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Removal of Americium and Curium from High-Level Wastes

W. D. Bond and R. E. Leuze

Chemical Technology Division, Oak Ridge National Laboratory,
Oak Ridge, TN 37830

A number of potential methods for removing americium and cur-
ium from high-level liquid waste have been investigated at Oak
Ridge National Laboratory for their applicability to waste parti-
tioning (1, 2, 3_. 4_). Processes acceptable for americium-curium
removal must give a high-degree of recovery and produce a semi-
pure, concentrated product of these actinides. All separations
methods investigated consisted of two general process steps.
First, the trivalent actinide and lanthanide elements are separat-
ed from the other elements in the waste. In the second step, am-
ericium and curium are then separated from the lanthanide elements.
Experimental studies have largely been laboratory-scale in which
synthetic waste solutions and tracer levels of radioactivity were
utilized. A few laboratory-scale experiments were made in hot-
cells on the coextraction of trivalent actinides and lanthanides.
The two most promising methods investigated for co-removal of tri-
valent actinides and lanthanides are:

1. A solvent extraction process (4_, 5) utilizing dihexyl-
[(diethylcarbamoyl)methyl]phosphonate (DHDECMP) as the extractant.
This extractant is also called dihexyl-N-M-diethylcarbamylmethe-
lenephosphonate.

2. The OPIX process (j>, 7) which is based on an oxalate pre-
cipitation coupled with a cation exchange treatment of the super-
natant liquid.
Studies (_1_, 2_, 2> 4) on the separation of americium-curium from
lanthanide elements indicate that either cation exchange chromato-
graphy (8, 9) or the Talspeak solvent extraction process (JJ), H_)
are promising methods. Only the most recent work at Oak Ridge
National Laboratory is reported in this paper. Potential chemical
processes for americium-curium removal and evaluations of their
feasibility have been reported previously (1_, 2_, _3_, 4). The most
recent experimental work carried out includes the following:

1. Hot-cell studies of the DHDECMP extraction process.
2. Feasibility studies of continuous precipitation of oxa-

lates in the OPIX process.
3. Studies of Talspeak process flowsheets in continuous,



countercurrent, mixer-settler equipment and in batch extraction
tests.

4. Effpcts of impurities de, ived from DHDECMP degradation
on the ion exchange loading step of the cation exchange chromato-
graphy process.

Hot-Cell Studies of the DHDECMP Solvent Extraction Process

The extraction and stripping of trivalent actinides and lan-
thanides were studied using high-level liquid waste (HLLW) deriv-
ed from spent LWR fuel (31,000~MWd/MT burnup and decayed for 4
years). After seven batch extraction stages, the Am-Cm remaining
in the waste was <0.01% with indications of continuing decrease
with additional extraction (Figure 1). In these extractions, the
nitric acid concentration of the HLLW was 3 W and the HLIW was
successively contacted with an equal volume of 30% DHDECMP in di-
isopropylbenzene in seven stages of batch, cross-current extrac-
tion. The combined extract phases were subsequently stripped in
a succession of contacts with 0.05 M HNO3 using an organic-to-
aqueous phase ratio of 0.5. More than 99% of the Am-Cm was strip-
ped in the first 3 stages (Figure 2); however, little, if any,
was stripped in subsequent stages. The Am-Cm and lanthanides
which remained in the organic phase after the stripping tests with
0.05 M_ HMO3 were removed in a single equal volume contact with
0.2 Mi Na2C03- The ease of removal of the trivalent elements with
sodium carbonate indicates the degradation products responsible
for their retention are acidic in nature. The lanthanide ele-
ments, cerium and europium, showed behavior that was essentially
identical to Am-Cm in both extraction and stripping. No emulsions
or third phases were observed in any of the equilibrations of or-
ganic and aqueous phases.

Continuous Precipitation of Actinide-Lanthanide Oxalates from HLLW

The feasibility of recovering >99.9% of the trivalent acti-
nides and lanthanides using the OPIX process had previously been
demonstrated by Campbell (6_, 7) in small, batch tests in the lab-
oratory and in hot-cells. About 90-95% of the trivalent elements
were removed in the precipitation step, and the small amount re-
maining in the supernatant liquid was removed by a cation exchange
column. It was therefore of interest to determine whether the
oxalate precipitation step could be performed continuously since
continuous methods afford many advantages with respect to both
process scale-up and operability. Since it was first necessary to
demonstrate a continuous precipitation concept that was basically
sound, studies were conducted with synthetic wastes. Synthetic
wastes were prepared to correspond chemically to HLLW derived from
LWR fuel having a burnup of 33,000 MWd/MT. Methods of preparation
of this synthetic solution were described previously (2). Ele-
mental compositions sre given in Table I. These initial tests



made only with non-radioactive synthetic waste solutions indicate
that continuous precipitation of trivalent actinide and lanthanide
oxalates appears feasible. Important effects that can be expected
by the intense radiation associated with high-level waste are gen-
eration of heat within the oxalate precipitate and conversion of
oxalate ions to gaseous CO2 and H2O.

