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ABSTRACT

L chemical process was developed for the separation
of 2%%Am from #*%(m for use in the production of kilo-
gram guantities of 2%%Cm., 1In the process, americium ig
oxlidized to Am02+ ion in concentrated potassium carbonate
solution, and KgAmO, (C0Og)s is precipitated. A study of
the variables affecting the separation 1s reported.



FOREWORD

This report is one in a serles that describes the develop-
ment of separations processes for purifying #**Cm produced in
Savannah River reactors. The series is being lssued under the
general title Curium Procegs Development. Following the general
title, a roman numeral deslgnates the subject area of the report,
and an arabic numeral deslgnates the series report number in that
subject area, A subtitle describes the content of each report,
SubJect areas Toreseen for this series are:

I. General Process Description
II, Chemical Processing Steps
III. Analytical Chemistry Support

Reports issued in this series include:

I. Ceneral Process Description by I. D. Bubanks
and G. A. Burney (USAEC Report DP-1009),

III-1, Analytical Techniques for Characterizing
Solvent by R, Narvaez (USAEC Report DP-1010).

III-2, Identificatlon of Sclvent Degradation Products
‘ by D, L. West and R, Narvaez (USAEC Report
DP-1016),

TTI-3. Analytical Control by E. K. Dukes (USAEC Report
DP-1039).
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INTRODUGTION

About 5.5 kilograms of Z4%Cm is being produced at Savannah
River for evaluation as an isotopic heat source. In thls program,
curium is produced from 2%°Puy in two successive reactor lrradia-
tions. The 24%Cm is separated from the targete of the second
irradiation and purified; residual plutonium (predominantly 2*ZPu)
and 24%am are recovered and can be used for subsequent lrradiations
to produce additional 2%4Cm, A general description of the overall
program has been glven in previous reports‘(l’a)

In the separations procesg planned for use at Savannah River,
the irradiated targets are disgolved in nitric acid, and plutonium
is recovered by a conventional solvent extraction process with
dilute tributyl phosphate (TBP). The americium and curlum are
then recovered from the aqueous raffinate by batch extraction with
50% TBP in kerosene;(S) lanthanide fisslon products are extracted
with the americium and curium. The lanthanides are subgequently
rejected in a solvent extraction preccess in which americium and
curium are extracted from lithium chloride scolution into a mixture
of tertiary amine hydrochlorides in diethylbenzene, (224! '

Processing steps were required for use following the amine
solvent extraction procegs to separate the americlum from the
curium and to isolate both in a form sultable for the preparation
of purified CmO, and AmO,. On the basls of informaticn reported
in the 1iterature(5"7) and preliminary laberatory tests, separation
by carbonate precipitation was chosen for development, Amerlcium
ig meparated by oxldation to Am02+ ion in potasslum carbonate
solution followed by precipitation as the decuble carbonate, Thils
report summarizeg the laboratory development of the carbonate
precipitation method, The work had the following principal
obJectlves:

‘e Development of a sultable method for coupling the
carbonate process with the amine solvent extraction:
process.

e Determination of optimum condltions for the carbonate
precipitation,

¢ Determination of the effects on processg performance
of radistion-induced chemical reactions at high
curium concentrations,

e Selection and demonstration of a method for recovering
the curium from the filtrate solution contalning
potassium carbonate,

® Evaluation of the usefulness of the method for routilne
production operation.
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SUMMARY

A chemical process was developed for the separation of
americlum from curium by precipitation of KgAmO,(COgz), from con-
centrated potassium carbonate solution. In addition, auxlliary
procegging steps were developed to couple the carbonate precipi-
tation process to & preceding amine solvent extraction process,
and to recover the separated americium and curium in a form
sultable for the preparation of purified Am0, and CmO,. The
sequence of process steps ls summarized in Figure 1, All of the
steps were tested on a scale of ~2 g 2%4%Cm, with concentrations
of 243am and 24*Cm typical of those expected in a production
process.

