (7.6 cm) p
7.07 in.2 (45.36 cm )
3.44 fold (based on 80 g of Pu(lll)
700 ml (voids assumed to be 505»)

Feed:

IIBX

IIBP (at equilibrium):
Feed volume (liters)
Pu (g/liter)
Total Pu (g)
U (g/liter)
Total U (g)
HN03 (M)
Gross a (c/min/ml)
Gross p (c/min/ml)
Ru p (c/min/ml)
Zr p (c/min/ml)
Nb p (e/foiin/ml)
Total rare earth p (c/min/ml)
UX, + UX- P (c/min/ml)

Gross 7*a' (mv/ml)

Run HP-61 Run HP-9

0.1 H HNC>,, 0.: M HNC>?,
0.05~M hydroxylamine 0.05~k hydroxylamine
sulfate sulfate

165.4 I85.8
0.81 0.796

80.4 75.133
0.0026 5.72

521.72

0.335 0.19

5-77 x 1G4T
103log,
102

5.65 x ™l
3.08 X 1.94 X 103iog4.81 X 3.16 X
5.56 x ~»2.97 x 102
1.54 X 10210J

10

^ 72
p

2.69 x ^ 1.64 x 104
1.94 X 1.12 x 104

4.4 3.56

(a) As determined on ionization chamber in Building 3550.
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Absorption Step: Run HP-8

Pu in waste (mg)
U in waste (g)
Feed flow rate, downflow

(ml/min) 2
(ml/min/cm )

16
None

105

2.3

(0.02*)

Uranium Elution Step:

Pu in eluate (mg)
U in eluate (g)
Elutriant flow rate,
downflow (ml/min)
(ml/min/cm )

0.65
0.023

82

1.8

(0.0008*)
(^99#)

Elutriant:

Vol. of 0.25 M RpSO. (liters) 18.1 (26 vol.
changes)(&)

Vol. of 0.2 M HNO-(liters)

Vol. of demineralized HgO
Total (liters)

Plutonium Elution Step:

Elutriant flow rate (upflow):
First 6 vol. changes (ml/foin)

o

(ml/min/cm )
Last 34 vol. changes (ml/min)

(ml/min/cm )

4.9 ( 7 vol.
changes)

23

25

0.55
50

1.1

ORNL-1357

Run HP-9

10.2 (0.014*)
416.33 (80*)

105
2.3

3.3
104.95

50
l.l

(0.004*)
(19.9#)

66.0 (94 vol. changes)

4.5 (7 vol. changes)
70.5

First 9 vol. changes
(ml/min) 15
(ml/min/cm2) 0.33

Next 2 vol. changes

(ml/min) 25
(ml/min/cm2) O.55

Last 25 vol. changes
(ml/min) 9 45
(ml/min/cm ) 1.00

Elutriant:

Vol. of 6M HN03 (liters)

Vol. of 0.3 MHM>3 (liters)

Total (liters)

25.9
(37 vol. changes)

2.4
(3 changes of
800 ml each)
28.3

22.4
(32 vol. changes)

2.8
(4 vol. changes)

25.2

(a,) A volume change is defined as half the column volume, assuming 50% voids
in the resin.
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Resin Column Product:
, - -, .. . .

• • •
... •. . ...

Run 8 before Boildown Run 9 before Boildown Run 9 after
Determination

Product Batch A^ Batch B(s^} Batch c'£' Product Batch A*-'
Boildown,
Product

Volume changes 9 20 10 2 13 23

Volume (liters)
HNO (M)

6.47
6

14.3
6.1

6.8

5.1

1.6
1.48

9.1
6

16.0

5.3

2.8 .
7.6 .

Pu (g/liter)
Total Puva) (g)
U (g/liter)
Total U (g)

Gross p^- (c/min/ml)

11.5 , N
74.45^
0.02

0.365
5.21

0.105

0.71

O.OO65
0.010

O.OO65

7.85
71.5

O.O517
0.47

0.238
3.62

0.00016
0.0024

25*5(^)
71.5 •.'•
0.168

6.2 x 10 I.78 x 10 8.47 x 103 4.8 x lCf 6.5 x10^ 9.2 x 103 2.11 x 105^
Ru p (c/min/ml) 5.0 x 103 1.46 x 104(i}
Zr p (c/min/ml) 1.19 x 10: 4.22 x 103
Nb p (c/min/ml)
Total rare earth p(c4lr)&C " * '•'.

