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The processing of the third shipment of Chalk River uranyl
nitrate solution by a modified Purex process resulted in the
recovery of 7,334 kg of uranium and 3.5 g of Np-237. Limits of
acid concentration, both for neptunium extraction and partition-
ing, were determined. The effect of oxidizing and reducing
agents on the extraction of neptunium using a Purex flowsheet was
investigated. Based on development work conducted during this
program, a modified Purex flowsheet is proposed for recovering
uranium, plutonium, and neptunium from irradiated uranium.

0.0 ABSTRACT

1.0 SUMMARY

The processing of the third batch of Chalk River uranyl nitrate solution
resulted in the recovery of 7,334 kg of uranium and 3.5 g of Np-237. Uranium
and neptunium recoveries based on solvent extraction losses were 99.8 and 88
per cent, respectively. After one cycle of solvent extraction the uranium met
fission product and plutonium specifications for recovered uranium and was
transferred to the Y-12 plant for conversion to UO,. The neptunium product
solution was transferred to the ORNL Chemistry Divésion for further purifica-
tion.

A modified ORNL Purex uranium second-cycle flowsheet was used for re-
covering uranium and neptunium from the feed solution. Uranium and neptunium
were co-extracted by 30 per cent tributyl phosphate solvent with a uranium
solvent saturation of 75 per cent; the loss of neptunium on extraction was
less than 1 per cent. The reductant, Fe**, which was added to the extraction
column to convert plutonium to the less extractable valence state, Pu(III),
promoted the extraction of neptunium. When the reductant was omitted the
neptunium extraction loss increased to over 80 per cent.

Neptunium was separated from the uranium in the partitioning contactor
with 0.01 M HNCO. solution. The flow rate of the partitioning solution was
controlled to pFroduce an aqueous stream leaving the contactor ~ 0,8 g_HNO3.
Under this condition less than 1 per cent of the neptunium remained with the
uranium, and only 0.00l1 per cent of the uranium remained with the neptunium.
When the concentration of nitric acid in the aqueous phase (IBP) was increased
to 1.4 M, more than 95 per cent of the neptunium remained with the uranium,
indicating that the path of neptunium can be controlled in the Purex first
cycle uranium-plutonium partitioning column.

One 67=hr column run was made to determine the extraction conditions re-
quired to promote neptunium extraction using the ORNL Purex first cycle
chemical flowsheet. Results from this experiment indicated that the addition
of sodium nitrite {0.05 M to the scrub) is required to promote the extraction
of neptunium along with uranium and plutonium. The loss of neptunium on ex-
traction was less than 1 per cent when sodium nitrite was added and increased
to 100 per cent when the oxidant was removed.



-

Neptunium chemistry under Purex conditions i1s unique compared to plutonium
in that neptunium can be extracted in the presence of an oxidizing or reducing
agent but cannot be extracted without either. Evidently the presence of an
oxidizing or a reducing agent prevents the formation of unextractable Np(V),
which tends to form in the extraction contactors. This unique property of
neptunium makes possible the formulation of a Purex chemical flowsheet for
the simultaneous recovery of uranium, plutonium, and neptunium from irradiated
uranium without affecting plutonium and uranium recovery and decontamination.

Based on the development work conducted during this program, a modified
Purex flowsheet has been proposed for recovering neptunium, plutonium,and
uranium from irradiated uranium. This flowsheet requires the addition of a
neptunium-uranium partitioning contactor in the second uranium solvent ex-
traction cycle. Other minor changes include the addition of sodium nitrite
to the first-cycle extraction column and increasing the concentration of
nitric acid in the first-cycle uranium and plutonium partitioning column to
1.2-1.4% M. The flowsheet can be tested for performance in existing produc-
tion plants without extensive equipment modification. If the performance is
good, the additional contactor can be added later. An outstanding advantage
of this flowsheet is that neptunium is separated from uranium in the absence
of fission products and plutonium.

2.0 INTRODUCTION

The United States Atomic Energy Commission purchased a special lot of
depleted uranium in nitrate solution form from Atomic Energy of Canada,
Limited in FY-1956. The uranium had been partially decontaminated from fis-
sion products and plutonium at Chalk River; however, further purification
was required before the uranium could be used as feed for the gaseous
diffusion plants. The uranyl nitrate solution was sent to the ORNL Metal
Recovery Plant for additional purification.

