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EXPERIMENTS COMPARING THE UPTAKE OF AMERICIUM FROM CHLORIDE MEDIA 
USING EXTRACTION CHROMATOGRAPHY 

John R. FitzPatrick and Bradley S. Schake, CST-7, M/S G739, 
Louis D. Schulte, Benjie T. Martinez and Richard R_ Salazar, NMT-6, M/S E510, 

Los Alamos National Laboratory, Los Alamos, NM 87545 

ABSTRACT 
Clean-up of actinide effluent waste steams is of increasing importance at the Los Alamos Plutonium 
Facility, TA-55, and removing the actinide elements to very low levels allows less radioactivity to go the 
Los Alamos National Laboratory Water Treatment Facility, TA-50, thus reducing the number of drums of 
TRU waste. 

Americium (Am) is a difficult element to remove from chloride media because the +3 state is difficult to 
oxidize and chelating resins work better with elements such as plutonium which are more readily oxidized 
to the +4 and/or +6 state. Currently in hydrochloric acid (HCl) media, the acidic liquid waste is 
neutralized with potassium hydroxide to precipitate the metal hydroxides, before disposal to TA-50. This 
process is not very efficient. 

The removal of Am from chloride media was compared using a series of resins, some commercial and 
some made in our laboratory, using different percentages by weight of octyl(phenyl)-N,N-diiso-
butylcarbamoyl-methylphosphine oxide (CMPO) along with diamyl amylphosphonate (DAAP) or tributyl 
phosphate (TBP) as diluents. Resins were also made with no added diluent. Early comparisons using 
small-scale contact studies with 0.5 grams of resin in 0.1M-12M HCl, and subsequent small-scale flow 
experiments show a trend in which Am uptake is proportional to the amount of CMPO on the resins and 
the diluent plays a minor role in the uptake of Am from these solutions. Redox chemistry effects were 
also investigated. 

From these studies, it is possible to determine the best conditions for the removal of Am from HCl media 
thus reducing the gross alpha content of the waste stream by a factor of 10-100 which reduces the number 
of barrels of waste produced at the Water Treatment Facility. 

INTRODUCTION 
The use of extraction chromatography is currently a very popular method for the selective removal of 
various metals from a variety of waste streams. This is due to the availability of selective or metal-specific 
extractants which can easily be loaded onto an inert substrate without the need for chemically attaching 
the extractant molecules to the resin backbone. We have been exploring the use of extraction 
chromatographic resins, both commercial and resins synthesized in our laboratory, for the removal of 
actinides from both nitric acid and hydrochloric acid media. (1-3) Typically these resins are coated with 
octyl(phenyl)-N,N-diiso-butylcarbamoyl-methylphosphine oxide (CMPO) mixed with a diluent of either 
tributyl phosphate (TBP) or diamyl amylphosphonate (DAAP). The removal of uranium (U), plutonium 
(Pu) and americium (Am) from nitric acid (HN0 3) is relatively easy and the extraction efficiency or Kd's 
obtained from these experiments are quite high. The Kd's for removal of the same elements from 
hydrochloric acid (HCl) media are much lower but still quite reasonable. In fact standard ion exchange 
which works well for the separation of Pu from Am in nitric acid and hydrochloric acid also works well 
for the removal of U from HCl solutions. The most difficult species to remove from HCl solutions is 
americium. 

The commercial (Eichrom Industries)(4) extraction chromatographic resin, TRU-Spec, containing 13% 
CMPO and 27% TBP, will remove Pu from HCl media down to the microcurie/L level. However removal 
of the Am from a similar waste stream is difficult and can be accomplished only at higher (>7M) acid 
molarities. In this paper, we present some additional studies that have been completed where we 
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examined the effect of increasing the amount of CMPO on the resin to determine if there is a correlation 
between the amount of Pu or Am removed and the amount of CMPO present on the resin. We have also 
compared similar resins made using an organic substrate with those made using a silica substrate. For 
comparison purposes, we have included data on the Am extraction efficiency of TRU-Spec and also in 
certain cases similar experiments were done using Pu solutions, in order to better define the processes 
that occur. 

