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ABSTRACT

The flowsheet visualized from development work thus far
' for final plutonium recovery and purification will accept as
» feed a Purex partition stream without feed adjustment beyond
the usual reoxidation. Extraction with trilaurylamine at
~0.3 M appears suitable for 20-60 g Pu/liter product from
0.5-2 g Pu/liter feed. Scrubbing with either <<2 Mor >>2 M
HNO; is possible. Acetic acid is at present the first
choice for stripping agent, with oil-soluble and agueous -
soluble organic reductants as alternates.

NOTICE

‘Z This document contains information of a preliminary nature
and was prepared primarily for internal use at the Oak Ridge
National Laboratory. It is subject to revision or correction
and therefore does not represent a final report. The information

. is not to be abstracted, reprinted or otherwise given public
dissemination without the approval of the ORNL patent branch,
Legal and Information Control Department.



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



LEGAL NOTICE

This report was prepared as an account of Government sponsored work, Neither the United States,

nor the Commission, nor any person acting on bahalf of the Commission:

A, Makes any warronty or rapresentotion, expressed or implied, with respect to the accurocy,
completeness, or usefulness of the Iinformation contained in this report, or that the use of
any information, opparotus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of
any information, apparatus, method, or process disclosed in this report.

As used in the above, ''person acting on behalf of the Commission’ includes any employee or

contractor of the Commission, or employee of such contractor, to the extent that such employee

or contracter of the Commission, or employee of such controctor prepares, disseminates, or
provides access to, any information pursuant to his employment or contract with the Commission,

or his employment with such contractor,

Y A



—2-

Final Cycle Plutonium Recovery by Amine Extraction

The amine extraction of plutonium nitrate is being studied
to develop flowsheets suitable for final cycle plutonium recovery
and purification, after typical Purex extraction and partition
from uranium. To compete successfully with tributylphosphate
extraction-anion exchange cycles already designed, an amine
extraction flowsheet must provide high decontamination and should
provide reasonably high concentration in a single cycle, besides
fulfilling its apparent promise of simplicity and much lower
nitric acid consumption.

The flowsheet visualized from development work thus far is
shown in Figure 1. It will take as feed a Purex partition
cycle plutonium product stream in the range of 1 to 2 M HNO,,
carrying some sulfate from the ferrous sulfamate plutonium
reductant. The expected nitric acid concentrations are close to
that most favorable for plutonium extraction with tertiary
amines, so that the only feed adjustment expected is reoxidation
of the reduced plutonium to Pu(IV) with nitrite. An organic
scrub to decrease TBP carry-over may be desirable.

Expected feed concentrations of 0.5 to 2 g Pu/liter (~0.002
to 0.01 M Pu) and desired product concentrations of 20 to 60 g
Pu/liter suggested extraction at an amine concentration around
0.3 M. Work so far supports this as a good choice, although
neither higher nor lower concentrations are ruled out. There are
three different possible limitations to the plutonium loading
that can be obtained in the extract, i.e., the effective extrac-
tion coefficient times the plutonium feed concentration, the
stoichiometry of the extracted complex, and the phase stability
of the loaded extract. In contrast to extracted uranyl sulfate,
which is generally soluble in any amine-diluent combination that
is also satisfactory with respect to solubility of the amine
bisulfate, extracted Pu(IV) nitrate has a strong tendency to
separate out of the extract. 1In the measurement of the plutonium
extraction isotherms, organic phases were stable up to at least
15 g Pu/liter (sufficient for operation as indicated in Fig. 1)
with 0.3 M trilaurylamine in Solvesso 100 or in diethylbenzene,
and with 0.3 M Alamine 336 in the same diluents modified with
~10% tridecanol (Table 1). The extraction isotherm (Fig. 2) up
to above 15 g Pu/liter loading were usefully well fitted by the
empirical expression

Ea(Pu) El[Mamine 3 MPu] :
E; was ~3300 in extraction from 1.5 M HNO; with both trilaurylamine
and Alamine 336. This was decreased moderately by addition of
sulfuric acid in the expected concentration range, and severely
by higher concentrations (Table 2).
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Fig. 2. Pu(lIV) Extraction Isotherms. 0.28 M Trilauryl-
amine (EK) in Solvesso 100. Back extraction into 1.5 M
HNO; with or without added H,SO0,.

Curves: EZ = E, (0.28-3[Pu])?

I No H,S0,, E; = 3300
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III 0.113 M H,SO,, E; = 400

IV 0.334 M H,SO,, E;, = 120



-5-

Table 1. Organic Phase Stability

Pu Loading, g/liter
Amine and Diluent 1 Org. Phase 2 Org. Phases

0.3 M Alamine 336 in--

Amsco 125-82 - 0
Amsco + 10% TDA - 2
Solvesso 100 10 17
Solvesso + 10% TDA 15 -
Diethylbenzene 7 12
0.3 M TLA(EX) in--
Amsco + 5% TDA 11 13
Solvesso 100 16 -
Diethylbenzene 16 -

Table 2. Pu(IV) Extraction Isotherms
Trilaurylamine or Alamine 336 near 0.3 M

o ~ _ 2
Ea(Pu) E’[Mamine 3 MPu]
M_ HNO3 M NaNO3 M_ Hz SO4 El

2 1 0 5000
1.5 0 0 3300
1.5 0 0.032 1200
1.5 0 0.113 400
1.5 0 0.334 120

With 0.3 M amine, extraction at flow ratios (Fig. 1) of A/0 = 4/1
should be feasible with up to 0.015 M Pu in the feed, and
A/0 = 10/1 at lower plutonium concentrations.

The Pu(IV) extraction coefficients with tertiary amine
remain high enough over a wide nitric acid concentration range
(Fig. 3) to permit scrubbing at acidities either considerably
higher or considerably lewer than the feed acidity, as perhaps
>>2 M HNO; for emphasis on eliminating ruthenium or <<2 M HNO,
for emphasis on eliminating zirconium. Definition of the most
useful scrub will be determined with actual feed solutions.

Although the plutonium extraction coefficients decrease
rapidly with decrease of nitric acid concentration below 1 M
Fig. 3), they are not low enough for effective '"water" stripping

unless the tertiary amine concentration is considerably less
than 0.1 M. Stripping by reduction with ferrous sulfamate and
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by complexing with sulfate are both effective. Since both would
add major contaminants to the product stream, other possible
stripping methods are being examined. Several water-soluble
organic reductants are effective, notably hydroquinone,
resorcinol, and ascorbic acid, but these may also be objection-
able as residues in the product solution. The methods so far
most promising for minimizing product contamination are strip-
ping with organic-soluble reductants, e.g., di-tert-butyl-
hydroquinone (Figs. 4 and 5), and stripping by complexing and
displacement with acetic acid (Fig. 6).
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Fig. 4. Plutonium Stripping with 0il-Soluble Reductants.
Solid reductant added in amount to give the indicated molarity
in the organic phase; then plutonium stripped with 0.5 M
HNO3;. Stripping coefficient in second of two equal-volume
contacts.
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Fig. 5. Plutonium Stripping with 0il-Soluble Reductants.
Solid reductant added in amount to give the indicated molarity
in the organic phase; then plutonium stripped with 0.5 M HNO,.
Stripping coefficient in second of two equal-volume contacts.
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Fig. 6. Plutonium Stripping by Acetic and Sulfuric Acids.
of stripping coefficients in two equal-volume contacts.
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