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Evaluationof Different SolventExtractionMethods for Removing Actinidesfrom High
Add Waste Streams

S.L. Yarbro, S.B. Schreiber and S.L. Dunn, Los Alamos National Laboratow,
P.O. Box 1663 MS E501, Los Alamos, NM 87545, Phone No. (505) 667-2333

John Rogers, New Mexico State University,P.O. Box 30001, Dept. 3805, I_asCruces,
NM 88003-0001 Phone No. (505) 646-1214

ABSTRACT

At rho Los Alaxnos National Laboratory PlutonlumFacility, anion

exchange is used to recover plutonium from nitric said solutions.

Although this approach recovers >99%, trace amounts of plutonium

and other actinides remain in the effluent and require addltlonal

processing. Currently, a ferric hydroxide carrier precipitation

is used to remove the trace actinides and the resulting sludge is

cemented. Because it costs approximately $I0,000 per drum for

disposal, we are developing an additional polishing step so that

the effluent actinide levels are reduced to below I00 nCi/g. This

would allow the resulting waste sludge to disposed as low-level

waste at approximately $200 per drum. We are Investlgatlng

various solvent extraction techniques for removlnq actinides. The

most promising are chelating resins and membrane-based liquid-

liquid solvent extraction. This report dstails some of our

preliminary results.

INTRODUCTION

At the Los Alamos National Laboratory Plutonium Facility,

aqueous processing methods are used to recover plutonium from

various scrap materials. Currently, we apply an anion exchange

method to purify and recover plutonium dissolved in nitric acid.

The plutonium is subsequently precipitated from anion exchange
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eluate as an oxalate with oxalic acid. More than 99% of the Pu is

recovered. The major waste streams generated are the anion

exchange effluent and oxalate filtrate, which both contain trace

amounts o_ Pu as well as any Am or U present in the feed stream.

These wastes are further processed using an evaporator that

produces a low-level acid waste and a concentrated transuranlc

(TRU) waste. The flow scheme is presented in Fig. i.
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Figure i. Baseline Processing Flowsheet

This low-level acid waste is sent to a separate facility

where ferric hydroxide is used to precipitate any remaining

actinides before discharging it to the environment. The

concentrated TRU waste is cemented and placed in 55-gal. drums

before it is shipped to a nuclear waste repository. Thus_

subsequent processing of aqueous wastes generated by anion

exchange is costly and inefficient because it improves only the

form of the waste, but no additional actinides are recovered.

We are conducting an engineering evaluation of alternative

secondary unit operations that could be coupled directly to the

anion exchange train and could polish the effluent to levels lower



than the minimum allowed for facility discharge. A vlable

secondary unit operation would enhance the current approach to Pu

recovery and waste disposal by minimizing the actinide content of

the waste streams and would reduce the volume of solution

requiring further treatment. We determined that solvent

extraction was the only unit operation capable of selectively

recovering actinides from large volumes of acid waste streams.

Several different types of extractants have been evaluated

including phosphonates, phosphine oxides, and substituted

malonamides. Various methods of deployment were also tested

including centrifugal contactors I, Scheibel columns, and loaded

resins.

LIOUID-LTOUYD E_T_ACT_ON EVALUATION

Liquid-liquid solvent extraction is a proven technology,

particularly within the nuclear industry. The extractant

evaluation began with two hlgh-efficiency extractants for which a

large amount of experimental data was already available: dihexyl-

N,N-dlethylcarbamoylmethylphosphonate (DHDECMP or CMP,

manufactured by Occidental Chemical) and tri-butyl phosphate (TBP,

Reagent Grade from Van,Waters and Rogers). The phase-contactlng

equipment selected had to be effective but easy to use in a glove

box.

We based contactor equipment selection for the glove box

studies with CMP on cold studies performed by Yarbro, in which the

principal evaluation was between centrifugal contactors and

simpler, less-expensive Scheibel columns. Initial capital costs,

maintenance requirements, and the simplicity of operation and

control were the main factors compared. The Scheibel columns were

easier to operate consistently'and their lesser stage efficiency

was offset by running several columns in series. In addition,

problems with entrainment and phase separation after contacting

were much less severe with the columns. The operation of

centrifugal contactors produced stable organic emulsions that

persisted for days.



