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Abstract

Americium processing at Rocky Flats Plant is described.
The americium is recovered from plutonium metal by a pyrochemical
process; the resulting molten salt extraction residues must be
processed to recover americium. At present the process uses cation
exchange with Dowex 50W-X8 resin. This work shows that a macroporous
resin, BioRad AG MP-50, has 30 to 50% more capacity and better elution
kinetics than Dowex 50W-X8. Two extraction methods, solvent extraction
and extraction chromatography with an organophoshorus bidentate,
are also described. Americium is effectively decontaminated from

magnesium and aluminum, and recovered by these methods.
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Government or any agency thereof.
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INTRODUCTION

Rocky Flats has a 1arge recovéry facility to recover
p]ufonium from miscellaneous scraps and résidﬁes;‘ é by-product
In the plutonium recovery stream is americium from the decay
of plutoniﬁm—Zhl. Currently a NaCl-KCl-MgCI2 eutectlic
salt is used at Rocky Flats to separate americium from plutonium
in a molten salt extraction (MSE) process.

As a consequence of e*perimental rﬁns and changes in
process salt mixtures, a variety of waste salts and alloys
have been produced, and much of this material is in storage.
These waste products contain varying quantities of magnesium,
sodium, potassium, calciun, and aluminum as well as plutonium
and americium.

Although alloys produced during metallothermic reduction

clean-up of waste salts are not being processed, processing

of waste salts (except those containing aluminum) Is being done

by the process shown in Figure 1. The process includes (1)
dilute hydrochloric acid dissolution of residues; (2) cation
exchange to convert from the chloride. to the nitrate system and

to remove gross amounts of monovalent impurities; (3) anion
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exchange removal of..plutonium; -(4) conversion to solid by oxalate

2

which meets specifications'(zgS%’AmOZ, 1% individhal contaminant

précipitation; and (5) calcination at 600°C to yield-AmOz. Am0

elements) is sent to the Department of Energy lsotope Pool,

Americium recovery development at Rocky Flats comprises work

‘to improve the existing process as well as to introduce new me thods,

especially those that can partitfon americium and aluminum since
the present cation exchange process can not do this.

This rebort describes attempts to improve the recovery of
americium. The first part of ‘the report deals with-evaluation
of cation exchange resins used for the concentration of americium
from low level solutlons and for separating americlium from major
impurities. The second part of the report describes.development
of a process that will recovery americium from residues -containing
aluminum as well as othef common impurities. Results of laboratory
demonstration tesés of both approaches will .be described.

lon Exchange

In the cation exchange process plutonium and americium are
cosorbed on the resin with mono- and divalent cations from the MSE

process.] After actinide breakthrough the column is wa;hed with

. water to remove nonadsorbed .ions remaining (e.g. chloride), then

eluted with 7ﬁ_HNO3. Plutonium is oxidized to Pu(IV) and forms

the hexanitrato complex Pu(N03)62—. Although this anlonic complex

is not adsorbed on the resin it still does not‘eIUte'very rapidly.

We attribute this slow recovery to the difficulty the bulky complex

has - in diffusing through the resin matrix, as well as the high
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selectivity of the resin for Pu(1V). Thé process should be made
easier by using a gel-type resin of lower crosslinkage or a
macrpporou5'resin; The more.open or porous structure of these
resins.decreage the distancé an ion must travél throﬁgh the matrix
until an open channel is reachéd. in addition it shoﬁld also be
easier to selectively elﬁte contaminant ions from more porous resins
by using acid washes or chelating agents for the same réason.

Gel-type cation e%change resins were thérefore compared with
a macroporous resin for the recovery of-plﬁtoniﬁm and americium
from molten salt residﬁés. Thé effects on-actinide recovery of
loading and elﬁting in the downflow mode, and loading in the -
upflow, eluting in the downflow mode were also determined.

Experimental

Materials. Two MSE residues were used. These were Na-K-Mg
chloride and Ca-K-Mg chloride waste salts containing Pu and Am.
The précedure for preparing the solufions‘is to solubilize the
salt in 0.5M HCl at 90°C and filter to remove insolubles. The
solutions.are diluted .to a:chJoride,concentrationiof'SO;g/1. .Analysis
of these solutions gave the results listed in Tables 1 and I1I.

