
W S R C- M S-98-00 1 22 

Rapid Separation Methods to Characterize Actinides and Metallic 
Impurities in Plutonium Scrap Materials at SRS 

by 
S. L. Maxwell Ill 
Westinghouse Savannah River Company 
Savannah River Site 
Aiken, South Carolina 29808 

V. D. Jones 

A document prepared for 39TH ANNUAL MEETING - INSTITUTE OF NUCLEAR MATERIALS MANAGEMENT at 
Naples, FL, USA from 7/26/98 - 7/30/!38. 

DOE Contract No. DE-AC09-96SR18500 

This paper was prepared in connection with work done under the above contract number with the U. S. 
Department of Energy. By acceptance of this paper, the publisher and/or recipient acknowledges the U. S. 
Government's right to retain a nonexclusive, royalty-free license in and to any copyright covering this paper, 
along with the right to reproduce and to authorize others to reproduce all or part of the copyrighted paper. 



DISCLAIMER 

This report was prepared as an atxount 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 ex,pressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

This report has been reproduced directly from the best available copy. 

Available to DOE and DOE contractors from the Office of Scientific and Technical Information, 
I?. 0. Box 62, Oak Ridge, TN 37831; prices available from (423) 576-8401. 

Available to the public from the National Technical Information Service, U. S. Department of 
Commerce, 5285 Port Royal Road, Springfield, VA 22161. 



I) IS C LA1 M ER 

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



Rapid Separation Methods to Characterize Actinicds and 
Metallic Impurities in Plutonium Scrap Materials at SRS 

Sherrod L,. Maxwell, I11 and Vernon D. Jones 
Westinghouse Savannah River Company 

Aiken, SC 29808, USA 

Abstract 

The Nuclear Materials Stabilization and Storage Division at SRS plans to stabilize selected 
plutonium scrap residue materials fo!r long term storage by dissolution processing and plans to 
stabilize other plutonium vault materials via high-temperature furnace processing. To support these 
nuclear material stabilization activities, the SRS Analytical Laboratories Department (ALD) will 
provide characterization of materials required prior to the dissolution or the high-firing of these 
materials. Lab renovations to install new analytical instrumentation are underway to support these 
activities that include glove boxes wLth simulated-process dissolution and high-pressure microwave 
dissolution capability. Inductively-coupled plasma atomic emission spectrometry (ICP-AES), 
inductively- coupled mass spectrometry (ICP-MS) and thennal-ionization mass spectrometry 
(TIMS) will be used to measure actinide isotopics and metallic impurities. New high-speed actinide 
separation methods have been developed that will be applied to isotopic characterization of nuclear 
materials by TIMS and ICP-MS to eliminate isobaric interferences between Pu-238 /U-238 and Pu- 
241/Am-241, TEVA Resin @, UTEVA Resin@, and TRU Resin@ columns will be used with vacuum- 
assisted flow rates to minimize TIMS and ICP-MS sample turnaround times. For metallic impurity 
analysis, rapid column removal methods using UTEVA Resin@, AGMP- 1 @ anion resin and AG MP- 
50@ cation resin have also been developed to remove plutonium and uranium matrix interferences 
prior to ICP-AES and ICP-MS measurements. 

Introduction 

The Nuclear Materials Stabilization and Storage Division at SRS plans to stabilize selected 
plutonium scrap residue materials for long term storage by dissolution processing and plans to 
stabilize other plutonium vault materials via high-temperature furnace processing. To support these 
nuclear material stabilization activities, the SRS Analytical Laboratories Department (ALD) will 
provide characterization of materials required prior to the processing and storage of these materials. 
Lab renovations to install new analytical instrumentation are underway to support these activities 
that include glove boxes with simulated-process dissolution and high-pressure microwave 
dissolution capability. 