Two shipments of solution were processed in FY-1956 and resulted in the
recovery of 19.7 tons of uranium and 28 g of Np-237. The presence of large
quantities of neptunium in the solution was discovered by routine analysis of
the solution after it arrived at ORNL. Neptunium was recovered along with
the uranium by solvent extraction, using a modified Purex flowsheet. The suc-
cess of this recovery generated the hope that, with only slight modification
of existing Purex flowsheets, Np-237 might be recovered routinely along with
uranium and plutonium in Purex-type production plants.

The third and last shipment of Chalk River uranyl nitrate solution arrived
at ORNL in February 1957; this shipment contained 7,454 kg of uranium and
approximately 4.5 g of Np-237. The solution was processed in the Metal Recovery
Plant in April 1957 to recover the uranium and neptunium. During this program
development work was conducted to determine the feasibility of modifying exist-
ing Purex process flowsheets to permit the simultaneous recovery of neptunium,
plutonium, and uranium from irradiated uranium.

This report describes the development work conducted on this last batch
of uranyl nitrate solution.




3.0 DESCRIPTION OF PROCESS

Approximately 3500 gal of Chalk River uranyl nitrate solution containing
7454 kg of uranium and 4.5 g of neptunium was processed by a modified ORNL
Purex uranium second-cycle flowsheet to recover and decontaminate uranium and
neptunium from fission products and plutonium. The process consisted of the
following major steps: (a) feed preparation, (b) one cycle of solvent ex-
traction, {c¢) product concentration, and (d) waste handling.

LR e e o o

3.1 Feed Preparation

The uranyl nitrate solution was shipped from Chalk River, Canada to the
ORNL Metal Recovery Plant in a railroaed tank car. The composition of the
tank car solution was:

L

4] 455 mg/ml Gross ¥ 6.4x10, ¢/m/ml
HNO 0.27T M Pu 2. hx10% c/m/ml
Tot,él ionic impurities

{Ca, Al, Mg, Fe, Cr,

Ni, Mn, Si, Cu) 119 ppm Np a 223 ¢/m/ml

The solution was transferred from the tank car to the feed adjustment tanks
where it was diluted with nitric acid and water to produce a feed with the
average composition:

i} 321 mg/ml Gross 7 3.5xlot ¢/m/ml
HNO 2.1 M Pu o 1.5x10" ¢/m/ml
3 Np a 165 ¢/m/ml

3.2 Solvent Extraction

The chemical composition of the Chalk River uranyl nitrate solution was
similar to Purex uranium second-cycle feed. The ORNL Purex uranium second-
cycle chemical flowsheet (ORNL-1519) was therefore modified (Fig. 3.1) to
permit recovery of the neptunium. A neptunium partitioning contactor was
provided between the extraction and stripping contactors to separate the
neptunium from the uranium. The ORNL Purex-type flowsheet was selected over
other second-uranium-cycle flowsheets because the higher concentration of
nitric acid {2.0 M) used in this flowsheet favors neptunium extraction.

Separation of Uranium and Neptunium from Plutonium and Fission Products.
The gross separation of uranium and neptunium from fission products and
plutonium was accomplished in the extraction colum. This column was a 6.6-in.-
i.d. pulsed column with 20 and 16 ft extraction and scrub heights, respectively.
The column was operated with the agqueous phase continuous and at a total
volume velosity of 4CO gal/hr/ftz. The feed solution entered near the middle
of the column, solvent entered at the bottom, and the nitric acid scrub
solution entered near the top. The uranium and neptunium were extracted from
the feed solution by the solvent. Chemical conditions in the column were such
that most of the fission products and plutonium remained with the agqueocus feed
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Fig.3.l. MODIFIED PUREX FLOWSHEET USED FOR RECOVERING URANIUM AND
Np237 FROM CHALK RIVER URANYL NITRATE SOLUTION.
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solution. The plutonium was converted to the relatively inextractable tri-
valent state by ferrous iron, which was added to the scrub solution. The
chemical behavior of uranium, plutonium, and fission products under the flow=-
sheet conditions were known from earlier studies (ORNL~lSl9) on Purex
flowsheet development. Therefore, only the variables affecting neptunium
recovery were studied during the program. The effect of some variables which
were considered important for neptunium extraction are discussed in Sec. 6.0.
After the extraction of uranium and neptunium from the feed solution, the
solvent containing these products cascaded to a second column in which the
neptunium was separated from the uranium. Uranium and neptunium losses from
the extraction column were 0.001 and less than 1.0 per cent, respectively.