Three resins were tgsted during this preliminary program. The
first was the conventional gel-type resin cufrent]y'uged at Rocky

Flats Plantﬁ,vDowexR‘5OW-X8.f The second was .also-a gel-type resiny.

but with only 4% .crosslinkage, Dowex 50W-X&. 1Theéthird:reéin was

BioRadB AG MP-50, a macroporous resin. -All:three cation exchange.resins
were “in_the 50 to 100 mesh particle size range.

Chemicals used were reagent grade.

O
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TABLE |

Composition of Na<K-<Mg Chloride Waste Solution

HY = 0.5M . C1” = .44 (50 g/1)
Concéntration Anal;yticala
Component ' mg/1 = " 'Method
Ai , <10 AA
Ca 5 AA
Fe 7 AA
K . 17700S‘ AA
Mg . 1600 AA
Na 12100 AA
Pb : <1 | AA
Pu 3190 R
" Am 170 ‘ R

a AA - Atomic Absorption; R - Radiometric

Ca



TABLE 11

‘Composition of Ca-K-Mg Chlorlde Waste Solution

AA - Atomic Absorption; R-- Radiometric

H" = 0. 44M
Concéntration
Componént - - L mghl
Al 20
Ca 20000
Fe 10
K 6200
Mg 650
Na 420
Pb 10
Pu 10420
Am 430
a

c1”

1.4M (50‘9/1)

Analyticala

""" Method

AA
AA
AA
AA
AA
AA

AA



Procedure. Plutonium was adjusted £o-PuIIlI) by addition of
2.5 g/1 hydroxylamine Hydrochloridé one-ha1f~hoﬁr before the colﬁmn
test. Seven tests were made in the downflow loading and elution mode.
4 Solutloﬁs‘wéré féd to thé colﬁmn3(3.0 cm dia., 150 ml column volume)
at 6 ml/min. Tﬁe colﬁmn éfflﬁént'was colléctéd in fractions and
sampled to deferminé-actinidé contént; Aftér actinidé bréakthrqﬁgh
(O.L g actinide/1 determined by radiomét%ic ménitoring of the column
efflhént) loading was stopped and the colﬁmn was washed’with water
at 13 ml/min (total volume = 1 liter). Eultion with 7M HNO, followed.
In the first two tests QLZ co]umn.volﬁmes of ion co]ﬁmn effluent
were collected. This volume is the average volume required for
product recovery in production colﬁmns; it should be noted, however,
that in production runs loading is upflow, elution is downflow, so
this comparison is not appropriate. In the subsequent five tests,
product fractions were collected to determine the rate of elution
and elution was continued‘until recovery was more ;omplete. After
the product fracfions were collected the column was washed with water
to remove the 7M HN03.

Four additional tests were made in the upflow loading, down-
flow elution mode. Therg were no changes in procedure, flow rates,
etc., other than this change in direction of flows. Only the
Dowex 50W-X8 and BioRad AG MP-50 resins were tested in this test
series.

When it became evident that not al];plﬁtonium was- being removed

from the resins, additional washes with 6M HCl or 0.1M diethylene-

triaminepentaacetic acid (pH = 8.0) were used to strip the column

9



before the next test.
Samples of all ion column effluent were submitted for analysis.

Results and Discussion

SeQen ion'éxchange tésts were made in éhe downflow loading
and elution mode. The amount of actinides fed to fhe column and
the percent actinide recovery obtained with 4.2 colﬁmn volumes
of M HNO3 elutriant are shown in Table 111.

The capac}ty of the resins for actinide is less when calcium
is present; this is because the divalent calcium competes more
effectively for ion exchénge sites than does monovalent sodium.
The capacities of the resins for individual actiniaes were not
determined in these experihénts, The relative capacities for
both Pu and Am frdm the MSE residues are discernible from the
actinide adsorbed (the actinide in the feed).