1.55 x 103
1.70 x 10J

Gross r^-^(mv/ml)
UXX + UX2 p (c/min/ml)

16.0 k
5.4 x 10* 1.14 x lO5'^

Vol. reduction of pro
duct

13.2 9.9 32

(a) These portions of the eluate were recycled to the second plutonium cycle of the Purex process during the
following run, BP-10.

(b) Contained water used to rinse glassware,
(cj Discarded.
(4) Based on potentiometric analysis.
(e_) This amount shipped to Los Alamos.
(f) Counted on helium-filled Geiger-Mueller tube.
(g) 10.18* geometry.
(h) A« measured on ionization chamber in Building 3550.

VJl
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In Run 8 the following decontamination factors were obtained through the
ion-exchange procedure:

Gross p(-)
Ru p

^ P ia)ux1 +ux2 pv-;
Gross 7

7-0
11

6.7
4.5

3-9

(a) Counted on a helium - filled Geiger-Mueller tube; others were
counted on an argon-filled tube.

In Run 8 the P activity of the Pu product was distributed as follows:

87*

8*
2*

uxx + ux2

Ru

Zr

Because of the disagreement of the analytical data for Nb, they could not be
evaluated.

In Run 9 the following decontamination factors were obtained through
the Purex and ion-exchange processes:

1st and 2nd Purex

Cycles Total

Gross P

Ru p
Zr P
Nb p
Total rare earth P

8.5

9.8 x 10g

6
10,
102

5.8 x 10
1.2 x 10'

27

3.4 x 10*

8

Ion-Exchange
Process

2.96
6.93
2.28
1.48

3.09
3.16

2.28

2.5 X 10610?
10>

108

3.1 X

2.2

8.6
X

X

3.7 X

8tuxx + ux2 p
Gross 7 7.8 x 10

Reduction in Ionic Contamination:

Run 8

Contaminant

Product

(ppm of Soln.)
Reduction Factor through
Ion Exchange Procedure

Fe

Cr

Ni

Mn

Al

Pb

Gu

Mg
U

P0A

90
14.4
25.6
2.3
7.6

225

3.1
8.8

<20

1 <1

None

2.3
4.5
3.2

IX
None

7-2
6.2

2.0
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Run 9

Hg per mg' of Pu

Contaminant IIBP (equilibrium) Product Reduction Factor

U 7180 6.6 1090

Al 8.04 O.36 22.6

Ca 5.14 6.00 ~1

Nonep)
None^

Cr 3.51 12.4

Fe 19.9 117.0

Mg 6.27 0.28 22.8
Noneu;Mn • 0.50 2.50

Ni 13.7 14.9 2.4(b)
Pb 19.3 8,10.

Cu 19.6 Not found High

(a)Spectroscopic analysis of the product showed the presence of these
elements in the following concentrations:

Chromium 0.32 g/liter
Iron 3.0
Manganese 0.06
Nickel O.38

A rough material balance over the feeds, waste streams, and products
of the ion-exchange process showed that these metals were present in
approximately the same ratios as they are in stainless steel type 347•
It is therefore concluded that the contamination came from the stain
less steel column being dissolved by the sulfuric acid used in the
uranium elution step. This type of stainless steel is very resistant
to nitric acid.

(t)The lead contamination of this product and of that from Run 8 may have
been leached from the Purex extraction system.

Run 10

Since Run 10 contained recycle material, data on it are not reproduced
here.

Runs HP-11 through l4

Feeds from these four runs were all absorbed by the same column to
demonstrate that a 100* excess of resin is adequate.

Resin Column Specifications:

Same as for Runs 8 and 9 except one 2.3 fold (125*) excess (based on
119.44 g of Pu) was used. Top of resin bed was weighted down with a 3-3A"
in.-deep movable bed of 20- to 30-mesh Ottawa sand resting on glass-fiber
cloth disks.



Feed: IIBX, 0.05 M BITCL, 0.03 M hydroxylamine sulfate

IIBP (at equilibrium):

ORNL-1357

HP-11 HP-12

A, B, C, D
HP-13

A, B, C, D
HP-14

Determination A. B C, D A, B

Feed volume (liters)
Pu (g/liter) ^&)

128.1^) 91.2 103.3 154.7
0.129 0.206 0.254 1.29 1.27

Total Pu (g) 6.91 5.72 14.09 60.62 32.10
U (g/liter) 0.0049 0.0047 0.0105 0.00054 0.0022

HN03 (M) 0.26 0.24 0.25 0.26 0.24

Gross p (c/min/ml) 960 1580 2500 13,800 9200

Ru p (c/min/ml) 8a 125 614 2,640 2360
Zr p (c/min/ml) 177 362 834 5,420 2130
Nb p (c/min/ml) 32 51 61 168 115
Total rare earth p 30 54 56 112 52
(c/min/ml)

