
LA-UR- 00-5298 
Approved for public release; 
distribution is unlimited. 

Title: Development Program for Pu-238 Aqueous Recovery 
Process 

Author(s): M.E. Pansoy-Hjelvik, M. Reimus, G. Silver, 
M.L. Remerowski, A. Ecclesine, 
G. Alletzhauser, J. Brock, J. Nixon, 
P. Moniz, K.B. Ramsey, L. Foltyn, 
G. Jarvinen, and G. Purdy 

Submitted to: Proceedings paper for 
Space Technology and Applications International Forum 
(STAIF-2001 ) 
Albuquerque, NM 
Feburary 11-15, 2001 

Los Alamos 
NATIONAL LABORATORY 

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the University of califomia for the U.S. 
Department of Energy undercontract W-7405-ENG-36. By acceptance of this article, the publisher reoognizes that the U.S. Government 
retains a nonexclusive, royalty-free license to publish or reproduce the published form of this contribution, orto allow others to do so, for U.S. 
Govemment purposes. Los Alamos National Laboratory requests that the publisher identify this article as work performed under the 
auspices of the U.S. Department of Energy. Los Alamos National Laboratory strongly supports academic freedom and a researcher's right to 
publish; as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its technical correctness. 

Form 836 (8100) 



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, make 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. 



NOV 132000 

OSll 

Development Program for 238pU Aqueous Recovery Process 

M.E. Pansoy-Hjelvik1
, M. Reimus, G. Silver, M.L. Remerowski, G. Jarvinen, A. 

Ecclesine, G. Alletzhauser, J. Brock, J.Z. Nixon, P. Moniz, G. Purdy, 
K.B. Ramsey, and Liz Foltyn 

Los Alamos National Laboratory, Nuclear Materials Technology Division, 
Power Source Technologies Group, P.O. Box 1662, MS E502, LosAlamos, New Mexico 87545 

1(505) 665-7101, meph@Janl.gov 

Abstract. Aqueous processing is necessary for the removal of impurities from 23lPu dioxide e38Pu~) fuel due to 
unacceptable levels of n.tu and other non-actinide impurities in the scrap fuel. hnpurities at levels above General 
Purpose Heat Source (GPHS) fuel specifications may impair the performance of the heat sources. Efforts at Los 
Alamos have focused on developing the bench scale methodology for the aqueous process steps which includes 
comminution, dissolution, ion exchange, precipitation, and calcination. Recently, work has been performed to qualifY 
the bench scale methodology, to show that the developed process produces pure 238PU02 meeting GPHS fuel 
specifications. In addition, this work has enabled us to determine how waste volumes may be minimized during full­
scale processing. Results of process qualification for the bench scale aqueous recovery operation and waste 
minimization efforts will be presented 

INTRODUCTION 

For the last several years the Power Source Technologies group at Los Alamos has explored aqueous processing 
methods for purifying 238Pu scrap material during the development of the 238Pu Aqueous Recovery Line. The 
process methods are specific to the glovebox environment at the Technical Area 55 Plutonium Facility, and have 
been optimized for high process efficiencies, minimized waste generation rates, and product purity. 

The choice of methods for performing these runs·was based on many years experience processing material at Los 
Alamos and elsewhere. Well-understood and previously tested methods were selected as the most appropriate 
choices for our glovebox environment. 

The process methods include milling and dissolving the incoming feed, ion exchange, oxalate precipitation, and 
calcination to the oxide. 

Recently, six process runs were performed to demonstrate that the LANL aqueous process consistently produces 
flight quality fuel. One hundred grams of impure feed oxide was processed per process run. The material was 
processed with and without ion exchange to compare purity of product and liquid waste generated by each method. 
Ion exchange processing produces up to 3 times more liquid waste compared to processing by oxalate precipitation 
alone. 

Compilations of feed and product impurity analyses, process efficiencies. ~amounts of generated waste volumes 
are presented. The re~ce of the results to the qualification of the ~-scale aqueous line and application of the 
methods to the full-s~ aqueous line (7 kg 238Pu~ yearly throughput~ ?OO grams feed per run) are also discussed. 