The experimental equipment used in studying the continuous
oxalate precipitation and the separation of the precipitate from
the liquid is depicted schematically in Figure 3. The equipment
allowed for options of filtering or settling the orecipitate and
the use of either one or two stirred tank reactors. The following
variables were studied:

1. Oxalic acid concentration (0.2 to 0.3 M).
2. Temperature (25 to 5G°C).
3. Degree of mixing (125 to 250 rpm).
4. Residence time (15 to 40 rnin.).

The rotational speeds of the six-bladed stirrers that were used
corresponded to power inputs of 0.02 and 0.18 watts/liter at
speeds of 125 and 250 rpm, respectively. Concentrations of oxalic
acid during precipitation and crystal growth in the stirred tank
reactors were varied by changing the flow ratio of oxalic acid-to-
waste solution while maintaining the nitric acid concentration
constant at 0.9 M. Permissable nitric acid concentrations for the
OPIX process (4_, 6, 7) are 0.5 to about 1.0 M HNO3. Yields of
precipitate were determined on the basis of praseodynium recovery.
Tracer 142Pr (half-life = 19.2 day, 1.6 fev y-ray) was used to
measure yields.

The best operating conditions over the range of variables in-
vestigated were (12):

1. Two stirred tank reactors in series.
2. An oxalic acid concentration of 0.3 M.
3. Temperature of 25°C.
4. Residence time of 40 min.

Stirrer speeds were not significant in the first stirred tank
reactor but the highest speed (250 rpm, 0.18 watts/liter) gave
slightly better performance in the second reactor under some of
the test conditions (JJ). Collection of the precipitate by the
gravity settler was not nearly as effective as the series of 12, 5
and 1 y-diameter millipore filters. Typical results obtained us-
ing two stirred tank reactors in series are shown in Table II.
Since a significant fraction of the precipitate particles are <12y
in diameter, it is probable that centrifugation would be a good
method of separating the precipitate from the supernatant liquid.

Talspeak Process Studies

In the Talspeak process, the separation of trivalent acti-
nides and lanthanides are accomplished by coextracting the two
groups of elements into di(2-ethylhexyl)phosphoric acid (HDEHP)
from a carboxylic acid solution and tf.en partitioning the acti-



Table I. Synthetic Waste Solution Composition

HNO3 = 2.5 M

Elements 9/ *

Rare earths

Lanthanum
Cerium
Praseodymium
Neodymium
Samarium
Europium
Gadolinium
Dysprosium
Hoi miurn
Erbium

Group VIII metals

Ruthenium
Rhodium
Palladium

Group I A alkali earths

Rubdium
Cesium

Group II alkaline earths

Strontium
Barium

Other elements

Zirconium
Indium
Yttrium
Silver
Cadmium
Arsenic
Antimony
Molybdenum
Selenium
Tellurium
Tin

0.205
0.398
0.196
0.660
0.143
0.0275
0.019
0.0002
0.000015
0.000005

0.344
0.0625
0.228

0.0535
0.390

0.1315
0.268

0.585
0.0002
0.0755
0.0095
0.0185
0.000015
0.002
0.55
0.008
0.0905
0.008



Table I I . Exrerimerical Conditions and Results of Continuous Precipitation of Lanthanide Oxalates
from Synthetic High-Level Waste at 35°C.

Experiment number
27 28 29 30 31 32 33 34 35 36 37

Experimental Conditions

Residence time per 20 40 40 20 40 20 20 40 30 30 30
reactors, min

Stirrer speed in stirred 125 250 125 250 125 250 125 250 187.5 187.5 187.5
tank reactor 1, rpm

Stirrer speed in stirred 125 125 250 250 125 125 250 250 187.5 187.5 187.5
tank reactor 2, rpm

Oxalic acid 0.20 0.20 0.20 0.20 0.29 0.29 0.29 0.29 0.25 0.25 0.25
concentration, M_