EXPERIMENTAL PROCEDURE 
Resin synthesis - The procedure we adopted, uses some aspects of the Horwitz recipe found in Analytica 
Chimica Acta (5) and of the Barney recipe from a Westinghouse Hanford Company report (6) to make 
different types of solvent impregnated resins. Similar procedures using di-(2-ethylhexyl) phosphoric acid 
(DEHPA) for making extraction chromatography resins are outlined by Cortina and co-workers.(7) For 
this work, the extractants/diluents used are CMPO/DAAP or TBP. The two resins used in these 
experiments were Amberlite XAD-7 and XAD-16. XAD-7 contains an acrylic ester backbone, with a 
surface area of 160 mVg, and a 20-60 mesh size. XAD-16 has a polyaromatic backbone, a surface area of 
800 mVg, and the same mesh size. 

The first stage in making these types of resins is to clean the resin to remove all of the monomers that 
could affect our extraction results. Approximately 50g of the resin was first weighed into a flask and 100 
mL of E-pure water (18.1 M-Ohms) was added. The flask containing the resin was swirled every 10 
minutes for about an hour. The slurry was then poured into a fritted funnel and the liquid was removed 
using a slight vacuum to speed up the process. The resin was then washed two more times in the same 
manner using 50 mL of E-pure water. The pH of the rinse water was 8-9. The resin was then washed 3 
times with 25 mL of methanol, using a slight vacuum on the last two washes to help remove the liquid. 
The pH of the wash solution was now usually < 7, which indicates that the basic monomers have been 
removed. The resin was then placed into a rotovap flask and vacuum dried at 50°C for 16 hours, while 
rotating at 120 rpm. The resin is now white in color and dry which is very different from the wet, light 
tan starting material. 

To actually make the solvent impregnated resin, 30 grams of clean resin is weighed out and slurried in a 
rotovap flask with 20 mL of methanol. Specific percentages by weight of the extractants/diluents are 
added to the slurry. For example, to make a resin with 13% CMPO and 27% DAAP on 30 grams of resin 
one uses 6.5 grams of CMPO and 13.5 grams of DAAP. Since CMPO is highly soluble in both DAAP 
and TBP, the CMPO and diluent are first mixed together then poured into the resin/methanol slurry. To 
make a pure CMPO resin, the CMPO is dissolved in methanol. The slurry is stirred using the rotovap for 
30 minutes at 90 rpm. After stirring, the resin is dried by rotating at 35°C and 90 rpm while under 
vacuum (approximate time to dryness was 24 hours depending upon the concentration of CMPO in the 
solution). There were no significant losses of material at this stage and yields usually were > 95%. 

Contact Experiments - The actinide solutions used in all of these experiments were made by dissolving 
either plutonium or americium oxide (PuC>2 or AmC^) in 4-6M HC1. For each contact experiment, 0.5 
grams of resin was weighed out into 25 mL Bio-Rad polyethylene columns, 5 mL of a specific molarity 
acid was pipetted into the column and 50-250 uL of the stock solution was added to the acid in each 
column. An experiment contained either Pu or Am in 1-12M HC1. The columns for each experiment 
were rotated on a LabQuake™ rotating shaker for a set period of time, typically one (1) hour At the end 
of the specified time, the solution was drained from the column into a scintillation vial, the vial capped 
and shaken to ensure a uniformly mixed sample. A 10-250 uL aliquot was removed and placed in a 
scintillation vial containing 6 mL of water and 14 mL of Packard Ultima Gold-XR" scintillation fluid 
Each acid solution was sampled twice to provide a check on sampling technique and to avoid the complete 
loss of a sample for an experiment in the event that a sample was spilled. Each sample was counted for 
ten (10) minutes using a Packard 2550TR scintillation counter. Each experiment was repeated at least 
once. With each set of resin containing columns, a control column without resin but containing all the 
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solutions was used. The solution column was treated in a similar fashion to the resin containing columns 
and this control was used to establish the initial actinide concentration. 

Upon completion of the sampling, then either hydroxylamine hydrochloride (NH2OH-HCl) was added as a 
reducing agent, or sodium chlorite (NaClOj) was added as an oxidizing reagent. This redox chemistry 
was done to allow for comparison of the Am data with the Pu data. Each experiment required that the 
solutions be sampled before the addition of the redox reagents, after the addition of NH2OH-HCl, and 
again after the addition of the NaClOj. 