DESCRIPTION OF WORK 

Two methods were used to process the feed and they differed on whether or not ion exchange was performed, as 
shown in Figure 1. After the feed lot was milled, the powdered oxide had a mean particle size less than 5 J.Ull 
(micron). For each run, approximately 100 grams of the powdered oxide was dissolved in refluxing concentrated 
nitric acid and - 0.10 molelliter (M) hydrofluoric acid After the solution was cooled and filtered, 25% of the 
dissolution filtrate underwent ion exchange processing (Method 1), the remaining 75% was not processed through 
ion exchange and underwent direct oxalate precipitation (Method 2). 
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FIGURE 1. Flow diagram for 238Pu Aqueous Scrap Recovery during six demonstration runs. 

The purpose of using two methods was to determine if oxalate precipitation alone could produce flight quality fuel 
because ion exchange processing generates up to three times more liquid waste. 



The Method 1 fraction underwent ion exchange as shown in Figure 1. Both the Pu-rich eluate from ion exchange 
and the Method 2 fraction underwent oxalate precipitation, filtration, and calcination steps, also listed in Figure 1. 
The ion exchange emuent and oxala~e filtrates from both methods were neutralized with sodium hydroxide. The 
hydroxide filtrates were treated by ultra filtration / polymer filtration (UF/PF). The UF/PF permeate met discharge 
limits (4.5 mCiIL) and was sent through caustic waste discard to the Radioactive Liquid Waste Treatment Facility at 
Los Alamos. The Pu-rich retentate was stored, as were the hydroxide cakes, for potential future 238Pu recovery. 
Details of the methods shown in Figure 1 have been presented previously (Schulte, 1998 and Pansoy-Hjelvik, 1999). 

Sampling points were designated at several steps in order to determine the individual process efficiencies and to 
ensure that the product lots met GPHS specification. 

RESULTS AND DISCUSSION 

Figure 2 shows the sum of all non-actinide impurities in the feed and products from both processing methods, as 
well as the GPHS specification. These results are significant because they show that both methods produce oxide 
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FIGURE 2. Sum of impurity levels in feed and product, in comparison to GPHS specification. 

that meet GPHS specifications. Decontamination factors for the sum of all residual impurities differed by about 
30% for the two methods. The decontamination factor is the quotient of the total impurity in the feed divided by the 
total impurity in the product. The sum of the impurities in the product produced through ion exchange are lower, 
which is expected because of the additional purification provided by ion exchange. 

Impurity results for the actinides showed that feed oxide with thorium and americium above GPHS specification 
requires ion exchange purification. These results are discussed elsewhere in these proceedings (Pansoy-Hjelvik, 
2001). 
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Process Step Efficiencies 

Process step efficiencies are a measure of how well the process methodology has been designed, so that the 
maximum amount (preferably» 90%) of 238Pu coming into a results in the desired intermediate or final product 
form. For example, the ion exchange process efficiency is the fraction of 238Pu recovered by the ion exchange 
method divided by the amount of plutonium sent to the· ion exchange column. 

The process efficiencies for dissolution of the feed oxide during the six runs is shown in Figure 3. These results 
show that the process efficiencies averaged 96.1%. The efficiencies were based on the amount of 238Pu in the feed 
minus the amount in the heel, divided by 238Pu in the feed. Part of the development work was determining the 
milling process and the optimal amount of hydrofluoric acid to use during the dissolution process to achieve high 
dissolution efficiencies (greater than 90%). Figure 3 shows that our process meets this goal. 

FIGURE 3. Dissolution process efficiencies per demonstration run. 

The process efficiencies for the amounts of 238Pu material processed through both methods is shown in Figure 4. 
These results show that the developed methods are satisfactorily efficient. The process efficiencies were based on 
the measured amount of 238Pu processed by each method divided by the amount of 238Pu in the product. Process 
efficiencies for Method 1 (with ion exchange) averaged 86.4%; for Method 2 (without ion exchange), the average 
was 96.1%. 

Generated Waste Volumes 

Another goal of the six demonstration runs was to determine the optimal route for aqueous purification that would 
result in minimal generated waste solution volumes, as well as producing pure product oxide. The impurity results 
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showed that flight quality oxide meeting GPHS specifications is indeed produced by processing with or without ion 
exchange. The significance of these results is mainly the determination that ion exchange is only necessary when 
processing feed oxide with thorium and americium impurity levels above GPHS specifications. 
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FIGURE 4. Overall Process Efficiencies During Six Demonstrations Runs. 