The ideal resin would have high actinide capacity and give
complete recovery of plutonium and americium in a small volume
of elutriant. Each of the resins tested has apparent advantages
and disadvantages, which can best be seen by referring to Table 111
and Figures 2. and 3.. (Figures 2 and 3 show the pereent recovery
as a function of cblumn yolumes for plutonium and émericium,
respectively.)

bowex 50W-X4 gives the best recovery of both plutﬁnium and
americium, 99.6 and 99.4% respectively in 3.9 column volumes of
elutriant. However, the capacity of this reéin is inadéquate,
being only 48% of that of Dowex 50W-X8 resin.

* The problem with Dowex 50W-X8 is the slow recovery of

Ch



TABLE 111

ACTINIDE ELUTION FROM CATION EXCHANGE RESIN - DOWNFLOW MODE

Column Volume (cv).: 150 ml ' Volume of Elutriant: 630 ml (4.2 CV)
Elutriant: 7ﬂ.HNO? : Temperature: 23°C B
Flow-Rate: 0.85 mi/min-cm? (6 ml/min) © Mode: Downflow for loading and elution
Type of. "ACtinide'ih'Féed "'Actinlide Recovery+
Resin* MSE Wastexx “Pu, g Am, g Pu, % Am, %
- Dowex 50W-X8 Na-K-Mg .60 0.220 - 58.2+1.5 94.6+0.1
Dowex 50W-X8 © Ca-K-Mg 3.44 0.143  68:8+1.1 88.7+0.1
Dowex 50W-Xk Na-K-Mg M 2.19 ©  0.105  99.6 99. 4
Bio-Rad AG MP-50 Na-K-Mg | 5.94 0.284 91 66
Bio-Rad AG MP-50 Ca-K-Mg L.21 0.217 93 80
* Dowex 50W-X8 and -X4 are gel-type resins; Bio-Rad AG MP-50 is a
macroporous resin '
% Waste chloride solutions containing either Na or Ca and K, Mg.
+ Mcan ¥ + standaid deviatlon on duplicate samples, orysingie deter-

mination
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plutonium. Again, if is suggested that ‘this is bégaﬁse
of the oxidation:of Pu(t!t) to Pﬁ(IV) and formation of the hexanitrato
plutonium complex; Pu(1V) is more tightly held than PQ(III) and the
bulky hexanitrato comple# has diff}culty diffusing thrqﬁgh the polymer
matrix. We cannot explain why'plﬁtoniﬁm récovery is poorer from
the Na-K-Mg residﬁe than from thé‘Ca-Kng résidﬁé whéréas americium
recovery is better from the Na-K;Mg system and worse from the Ca-K-Mg
system. The mean :_standard deviation for thé duplicate tests
suggest the effect is real.

The macroporous BioRad AG MP-50 resin has abproximaté]y 30%
more capacity then the Dowex 50W-X8 for the Na-K-Mg solution and
50% more capacity for the Ca-K-Mg solution. This suggests that
tervalent plutonium and americium can displace calcium from the
macroporous reslin more effectively than from the gel-type Dowex
50W—X8 resin. Another way to look at this effect is to consider
the two resins individually. For Dowex 5OW-X8, only 74% as much
actinide can be adsorbed from the Ca-K-Mg system as from the
Na-K-Mg system. With BioRad AG MP-50, 87% as much actinide can
be adsorbed from the Ca-K-Mg system; calcium is thérefore more
effectively displaced.

Plutonium elution from BioRad AG MP-50 is faster: than from

Dowex 50W-X8;  as noted previously, this can - be explained as the

_result of a shorter distance for the bulky hexanitrato anion to

diffuse thrngh the matrix before reaching a channel. For plutonium,
BioRad AG MP-50 macroporous resin gave the best capacity, calcium

decontamination, and elution characteristics.

&



We have no ekplanation for the slower‘elution of americium
from macroporous-resin. Americiﬁm fécovery from macroporous resin
shoﬁld be no worse than from gél-type resin; one woﬁ]d é*pect it
to be better.

Because of thé poor recovery of amerié?hm and bécause RFP
operating procedﬁres involvé Ioading ana élﬁtlon in the upflow
and downflow modés, respectively, foﬁr addftlonal tests were
done in this mode with Dowex 50W-X8 and BioRad AG MP-50 resins
and the Na-K-Mg and Ca-K-Mg s¢stems. The résults are tabulated
in Table |v "and plutonium and americium elution curves are
shown in‘Eigures 4 and 5 respectively.

