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ABSTRACT

A wethod of separating the trivalent actinides, mainly Am and Cm,
from trivolent lanthanides is presented. This method embodies the
sequential use of two different solvent extractancs; the first extrac-
tont would remove the heavy lanthanidea from the lighter lanthanides and
Az~Cm, while the second would extract Am-Cm in preference to the lighter
lanthanides. 1In this scheme, no additional complexing agents are
required. Thus, waste disposal and corrosion problems are mfniwized.
Overall scpavation factora for Am~Cm from lanthanide fission products in
reactor wastes may be as high as several thousand.

INTRODUCTION

The projected use of fissfon nuclear reactora ta
meet the power needs of the United States in the next
several decades poses the serious problem of disposal
of the highly radloact five waste praducts from f{asion
and peulton capture in the reactors. One of the most
critical aspects of this problem is long-term storage
of the waste, necessitated by the need to protect the
cavironment from the long-lived transplutonium ele~
ments generated as neutron-capture products of the
nuclear fuel. Although the fission products from
freshly-prucessed spent (uel clement: present a more

immediate vadiation hazard, this danger decreases at
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a considerably faster vacte than that for the
a-epitting actinides. Thus, while there is a need
to store the fission products safely for about a
thousand years, the presence of the long-lived
actinide elements in the nuclear waste doubles or
triples the required storage period.

Several solutions to this problem have been
suggested; among them is to separate the
a-emitting species from the fission products,
storing them separately or veturning them to the
reactora to be consumed by the (n, fiesion, reac-
tion. This reaction has a comsiderable crosa-
section for the actinide elements, and would thus

i
!
i
§

O




OB 1] b

transform the long-lived a~emirting nuclides into
less dangerous fission producrs.

The chemical separation of transplutonium
elements from fissalon products generatly fails to
eliminate the lanthanide fission products (pri-
marily La to Fu) because of simifaricies In lonic
radii and electronic gtructures between these two
familics of elements. Thuy, the separation of the
transplutonium actinides from the lanthanide ele-
ments is crucial to partitfoning the short-lived
from tie long-lived wvaste products,

Current laburatory separatiun schemes rely
upon the slightly larger complexation streagths of
the accinides over the lunthanides, fullowed by
nic

partitioning of the lanthanides inte an or

solutlon by fon-eschange vr solvent extraction.

The mast effective complexants Tor this scparation
are €17, SC

such as FEDTA.

7, and certain aminecarboxvlic acids

However, cach has drawbacks when
applied to large-scale systems. Ilgh concentra-
tions af €17 must be used, producing verv vor-

peificantly to the

ros{ve solutions and adding st

bulk of the wastes.” Thivevanate shows a tendency

to polvmerize in acld solutions, especially in the

S
The separation proc-

presence of a-radiation,
esses emploving aminocarboxvllv acids . ,e.,
TALSPEAK and related processes) ' leave large
quantities of these compounds {n thelr various
waste streams, and aiso require n low-acidity feed
solution in which hydrolysis or precipitation of
some of the fission products and act{nides becomes
a p\'nblem.1

We are investigating a solvent-extraction
process for the separation of Am{TII) and Cm(11¥}
from the trivalent laathanides in which no aqueous
complexants are used, Initead, tWo succersive
extractions are performed. For the first, an
extractant ip which Am and Cm hehave §ike the
early lanthanides is used, and for the second, a
different extraccant in which Am and Cm behave
like middle or heavy lanthanides is used.

Numerous studies have shown that Am and Cm
behave 1ike Pr or Bd in excractlons with di-(2-
echylhexyl)orthophosphoric acid (HDEHP) from

dilute mineral ucids.7‘8‘9 The heavier lantha-
nides are progregsively more extractable, with an
average separation factor SFZIZ-I of 2.4, where

the separation factor is defined as che ratio of

-2~

£,7-d1chloroxine S-nitroxine
(HDCO})

Figo 1. Stractara! formalie o the onrra o

HDCO and s-ndtraxine,

the diatribution coelfleicats for vavn specio

between an organfe and 1 aqueass phise,  Hepsoo,

Ar and Cm can be separated fron the heavier -

thanfdes by extraction with HD¥NE
T Heparate Anoand Ca frea the Hhiter Do
thanides, which contain the malor Tanthantde *is-

o we are investigating several herds

sion produe

tine

atlves of S=hivdroxsvquineline (o aned ine
Sy 7=dlchtarexine (IOY and S-nitrexdne o6, 1Y,
sokfne and Derswen' | e repertod Wmien sep
aratlon factoes of 10 Tor extraction from didute
W10, solutaons with 0,05 FHCO dn chioretare,

11 the lanthanfde extractabi]lties inerease ©irh
as expected, am would hekave roughly Like b, amt
a clean separatfon of Amoand Om fron the Dintha-
nide fission products sheuld be feanible,  Ihe

pregent work was concerned with testing the valid
ity of the separation scheme and deterninine the

opt imum conditions for separations,

EXPERIMENTAL

The radivactive tracers used (o othis « b tor

detuermining lunthanide~actinlde distribution
ratios were Hlam ang V0 The Fu trwer
was chosen because of ltx immediate avaflabilic:
and its {dentlty an a medium=heavy Tantbanide,
The HDEHP and HDCO extractants were ubtained com-
mercially, and S-aitroxine was graciously donated
by Dr. H. Gershen, Boyce Thompson Inatitute for
Plant Rescarch, Yonkers, New York, who lirst svn-
thestzed this compound [o 1972,

Stock soiutfons of the radicactlve tracers
were added to the cxtraction mixture immedioncelv
prior to extrnccion; the aquenus phases for the

oxine-derivative extractions had previously heen
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where M 1 the metal specles te be extracted and
HA s the extractant.
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