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Specific DOE Problem

This research addresses sel ective separation, isolation, or sequestration of actinide species
from complex waste mixtures for stabilization, characterization, quantification, and permanent
disposition.

Research Objective

The objective of this program isto design, synthesize, and evaluate high-efficiency, high-
capacity sorbent materials capable of selectively sequestering actinides from complex agqueous
mixtures. One of the central goals of this project is to understand the fundamental interfacial
science required to develop novel mesoporous materials coated with organized monolayers of
rationally designed ligands, custom-tailored for binding specific actinide cations. This capability
addresses waste management by separation of actinides, a central concern of high-level waste
(HLW) and nuclear materials management at several DOE sites.

Research Progress and Implications

This report summarizes work after 1.5 years of athree-year project. Selective isolation of
actinides from a complex mixture is anticipated to increase assay accuracy, speed up analysis
turnaround time, reduce waste volume (and cost), and enhance decontamination efficiency and
safety.

Novel Silane Synthesis

Extending our studies from last year, we continued to prepare and evaluate new interfacial
ligand fields for our self-assembled monolayers on mesoporous supports (SAMMS) sorbent
materials. Animportant class of ligands that have been exploited in actinide solution extraction
methods are the carbamoyl phosphine oxide (CMPO) ligands. We incorporated several variations
of the fundamental CM PO structure into our monolayers (e.g., Ac-Phos, Prop-Phos, etc.)®. We
have also incorporated some of Professor Raymond’ s plutonium-specific ligands into the
SAMMS materials, most notably the hydroxypyridinone (HOPO) and catechol ligands
developed and synthesized by the Raymond Group.

Supercritical Fluid (SCF) Methods

In Year 1, we developed powerful new synthetic methods for the deposition of self-
assembled monolayers within mesoporous ceramics using supercritical carbon dioxide (SCCO»)
as the reaction medium. This new methodology tremendously accel erates monolayer deposition,
reduces defect density within the monolayer, increases monolayer stability, and eliminates the
drying phase of the SAMMS synthesis as well as virtually eliminating the waste stream resulting

(&) Ac-Phos = 3-(2-diethylphosphatoacetamido) propyltriethoxylsilane. Prop-Phos= 3-(3-
diethyl phosphatopropionamido) propyltriethoxylsilane.
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from the synthesis. We have now successfully demonstrated with supercritical nitrogen (SCN2),
which is also an effective reaction medium for SAMMS synthesis. SCCO; is not entirely inert
and can undergo reaction with certain classes of molecules. SCN, doesn’t suffer from this
limitation and seemsto be every bit as good as SCCO, for this chemistry.

Last year, our SCF deposition studies focused on the deposition of mercaptopropyl-
trimethoxysilane (MPS) as our benchmark model system. Now that we have refined and
optimized the synthetic protocol, we extended this capability to include the deposition of more
complex materials like ethylenediamine (EDA)-silane and the phosphonate esters Ac-Phos and
Prop-Phos.

Lanthanide Model Studies

Due to the expense of performing experiments with actinides, preliminary screening studies
were performed using lanthanides as actinide mimics. These pre-screening studies confirmed
that SAMMS can bind these target species with high affinity (K4's over 100,000 were measured,
and they were commonly over 30,000), and that the binding affinities of these nanostructured
hybrid materials are pH dependent (dropping off with increasing acidity). The binding kinetics
of SAMMS was probed and found to be quite rapid—in all cases; equilibrium was reached in
less than a minute!

Competition experiments were carried out and revealed only a modest effect from added iron
(1) in one case (to form a six-membered ring chelate), and none at al with glycinylurea
SAMMS (which forms a seven-membered ring chelate). Regeneration of SAMMS was found to
be easily accomplished by a simple acid wash, affording greater than 98% of the original
activity.

Actinide Studies

Promising candidates of SAMMS had their binding affinities evaluated with Th, U, Np, Pu
and Am. It was found that the phosphonate SAMMS had very high affinities for U, Puand Am.
Particularly noteworthy isthe high, and surprisingly pH independent, binding affinity of the
phosphonate ester SAMMS (both Ac-Phos and Prop-Phos) for Pu. Clearly, these SAMMS are
capable of playing avauablerolein the DOE cleanup effort.

Also noteworthy is that Prop-Phos SAMMS demonstrates a high affinity for Pu and virtually
none for Am at the lower pHs. This observation suggests a very simple and direct separation of
Puand Am using SAMMS. In most of the experiments performed, more than 98% of the Pu was
sequestered in the SAMMS phase, and >99% of the Am was left behind in solution. Separation
of Pufrom Am at low concentrationsis acritical need in determining the final disposition of
HLW, and Prop-Phos SAMMS provides a simple, powerful, and unprecedented capability for
achieving this separation. The kinetics of Pu sorption was found to only take a few minutes, and
in fact isfaster than typical actinide sorbentsin use today.
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Pertechnetate Separation

We have also developed SAMMS to sequester tetrahedral oxoanions. Thus, we have
constructed a version of SAMMS in which the pores are lined with cationic copper (I1)
ethylenediamine complexes, which serve as anion exchange sites that are selective for certain
tetrahedral oxoanions. Cu-EDA-SAMM S was found to be moderately effective at removing
pertechnetate from contaminated Hanford groundwater. Drs. Kemner and Kelley (ANL)
provided detailed characterization of Cu-EDA-SAMMS adducts, providing key insightsinto the
binding between the copper center and the oxometallate anion.

Planned Activities

In the last year of the project, we intend to extend our actinide studies to include all of the
actinides from Th through Am; evaluate the HOPO ligandsin a SAMMS matrix; look at actinide
competition studies, kinetics, waste simulants and ultimately possibly even actual waste samples

(from tank farms, PFP or other Hanford facilities); and perform EXAFS characterization of the
pertechnetate/ SAMM S adduct.

Information Access
Web pages

http://www.pnl.gov/etd/product/samms/index.htm

http://www.acs.org/government/success/index.html
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