The analytical results for plutonihm in these runs varied so
the overall actinide capacities for the resins In Table i1l are
considered more accurate. - Less variation was noted in duplicate
americium samples. Basing the amount of actinide sorbed on americium,
the Dowex 50W-X8 adsorbed 73% as much americium from the Ca-K-Mg
system‘as it did from the Na-K-Mg system; the BioRad AG MP-50
adsorbed 83% as much americium from the Ca-K-Mg system. The results
based on americium are similar to those found during the downflow
experiments.
| The percent recovery of actinide during elution was calculated
based on actinide fed to the column and recovered 'in eluate
fractions. Both plutonium and americiﬁm recoveries were signifi-
cantly improved by upflow loading and downflow elution. This shows
that americium has an appreciable affinfty'for the resin even in

, and that plutonium may also be retained as cationic

I HNo,

Ca



TABLE 1V

ACTINIDE ELUTION FROM CATION EXCHANGE RESIN -
UPFLOW AND DOWNFLOW MODE

Column Volume (CV):. 150 ml . Volume of Elutriant: 630 ml (4.2CV)
Elutriant: - 7M HNO Temperature: 23°(C

Flow Rate: OTBS,m?/miﬁ-cmz (6 mi/min) Mode: Load upflow; elute downflow

Type of Actinide in Feed Actinide Recc_)very+
Resin* - - MSE Waste*# Pu,qg Am,g - Pu, ¥ Am, %
Dowex 50W-X8 Na-K-Mg - 4.05 0.194 82 95
Dowex 50W-X8  Ca-K-Mg 3.43 . 0.142 75 93
Bio-Rad AG MP-50 Na-K-Mg 5.43 0.260 96 98

Bio-Rad AG MP-50 Ca-K-Mg 5.21 0.215 96 97

*  Dowex 50W-X8 is a gel-type resin; BioRad AG MP-50 is a macroporous resin.

** " Waste chlorlide solutions containing either Na or Ca and K, Mg.

* Single determination
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Pu(lV) within:the resin matrix even thquéh it forms the anionic

hexahltrato complex in'7M HNO ‘(Thé mechanism for this could be

3

both the stabilization of Pu(1V) ‘adsorbed on the ion exchange

sites and the’deficulty"of getting six nitrate -ions around the

Pu(1V) fon in the matrix. Complexation with individual nltrate
ions probably occurs simultaneously with diffusion through the

matrix and bead channels.) Whatever the elution mechanism, it

"is evident that back-elution is more effective than attempting

to force the actinide on throﬁgh the colﬁmn.

These results also'suggegt that (since plutonium and americium
are tightly held) it might be possible to wash impﬁrities loaded
with plutonium and americium (e.g. calcium and magnesium) off the
columnlwlfh dilute acid (1 to 3M) before eluting plutonium and

americium with 7M HN03.

Conclusions -

As a result of this study it was coqcluded that the increased
actinide capacity,ﬁfaster elution kinetics, ana better'Qecontaminatlon
properties of macroporous resins justify additional work to further
evaluate BioRad.AG MP-50 and other mécroporous resins for the MSE

cation process.



Bidentate Extraction

Recovery of actinides with an organophoshorus bidentate
has been proposed. The concéptuél flow sheet is shown in
Figure 6. Tée Eldentate; dihe*yl-N,N-diethylcarbamoylmethy-
lenephosphonate (DHDECMP), is especially attractive since
it can recover actinides from MSE residues containing aluminum.2
The catlion éxchange process is unable to effect actinide purifl-
cation when aluminum is present. (DHDECMP extracts actinides
and lanthanides, but does not extract common RFP contaminants,
e.g. aluminum. No lanthanides are used In process streams at
RFP.)

The actinides are extracted from high acid (e.g. 7M HN03)
solutions éhd can Be back-extracted with dilute acid. The method
ié,therefore easily used with the ion column effluent from the
anion exchange blutonium recovery step. | |

Two techniques appear ‘to be useful for the bidentate extraction
of actinides. .The first is liquid-liquid solvent extraction, a
method which has several advantages. Currently, however, the
type of equipment needed (mixer-settlers, centrifugal tontactors,
etc.) s not available at RFP. We are better equipped to use
a column technique. This can be done by sorbing the bidentate
extractant on an inert solid support, loading.ion exchange columns
with the sorbenf, and proceeding with column runs (extraction chro-
matography) .