Separation of Uranium and Neptunium. Neptunium was separated from
uranium by adjusting chemical conditions in the partitioning column to cause
a transfer of neptunium from the organic to the aqueous phase. This step
was similar to the uranium-plutonium separation step in the Purex process;
however, the use of a reductant is not required to separate uranium from

neptunium.

The organic effluent stream from the extraction column containing the
uranium and neptunium cascaded to the middle of a second pulsed column. This
column, consisting of an upper 16-ft neptunium partitioning section and a
lower 16-ft uranium scrubbing section, was operated at a total volume velo-
city of 425 gal/hr/ft2. The neptunium partitioning solution, 0.0l M HNOs,
entered near the top of the column. A solvent scrub solution (30% fBPun%O%
Amsco 125-82) was pumped to the bottom of the column to remove uranium from
the aqueous neptunium-bearing phase before it left the column. The agueous
neptunium stream leaving the partitioning column flowed into an evaporator
for concentration and acid recovery.

Neptunium was separated from the uranium by maintaining the concentration
of nitric acid in the aqueous phase leaving the column at ~ 0.75 M. Under
this condition less than 1 per cent of the neptunium remained with the uranium.
The uranium loss to the neptunium stream was less than 0.001 per cent at
equilibrium and is considered satisfactory since the uranium can be recovered
during neptunium isolation.

The effect of nitric acid concentration on neptunium separation in the
partitioning column is discussed in Sec. 6.L.

Uranium Stripping. The organic stream from the partitioning column con-
taining the uranium flowed to a third column in which the uranium was removed
from the organic with 0.01 M HNO, solution. The aqueous solution containing
the uranium from the strippihg cdlumn flowed to an evaporator for concentra-

tion.

3.3 Product Handling

Uranium. The dilute uranium product solution from the stripping column
was evaporated continuously to a uranium concentration of 400 g/liter. The
concentrate from the evaporator was transferred to 55-gal drums and was sent
to the Y-12 plant for subsequent handling.



Neptunium. The neptunium product stream from the partitioning column
flowed to an evaporator and was concentrated by a factor of greater than
300. Approximaetely 28 gal of product solution was removed from the evapora-
tor at the end of the program and was transferred to the ORNL Chemistry
Division for further purification.

3.4 Waste Handling

Solvent Recovery. The spent solvent from the solvent extraction cycle
was recovered continuously and recycled to the process. The solvent was
scrubbed with a 0.2 M NasCO5 solution in an 8-in.-dia pulsed column and was
washed with 0.05 M_HNO3 in an unpacked column.

Extraction Column Waste. The aqueous waste solution from the extraction
column, containing plutonium and fission products, was neutralized with sodium
hydroxide solution and transferred to the ORNL tank farm.

4.0 SOLVENT EXTRACTION LOSSES AND MATERIAL BALANCES

4.1 Solvent Extraction Losses

Equilibrium Losses. The uranium and neptunium losses resulting from
one cyele of solvent extraction were:

Losses, % of that in feed

Stream Uranium Neptunium
IAW < 0.001 <1l.0
IBP < 0.001 e
Icw 0.0 -
ICU e 1.0

These losses are based on analyses of flowing stream samples taken at 6- to
8-hr intervals during the equilibrium portion of the run, using the flowsheet
described in Sec. 3.0.

Composite Losses. The composite losses are based on analyses of samples
that were taken from inventory tanks in which all process waste streams were
collected. These losses include nonequilibrium losses resulting from various
flowsheet adjustments made during the program:

Losses, % of that in feed

Stream Uranium Neptunium
IAW 0.03 6.6
IBP 0.05 -
ICw 0.1h4 -
ICU —me 3.9

Total 0.22 10.5




4,2 Material Balance

The third shipment of Chalk River uranyl nitrate solution contained a
total of 7485.5 kg of uranium and 4.6 g of neptunium, from which 7334 kg of
uranium and 3.5 g of neptunium were recovered as product. Process losses of
uranium and neptunium in waste solution amounted to 1k.1 kg and 0.48 g,
respectively. The overall material balances for uranium and neptunium re-
covery were 98.6 and 87 per cent, respectively. Uranium and neptunium
recoveries based on total solvent extraction losses were 99.8 and 89 per cent,
respectively.