To support this processing, new actinide column separation methods were developed to isolate and 
purify actinides prior to radiochemical assay or measurement by inductively-coupled mass 
spectrometry (ICP-MS) or thermal ionization mass spectrometry (TIMS). Isobaric interferences 
between Pu-23 8 /u-23 8 and Pu-241 /Am-24 1 can be a particular difficulty when applying TIMS or 
ICP-MS methods. Rapid column extraction methods have been developed that successfully 



eliminate these interferences. These methods do not use any EPA-listed solvents such as hexone or 
xylene and therefore do not require any mixed-waste controls. Spectral interferences from the large 
quantities of uranium and plutonium present in the nuclear materials to be characterized must be 
removed to enable an accurate assay of metallic impurities present. Inductively-coupled plasma 
atomic emission spectrometry (ICP-AES) and ICP-MS will be used to measure metallic impurities. 
Rapid column removal-methods using UTEVA Resin@ or AGMP-l@ anion resin have been 
developed to remove uranium and plutonium respectively. For metallic impurities such as gold or 
other impurities which are not effectively recovered by the UTEVA Resin@ or AGMP-l@ resin 
techniques, a cation method that employs AG MP-50@ resin has been developed to remove both 
plutonium and uranium matrix interferences prior to ICP-AES and ICP-MS measurements. 

Sample Preparation 

For nuclear materials that will be dissolved and processed for stabilization, samples of this material 
will be dissolved in the laboratory using a heating mantle reflux system to simulate process 
dissolution flow sheets. Microwave digestion will be employed as needed to the remaining residues 
as needed. In addition, scanning electron microscope measurement capability as well as laser 
ablation solid sampling instrumentatiton will be available for undissolved residues to determine their 
content . For nuclear materials planried for long term storage as an oxide or ceramic, microwave 
digestion will be applied to dissolve these materials prior to assay for actinide content and impurity. 
composition. The digest solutions will typically be strong nitric acid solutions containing 
hydrofluoric acid. 

Actinide Methods 

A new rapid Pu-TEVA colurrm extraction method was developed and implemented at SRS 
[ 11 . The Pu-TEVA method offers extremely high retenti0.n for plutonium, optional thorium removal 
using 6M hydrochloric acid, and essentially no uranium tailing compared to anion resins such as 
AGMP-1 (Bio Rad, Richmond, CA). The TEVA resin can be used in relatively low-level nitric acid 
solutions and therefore valence control of plutonium can be achieved more effectively. The 
plutonium is adjusted to plutonium (IV) in the column load solution by reducing all plutonium 
present to plutonium(II1) using O.1M ferrous sulfate followed by 0.2M sodium nitrite to oxidize the 
plutonium to plutonium (IV} . Neptunium will track with the plutonium as neptunium (IV), enabling 
the recovery of both actinides together. When this is desired, plutonium-236 can be used as a tracer 
instead of Pu-242 since the latter tracer interferes with the neptunium-237 alpha measurement. To 
remove the neptunium, the load solution is heated to 70°C for approximately five minutes to oxidize 
neptunium to unretained Np (V) prior to column loading. Uranium and thorium are removed to 
greater than 99.9%. For trace plutonium isotopic work in the presence of high levels of uranium- 
238, a two column or three column pass method is used to enable accurate measurement of the Pu- 
23 8 isotope by thermal ionization mass spectrometry. 

A new rapid Np-TEVA method will be used to isolate and purify neptunium and thorium [2]. 
Neptunium is reduced to neptunium (JV) and plutonium is reduced to the trivalent state using 0.2M 
ferrous sulfamate and 0.1 M ascorbic acid in the load solution. Thorium is retained but can be 



recovered along with the neptunium in the final strip solution for ICP-MS measurements or 
separated from neptunium by using 6M hydrochloric acid. An initial rinse solution of 3M nitric 
acid-0.1 OM ferrous sulfamate -0.1 Oh4 ascorbic acid is used to ensure plutonium reduction and 
ensure maximum plutonium removai . Replacing column tips and reservoirs prior to stripping of the 
neptunium also enhances plutonium removal. Plutonium (1 E6 dpm added) removal of greater than 
99.9% is routinely achieved. .” A two column method where the neptunium is reloaded onto a second 
column after re-acidification and addition of additional ferrous sulfamate is used when 
decontamination from extremely high levels of plutonium is required. The plutonium is stripped 
from the TEVA resin using a small volume of 0.02M nitric acid-0.002M hydrofluoric acid, then 
evaporated and redissolved in a 0.1mL volume of dilute nitric acid for thermal ionization mass 
spectrometry 