The TBP in Diisopropylbenzene (DIPB) system was chosen for

the membrane-based contactor studies because of the large amount

of literature on uranium extraction performance with other

contactors such as pulsed columns. The simplicity and reported

high efficiency for membrane-based contactors would make them very

attractive for glovebox operations. Therefore, the first series

of tests were to evaluate CMP performance in Schiebel columns

which are well-known industrial devices. The second series of

tests were to evaluate the performance of the membrane units with

a well-characterized solvent system.

Exner_menta! Details--

CMP Evaluat ion

Ch_cals. Thirty vol. % DHDECMP in dilsopropylbenzene was

the organic phase. Initially measured volumetrically, the organic

was maintained at the original concentration by monitoring its

density. We used actual anlon exchange column effluent as the

aqueous phase. Each batch was sampled and analyzed for Pu, Am,

and [H+]. On the average, the effluent was between 4 and 8 M HNO3

and contained i0 mg Am/L and 100 mg Pu/L.

EqUines%. To contact the two phases on a pilot plant

scale, we used a modified York-Scheibel column with 7 physical and

2.5 theoretical stages. The contactor was Constructed of a 1.5-

in. i.d. by 30-in. high glass chromatography column through which

a stirrer shaft extended with double propellers at 4-1n.

intervals. We used a design suggested by Steiner and Hartland, 2

separating the stages were separated by a lattice of Teflon

baffles suspended on stainless steel support rods. A variable

speed motor mounted on top of the column frame rotated the stirrer

shaft. Magnetically driven gear pumps and 0 to 100-mL/min

rotameters regulated the feed flows. The interface was maintained

in the upper disengaging section by adjusting a manual needle

valve on the aqueous outlet. Total flows were between i00 mL/mln.

and 180 mL/min.

PEooedure. Organic and aqueous feeds were held in 6-in.-

alia. glass tanks. To begin a run, we filled the contactor with



the organic solution and then displaced it with aqueous feed.

When an interface was established, both flows were brought up to

their nominal values. Once a steady state was achieved, the

raffinate was sampled at regnlar intervals throughout a run, and

the samples were analyzed using radiochemistry techniques. The

loaded organic was stripped using a dilute acid wash and then

reacidified with 7 M HNO3, which prepared it for reuse on the

following run.

Samples of raffinate were taken at set intervals during the

run and analyzed for Pu and Am using radiochemistry techniques.

The data collected is presented in Table I.

TABLE 1

RUN % REMOVED PASSES [HNO3] AVG. O/A TOT. FLOW

Am Pu fmL/min)

A 92.6 95.8 1 4.9 0.35 153

B 87.8 94.7 1 6.1 0.45 179

C 94.3 85.9 1 3.2 0.35 108

D 94.5 88.8 1 7.1 0.54 110

E 75.0 94.6 2 7.9 0.44 113

F 99.4 99.5 2 7.0 0.65 103

G 97.0 84.9 2 7.9 0.49 122

H 96.0 98.8 2 6.3/5.9 0.50 I00

I 89.6 95.9 3 5.8 0.50 171

J 94.0 92.1 2 5.7/5.6 0.45 166

K 96.6 - 2 3.5 0.36 136

Extraction results using a modified 7 Stage York-Scheibel column

with 30 vol. % DHDECMP in DIPB at 25Oc

Membrane Contactor Eva luatlon

CheNui_als. The aqueous uranyl nitrate solutions were made

from reagent-grade uranium nitrate from VWR. The nitric acid was

reagent grade 16M. The aqueous uranium concentration was

verified spectrophotometrically at 0.5 g U/I and 1.5 M HNO3.

Thirty volt TBP in DIPB was made using the appropriate volumetric

equipment and used fresh for each run.



Equipmsnt. The equipment was a commercially supplied

membrane test unit from Hoescht-Celanese 3 . The membrane was a

polyethylene hollow fiber unit with a total of 565.5 cm 2. The

porosity of the membrane material was 240 microns. The unit was

operated with the organic phase on the shell-side and the aqueous

phase on the tube-side. The organic soaks into the polyethylene

and all of the mass transfer occurs at the interface created in

the pores. The two phases were kept separate by careful control

of the pressure drop between the two phases at 5-12 psi.

PEoaeduze. The organic flow was started and the membrane

filled. The aqueous phase was then started and the flows adjusted

until the proper phase ratio and pressure differentlal was

obtained. Samples of the rafflnate were analyzed untll a steady-

state was found. Then the flow of one of the phases was changed

and the phase ratio and pressure differential adjusted until a new

steady-state was obtained. The results are presented in Table 2

below.