5.0 DECONTAMINATION AND PRODUCT PURITY

5.1 Uranium Decontamination

The gross gamme decontamination factor obtained for uranium by solvent
extraction was about 10. This decontamination factor was sufficient to
yield a product that was within the fission product specification for re-
covered uranium. Plutonium was decontaminated from the uranium by a factor

of 2x103.

5.2 Uranium Purity

The uranium product solution contained approximately LOO g of uranium
per liter and met fission product and plutonium specifications for recovered
uranium. The total metallic ion impurities of the uranium product were less
than 90 ppm based on uranium.

5.3 Neptunium Product Purity

The 3.6 g of neptunium product was contained in 28 gal of evaporator
concentrate which resulted from the evaporation of about 6000 gal of IBP
solution. The neptunium product solution contained less than 0.05 per cent
of the uranium processed during the program. Other major metallic ion
impurities included iron, nickel, and chromium, which resulted from evapora-
tor corrosion. The chemical composition of the product solution was:

Constituent Concentration Constituent Concentration
Np 32.9 mg/liter Cr 9.6 g/liter
Gross o 1.2x10° ¢ /m/ml Ni 1.2 g/liter
Np o 2.6xlOu ¢/m/ml Ca 80 ppm
U 36.0 g/liter Mo 352 ppm
HNo3 5.5M Mn 380 ppm

Fe 37.1 g/liter
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6.0 NEPTUNIUM FLOWSHEET DEVELOPMENT

The objective of the flowsheet development phase of this program was
aimed at the development of Purex process modifications required to permit
neptunium recovery during fuel processing for plutonium and uranium recovery
and decontamination. The basic Purex flowsheet used in recovering neptunium
from the uranyl nitrate solution was discussed in Sec. 3.0; since this flow-
sheet has been used successfully for processing irradiated uranium, only
variebles affecting neptunium recovery were studied.

6.1 Effect of Nitric Acid Concentration in the Extraction Column on
Neptunium Extraction

Prior to this program, experimental work had been conducted on similar
feed materials to determine the effect of acid concentration on neptunium
extraction. Results indicated that more than 95 per cent of the neptunium
was extracted by 30 per cent tributyl phosphate solvent if the acid concen-
tration in the extraction column was maintained above 2.0 M. Decreasing the
nitric acid concentration in the column to 1.5 M caused a Eéptunium loss of
L0 per cent to the aqueous waste. These extraction runs were made with a
uranium solvent saturation of 60-65 per cent. Based on the above results, a
Purex flowsheet was selected which would maintain an acid concentration of 2.0
M in the extraction column.

During this program the acid concentration in the extraction column was
held constant so that other variables affecting neptunium extraction could be
determined. The average daily acid concentration of the agueous raffinate
stream (IAW) from the extraction column is shown in Fig. 6.1,

6.2 Effect of the Degree of Solvent Saturation with Uranium on Neptunium
Extraction

Increasing the uranium saturation of the solvent from 60 to 75 per cent
did not affect neptunium extraction; the loss of neptunium to the aqueous
raffinate (IAW) was less than 1 per cent in each case.

Procedure and Results. Neptunium had been recovered previously (ORNL-2335)
from similar feed solutions by maintaining the uranium saturation of the
solvent at 60 per cent. Therefore the initial solvent extraction conditions
for the run were set for a 60 per cent uranium solvent saturation. With this
condition the loss of neptunium to the aqueous waste (JAW) was less than 1 per
cent. After about 48 hr (Fig. 6.1) of operation the uranium solvent saturation
was gradually increased to 75 per cent and was maintained at this degree of
saturation for 16 days without increasing the loss of neptunium to the waste
stream.

6.3 Effect of Reductant,Fe(II) in Scrub Solution on Neptunium Extraction

In the Purex uranium second-cycle flowsheet a reductant is used in the
extraction step to convert plutonium to the less extractable Pu(III) valence
state. The results from one experiment conducted during this program indicate
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that a reductant is required to promote the extraction of neptunium. The loss
of neptunium from the extraction column was less than 1 per cent when & reduc-
tant was used; however, when the reductant was removed, the neptunium loss
increased to over 80 per cent.