Solvent Extraction Am{CH)3
Product Am and Cm
Chicrides in HCI

KoCOs Recycle

CmiOH)3

1T HNO; |

Filtrgtion [1AMINC3la
Cm(N03)3

Precipitation

\

Pracipitation

Waste

Caleination

FIG. 1 SEPARATION OF AMERICIUM FROM CURIUM AND PREPARATION OF OXIDES
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Two sequential cycles of carbonate precipltation were
regquired to obtain adequate separatlon and recovery of americium
and curium when the americium and curlum were present in approxl-
mately equal quantity, After two cycles, each product contained
less than 0.5 wt % of the other actinide.

Ozone was the most satisfactory oxldant tested for the oxi-
dation of Am(ITI) to Am(V) in concentrated potassium carbonate
solution, The complete oxldation and precipitation of the
americium required from 1 to 2 hours at 60-80°C in 3,5M KpCOs.
The precipitate, identified by analysis as KghmOp(COs)p+Hp0, was
crystalline and was readily filtered.

The carbonate precipitation was coupled to the preceding
amine solvent extraction process most effectlvely by precipltating
americium and curium hydroxldes from the solvent extraction product
and redissolving the hydroxides to form feed for the carbonate
process, Following the carbonate preclpitation cycle, the curlum
was recovered from the carbonate fillirate by another hydroxide
precipitation step.

The major 1ossesmof americium and curium in the overall
process were due to incomplete separation of the actinides from
each other; total losses were less than 0.5% of each actinide.

EXPERIMENTAL

Iaboratury tests were performed with solutlons that contalned
243,y 2440m. gsnd filssion products ‘in concentrations similar to
those planned for use in the kilogram-scale processing of **®Am
and, 4*Cm, About 2 grams each of curium and americlum were used
In each test.

Precipitation studies were done in small glass vessels; the
precipitator was heated or cooled in a water bath maintained
within *3°C of the stated temperature.

An(III) was oxidized in potassium carbonate solution with
potassium hypochlorite, potassium peroxydisulfate, or ozone.
Potassium hypochiorite solution was prepared by bubbling chlorine
into dilute potassium hydroxide solution; potassium peroxydisulfate
golution was prepared from the reagent-grade chemlcal; and ozone
was produced with an OREC* Model 03C6 generator at a concentratlon
of approximately 3 vol % in oxygen., Potassium hypochlorite and
potassium peroxydisulfate solutions were added to the solution of
An(III) and Om(III) in potassium carbonate, The ozone-oxygen gas

*# Ozone Research & Equipment Corp., Phoenlx, Arizona.
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mixture was passed through a calibrated flow meter and then through
a solution of potassium carbonate at the same temperature as the
precipitator to saturate the gas stream with water vapor before
passage through the precipitator. The ozone content of the gas
mixture from the generator was determined by absorbing the ozone
from a measured volume of gas in potasslum lodlde solutlon and
titrating the lodine produced wlth standard sodlum thiosulfate.‘

The curium content of the solutions was determined by alpha
counting and alpha spectrometry. The americium content was deter-
mined by extraction and gamma counting'® ! of the ®®®Np daughter
of 243 m after a known period of in-growth,

The concentrated curlum product was stored in tantalum tubes
to maintain purity. ‘

Special precautions were necessary to handle gram quantities
of curium in concentrationg of 1 to 100 grams per liter. These
included diluting the hydrogen evolved from aqueous solution to
maintain nonexplosive conditions, shielding to regulate neutron
exposure, containment for the high levels of alpha actlvity,
precautions to prevent loss of curium in aerosols formed by
radiolysis, and care in handling and storage to maintain product
purity,

DISCUSSION
PROCESS SELECTION
Precipitation, solvent extraction, and ion exchange methods
were considered for the separation of americium from curium. The

precipitation methods considered 1lncluded:

e Oxidation of Am(III) to Am(V) in potassium carbonate
and precipitation of KgAmOs(COg)z. 5=7)

e Oxidation of Am{(III) to Am(VI) in dilute acld solution
and precipitation of curium(III) fluoride,

e Oxidation of Am(III) to Am(VI) in dilute acld solution
and precipitation of curium(III) oxalate.

e Oxidation of Am(III) to Am(VI) in dilute carbonate,

bicarbonate, or hydroxide solution and precipltatlon
of curium{III) hydroxide,‘”