Both liquid-liquid extraction and extraction chromatography

-were tested in this work. Lab and pilot scale recovery tests were

done using liquid-1iquid extraction, and laboratory scale tests were

2
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done using extraction chromatography; results of these preliminary

tests ‘are descfibed.

Experimental

Materials. The alloy residﬁe contains approximately 15% Al,

- hh% Mg, 29% Pu, 2% Am, and other impurities. The residues are dissolved

by placing the alloy metal in 0.35_!1HNO3 and slowly adding concentrated

HN03. Time is allowed between additions of concentrated HN?B for
the dissolution reaction to subside. The solution is adjusted to
0.1M F~ with concentrated HF to remove.any polymerlc or residual
plutonium. After filtration through Whatmas:)QZ filter paper, the
solution is adjusted to 7ﬁ_HN03.

Plutonium in this feed solution is removed by an anion exchange
column process. The anion exchange resin is Dowex 1-X4, 50 to 80
mesh nitrate form, obtained from BioRad Laboratorieﬁ. Ferrous
sulfamate (plutonium-to-iron mole ratio of five) is added to the
solution to eliminate hexavalent plutoniu%, and the feed is passed
through the column. The ion column effluent kICE) contains the
americium and impurities. Residual americium and impurities are
washed from the column with 7M HNO3 and the wash is combined with
the ICE; this is the feed to the bidentate progess. A'typical
cbmposition'is given in Table V. Plutonium is eluted with dllute
nitric acia and returned to the production stream.

The DHDECMP is obtained from Wateree Chemical Company, Lugoff,
South Carolina, and is purified by an ion exchange method to
approximately 67% pure; the method has been describéd elsewhere'.3

Diisopropylbenzene (DiPB) was obtained from Pfalfz and Bauer, Inc.

The extractant is 30% DHDECMP in DiPB.

s



TABLE V
Average Feed from Dissolution of Al-Mg Alloy

(concentrations in g/1)

Am Pu Al

0.15 T 8.17x1073  0.385 1.02

&

The extra;tion chromatography.method used DHDECMP adsorbed
on 20-50 mesh AmberliteR XAth. The adsorbent was prepared using a
column method. . The column was‘loaded with Amberlite XAD-4, washed
with acetone, and a mixture of 50 vol¥ CCIQ'L'SO vol% bidentate was
recycled through the column to cause swelling of the beads. The
CClh-bfdentéte mixture was then vacuumed from the column and the
column was filled with 67% bidentate and permitted to stand over-
night. The excess bidentate was vacuumed-frqm the column and
the adsorbent was conditioned by washing with 7ﬂ.HN03.
Procedure. Americium in the combined wash and ICE.is removed
by Iigpid-]iquid'extraction or e#traction éhromatography using
bidentaté.
For liquid-liquid extraction, 2.5 2. of feed was contacted with
0.5 2.of bidentate (A/0 = 5) for 15 minutesT :This batch.proces;
is fepeated with frésh batches of extractant until_ the americium
concentration i5’<]-9X]0-2 g/1; three contacts were rcquired.
Residual amounts of extracted impuritie§ are removed from

the loaded extractant by 7M HNO, washing. Three to five contacts

3

are made using an A/0 = 0.2. The wa§h is either sent-to feed

D



acid adjustment ér discarded dépending upon americium content. The
americium is then stripped.from the organic with water (Five to
seven contacts) using an A/0 = 0.2. The americium in the strip
solution is precipitated with oxalic acid, and the americium oxalate
is calcined to AmOz. In the lab scale extraction chromatpgraphy
method, the DHDECMP-impregnated Amberlite XAD-4 was loaded into

a column 1.8 cm.dia. x 23.5 cm.and conditioned with 7M HNO The

3"
americium feed was fed to the column at 1.5 mli/min until a total
of 300 ml had been fed. The columﬁ was washed -with.200 ml of 7M
HNO3 at 1.7 ml/min, then eluted with deionized water until elution
was complete (determined radiometrically). Five to seveh 50 ml

fractions were required for elution. Samples were submitted for

analysis.