A rapid UTEVA method will be used for uranium isotopic preparation for mass spectrometry [3]. 
Ferrous sulfamate is added to the load solution to reduce plutonium to the trivalent non-absorbed 
state. An initial rinse of 3M nitric acid-0.0lM ferrous sulfamate solution is used, followed by 3M 
nitric acid. The uranium is stripped fiom the UTEVA resin using a small volume of 0.02M nitric 
acid-0.002M hydrofluoric acid for thermal ionization mass spectrometry or 0.02M sulfuric acid for 
inductively coupled plasma mass spectrometry. Neptunium(1V) tracks with the uranium in this 
method, as does thorium. If required, thorium can be removed using 6M hydrochloric acid. 
Neptunium can be eluted quantitatively for analysis using 1.75M nitric acid-0.125 M oxalic acid, 
while uranium is retained on the column. UTEVA resin can also be used for uranium isotopics 
analysis on high burn-up he1 which may contain isotopes such as tantalum-188. To remove 
tantalum, which forms a strong fluoride complex, a column rinse solution of 8M nitric acid-0.2M 
hydrofluoric acid can be used to prevent Ta-188 retention on UTEVA Resin. 

A new dual column plus sequential column method using TEVA Resin, UTEVA Resin and TRU 
Resin will be used to recover americium and curium[4]. A UTEVA Resin cartridge is attached to 
the bottom luer tip of a TEVA Resin column to enable separate uranium, which passes 
quantitatively through the TEVA resin . After rinsing with 3M nitric acid, the E V A  column and 
UTEVA cartridge are detached from leach other and stripped separately using the appropriate strip 
solution to recover the plutonium (with or without neptunium), thorium and uranium separately. 

To recover americium and/or curium, the load and rinsings from the dual column are collected (and 
also evaporated and redissolved in 2.5 M nitric acid if the volume is too large). Ascorbic acid is 
added to reduce interfering ferric ions to ferrous ions and the resulting solution will be loaded to 
TRU resin to recover americium and curium. The americiumlcurium can be stripped effectively 
with 0.01M nitric acid, which does not remove extractant from the resin as sometimes occurs with 
the typical strip step using 4M hydr0c:hloric acid. Pu removal is greater using this sequential method 
than with the typical TRU Resin P d / m  separation. 

Metallic Impurities 

An aliquot of liquid sample or disscllved solid sample is pipetted into a plastic vial/tube and adjusted as 
needed to 8 M nitric acid (for Pu-anion resin) or 8 M nitric acid-0.20M hydrofluoric acid (for U-UTEVA 



Q3 resin). The acid-adjusted sample is then transferred to a column containing AG MP- 1 Resin and/or 
UTEVA resin to separate the Pu andor U from the rest of the sample matrix. The AG MP-1 ResinB and 
UTEVA resin columns are rinsed with 8 M nitric acid-0.20M hydrofluoric acid to remove the residual 
impurities. The Pu and/or U is then removed from each column with dilute hydrochloric-hydrofluoric 
acid mixture. If Au impurity in uranium or Au, Ag, Pt, Ir ,Pd, Nb, T1, and Ta in plutonium are required, 
the cation exchange method included in this procedure can be used to fully recover these impurity 
elements. Applied vacuum is used to minimize separation time. Mixed uranium-plutonium oxide (MOX) 
material that has been digested can be separated using UTEVA and AGMP-1 anion resin together in the 
same column. Although plutonium can be separated on U-TEVA Resin, plutonium is not retained well 
when hydrofluoric acid is present. .4G-MP 1 resin is combined with the U-TEVA Resin to ensure 
adequate removal of plutonium. 

Plutonium Removal for Impurity Assay 

To remove plutonium fiom dissolved metal or oxide solutions prior to impurity assay, an anion 
exchange method using AG MP-1 resin that was developed at the Savannah River Site will be 
employed [SI. Figure 1 shows the ion exchange scheme used. The acidity of the load solution 
must be adjusted so that the nitric acid is approximately 8M for best retention of plutonium on 
anion resin. Au, Ag, Pt, Ir, Pd, Nb, T1, and Ta are at least partially retained on AG MP-1 anion 
resin and must be recovered using the AG MP-50 cation method. Americium and curium are not - 
retained by AG MP-1 anion resin. In general, the AG MP-1 Anion Resin columns, containing 
approximately 8.5 mL of resin, are limited to a maximum loading of approximately 250 mg of Pu. 