UXX + UX2 P (c/min/ml)
Gross 7*-' (mv/ml)

578 313 975 775 207

1.32 2.10 5.5 27.3 15.4
Fe (ppm of solution)
Cr (ppm of solution)

14.2 12.5 12.7 13.4 14.0
16.5 6.2 -_ 2.4 1.9

Ni (ppm of solution) 7.7 7.4 7.2 5.0 3.1
Al (ppm of solution) 4.2 5-3 1.5 5.4 3.8
Pb (ppm of solution) 15.4 12.6 65 114
Cu (ppm of solution) 6.2 4.3 1.3 10.3 6.3
Ti (ppm of solution) 1.2 1.2 __. _ —

Mg (ppm of solution) 129 139 123 .105 55
Mn (ppm of solution) 3.4 2.9 2.0 7.6 3.6
Phosphate (ppm of 5 5 0.5 0.5 1.7
solution)

Ca (ppm of solution)
Si (ppm of solution)

548 482 199 390 170
—--

— Trace Trace Trace

(a) Total for Run 11, A through D.
(b) Total for Runs HP-11 through 14, 119.44 g
(c) As determined on ionization chamber in Building 3019.

VJ1

00.-



Absorption Step:

Determination

(a)
Pu in wasted-7

(a c/min/ml)
(mg)

Volume of IIBPW
(liters)

Feed flow rate,
downflow (ml/min)
(ml/min/cm2)

Other waste analyses:.

m± +

Cr

Ni

•ux2 p^c/min/ml)
Ru p (c/min/ml)
Zr P (c/min/ml)
Nb p (c/min/ml)
Total rare earth p

(c/min/ml)
UXX + UX2 P (c/min/ml)
Gross 7WU (mv/ml)
Fe (ppm)

ppm)
,PPn)

Al (ppm)
Fb (ppm)
Cu (ppm)
Mg (ppm)
Mn (ppm)
Phosphate

Ca (ppm)
Si (ppm)

(ppm)

59 -

Run HP-11

Ai_B. C, D

135
0.244

128.1

35
0.77^

23.3
0.514

12

50
4
20

5

69

0.6
N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

N.A.

(c)

Run HP-12 Run HP-13

50 I 395
0.064 | 0.577
91.2 I103.3

17.5
0.386

45

17.5
0.386

225 494

*-5 1 553
6 14

2.5 4

7200 920

0.8 i.5
3.1 2.6

Not found 0.2

5.0 5-0
1.0 1.0

Not found 13

0.9 0.9

1.7 0.5
0.4 1 0.4

0.5 ! 1.0

2.4 j 2.0
Trace Faint

j trace

(a) Total for four runs • 1.321 (0.0011*).
(b) As determined on ionization chamber in Building 3550.
(c) Not analyzed.

ORNL-1357

Run HP-l4

200

0.436
154.7

17.5
0.386

395
162

7
4

608

1.8
1.4

1.5
5.0
1.0

13
0.6

0.7
0.4
0.5

2.3
Trace



Uranlum-Elution Step:

Pu in eluate (mg)
(a c/min/ml)

U in eluate (g)
(mg/ml)

Elutriant flow rate, downflow(ml/min)
(ml/min/cm2)

Elutriant, volume of 0.24 M HgSO^
(liters)

Gross p (c/min/ml)
Eu p (c/min/ml)
Zr P (c/min/ml)
Nb P (c/min/ml)
Total rare earth p (c/min/ml)
UXX +UX2 p(c/min/ml)
Gross 7^ (mv/ml)
Fe (ppm)
Cr (ppm)
Ni (ppm)
Al (ppm)
Pb (ppm)
Cu (ppm)
Mg (ppm)
Mn (ppm)
Phosphate
Ca (ppm)
Si (ppm)

(ppm)

- 60 -

0.606
2.0 x

2.48

0.119
96.8
2.14.
20.9 (30 volume changes)

1750

1330
23

168
Background

6

14.6
1.1

1.5
5
1

13
0.6

24
0.4

0.5
1.3

_ Faint trace

(0.0005#)
103

ORNL-1357

(a) As determined on ionization chamber in Building 3019.