Results and Discussion

Table VI shows the results of three laboratory runs of the
solvent extraction step (after the plutonfum was removed by anion
exchange). The major elements are shown befo}e solvent extraction,

after solvent extraction, in the 7M HNO, wash, and in the final strip

3
product. - The americium remaiﬁing in the organic after stripping

is also shown, Although there were some analytical discrepancies,

the data show that americ}um was effectively recovered (exceét in Test
1, for which‘We'have no explanation). Americium was decontaminated
from aluminum and magnesium in all three runs. |

Results of the pilot plant test of the liquid-liquid solvent

" extraction test are shown in Table Vil. Only 4 % of approximately

Gy



Test

* 7M ‘HNO

3.

TABLE V!

Recovery and Purification of Am from Al-Mg

MSE Residue by Solvent Extraction

Stream

Feed
Raffinate
Wash*
Product**
Organict
Feed
Raffinate
Wash*
Product**

Organict

Feed .
Raffinate
Wash*
Product*#*

Organic?t

*% Strip

Am, mg Pu, mg
.21 0.39

1 <0.001
4 <0.001
8 0.06
2 Natt
23 0.04

1 . NA

1 NA

18 0.004
0.4 NA

Ly 0.07

1 0.01

1 0.05
42 0.03
2 0.36

*.After Strip

4

158
160 .

<0.113
NA

211
242
<2
<2
NA

+ *+ Not Available

432
L4os

<0.001
NA

459
L70

<0.113
NA

713
634

NA

17



17 2 of américium strip product were used in the precipitation
step; the remainder was turned over to Production for final processing.
Decontamination from Al and Mg was excellent with decontamination
factors (DF) of 72 and 4bh, respectively. The corresponding DF
for plutonium was 10. This is higher than was expected, since
bidentate extracts plutonium much more effectivély than americium.
Analysis of the final AmO2 5roduct is shown in Table VIIIi. Al
and Mg were below the detectable limits for these elements. Plutonium
was present.at.a concentration of 3.24 mg/g product. The product
met specifications of >95% AmO2 with less than 0.5% Pu'and less than
1% of any'other single contamihant.. The results of the preliminary
lab scale extraction chromatography tests are shown in Table IX.
Again, in spite of some analytical problems, it is evident that
'amgricium was decontaminated from aluminum aﬁd magnesium. A 7M
HNO3 wash step.is assumed to account for the americium loss.
Conclusions
Laboratory results have shown that americium can be recovered
and purified by both solvent extraction and extraction chromatography
using the bidentate DHDECM?. ‘Solvent extractlon recovery of amerliclum
was demonstrated on a pilot p}ant scale. The americium oxide

product prepared from this strip solution met specifications.



TABLE VT
Results of Pilot Scale Recovery of Americium

from Dissolved Al-Mg Alloy from MSE Process

concentration, g/l *

- Stream ~." " Am- ‘Pu’ AL e Mg
Feed 0.15 8.17x10°>  0.385  1.02
Strip 0.14 7.5x107" 0.005  0.002
* Single determination r

TABLE VII1

Impurities in Americium Oxide Product*

Impurity Concentrations, ppm*¥*

Plutonium::.Alum}hum'lMagneéium

3240 <100 <50

* Specifications require >95% Am0, with less than 1% of
any individual impurity and less than 0.5% Pu

*% Single determination



TABLE X
Recovery and Purification of Am from Al-Mg

MSE Residue by Extraction Chromatography

Test Stream Am, m Pu, mg Al, mg Mg, mg
1 Feed - 35 , 0.04 81 204
Effluent 2 3x10°4 89 200
Wash#* 4 + + +
Product** - 22 0.3 0.4 0.18
2 Feed 17. 0.02 39 97
Effluent 0.037 0.0015 25 65
Wash* +. + + +
Product** 16 0.2 <0.2 0.2
3 Feed 29 0.04 68 170
Effluent 0.4 0.003 57 +
Wash* 3.5 0.0012 + +
Product®* 25 0.2 <0.45 <0.23
¥ 7M HNo'3
*E Strip

+ Not available
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