- 10 -




All of these precipitation methods depend, for the separatlon
of americium and curium, upon the oxidaticn of Am(III) to a higher
oxidation state, The first method, the precipitatlon of
KsAmOp (CCg)a, was chosen for further development as a production
process, A number of considerations led to this choice, which is
the only one of the procedures in which the americlum, rather than
the curium, 1= precipitated. Precipltation of the americium avolds
the intense alpha radiclysis from a curium precilpitate that would
prevent complete oxidation of americium., Also, the feed for the
KsAmO, (CO5)2 method is a homogeneous solution of americium and
curium; whereas the feed for those procedures carried out in dllute
carbonate, blcarbonate, or hydroxide solutions iz a slurry of
americium and curium hydroxides. The oxidation and leachling of
americium from such precipitates 1s difficult and inefflclent.

The methods that rely upon maintaining americium as soluble Am(VI)
are inefficient in solutions containing high concentrations of
curium as a result of reduction of Mm(VI) by radiolysis products.
The oxalate method 1les inefficient because oxalate iocn reduces
Am{VI), TFinally, the flucride method is obJectionable because of
the neutron radiation from (a,n) reactions with fluoride ion,

A number of potential lon exchange and solvent extraction
methods would depend on the considerable difference in distribution
coefficlients or extraction coefficlents for Am022+ and Cm3+;
however, all the common icn exchange resins and organlc extractants
reduce Am022+ to am®t rapidly 1in chloride, niltrate, sulfate, and
carbonate solutions, and thus interfere with the americium-~curium
separation,

Separation of Am(III) from Cm(III) by chromatographic elution
with 4M LiNOg from anion exchange resin'?® 1) ig reasonably satis-
factory, but the absorption of large quantities of curium on anion
exchange resin produces gevere problems of column gasging and resin
degradation. Chromatographlc separation of americlum and curlum
with a chelating organic acld from cation exchange resin is also
possible, but the separation efficiency is low, and gassing and
resin degradat}on would be troublesome in large-scale applicatlon,

PROCESS DEVELOPMENT

Couplling Step

In the planned chemical procees, americium and curium are
purified from lanthanide fission products by solvent extraction
with an amine extractant from concentrated lithium chloride
solution.‘zj The product of the solvent extraction process con-
talns ~1 g of curium and ~1 g of americium per liter, in 6M HCI,
For compatibility with the subsequent precipitation of KsAmOz(COs)z,

- 11 -
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the actinides must be concentrated fifty- to one hundredfold, and
99.9% of the hydrochloric acid must be removed,

Three alternative processes to obtain the desired compositicn
were evaluated in the laboratory:

e Tenfold concentration by evaporation, precipitation

- of americium and curium hydroxldes, and redissolution
of the hydroxides i1n nltric acld to the regulred
actinide and acld concentrations,

e Tiftyfold concentration by evaporation, and subse-
quent self-radlolysls to decompose hydrochloric acld,

e TFiftyfold concentration by evaporation, and subse-
guent electrolysis to decompose hydrochloric acid.

The first process was selected because 1t is the only method that
provides a needed separatlonh of the americilum and curium from
lithium chloride, an impurity from incomplete phase geparatlon in
the solvent extraction contactors. Separation from lithium
chloride is -necessary because of the relatively low solubilities
of 1ithium carbonate and potasslum chloride in the 3.5M X;C03
requlred in the separation of americium from curium, These salts
would contaminate the KaAm02(003)2 precipitate and would accumu-
late to relatively high concentrations in the process becasuse of
the planned regycle of the K,C0a flltrate solution,