Plutonium-Elution Step:

Elutriant flow rate (upflow):
First 20 volume changes (ml/min)

(ml/min/cm2)
Last two cuts, 1000 ml each (ml/min)
(ml/min/cm2)

Elutriant: -'-•-•-
Vol. of 5.7 M HNO- + 0.3 M sulfamic
acid (liters) "*
Vol. of 0.3 MHN03 (liters)

Total (liters)

25
0.55
50
1.10

14.0 (20 volume changes)

2.0 (2 cuts of 1000 ml each)

16.0



Resin Column Product:

Volume (liters)
HN03 (M)
Pu (g/liter)

Total Pu (g)
Amount of Pu in product (* of total
on resin)
Uranium (g/liter)
Gross P (c/min/ml)
Ru P (c/min/ml)
Zr p (c/min/ml)
Nb p (c/min/ml)
Total rare earth p (c/min/ml)

UX2 P(c/min/ml)uxx +

Gross 7(2) (mv/ml)

(a.) As determined on ionization chamber in Building 3550.
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2.061

5^5

51.5 (by count analysis)
51.4 (by potentiometric analysis)
51.0 (by colorimetrie analysis)

105.93 (by potentiometric analysis)
89.6

<0.001 h
2.92 X

10
2.29 X 103

1<T4.38 X
975
333

io33.72 x

104

In Runs HP-11 through 14 the following decontamination factors were
obtained:

Contaminant

Gross p
Ru p

Zr p
Nb p
Total rare

earth p
uxx + ux2 P

(a)Gross 7

Gross p
Ru p

Zr P
Nb p

Tdtal rare

earth p

ux1 + ux2 P
Gross 7(a)

Activity per mg or Pu IP, c/min; 7., mvT
IIBP at equilibrium

HP-11

c7"d~ HP-14

Weighted
Avg. ProductA, B

7.44xl03
681

1.37X10-3
248
232-

4.47xl03

10.22

7.67xl03
606 -

1.75xlO:5
247
262

1.52xl03

10.2

HP-12

9.84xl03
2.42x10^
3.28x10^

240
220

3.83

21.6

BP-13

41.07x10^
2.04x10^
4.20xl0:)

130

87

600

21.2

7.19x10-
1.84x10:*
1.66x10*

90
4l

162

12.0

DecontamTEation factor

9.3xlOJ,
1.88x10:
3<12xl0:

144

107

1.13xl0:

17.5 .

5.68x10'
447
86

19
6.5

73

4.47

Absorp
tion

U

Elution

Pu

Elution

Total Ion

Exchange

Avg'd. 1st and
2nd Purex Cycles Overall

1.25
2.65

1.29
1.49

1.17

I.O56

2.08

1.04

1.50

1.00

1.44

1.00

1.00

1.43

12.57
1.06

28.4

3.53

14.35

14.7

1.34

16.34
4.2

36.6
7.58

16.8

15.5

4.0

4.6 x 106.
1.04 x 10°
1.48 x10^
4.25 x 10g
3.36 x 10°

485

2.67 x 10'
6

7.55 x
4.37 x

10I
106

3.22 x 10J
3.22 x 10J
5.55 x

7.5 x 10

10'

3

1.02 x 10'

Xa) As measured on ionization chamber in Building 3019*
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In Runs HP-11 through l4 the following ionic reduction factors were obtained
by the ion-exchange procedure:

Amount (mg/mg Pu)

Contami

nant

Fe

Cr

Ni

Al

Pb

Cu

Ti

Mg

Mn

Phosphate

Ca

U

HP-11

A, B

110.0

128.0

59.6

32.5

119-2

"48.1

9.3

1000

26.4

38.8

4250

C, D

60.7

30.1

35.9

25.7

61.2

20.8

5.8

674

14.1

24.2

2340

HP-12

50.0

28.3

5.9

5.1

484

7.9

2.0

782

HP-13

10.4

1.9

3.9

4.2

50.4

8.0

81.5

5.9

3.9

302"

HP-14

11.0

1.5

2.4

3.0

89.7

5.0

43.4

2.8

1.3

134

Weighted
Average of
All Runs

23.4

10.2

11.1

14.1

59.5

9.8

201

6.88

5.96

639

Amount of KLutohium in Various Eluate Guts

Elution HN0-.