The liquid scintillation count data was entered into a spreadsheet developed by Louis Schulte. This 
spreadsheet calculated the Kd for each set of conditions and also plotted the Kd as a function of acid 
molarity. The Kd is defined as shown in Equation 1: 

Kd = (original solution cpm - final solution com) x mL of sample (1) 
final solution cpm g of resin 

DATA AND RESULTS 
Experiments were first conducted with Pu samples in HNO3, using XAD-7 resin without any extractant 
loading. The Kd's are expected to be very low and indeed this was the case. Additional experiments with 
the addition of NH2OH (reducing conditions) and NaClC^ (oxidizing conditions) yielded Kd's that were 
quite similar to those obtained under the "no redox" conditions. (See Figure 1) 

PLACE Figure 1 HERE 

In the next set of experiments using Pu/HCl solutions, the effect of increasing the amount of CMPO on the 
resin was examined. These resins were synthesized in our laboratory. The resin substrate was XAD-7 
with CMPO loadings of 20%, 40% and 60%. In the "no redox" part of the experiment, all three resins 
gave Kd's of ~750. Upon addition of NH2OH to form Pu(III) which should not extract very well, the Kd's 
increase as the acid molarity increases and also as the amount of CMPO increases. The Kd for 20% 
CMPO is 2500, for 40% is 3000 and for 60% is 5000. Similar results were observed after addition of 
NaCIOz to oxidize any Pu(III) to Pu(IV). The Kd's ranged from 2500 (20% CMPO) up to 6000 for 60% 
CMPO loading. (See Figure 1) These results are not very much different from the results obtained with 
the commercially prepared TRU-Spec resin, and the observed increases in the Kd as the acid molarity 
increases are consistent with our observations for experiments with TRU-Spec. It is surprising that the Kd 
for Pu(III) is this high and it would indicate that either the reduction is not complete or most likely that 
the Pu(III) formed is oxidized back to Pu(IV) during the one hour duration of the experiment. 

Experiments using Am in HC1 were then done using TRU-Spec. All three experimental conditions ("no 
redox", reducing, oxidizing conditions) were completed in order to compare the results with those 
obtained for the Pu solutions. The best Kd's are obtained under oxidizing conditions (addition of NaGO>) 
From Figure 2, we observe that the Kd increases as the acid molarity increases (as it did in the Pu 
experiments). 

PLACE Figure 2 HERE 

The highest Kd was obtained at 8-9M HC1, however the Kd is approximately 100X smaller, ~53 This 
indicates that the Kd for Pu(III) given above is not accurate. In HC1 solutions, the Pu(Ill) should not be as 
readily oxidized back to Pu(IV) if it can be stabilized with a "holding" reagent, sucli as ferrous sulfamate 

Next experiments were performed with two other commercially manufactured "experimental" resins 
supplied by Eichrom Industries. These resins contained higher percentages of CMPO with DAAP as the 
diluent instead of TBP. The resins contained 20% CMPO with 20% DAAP (20.20 resin) and 30% CMPO 
with 10% DAAP(30:10 resin). The 20:20 resin performed in a similar manner to TRU-Spec with 
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increasing Kd as the acid molarity increased. Again the highest Kd was observed after the addition of 
NaCIC^. The Kd at S-9M is -200, which decreases as the acid molarity increases up to 1 lM.(See Figure 
2) 

The experiments with the 30:10 resin (organic substrate) yielded even higher Kd's with the maximum Kd 
of 600-625 occurring at 8-9M HCl. The Kd's decrease as the acid strength increases past this point. (See 
Figure 2) Surprisingly, there is no observed improvement upon the addition of NaClOj. Since the 
addition of NaClC^ should have no effect on the Am(IH) in solution, the enhanced Kd's under these 
conditions are most likely due to trace amounts of Pu in these solutions. It should also be noted that the 
substrate for these commercial "experimental" resins is organic and is quite similar to XAD-7 although 
the bead size is smaller. 