Evaporation and Precipltatlon of Cm-Am Hydroxides. The
selected coupling process was demonstrated in laboratory tests
beth with simulated process solutions and with samples of
americium~curium product solutlon obtained from laboratory-scale
solvent extraction tests, The solutions were evaporated tenfold
without significant foaming caused by the organlc impurlties, and
amerlcium and curium hydroxides were preclpltated with elther
concentrated sodium hydroxide or ammonium hydroxide. Sodium
hydroxide precipitant provides limited separation from amphoteric
cations (e.g., A1%", sn*t); ammonium hydroxide provides limited
separation from cations that form soluble ammine complexes (e.g.,
ni2*, agt, zn®), Hydroxides precipitated with ammonium hydroxide
filter more rapldly and are more dense than those precipitated
with sodium hydroxide. ZElther precipitant quantitatively precipl-
tates the americium and curium and effectively separates them from
11thium, Typically, dilute solvent extractlon product solution
containing ~1 g Am/1 and ~1 g Cm/1 in ~0,1M LiCl and &M HC1l could
be converted by this process to a solution containing ~50 g Am/1
and ~50 g ¢m/1, ~0,04M LiCl, ~0.2M HC1, and 0.25M HNCs., This
represents a concentration factor of 50, removal of >99.9% of the
chloride, and a lithium separation factor of ~125,
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Important considerations in the amerilclum-curium hydroxide
precipltation process were the relative bulk of the precipitate
and the filtration times, These properties were affected by the
choice of precipltant and by the amount of lithium chloride
Impurity present in the americlum-curium solution., Tests were
made with lanthanum as a stand-in for americium and curium to
evaluate these effects and to specify the limit for lithium
chloride in the feed sclutlion for the hydroxide precipitation
step. The tests, summarized in the following table, show the
adverse effects of increased concentrations of lithium chloride
and the superior filtration of hydroxides prepared with ammonium
hydroxide. The feed solutions for these tests contained 10 g
La/1, 6M HC1, and LiCl. The hydroxides were precipitated by
adding 12M NH,OH to the feed esolution (direct precipitation), or
by adding the feed solution to 12M NH,OH or to 15M NaOH (reverse
precipitation).® The data indicate that ~1M LiC1 in the feed to
the hydroxide precipitation step is the maximum compatible with
the planned proceseging times, This is equivalent to 0,1M LiCl in
the solvent extraction product, or to 0,3% entrainment of 11M ILiCl
in the organic phase in the second amine solvent extraction cycle.

Precipltation of Lanthanum Hydroxide

30-minute precipitation periods, ~30°C

" Relative Piltration
LiC1 in Feed, M - . Time Relative Bulk

Direct Precipitation with NH,OH

0] 1,0 1,00

1 1.0 1,00

! 4 5.0 1.44

y(a) 6.4 1.92
Reverge Precipitation with NH,OH

1 1.1 ' 1.10

Reverse Precipltation with NaCH

0 14 1.15
4 31 1.54

(a) Feed contained 1M HC1

* Scouting tests of the precipitation of hydroxides by the addi-
tion of sodlum hydroxlde to the feed solution resulted in
prohlbitively long filtration times,
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Alpha Radiolysis., In other tests, the rate of depletlion of
hydrochlorie acid in curium solutions by self-radiolysils was
determined, and the practicabllity of using thils method of acld
depletion in the coupling step was evaluated. The rate of deple-
tion of hydrochloric acid increased as expected with increasing
concentration of curium in the solution. About 40 hours would be
required to reduce the residual hydrochlorlc acid to the geoal
value of ~0,3M after about fiftyfold evaporation of the amine
solvent extraction product solution (to ~50 g Cm/1 in 6M HC1),
Although the rate of depletion was compatible with the planned
process time cycles, the need to separate lithium chloride in the
coupling operation excluded this methed from further conslderatlon.

Electrolysis, After a sample of product solution from the
amine solvent extractlon was evaporated about fortyfold (to ~40 g
Cm/1, 6M HC1), the hydrochloric acld was reduced to ~0,3M in 45
minutes by electrolysls in a small glass cell equipped with
platinum electrodes, The cell was operated at amblent tempera-
ture, 1,8 to 2,0 volts DC, and a cathode current density of ~0,2
amp/cmz. Foaming in the electrolysis cell was acceptably low for
efficlent operation at large scale, However, asg in the case of
alpha radiolysis, the electrolytic method of hydrochloric acid
depletion was rejected because of the need to separate the curium
and americium from lithium,