(M)3
Pu

Cut No. (g/liter) fg/cut)

0 0.29 0.134 0.094
67.141 3.9 95.92

2 5.7 42.25 29.60

3 6.0 16.75 11.70

4 6.0 7.32 5.12

. 5 6'°(a.)(6.o)&)
3.52 2.46

6 2.03 1.42

7 (6.0) 1.20 O.836

8 (6.0) 0.831 O.581

9 (6.0)
(6.0)

0.605 0.424

10 0.454 0.318
11 (6.0) 0.393 0.275
12 (6.0) 0.288 0.201

13 (6.0) 0.276 0.193
14 0.192 0.134

15 0.269 00l8l

16 0.208 0.146

17 0.149 0.104

18 0.112 O.078I

19 0.0730 O.O511
20 0.0407 0.0407
21 0.0015 0.0015

121.0984Total

(a) Assumed eauilibrium value.

Product

4.57

0.77

I.65

0.30

10.9

0.25

2.36

0.31

0

14.5

Reduction

Factor

5.1

13.4

6.7

47.2

5-5

38.8

85.2

22.3

High

44.2

>103
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Summary of Plutonium Eluate Data

Vol.

(liter's)
HNO.

ill:

?u (g/literj
Potenti

ometric

Total Pu

(fi)Cut Cut Nos, By a count Coloriometric

Product

Recycle

1,2,3

0,4-21

2.061

1.297(ft)

5.45

4.9

51.5

10.32

(a) Value used for shipping purposes.
(b) Amount shipped to Los Alamos was 104.9 g«
(to) Boiled down from 13.9 liters in glass still.
(d.) Average of the three values is 10.57*

51.0

11.63

(a)51.4

(d)
9-75

(b)
105.93

13.70

£119.63

Durations of Runs:
Hot Feed to Resin Column

Started Finished

Run

HP-ll-A

B

C

D

HP-12-A

B

C

D

HP-13-A
B

C

D

HP-14-A
b:

Date

7/12/51
7/13
7/13
7/14
8/6
8/8
8/9
8/9
8/20
8/21
8/22
8/22
8/27
8/28

Time

2055
1105

2145
0550
2320

1825
0530

193^
2110

1130
0030

1245
2131

1037

Plutonium eluted 9/5/51; total elapsed time = 55 days

Amount of Pu (g)

HP-11

HP-12

HP-13
HP-14

12.63
14.09
60.62
32.10

Date Time

7/13/51 1037
7/13 2105
7/14 0530
7/14 19^0
8/8 17^5
8/9 0451
8/9 1915
8/10 0953
8/21 1110
8/21 2350
8/22 1225
8/23 0135
8/28 1020
8/28 2230

Total time on

column (days)

54
34
20

14
23.6 (avg.)
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Runs SP-20 and HCP-l through 5

Resin Column Specifications

Resin

Resin bed volume

Resin bed depth
Column, diameter

Cross-sectional area

Volume change

Dowex-50, 12* cross linked, 50 to
100 mesh

1600 ml
14 in.
3 in. (7.6 cm) 2
7.07 in.2 (45.36 cm )

800 ml
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Radiochemical Decontamination Factors-in Purex Ion-Exchange Isolation Process

HCP-l HCP-2 HCP-3 HCP-4 HCP-5

Contaminant

P, c/m/mg Pu
yf mv/mg Pu

D.F.

3, c/m/mg Pu
7^ mv/mg Pu

D.F.

p, c/m/mg Pu
7, mv/mg Pu

D.F.

P, c/m/mg Pu
7, mv/mg Pu

D.F.

P,c/m/mg Pu
,7, mv/mg Pu

IIBP Product IIBP Product IIBP Product IIBP Product IIBP Product D.F. .

Ru P 480 195 2.5 1200 574 2.1 1950 840 2.3 I960 650 3-0 1770 596 3.0

_r p 213 18 12 196 7.6 26 131 20 6.6 2450 41 61 670 131 . 5.1

Nb p 40 1.2 34 52 1.2 43 31 2.9 11 67O io 64 135- 27 4.9

Total rare

earth p 94 6 16 132 3-7 3.6 22 7*6 2.9 1170 29 40 44 23 2.0

DX1 + UX2 p 143 9 15 3.5 19 (a) 28 10.5 2.7 131 36 3.6 63 6 10

Sum of F.P.
+ UX P:

Through
solv. extn. 970 2.1xl07 1590 2.4xl07 2044. 2.5X107 6381 6.1x10^ 2682 2.0X1O7

Through ion
exchange 229 4.2 690 2.3 861 2.4 766 8.3 783 3.4

Total P D.F.