Procedure and Results. The reductant (0.05 M Fet ) was added to the ex-
. traction column scrub solution at the beginning of column operation. From
Fig. 6.1 it may be seen that the neptunium loss to the aqueous raffinate was
less than 1 per cent during the first 10 days of operation; however, on the *
eleventh day of operation the reductant was removed from the extraction column
for about 12 hr for equipment repair, and during this period the neptunium
loss in the extraction column increased to 20 per cent. Consequently, an
experiment was conducted to confirm that a reductant is required to promote
neptunium extraction. At the beginning of the eighteenth day of operation the
reductant was removed from the extraction column, and within 48 hr the
neptunium extraction loss increased from less than 1 to over 80 per cent.
Reductant solution was again added to the extraction column on the twentieth
day of operation and within 16 hr the neptunium extraction loss decreased to
less than 1 per cent.

During this experiment the uranium saturation of the solvent and acid
concentration in the extraction column were held constant and only one con-
centration of reductant (0.05 M Fe*t in scrub solution) was used.

6.4 Effect of Nitric Acid Concentration on Uranium-Neptunium Separation

Neptunium was successfully separated from uranium with 0.01 M HNO,; solution
in the partitioning column (IB) by maintaining the acid concentration 3f the
aquegus stream (IBP) at approximately 0.75 M. A uranium separation factor of
3x10~ was demonstrated across the partitioning column at equilibrium conditions,
and the loss of neptunium to the uranium product was less than 1 per cent.
Solvent extraction conditions were also demonstrated far the co-extraction of
uranium and neptunium. The neptunium followed the uranium when the acid con-
centration of the IBP was maintained above 1.4 M. These results indicate that
the path of neptunium in the uranium-plutonium Ehrtitioning column can be
controlled to cause the neptunium to follow either the plutonium or the uranium
product streams.

Procedure and Results. The organic effluent containing the uranium and
neptunium cascaded from the extraction column (IA) to the partitioning column
(IB) in which uranium was separated from neptunium. This separation was made
under conditions similar to those for plutonium-uranium separation except that
a reductant was not required and the concentration of acid in the aqueous
stream (IBP) from the column was controlled at approximately O. 8 M HNO3 by ad-
Justing the flow rate of the partitioning solution.

The daily variations of nitric acid and neptunium concentrations of the
aqueous stream (IBP) from the partitioning column during column operation are
shown in Fig. 6.2. It may be seen that the concentration of acid in the IBP
stream for the first 4 days of operation averaged 1.1 M; and with these condi-
tions less than 10 per cent of the neptunium was recovered in the IBP stream.
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Analysis of the uranium product recovered during this period of operation
indicated that only 10 per cent of the neptunium followed the uranium.
Evidently most of neptunium was being refluxed in the partitioning column.
On the fifth day of operation the acid concentration of the IBP was lowered
to 0.8 M and was maintained near this concentration for 10 days. During
this pefiod neptunium was successgully separated from the uranium, and a
uranium separation factor of 3x10° was demonstrated across the partitioning
column with 16 ft of pulsed column scrub height. The uranium product
collected during this period of operation contained less than 1 per cent

of the neptunium associated with the feed.

The acid concentration of the IBP was increased to 1.4 M on the
fourteenth day of column operation (Fig. 6.2) to determine if the neptunium
would remain with the uranium. This change was made by decreasing the flow
rate and increasing the nitric acid concentration of the partitioning
solution (IBX) from 0,01 M to 0.5 M. It may be seen that the neptunium
concentration in the IBP stream decreased from about 200 o c/m/ml to less
than 5 @ c¢/m/ml during the period when the acid concentration was 1.3 to 1.k
M. The uranium product collected during this period contained about 90 per
cent of the neptunium associated with the feed material.

The results of this experiment indicate that neptunium can be forced
with the uranium during the plutonium separation step, thereby making
possible a uranium-neptunium separation during the uranium second cycle.

6.5 Effect of Sodium Nitrite in Scrub Solution on Neptunium Extraction

After the recovery of neptunium from the AECL uranyl nitrate soclution
was completed, a 67-hr column run was made to determine the variations in
the ORNL Purex first-cycle flowsheet required for the simultaneous extraction
of uranium, plutonium, and neptunium. The results indicated that sodium
nitrite is required to promote the extraction of neptunium with uranium and
plutonium. The omission of sodium nitrite in the extraction column scrub
solution caused the neptunium loss to the TAW stream to increase from less
than 1 per cent to 100 per cent.