TABLE 1. Actual and Calculated Volwnes of Hydroxide Filtrates (Liquid Waste) Generated. 

Averaged Total Volumes (L) Hydroxide Filtrate Generated 

100 g oxide feed (per 6 runs) 7 kg oxide feed (yearly thoroughput) 

Run Method 1 Method 2 Method 1 100% Processed 100% Processed Volume 
No.s (Actual for 25"/" (Actual for 75% (Calculated Through Ion Without Ion Difference 

fraction) fraction) presuming Exchange Exchange Between Two 
100%) (Calculated) (Calculated) Methods 

1-3 5.8 5.4 23.0 1611.5 507.9 1103.6 

4-6 8.7 5.0 34.5 2432.7 467.0 1965.8 
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The feed oxide that is expected to be processed during initial full-scale production efforts do not have high thorium 
and americium impurity levels. Thus, ion exchange processing is not expected to be used during the start-up of the 
full-scale production aqueous line. 

Table 1 shows the average volume of waste solution (hydroxide filtrates) generated for the six runs, and the 
calculated volumes scaled to the amounts generated during full-scale processing of 7 kg feed oxide per year. The 
feed material in runs 1-3 was different from than feed in runs 4-6, and the volumes generated during these runs are 
averaged, as shown in Table 1. The calculated volumes of hydroxide filtrate generated during full-scale operations 
are based on the measured volumes during the demonstration runs. 

The data show that during full-scale operations, processing through oxalate precipitation alone generates up to 500 L 
of waste volumes, in comparison to 2400 L generated through ion exchange plus oxalate precipitation processing, 
depending upon the feed type and for the same amount of material. These results indicate that the generation of up 
to 2000 L of waste solutions per year can be avoided by processing the feed types tested without ion exchange. 

SUMMARY 

Demonstration tests illustrate the feasibility of purifying 238Pu oxide scrap. In 6 demonstration runs, feed material 
(scrap oxide) was processed by two methods which differed on whether or not ion exchange was used. The results 
showed that both methods produce flight quality oxide meeting GPHS specification. Milling, dissolution, and 
oxalate precipitation are essential steps, but ion exchange purification is optional and is to be used for feed 
containing americium or thorium above GPHS specification. Omission of ion exchange greatly reduces the amount 
of liquid waste that must be treated and disposed. The work demonstrates that the majority of feed material can be 
purified sufficiently to meet the GPHS specification without ion exchange. 

ACKNOWLEDGMENTS 

Thanks to other Power Source Technology group members for their help in completing important tasks required to 
perform these studies. This work was supported by the Department of Energy , Office of Nuclear Energy, Science 
and Technology. 

REFERENCES 

Pansoy-Hjelvik, ME.; Ramsey, KB.; Reimus, M.A; Silver, G.L.; "Nitrate Anion Exchange in 238Pu Aqueous Scrap 
Recovery Operations," in proceedings of the Space Technology and Applications International Forum 
(STAIF-I999), edited by M. El-Genk, AlP Conference Proceedings 458, American Institute of Physics, 1999, 
pp. 1555-1559. 

Pansoy-Hjelvik, M.E.; Brock, 1.; Nixon, 1.Z.; Moniz, P.; Silver, G.; Ramsey, KB.; "Purification and Neutron 
Emission Reduction of 238Plutonium Oxide by Nitrate Anion Exchange Processing," in these proceedings of 
the Space Technology and Applications International Forum (STAfF-200I). edited by M. EI-Genk,AlP 
Conference Proceedings, American Institute of Physics, 2001. 

Schulte, L.D.; Rinehart, G.H.; Espinoza, J.; Silver, G.L.; Ramsey, K; Jarvinen, G.D.; Purdy, G.M.; "Recycle of 
Scrap Plutonium-238 Oxide Fuel to Support Future Radioisotope Applications," in proceedings of the Space 
Technology and Applications International Forum (STAIF-I998), edited by M. El-Genk, AlP Conference 
Proceedings 420, American Institute of Physics, 1998, pp. 1307-1314. 