Gross 7:'—'
8.8xl07 5»5xl07 6.0xl07 5.0xl07 6.bxl0{

Through
solv. extn. 0.3 6.0x10 2.8 9.2xl06 4.4 1.2xl07 5.9 2.9xl06 7.8 2.8x10*

Through ion
exchange .' 0.2 1.5 1 2.8 1.5 3.1 1.4 4.2 1.5 5.2

Total 7 D.F. 9.1x10 2.6xl07 3.7xl07
______

1.2xl07 1.5x10'

fa.} Airoarent enric]iment. /

(b) These are corrected values, 2.7 mv/mg being used as the natural Pu background.
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Reduction Factors Obtained for Ionic Contaminants in Ion-Exchange Process:

HCP-l HCP-2 HCP-3 | HCP-4 HCP-5

Contami

nant' —'
(ug/mg Pu)

R.F.

(ug/mg Pu)
RoF«

(ug/mg Pu)
R.F.

(ug/mg Pu)
R«Fo

(us/mg Pu)

IIBP Product IIBP Product IIBP Product IIBP Product IIBP Product R.F.

AL 0.73 1.29 (_) O.76 1.02 1 1.2 i.i 1 1.1 7-7 (_.) 3.8 ^2 r~>2

Ca 12.6 O.63 20 12.4 7.9 1.6 233 11.7 19.8 8.6 20.6 (_) 23.1 /*3_ r*j 8

Cr 1.08 0.20 5 0.49 0.33 1.5 0.57 0.44 1.3 0.43 0.26 1.7 0.5 0.07 7

Cu 0.57 0.24 2 1.8 0.14 13 7.86 0.12 65.5 0.55 0.077 7.1 0.6 O.O87 7

Fe 8.2 0.042 195 3.8 3.2 1.2 7.6 0.43 17.7 3.6 2.9 1.2 14.9 1 15

Mg 0.97 0.037 26 0.9 8.2 1.1 8.6 O.63 13.6 2.6 36 (b) 3.0 0.3 10

Mn N.A. 0.1 _-__ 0.16 0.095 1.6 'o.27 0.11 2.45 <0.2 0.15 1 0.3 0.44 (i>)

Ni 0.38 0.54 <*) 0.52 0.53 1 0.48 0.6l 1 ^.1 <0.1 (10, <1.2 <0.1 —

Pb N.A. 3.4 -__ 7.7 1.4 5.5 207 1.15 :i8o, <3 5.8 (b) 3.7 <0.3 no

Zn N.A. 3.7 • 71 0.5 140 8.8

-j

0.24 J36.7 <6 0.13 <4,
»

3.0 <0.5 >6

(a) Amounts determined by spectrographic analysis.
(b) In these cases there was an apparent enrichment.

ON
o^
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.<a>

Amount (ug per mg of Pu in feed)*-'
Contami Absort>tion Was ;e Uranium-Elution Waute

nant HCP-2 1 HCP-3 HCP-4 HCP-2 HCP-3

Al 0.54 <0.24 <0.24 <0.5 <0.5

Ca 6.8 0.15 0.36 11.7 1.1

Cu <o.9 < O.36 <0.24 < 0.9 0.86

Cr 0.56 <0.07 <0.07 0.28 <0.l4

Fe ^0.3 ~0.l8 <0.09 ^0.5 2

Mg 2.65 0.024 0.09 0.16 0.13

Mn <o.9 < 0.24 <0.09 <o.9 0.57

Ni <2.2 < 0.95 <0.9 < 2.2 < 2

Pb <7 <3.1 <4 <7 <6

Zn C13 <6 <6 <14 <12

(a) Identified by spectrographic analysis. Most of the ions were
below the limits of analysis; the values given are upper limits.

(b) Impurities normalized to amount of plutonium in feed, for cam-
— parison with feed and product.
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Appendix 3

COMPARISON OF BISMUTH PHOSPHATE AND ION-EXCHANGE PLUTONIUM PRODUCTS

A plutonium product from the Purex ion-exchange process was found to have a
gross P plus 7 fission product activity of 568 c/min per milligram of plutonium,
about 80* of which was due to ruthenium p activity (Table A3.l). A similar plu
tonium product prepared by the bismuth phosphate process had a gross p plus 7
fission product activity of 850 c/min per milligram of plutonium, about 60* of
this being due to total rare earth p activity.

The Purex ion-exchange-product solution was from 450-Mwd 90-day-cooled Han
ford material that had been processed through two Purex solvent-extraction cycles
(TBP) and the ion-exchange isolation cycle. The bismuth phosphate-product solu
tion (AT) was from routine Hanford material that had been processed through all
precipitation cycles, including two peroxide precipitations. This material had
been at ORNL about seven months at the time of this analysis.