Product Yield

Settler 46.2 77.7 76.3 62.5 85.0 68.7 81.8 84.0 79.3 82.6 78.7

Fi l t rat ion

12-ym f i l te r 58.8 81.9 84.1 74.4 90.8 75.8 86.7 89.5 86.0 88.5 86.5

5-ym f i l ter 65.8 83.1 84.6 78.4 91.0 78.1 88.9 91.3 88.0 88.6 87.1

1-ym fi l ter 71.1 84.3 87.5 81.6 92.2 77.9 91.3 91.7 89.1 90.2 88.4



nides into an aqueous phase by stripping the HOEHP with a partial-
ly neutralized (pH = 3), aqueous solution containing carboxylic
acid and the complexinq agent diethylenetriaminopentacetic acid
(DTPA). The aqueous actinide product is acidified (to pH 1.5),
and the trivalent actinides are extracted into HDEHP to free them
of carboxylic acid and DTPA. They are subsequently back-extracted
into 3 M_ HNO3. The effects of impurities on process performance
have received little study. Zirconium is known to form highly in-
soluble compounds with alkylphosphoric acids, but no information
was available on the effect of H2MEHP on the separation factors
for trivalent actinides and lanthanides. Performance with respect
to zirconium impurity and the expected radiolytic product of
HDEHP, mono(2-ethylhexyl)phosphoric acid (H^MEHP), was of particu-
lar interest and were investigated i>; the studies reported here
(13).

The effects of zirconium on phase separations were studied in
continuous mixer-settler equipment at reference flowsheet condi-
tions (Figure 4). In these runs neodynium was used to simulate
the 0.05 M_ concentrations of trivalent elements in the feed. Ini-
tial batch extraction tests showed that 10"4 M Zr had little or no
effect on phase separations whereas at 10~3 M̂  Zr interfacial emul-
sions or third phases were formed making phase separations diffi-
cult. Subsequently, three flowsheet runs were carried out in mix-
er-settlers using 10"4 W Zr if* the feed solutions and the condi-
tions in Figure 4. No emulsions or interfacial accumulations
(sometimes called cruds) were observed in the extraction-parti-
tioning (1A) bank. In the stripping (2A) bank, emulsion formation
was noted in stages 10 through 16, and some crud accumulated at
the interface of stage 16. Thus, the phase separation was some-
what affected by the presence of 10-4 U Zr. (This amount is equi-
valent to 0.5% of the Zr in HLLW; however, the actinide-lanthanide
products obtained from either the DHDECMP extraction process or
the OPIX process are not expected to contain this much zirconium.)
Nevertheless, the process was operated successively for scheduled
9 hour periods. The amount of interfacial crud did not appear to
increase with time. On the basis of these non-radioactive tests
using neodynium, it appears that the process can tolerate zircon-
ium impurity concentrations of about 10-4 ̂ without seriously im-
pairing phase separation.

Batch extraction tests showed that H2MEHP concentrations up
to about 0.006 M_ did not seriously affect separation factors
(Table III). The separation factor is defined as the ratio of the
distribution coefficient of Am to that of Eu. The distribution
coefficient for H2MEHP between 1 fi glycolic acid - 0.05 M DTPA
(pH = 3) and 0.7 ^ HDEHP in diethyl benzene was determined to be
aboUo 0.7 and shows that this impurity favors the aqueous phase.
Thus, the partitioning step of the Talspeak process is essentially
"self-cleaning" with respect to H;?MEHP. The concentration of
H2MEHP on persistant recycle of the solvent within this step would
be expected to increase by only a factor of 3 greater than that



Table III. Effect of H2MEHP Concentration on the
Separation Factor for Americium and Europium in

Talspeak Partitioning

H2MEHP, M

0

0.002

0.006

0.02

0.06

Distribution
Am

1.53

1.64

1.88

2.56

5.41

coefficients
Eu

86

83

110

110

169

Separation
factor

56

50

59

43

31

forced during a sinnle pass using virgin solvent. However, the
H2MEHP formed in the actinide purification step would remain in
the organic phase. Since the distribution coefficient for H2MEHP
at the acidity used for actinide purification (pH = 1.5) is ap-
proximately 5. It is expected that the purification step could
tolerate significant amounts of H2MEHP, and solvent purification
could be conducted on a campaign basis as needed.