Feed Preparation. Feed solution was prepared by recycling a portion
of the uranium and neptunium product solutions. Nitric acid and water were
added to provide the proper concentration of acid and uranium. The chemical
composition and the valence distribution of neptunium in the feed solution
were:

U 317 mg/ml Np{IV) 24 per cent
HNO 2.1 M Np{V) 52 per cent
Np 230 a c¢/m/ml Np(VI) 24 per cent
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Fig. 6.3. Effect of Sodium Nitrite on Np Extraction.
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Solvent Extraction. The objective of the solvent extraction demonstra-
tion was to determine the feasibility of extracting neptunium with uranium
end plutonium under ORNL Purex (ORNL-1519) first-cycle extraction conditions.
Since the use of sodium nitrite as an oxidizing agent for plutonium in the
first-cycle feed preparation step seems to be optiocnel with various produc-
tion plants, it was decided to determine the effect of this oxidant on
neptunium extraction. During the run the extraction column was operated
under the following flowsheet conditions:

Feed, 100 vol: 317 g U/liter, 2.1 M HNO3
Serub, 67 vol: 3.0 M HNO3, 0.05 M NaNoO,,
Extractant, 333 vol: 30% TBP in Amsco diluent

Under these flowsheet conditions, more than 99 per cent of the neptunium was
extracted with the uranium during the first 26 hr of operation (Fig. 6.3).
Sodium nitrite was removed from the scrub solution after 26 hr of operation
and it can be seen that the percentage loss of neptunium to the aqueous
raffinate stream (IAW) did not increase appreciably until after 10 hr (or 3
column volume change) had elapsed. However, within 24 hr after removal of
the sodium nitrite the loss of neptunium to the IAW had increased to 100 per
cent. The addition of sodium nitrite to the scrub re-established neptunium
extraction, and within 10 hr after the addition of nitrite the loss of
neptunium to the IAW stream decreased to less than 1 per cent.

A gross loss of neptunium to the IAW stream without nitrite in the
scrub was unexpected since the valence state analysis of the feed indicated
that only 52 per cent of the less extractable Np(V) was present in the feed.
This observed quantitative neptunium loss to the IAW stream could have been
misleading since neptunium refluxing in the column could have contributed
to the loss before equilibrium was established without nitrite. It is also
possible that a valence shift takes place in the extraction column which
causes Np(IV) to change to the less extractable Np{V). Further study is
needed to confirm either of these assumptions.

7.0 PROPOSED PUREX CHEMICAL FLOWSHEET FOR THE RECOVERY AND
DECONTAMINATION OF URANIUM, PLUTONIUM,; AND NEPTUNIUM
FRCM IRRADIATED URANIUM

Based on the development work done in this and other similar programs,
a modified Purex chemical flowsheet (Fig. 7.l1) is proposed for recovering
neptunium along with uranium and plutonium during fuel processing. The
following modifications to the ORNL Purex flowsheet are required:

a. Addition of sodium nitrite to first cycle extraction column

b. Increase in the concentration of nitric acid in the uranium-
plutonium partitioning contactor from 1.2 M to 1.k M

¢. Addition of a uvranium-neptunium partitioning contactor in the
uranium second solvent extraction cycle.
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The use of sodium nitrite in the first-cycle extraction column should
not affect the recovery or decontamination of uranium and plutonium. In
fact, studies conducted at ORNL during Purex process development indicated
that the addition of sodium nitrite increased ruthenium decontamination
slightly but not significantly. Currently, some of the Purex-type plants
in operation are using sodium nitrite in the feed adjustment step.

Increasing the concentration of nitric acid in the uranium-plutonium
partitioning contactor will not appreciably affect the plutonium separation.
Plutonium has been successfully separated from uranium with acid concentra-
tions up to 2.0 M in the ORNL Metal Recovery Plant.

The addition of a uranium-neptunium partitioning contactor in the
uranium second cycle is the only major flowsheet change required. The ab-
sence of plutonium and fission products in the uranium at this point should
minimize the problems associated with the installation of additional

contactors in existing Purex plants.

An interesting feature of the proposed flowsheet is that the performance
can be determined in existing Purex plants without equipment changes up to
the final uranium-neptunium separation step, and it is recommended that this
be done before installing an additional contactor. The use of this flowsheet
also provides a neptunium product solution free of fission products and
plutonium, and therefore should simplify the final purification step.

x
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