It is apparent from this comparison that the principal residual activities
in the plutonium product from the bismuth phosphate process are the rare earths,
while the principal residual activity in the Purex ion-exchange plutonium pro
duct is ruthenium. In the two products examined, the gross p activities were
comparable, while the 7 activity associated with the Hanford plutonium product
was greater than that associated with the plutonium ion-exchange product.

Table A3.1

Comparison of Plutonium Product from Bismuth Phosphate Process
with That from the Ion-Exchange Process

Purex ion-exchange product: solution of 450-Mwd 90-day-cooled Hanford mater
ial, processed through two Purex solvent-extraction cycles (TBP.) .and
the Dowex-50 resin cation-exchange isolation cycle.

Bismuth phosphate product: AT solution, routine Hanford material, pro
cessed through all precipitation cycles, including two peroxide
precipitations, and cooled at ORNL for seven months

Activity(-)
per mg of Pu

Gross P, 7, and X ray,
including Pu (c/min)

Gross p and 7, less
Pu (c/min)
Ruthenium p (c/min)
Zirconium P (c/min)
Niobium p (c/min)
Total fare earth P

(c/min)
ux1 + UX2 p (c/min)
Strontium p (c/min)
Cesium P (c/min)
Gross 7(b) (mv)
(a) All counting was done at 10.1

tube with no absorber.

(b) As determined by ionization chamber measurements.

Purex Ion-Exchange
Product Solution

Bismuth Phosphate
Product Solution

geometry, using a Geiger-Mueller
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Appendix 4

PROPERTIES OF DOWEX-50 RESIN

A4.1 Stability of Dowex-50 Resin to 5-7 M HNO^

A nitric acid concentration of 5*7 M might be expected to affect the or
ganic resin, but no evidences of decomposition have been observed in experi
mental work. One test of the resin showed no decrease in the capacity, beyond
the limits of experimental error, of the resin after long standing in nitric
acid.

In this test approximately 1750 volume changes of 5-7 M HNO---0.3 M sul
famic acid were passed over a 10-ml resin bed. The capacity decreased from
2.27 to 2.23 milliequivalents per milliliter of resin, or about 1.8*, which
is about the experimental error. This number of volume changes represents
about 600 desorption cycles in the proposed Savannah River installation. In
another, independent test/1) three batches of resin that had been contacted
with 12 M HNO- for 24 hr showed capacity losses of 0.03, 0.74, and 0.50*, re
spectively, aJ determined by analysis of the nitric acid for sulfate.

A4.2 Stability of Dowex-50 Resin to Plutonium a Radiation

There has been no indication, under the conditions used, of a loss in resin
capacity as a result of radiation deterioration. In Run HP-11-14 the first
portion of the plutonium was put on the resin column 55 days before it was
eluted, and it remained on the column an average time of 23.6 days (see Appendix
2 p. 63 ). In a laboratory study Dowex-50 resin was used through six ab
sorption and desorption cycles, in which residual (0.12*) plutonium was left
on the column between runs. There was no indication of a decrease in capacity.

(2)
A4.3 Analytical Methods for Determining Dowex-50 Resin Properties

Moisture: A clean sample (H+, wet form) is placed on a desiccator rack. A
layer of water is placed in the bottom of the desiccator,and the vessel is evac
uated. After 48 hr, the moisture content is determined by the weight loss of
the resin when kept in an oven at 105 C for 24 hr.

Swelling Coeffieient: The relative volumes of the water-settled H and Na
forms are determined, and the swelling coefficient is calculated from the re
lation:-

Volume of H form
Swelling Coefficient ,= Volume of Kai- form

Capacity: Aweighed air-dried sample (H+ form) is placed in 1MNaCl and
titrated with standard sodium hydroxide. The moisture content is determined
by the weight loss of a duplicate sample dried in an oven at 105 C for 24 hr,
and the capacity of the resin is calculated on an oven-dried basis.

7~ R. E. Blanco, letter to R. M. Wheaton of Dow Chemical Co., Nov. 27, 1951.
(2) Ibid,
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CRITICALITY OF PLUTONIUM SYSTEMS

.(1)Considerations A/ of nuclear safety indicate that the systems described in
Table A5.1is safe. No hazard is foreseen in handling plutonium nitrate solu
tion in a cylinder 7 in. in diameter. However, separations of 2 ft, center %o
center, should be maintained between columns or other vessels containing fission
able material. This opinion is based on unpublished data obtained at Hanford
in a critical-experiment program designed to study the conditions for handling
plutonium safely. The experimental results indicate safety to be imposed by
the geometry of a 7-in. tube; i.e., a cylindrical container 7 in. in diameter
may safely contain an unlimited mass of plutonium.

