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Progress on the study of a New Class of Solvents for TRU Dissolution and Separation: lonic
Liquids is summarized under the headings of the major proposal objectives.

|. ExamineCs, Sr, Tc, and TRU partitioning in lonic Liquid/aqueous systems. lonic
Liquids (ILs) are composed of organic cations and either organic or inorganic anions that remain
liquid over awide temperature range, including room temperature. 1L characteristics can be
dramatically adjusted (e.g., hydrophobic vs. hydrophilic) by changing the anion type or subtly
altered by changing the length or number of alkyl groups appended to the cation. Changing akyl
chain lengths in the 1-alkyl-3-methylimidazolium cation, in combination with PFs” N(SO.CF3),’
anions, produces hydrophobic IL with rheological properties suitable for their use in liquid/liquid
Separations.

Cyanex 923® (trialky phosphine oxide) has been studied in C;omimTf;N for extraction of
TRU from nitric acid solutions. Selectivity of Pu(l1V) over Am(111) has been observed with a
higher distribution from Pu(IV) by 4 orders of magnitude at 1M nitric acid. Thereisno acid
dependercy for the extraction of Pu(IV) yet thereisfor Am(l11). Ligand dependency has been
illustrated for Pu(lV) and Am(l1l) having a1:1 and either 1:0 or 1.3 (M:L), respectively. Inthe
ligand dependency of Am(111) there is a change in the extraction ratio at a concentration of
0.05M Cyanex 923® from 1:0to 1:3 (M:L). Speciation and ligand dependency is to be studied
further. Studies of trialkyphosphine oxides are planned using depleted uranium and natural
thorium ore to investigate extraction mode and leeching of the ionic liquid into the acid medium.
The study will aso confirm the extraction of uranium by the phosphine oxide by the use of IR
studies.
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The preparation of novel biorenewables H C CH 2
modified using ionic liquids was explored. The /\/\/\/\n
actinide complexant (complexing agent), H3C
octyl(phenyl)-N,N-diisobutylcarbamoylmethyl-
phosphine oxide, or CMPO can be incorporated into S/CH 3

areconstituted cellulose matrix to provide a solid

supported metal extractant. The distribution of

severa actinides between agueous nitric acid solutions and modified cellulose materials
impregnated with CMPO was studied in relation to the aqueous phase acidity and extractant

content in the solid phase. The presence of CMPO was confirmed by enhanced distribution
ratios.
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1. Develop new lonic Liquidsfor TRU separations. The success with CMPO as an
extractant prompted us to extend the concept of Task Specific

lonic Liquids (TSILS) to actinide separations by including a 810E pw—
phosphonamide functional group in the pendant arm of the cation. g 10* §

Such TSILs could help reduce or eliminate extractant |oss to the "105 —
agueous phase. In collaboration with Prof. Jim Davis at the e
University of South Alabamaa TSIL has been synthesised and ? g ! ot
extraction of have been conducted in a 1:5 ratio with C4mimPFs. % 1011

High distributions have been shown fro U(VI), Am(lll) and Pu(IV) ]

without selectivity. Thereis no acid dependency for the extraction -g "o

for the of any of the metal salts. Future studies will include 0 2 4 6 8 1012 14
physical properties (viscosity, DSC, TGA, NMR, etc.) and Aquenus PhasepH

exploration into extraction mode.

Structure of the [TSIL][PFe]



[11. Study the speciation and coor dination of TRU elementsin both hydrophilic and
hydrophaobic ionic liquids. We are currertly investigating the actinide coordination
environment in ILs to determine whether unique extractant behavior or solvent effects (e.g.,
liquid ion exchange) underlie the results shown here. A fundamental understanding of systems
based on traditional extractant moleculesin ILsis a paramount objective towards optimizing the
potential for these novel solvent alternatives in avariety of applications.

Different inner-sphere coordination environments are observed for the uranyl nitrate
complexes formed with octyl-phenyl-N,N-diisobutyl carbamoylmethyl phosphine oxide and
tributyl phosphate in dodecane and in the hydrophobic ionic liquids (ILs) [C4mim][PFs] and
[Csmim][N(SO.CF3),]. Qualitative differences in the coordination environment of the extracted
uranyl species are implied by changes in peak intensity patterns and locations for uranyl UV-
visible spectral bands when the solvent is changed. EXAFS data for uranyl complexesin
dodecane solutions is consistent with hexagonal bipyramidal coordination and the existence of
UO2(NGs)2(CMPOY),. In contrast, the complexes formed when uranyl is transferred from aqueous
nitric acid solutions into the ILs exhibit an average equatorial coordination number of
approximately 4.5. Liquid/liquid extraction results for uranyl in both ILs indicate a net
stoichiometry of UO,(NO3)(CMPO)". The concentration of the IL cation in the aqueous phase
increases in proportion to the amount of UO2(NOz)(CMPO)" in the IL phase, supporting a
predominantly cation exchange mechanism for partitioning in the IL systems.

V. Investigate how aqueous phase composition affects the liquid/liquid partitioning
behavior with particular emphasis on aqueous phases similar to those found in DOE
related tank wastes. By adding 1-butyl-3-

methylimidazolium chloride, [C2mim]Cl, a hydrophilic ionic

liquid (IL), to concentrated solutions of the water-structuring %
salt, K3POy4, an agueous biphasic system (ABS) isproduced, © ¢o
forming an upper IL-rich phase and alower K3POy-rich £
phase, both of which are agueous. An entirely new salt-salt ;E;r 40
ABS has been discovered. The mutual coexistence curve for 2
the [C,mim]CI/K 3PO,4 system was determined by thecloud 20
point method at room temperature, and shows that agqueous
biphasic systems can be formed over alarge composition 0
- - - 0 20 40 60
range from nmonophasic, agueous solutions of [C4mim|Cl
upon addition of K3POj. wt% K PO,

By considering the use of other water-structuring salts to salt-out the IL ions from aqueous
solution, a generalization on the formation of ABS of this type can be made. We have found that
alarge number of ABS of [C4smim]Cl can be formed with arange of kosmotropic salts including
KOH, K,COs, NgHPO,4, and N&,S;0s. These new ABS can be utilized to recycle or concentrate
hydrophilic ILs from agueous solution, to carry out metathesis in the formation of new IL salts,
and for separations, including reactive separations.

V. Determinethe stability of ionic liquidsto thermolysis and radiolysis. Preliminary
assessment of radiation stability of [Cymim]Cl and [Camim][NOs] ILsto a, b, and g radiation
indicated no significant decomposition. The [Cymim]Cl and [Csmim][NOs] ILs appeared to be
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much more stable than TBP/kerosene mixtures after similar irradiation conditions. Additiona
ILs and process conditions need to be investigated.

VI

. Investigate the unique heat transfer properties of ionic liquidsfor usein other

processing steps. While we currently have no results to report relating to heat transfer
properties and actinides, we are posed to begin experiments.
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