0 @ 

Uranium Removal for Impurity Assay 

Uranium will be removed using a new UTEVA Resin method shown in Figure 2. U-TEVA Resin 
is a resin fiom Eichrom Industries (Darien, IL) that is coated with a diamylamylphosphonate 
extractant. The following elements have been reported as having minimal retention on U-TEVA 
Resin in 2M nitric acid: Li, Na, ME;, Al, K, Ca, Cr, Mn, Fe, Coy Ni, Cu, Zn, Sr, Y, Rh, Ag, Cd, Bay 
La, Ce, Pry Nd, Sm, Eu, Hg and Pb [6 ] .  The new method will use 8M nitric acid to maximize 
uranium retention. It was found that unless hydrofluoric acid is added to the 8M nitric acid rinse 
solution, Zr, Hf , Nb and Ta are retained with uranium on the UTEVA resin . The addition of HF 
to recover Zr, Hf , Nb and Ta when using UTEVA resin reduces uranium retention but still allows 
adequate uranium removal. Gold is retained on UTEVA resin and must be recovered using the AG 
MP-50 cation method. In general, the U TEVA Resin columns, containing approximately 10 
mL of resin, are limited to maximum loading of approximately 200 mg U. Larger columns can be 
used as necessary and a lower strength nitric acid can also be used as needed. A resin column 
containing UTEVA Resin and AGMP-1 Resin can be used to remove Pu and U fiom Mixed Oxide 
(MOX) fuel samples. 

@ 

Table 1 shows spike recovery data using the U-TEVA Resin method. The following elements 
were tested and are not retained on UTEVA Resin in 8M nitric acid: Li, Be, Mg, Sc, Ti, V, Cr, 
Mn, Coy Ni, Cu, Gay Ge, As, Se, Rb, Sr, Y, Mo, Ru, Rh, Pd, Ag, Cd, In, Sn, Sn, Sb, Te, Cs, Bay 



La, Ce, Pr, Nd, Sm, Eu; Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, W, Re, Ir, Pt, TI, Pb, and Bi. By using 
8M nitric acid-0.2M hydrofluoric acid in the column rinse solution, Zr, Ta, Hf and Nb are also not 
retained on U-TEVA Resin. 1CP-R.IS measurements were performed in a semi-quantitative mode 
so some measurement variation is seen in the results, i.e. some recoveries were above 100%. The 
elements Na, AI, K, Hg, Zn and Fe were not measured because of measurement difficulties using 
ICP-MS. These elements, however, have’previously been shown to have no retention on U-TEVA 
Resin as noted earlier in Reference [6]. 

Table 1 
U-TEVA Method Spike Recovery Results 

108% 91% 
103% Nd 90% 

Sm 97% 
Eu 97% 

J 

Zr 119% 
Tn 105% Nb 125% 

9’4% Ta 98% 
117% Hf 97% 

~ 

I I I 

Te I 124% 



The U-TEVA method can also be applied to also remove zirconium, which can also be a spectral 
interference at high enough levels, by using 8M nitric acid without hydrofluoric acid in the 
column load or rinse solutions. This would allow selective removal of uranium or uranium and 
zirconium for nuclear materials containing both elements depending on the analytical needs. 

Figure 3 shows the AG MP-50 cation method that will be used. The sample matrix is adjusted to 
0.25M HCl-O.05M nitric acid. This. method can be applied to samples such as plutonium or 
uranium dissolved in hydrochloric acid or samples dissolved in nitric acid which have been 
evaporated to remove the nitric acid matrix. The cation method recovers impurities that form 
anionic chloride and fluoride complexes that are not bound by the resin. Uranium and/or 
plutonium can be eluted from the resin using 8M nitric acid or 6M hydrochloric acid. In general, 
the AG MP-50 Cation Resin @ (or equivalent cation resin) columns, containing approximately 
8.5 mL of resin, are limited to a mamimum loading of approximately 200 mg of Pu or U. Table 2 
shows spike recovery data using this method. 

Table 2 
AG MP-1 Cation Method Spike Recovery Results 

I Element Spike Recovery Element Spike Recovery I 
Ge 9 2% Sn 89% 
As 106% Sb 96% 
Se 8 1% Ta 93% 
Zr 91% Hf 94% 
Nb 91% W 95% 
Mo 90% Re 95% 
Ru 91% Ir 99% 
Rh 96% Pt 96% 
Pd 8 8% Au 85% 
Af! 103% 

Summary 

New rapid actinide methods have been developed that will be used to measure actinides in nuclear materials 
scrap materials at SRS. Uranium and plutonium column removal methods have been developed for metallic 
impurity assay that can be applied to a variety of sample types. 
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