Experiments with the commercially prepared (Eichrom Industries) 30:10 resin (silica substrate) yielded 
results that were quite similar to the results obtained with the 30:10 organic-substrate resin. The HCl 
molarity versus Kd plot was similar in shape with a maximum occurring between 8-9M and bending 
downward to yield Kd values of ~ 100 at 12M. (See Figure 3) There were some differences noted, mainly 
that the addition of NH2OH yielded higher Kd's (-850) than the Kd's (-500) obtained upon addition of 
NaClOz. 

PLACE Figure 3 HERE 

The removal of Am from the HCl waste stream was negligible until the acid molarity was >6M. The 
silica substrate was a porous material, however the pore size was different than the typical pore size of the 
organic substrate.(8) 

Four different resins were synthesized in our laboratory. They are 13:27 using 13% CMPO and 27% 
DAAP on both XAD-7 and XAD-16 resins. This was made to compare with the commercial TRU-Spec 
resin. The Am extraction data with these resins were quite similar except that the higher surface area 
XAD-16 yielded Kd's that were -2/3 those of the XAD-7 resin. The XAD-7 resin had maximum Kd's 
(under oxidizing conditions) ranging from 75-85, (See Figure 4) while the Kd's for the XAD-16 resin 
ranged from 55-60. Once again the highest Kd were observed for 9-9.5M HCl. 

PLACE Figure 4 HERE 

The third resin consisted of 35% CMPO with 5% DAAP (35:5 resin). The highest Kd's exhibited by this 
resin were after addition of NaClC^ and at 9-9.5M HCl. (See Figure 2) The Kd's ranged from 600-925. 
Although this resin performed very well and was better than the 30:10 resin, we do not understand why 
the measured extraction capability or Kd is almost as high as the pure CMPO resin. 

The fourth resin contained no diluent and consisted of a 40% CMPO loading on XAD-7. The Kd's for 
this resin ranged from 850-900 and were highest for 9-9.5M HCl after addition of NaClCv (See Figure 2) 
This resin has been investigated previously by Barney and Cowan(6) as well as the authors. Although this 
resin extracts Am very well, the kinetics for uptake of Am are very slow.(2,3) 

DISCUSSION/CONCLUSIONS 
Removal of Am is possible using either commercial resins such as TRU-Spec or using specially prepared 
resins such as 20.20. 30.10 or 40% CMPO with no diluent. From Figure 3, we see that better Am 
extraction is obtained by using a 30:10 resin on a silica substrate. From Figure 4, it is apparent that 
DAAP is a better diluent (or cc-extractant) than TBP. Perhaps diluent is necessary, and therefore it 
would be interesting to try a 40:10 or 50 10 resin on a silica substrate. 
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At the present time we do not have an explanation for the reversed results upon addition of NaClC^ to 
solutions while using 30:10 silica substrate resin as compared to the 30:10 organic substrate resin. We 
expect slightly higher Kd's with the addition of NaClC^ if traces of Pu are present in the Am solutions. 

The high CMPO loading on these resins should absorb Pu even better than Am. This would imply that a 
good primary column is required in order to remove as much of the Pu as possible prior to using one of 
these resins to remove any Am present in the waste stream. 

Selective removal of Pu from these various resins (elution) is possible and has been demonstrated in 
experiments in our lab and at ANL. (1-3,9) The first step is to remove the Am using low molarity (3-5M) 
HCI, followed by 0.1M HC1/0.1M binoxalate to remove the Pu. 

FUTURE WORK 
It would be interesting to compare higher CMPO loadings containing a constant percentage of either TBP 
and DAAP as diluent. Is there really any difference in the extraction efficiency of resins made with these 
two diluents? 

It would also be interesting to compare these CMPO/diluent resins with a 55% CMPO resin synthesized 
by simply melting the CMPO and allowing the resins to absorb it.(10) This method has been reported by 
the scientists at the Karlsruhe Nuclear Research Center. 

It would also be interesting to determine if simple modifications of CMPO would yield a better extractant 
for Am from HC1 media, and what would be the effect on Pu removal? This has been studied in the past 
by Horwitz and co-workers, (11) however the choice of CMPO was somewhat dictated by its availability 
and the ease with which the actinides could be removed from the resin. 
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