Table A5.1

Critically Safe Plutonium Systems(2)

Shape of vessels

Height of vessels

Diameter of vessels

Total volume of vessels

Material of construction

Height of plutonium band

Volume of plutonium

Concentration of plutonium

Total amount of plutonium

Material outside vessels

Material inside vessels

Composition of resin

Right Cylinder

35 and 26.5 cm

17-8 cm

8.72 and 6.54 liters

Pyrex glass pipe, l/4- to
3/8-in.-thick walls

8.8 cm

2180 cm3

165 to 180 g/liter

400 g + 10*

Air

(a) Pu(N03)3
(b) Dowex-50 cation-exchange

resin

(c) 0.3 to 6.0 M HNO-

52* C, 17.5* S, 26.2* 0, 4.3* H

(1) D. Callihan, Critically Safe Plutonium Systems, memorandum to D. C. Overholt,
ORNL CF-51-12-75 (Dec. 12, 1951). !

(2) D. C. Overholt, Critically Safe Plutonium Systems, memorandum to A. D.
Callihan, ORNL CF-51-10-151 (Oct. 23, 1951).
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X-RAY AND p ACTIVITY OF 450-Mwd PLUTONIUM

The gross B-, y-, and X-ray activity of 450-Mwd plutonium was found to be
I.78 x 10 c/min per milligram of plutonium (Table A6.l). The sample examined
had, as determined by ionization-chamber measurements, a value of 7 x 10"5
rutherfords (Co ) per milligram of plutonium. The plutonium background values
were found to be 2.7 and 1.15 mv/mg on the ionization chambers in Buildings
3019(1) and 3550, respectively. If the total activity is assumed to be plu
tonium X ray only, and the X rays are assumed to be monoenergetic and to have
the energy of the Ka plutonium X ray, the X-ray content of the sample was
8.5 x 10^d/min per milligram of plutonium.

The plutonium used for these experiments came from 450-Mwd Hanford ir
radiated slugs and had been processed through four Purex TBP extraction cycles,
two Dowex>-50 ion-exchange isolation cycles, and two peroxide precipitations
from 2 M HNO . It had been previously determined(2) that the principal fission
activity remaining after the ion-exchange process was ruthenium (approximately
80*).

Table A6.1

Radioactivity of Purified 450-Mwd Plutonium

Sample analyzed:

Counted at 10.

as noted

Plutonium from 450-Mwd Hanford slugs that had been processed
four Purex TBP extraction cycles, two Dowex-50 ion-
exchange cycles, and two peroxide precipitations from

'3
2 M HNO, and dissolved in 2.0 M

geometry; Geiger-Mueller argon-alcohol tube; absorber

Activity Amount per mg of Pu

Gross p, 7, and X ray, including Pu (c/min) 17,800
Gold absorber, 24.95 uig/c© (c/min) 845
Gold absorber, 49.5 mg/cm2 (c/min) 96
Gross p and 7, less Pu (c/min) 37
Ruthenium P (c/min) 0

Zirconium P (c/min) 7
Niobium p (c/min) 7
Total rare earth P (c/min) 7
UXX + UX2 p (c/min) 10

Strontium P (c/min) 3
Cesium P (c/min) 3
Background of purified Pu, Bldg. 3019 i.e. (mv) 2.7

Bldg. 3550 i.e. (mv) 1.15

(1) J. W. Jones and R. T. Overman, The Use and Calibration of a 100* Geometry
Ion Chamber, MonC-399 (March 20, 1948).

(2) D. C. Overholt, Radiochemical Comparison of Bismuth Phosphate Process
Plutonium Nitrate and Purex Ion-Exchange Plutonium Nitrate, ORNL CF-

51-11-116 (Nov. 23, 1951). :
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Appendix 7

IRRADIATION AND COOLING HISTORY OF SLUGS PROCESSED IN RUNS HCP-l THROUGH 5

The fission product contamination of the plutonium in the feed to the Purex
solvent-extraction process in Runs HCP-l through 5 varied chiefly because of the
variation in the cooking of the slugs (see Table A7.1). The slugs used in Run
HCP-l were cooled considerably longer than those in the other runs.

Table A7.1

Irradiation and Cooling History of Slugs Processed

in Runs,ECPrX through 5

Run No.

Irradiation of Slug&
(Mwd)

Cooling Period of Slugs
(days)

HCP-l 450 330

HCP-2 523 191

HCP-3 542 120

HCP-4 563 116

HCP-5 560 89
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