Effects of DHDECMP Degradation Products in Cation Exchange Chroma-
tography

The purpose of this study was to determine if any soluble
DHDECMP or impurities derived from DHDECW by thermal, chemical,
or radiolytic degradation might affect the loading step of a ca-
tion exchange chromatography (CEC) process. The CEC process has
been demonstrated to be technically feasible for trivalent acti-
nide and lanthanide separations (8, 9_). Of particular interest,
was the possible existance of complexing agents among the degrada-
tion products that could decrease loading of the trivalent ele-
ments. The DHDECMP derived impurities used in this study were
generated by thermal treatment with nitric acid (L4, JJ5). In some
cases, the solutions were further treated thermally or with chemi-
cal reagents. The principal species formed in the thermal degra-
dation of solvents is generally about the same as with radiation
although the thermal reactions occur more slowly. However, it has
been pointed out there can be important differences (JJ5, 16).
Compounds such as hydrogen peroxide and ozone (when air is present)
are produced during irradiation and can have an effect.



Effects of thermal and chemical degradation products were
determined by measuring the distribution coefficients, K, between
cation resin (Dowex 50-X8) and lanthanide nitrate solutions con-
taining 14<?Pr (14_). In no case did we observe a decrease in K
values because of the presence of impurities. Typical experiment-
al results are given in Table IV. The bidentate impurities were
prepared by refluxing DHDECMP with 4 M̂  HNO3 for 9 hours. We gen-
erally observed a relatively small increase (10 to 20%) in K
values when bidentate derived impurities were present. It is not
known whether the increase is due to sorption of organophosphorous
compounds of the lanthanide elements. It may be important to
determine the effects of bidentate impurities in the chromatogra-
phic elution. However, only a small fraction of the total ele-
ments would be expected to be affected.

Summary

The DHDECMP process was demonstrated to give a 99.5% removal
of actinides from actual HLLW in small-scale, batch extraction
tests. Results from cold tests indicate that it may be possible
to carryout the oxalate precipitation step of the OPIX process
continuously. About 90% recovery of the trivalent actinides and
lanthanides can be achieved in the continuous precipitation. The
presence of zirconium impurity in feed solutions to Talspeak pro-
cess at concentrations of 10~^ M_ (0.5% of the Zr in the original
waste) affected phase separations but equipment could be operated
satisfactorily in cold tests. Zirconium concentrations of 10-3 M_
seriously affected phase separations and substantial quantities of
interfacial cruds were formed. Modest concentrations (0.006 M_ or
less) of H2MEHP, a suspected degradation product of HDEHP, did not
effect separation factors. The presence of impurities derived
from the thermal degradation of DHDECMP did not inhibit the load-
ing of the trivalent actinide and lanthanide elements in the ca-
tion exchange chromatographic process for their separation.

On the basis of our studies to date, it appears that the bi-
dentate (DHDECMP) solvent extraction process and the OPIX process
are the leading candidate process for the co-removal of trivalent
actinide and lanthanide elements from HLLW. The cation exchange
chromatography and the Talspeak processes, are the leading candi-
date processes for the subsequent separation of actinides and lan-
thanides. The bidentate and cation exchange processes are further
along in their development than the other processes and are cur-
rently (17) considered the reference processes for the partition-
ing of Am-Cm from HLLW.
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Table IV. Effects of Dissolved and Degraded DHDECMP Impurities and Oxidative Treatments of These
Impurities on the Distribution Coefficient of Tracer Pr^+ Between Cation Resin and an

Aqueous Solution of 9.7 x 10-4 ̂  Eu(N03)3 - 0.5 M HNO3

Run
no.

B-1

B-2

B-3

B-4

B-5

B-5

B-7

Bidentate derived
impurities present

Yes

Yes

Yes

Yes

Yes

No

No

Total
phosphorous,

mM

2.52

2.52

2.52

2.44

2.52

0.00

0.00

None

None

Solution

0.3 M H20

Oxidative treatment
of initial solution

refiuxed for 3 hours

p, aged 24 hr. before resin contact

Ozone sparging, 10 rug Oo/ml of solution, aged
9A hv<
None

None

K

348

353

490

368

345

344

328

Total phosphorous concentration is a measure of the amounts of dissolved and degraded DHDECMP
present.
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Fiq. 1. Batch cross-current extraction of Am-Cm from high-level
liquid waste with 30% DHDECMP. 3 M. HN03, 25°C, organic-to-
aqueous phase ratio = 1.
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Fig. 2. Batch cross-current stripping of Am-Cm from 30% DHDECMP
with 0.05 M HNO3, 25°C, organic-to-aqueous phase ratio = 0.5.
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Fig. 3. Equipment flowsheet for continuous precipitation of
lanthanide oxalates.
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Fig. 4. Flowsheet for experimental runs on the f i r s t Talspeak
cycle in 16-stage mixer-settlers.
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