Solubility of Am{III) and Cm(III) in
Potassium Carbonate Solution

After the coupling step, the concentrated sclution of americium
and curilum In nitric acld 1s added to potasslum carbonate to prepare
a solution sultable for the separation of americium from curium by
precipitation of KsAmO;(COs)z., For maximum separation efficilency
and to minimize cross-contamination of the separated americium and
curium, hilgh concentrations of americlum and curium are requlred
in the potassium carbonate solution. To determine optimum process
conditions, the solubllities of Am(ITI) and Cm(III) in potassium
carbonate scolutions were measured,

The solubility data, summarized in Figure 2, show that Am(III)
and Cm(IIT) are appreclably soluble in sirong potassium carbonate
solution. The solubilities increase with increasing potassium
carbonate concentration, presumably because of the formation of
goluble carbonate complexes, The equllibrium sclubilities are
only slightly dependent upon temperature 1ln the range studled,

Concentrations of ~15 g Am/1 and ~15 g Cm/1 in 3,5M KpCOg
were chosen as optimum for the americlum~curium separatlon.
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FIG. 2 SOLUBILITY OF Am(lil} AND Cm{llD)
IN POTASSIUM CARBONATE SOLUTION
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Precipitation of KsAmQp(COa)o

A solution of americium and curium of the compositlon desired
for the precipitation of KsAmO,(COs), was prepared by adding slowly
with mixing a esolution containing 50 to 75 g/l each of amerilcium
and curium in ~0,25M HNOs to ~EM KpCOs at 65°C. Heating to 65°C
increased the rate of dissolution,

The Am(III) was oxldized teo Am{V)} with ozone, potasgium
peroxydisulfate, or potassium hypochlorite, When the reaction
was carrled out at 65 to 80°¢, Am02+ was formed slowly and pre-
clpitated as KghmOp{COs)z — a finely divided, ten-brown solid,
which was readlly flltered., Ozone 1s the most satisfactory
oxidant for process use because 1t introduces no undesirable
cationic impurities. In a typical oxidation test with 3 vol %
ozone in oxygen from a commerclal generator, 75 to 100 moles of
ozone per mole of amerliclum was required for complete oxidatlon
when the gas mixture was passed at 3 1/min through 75 to 100 ml
of solution at 70°C,

In teets wlth the other oxldants, potassium hypochlorite or
potassium peroxydlsulfate solution was added to the carbonate
solution of americium and curium untll the oxidant concentration
reached ~0,1M, 'Then, the combined solutions were heated 1 to 2
hours at 75°C., GOreater than 99% of the americlum was precipltated J
when the americium concentration was >5 g/l. With these oxidants,
some Kz8z0g, KoS0., or KC1l may precipltate because of thelr limited
golubility in concentrated potassium carbonate solutlon.

An addltional advantage in the-use of ozone 1s that a smaller
volume of waste solution 1s precduced, The relatlvely low solu-
bilities of K.S,0g, K504, and KC1l in potassium carbonate solution
require the use of larger volumes of scolution to attain the desired
concentrations of KOCl and K:Sz20s, For example, the volume of
waste solutlon resulting from the separation of a given quantity
of americlum and curium using KzS;0s as an oxidant is ~50% greater
than that resulting from the use of ozone,

When the feed contalned equal quantltles of americium and
curium, a reprecipltation of KsAmO, (COs)z was necessary to meet
the goaf 1imit of €0.5 wt % Cm in the separated americium, The
americium salt from the flrst precipitation carried 3 to 5% of the
curium, which could not be removed by exhaustlve washing with
carbonate solution., When the KsAmO,(COsz), precipitate was dls-
solved in nitric acid and reprecipitated, the curlum content was
reduced to ~0,5 wt %. In a repetitive productlon operation the
K,COa filtrate from the second preclpltation cycle, contalning
several percent of the curlum, can be convenlently recycled by
using it as the precipitating soluticn for the subsequent first

- 16 -
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cycle precipitation step, The curium remaining in the carbonate
filtrate of the first cycle precipitation is sufficlently free of
americium (<0.5 wt %) to be processed wlthout additlonal purifi-
cation. '