TABLE 2

RUM A/.O NTU %U Removed Aqueous Flaw ml/miDL

2 2 2.5 97 .5% 10.0

3 1 2.2 98.2% I0.0

4 12 4.0 51.5%. 60.0

5 0.7 2.0 96.6% 4.0

6 7 .5 I .2 55 .5% 39.9

8 14 .9 0.8 36.4% 73.0

Extraction Data for Extraction of Uranyl Nitrate from 1.5M HN03
into 30 vol% TBP in DIPB

CHELATING RESTM _.VALUATION

Chelating resins or solid extractants (SOEXs) _ffer several

engineering advantages over liquid extraction methods in glove box

applications. In particular, this approach recfuires little

additional glove box space and uses the same pump as the anion

exchange process. Additional process control would not be

required. Disposal of the loaded resin would be the same as with
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current anion exchange resins. If the extractant could be

chemically bonded to the resin, or at least tightly imbedded in

the matrix, extractant losses to thB effluent and other waste

streams would be reduced to a manageable level.

We have evaluated and synthesized several different types of

solid extractants at LOS Alamos. CMP was incorporated into a

resin during polymerizatlon 4. Commercial resins, Amberlite IRC-

718 (iminodiacetic acid) and Duolite C-467 (phosphonic acid) were

purchased from Rohm & Haas. TRU-SPEC is an extraction

chromatography material which uses octyl-phenyl

diisobutylcarbamylphosphine oxide (CMPO) in TBP as the extractant

was provided by EIChrom Inc. Chemically modified Amberlite IRC-

718 was synthesized by Polysciences Inc. The IRC-718 was modified

to replace the -COOH groups with -N(CH3)(C4H9) so that the

basicity of the molecule was increased. All resins were washed

with distilled watar prior to use.

Experimental Details

Chemiaals and Procedure. Resins were either evaluated for

extraction by contacting the resin with a measured volume of

prepared effluent containing a known amount of Pu (~I00 mg/L) and

Am (~I0 rag/L) in 5-7 M HNO3 with a 2 g Nd/1 in 0.1-5 M HNO3 for 5-

I0 min. Five millimeter samples were analyzed using standard

radiochemical techniques. Neodymium concentrations were measured

using spectrophotometrically. The results are shown in Table 3.



TABLE 3

% Metal Extracted

_Q_; MI Sol 'n Li auid TRC-718 C4 67 IRe-718_I____BI/_SPEC CMP

0.1 Nd 0.5 100% ....

1.0 Nd 0.5 32% ....

4.0 Nd 0.5 28% ....

7.0 Nd 0.5 36% ....

5.0 Am 0.I - 80% - - -

5.0 Am 0.3 - - - 9_% -

5.0 Am 0.5 - - 35% - -

5.0 Nd 1.2 .... 88%

Preliminary Results with Selected Commercial and Synthetic
Chelating Resins

CONCLUS IONS

For the CMP evaluation, >95% of the Pu and Am present were

removed from the effluent stream and recovered, but the limits

imposed on facility discharges (economic discard limits) were not

consistently met. One reason for the limited extraction was the

limited number of contacting stages within the Scheibel column,

which we addressed by increasing the number of passes through the

column to 2 and on one run to 3. We observed no additional

extraction. Detailed analysis of the raffinate isolated a

silicate compound that was potentially complexing with trace

amounts of the actinides, thus inhibiting complete extraction.

The results for the membrane contactor evaluation were very

promising. Extraction efficiencies were very good overall and

this work will continue to provide a solid engineering basis for

further process deslgn.The goal of this research has been to

develop a viable secondary unit operation that can effectively and

reliably remove actinides from nitric acid anion exchange

effluent. We approached the work from an engineering standpoint

for use on a scale appropriate to the current glove box operations

at the Los Alamos Plutonium Facility. Liquid-liquld solvent



extraction was evaluated and has several advantages, such as

reasonably high efficiencies, well-known chemistry and

commercially available solvents and equipment. A major emphasis

of our research has been directed at dev_ioping a chelating resin

loaded with an appropriate extractant that could be readily tied

to the existing anion exchange trains. To date, our research with

resins has been inconclusive but because of their numerous

practical and engineering advantages over more complex

conventional liquld-liquid extraction processes we will continue

the effort.
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