Am(V) prepared by dissolving KsAmO,(COs)z in nitric acid is
not completely reduced to Am(III) for periods of several days.
This transient stabllity could not be explolted to slmplify the
second precipitation cycle, however, because when a solution of
(V) is added %o concentrated potassium carbonate solution, the
KgAmO, (CO5)» preclpitate formed is extremely difficult to fllter,
Therefore, a reductant (such as hydroxylamine) is added to the
acid solution of Am(V) to ensure complete reduction to Am(III)
before the potassium carbonate solution 1s added in preparation
for the reprecipitation,

Analysis of the americium compound precipitated from 3.5M
K,COs by ozone oxldation establlshed 1lts composition to be
KsAmOp (COz )z *Hp O, An air-dried sample was welghed, and then
dissolved immediately (to limit radioclytilc degradation) in an
excess of standardized acid, Carbonate was determined by the
quantity of standardized acld reacted., Americlum was determined
by the method described previously. Potassium was determined by
atomlc abscrption s%ectroscopy, after separation of Am(III) by
absorption on CaFp., 2} potal oxygen was determlned on a separate
sample by inert gas fusion and gas chromatography in a Nitrox-6
Analyzer.* Water content was calculated by difference and from
the total oxygen content, Observed values were: 22.0 wt % K,
45.6 wt % Am, 22.5 wt % C0s2", 28,0 wt % oxygen; theoretical
values are: 22.1 wt % K, 46.0 wt % Am, 22.7 wt % C0s° , 27.2 wt

% oxygen.

The solubllity of KgAmOz(COs)s in 3.5M KpCOg is 10 to 40 mg
Am/1l. These values were obtained from numercus preclpitation
tests in which ozone was used to oxldize americium, and the pre-
cipitate was separated from the supernatant solution Immediately
after oxidation was complete. An attempt was made to measure
equilibrium solubllities by equilibrating KgAmO, (COa ) precipitate
with solutions containing 0.1 to 5.5M KpCOs and ©,005M KpS;0s for
a perlod of 72 hours. The resulis were erratic; the indicated
gsolubilities ranged between 15 and 50 mg Am/1 and were not depend-
ent upon the carbonate concentration. The data were probably
influenced by partial reduction of Am(V) to Am(III).

* Laboratory Equipment Corporation, St. Joseph, Michigan.




Recovery of Curlum from Potassium Carbonate Filtrate

After americlum 1les separated from the curium by precipitation
of KaAmO, (COs)s, the Cm(III), which iz strongly complexed in 3,5M
Kz2CO0sy must be separated from the filtrate, Five methods were
tested for preclpltating the curium from the flltrate; the method
chosen for the process involves reaction of the carbonate solution
with nitric acid and subsequent precipitation of curium(III)
hydroxide from the KNOg~HNOs solution, This was the only method
that gave both quantitative precipitation of curium and adequate
separation -from petaselum lon. The other methods tested and the
reasoneg they were rejected were:

e Resction of the carbonate solutlon with nitric aciqg,
followed by precipitation of curium(III} oxalate from
the KNOz-HNOs; solution. Potassium acld oxalate is
carried wilth the curium(III) oxalate from the highly
salted solution,

¢ Preclipitation of curium(III) hydroxide directly from T
the carbonate filtrate with sodium hydroxlde. Curlum '
hydroxide could not be preclplitated quantitatively
when the carbonate filtrate was adjusted to 3M NaOH,

e Precipitation of curium(III) oxalate directly from

~ the carbonate filtrate with oxalic acid. Carbonate
complexing of curium(III} is so strong that curium
oxalate 1s not precipltated when oxalate ion is added
directly to the 3,5M K;CO0s filtrate,

e Precipitation of curium(III) cupferrate, mandelate,
or tricarvallylate by additlon of the ammonium salts
of these compounds to the carbonate flltrate, Curium
was not precipitated from the carbonate flltrate with
tricarballylate or mandelate ions, When the carbonate
soclution was adjusted to 0.2M cupferron a voluminous
precipitate containing >99.5% of the curium formed
immediately. The solld was easlly filtered and was
decomposed to curium oxide at ~225°C; however, 1t was
not adequately separated from potassium.

To prepare the CmO, product, the curium hydroxide 1s dissolved
in nitric acid, curium(III) oxalate 1s precipitated, and the oxalate
is calcined in air at 600 to 700°C,
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