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Polymers for Nuclear Materials I’rocessing

Gardon Jarvinen*, Brian Benicewicz. Joseph Duke, Betty Jorgensen,
Danicl Kathios, and Stephen Yarbro

Abstract

This is the final report of a one-year, Labaratory-Directed Rescarch and
Development (LDRD) project at the Los Alamos National Laboratory (LANL).
The use of open-celled microcellular foams as solid sorbents lor metal ions and
other solutes could provide a revolutionary developmeni in separauon science.
Macrorcticular and gel-bead materials are the current state-of-the-art for solid
sorbents to separate metal ons and other solutes from solution. The new
polymer materials examined in this effort offer a number of advantages over the
older materials that can have a large impact on industrial separations. The
advantages include larger usable surface area in contact with the solution, faster
sorption Kinetics, ahility to tailor the uniform cell size 0a specific application,
and elimination of channeling and packing instability.

1. Background and Research Objectives

Macrarcticular and gel-bead matenials are the current state-of-the-art for solid sorbents w
scparalc metal ions and other solutes from solution. However, open-celled microcellular foams
offer a number of advantages over these conventional sarbents that are expecwed 0 have a large
impuact on separations. including nuclear materials processing and waste stream cleanup. ‘These
advanuages include a larger usable surlace area in contact with the solugon, fastec saption
kinctics, the ability to ilor the unifomu cell size to a specific application. and the ehiminatian of
channeling and packing instability.

* Principal investigator, ¢-mail: gjiarvinen @' Ll gov



The purpose of this project was to strengthien the development of this polentiaily
superior separation echnology by linking advanced synthetic polymer work with the
experimental and theoretical touls of chemical engineering o characterize these exciting new
materials and 1 evaluate their practical applicatior. more rapidly. To achieve this end, a varicty
of foams were synthesized and then engineered into a column desigu. Their flow propertics
were then cvaluated over a range of air and water mobile-phase-throughput rates. These results
were then compared 1o throughput rates expected from similar matenials fabricated in resin form
ta validate the improvements provided by this new technolugy, and to a provide a basis upon
which a foam can be designed and optimized 10 satisfy any set of process specifications.

2. Importance to LANL's Science and Technology Base and National R&D
Neceds

The development af advanced wechnologies to recover radioactive specics from waste
streams is a major need at a number of DOE sites. Technologics are required that are faster,
more ellicicnt and produce less waste. Specific sites of the DOE complex where these new
technologies are needed include Los Alamos, Racky Flais. daho National Engincering
Laboratory. Savannah River. and Hanlord. lon exchange and chelating resins (typically in
bead Torm) are cumently used to renave nuclear materials and other solutes from processing
and waste streams. However, the bead materials have problems including packing instbility,
liquid channeling through the hed, slow sorption or desarption Kinetics. and low usable surface
arcas that tend 1o lower their efficiencics. The use of advanced microcellular polymeric foams
may help to overcome these problems. This technology may also provide a cost-clfective
replacenient for precipitation and less efficient colunm exuaction niethods at Los Alamos and
other DOE sites that are required to meet progressively more stringent discharge requirements.
At Los Alamos, we are working 10 save millions of dollars in capital and operating costs for
renovations to the Waste Treatment Facility by using improved cxtractian technologies that
greatly reduce the transuranic content of waste streaws [rom the Plitonium Facility. The
polymer-Toam wehnology is an advanced exiraction welmology that can contribute subsutiidly

to aceanplishing tiat goal,
3. Scicutific Approach and Results to Date
The microcellular polymer foams used in this study were fabricated using a technique

originally developed at Los Alamos {1-6]. This technique uses a high-ineemal-phase water-in-
oil emulsion (HIPE) polymerization process based on madificd cross linked polysiyrenes and



co-moromcers. In this process, an emulsion is created in which the water is the internal phase
and compriscs at least 75% by volume of thc emulsion and the water insoluble monomers
comprise the remaining emulsion volume in the continuvous oil phase. Free radical
polymerization of the monomers in the emulsion state follawed by removal of the water leads
ta the formation of a polymeric cellular material with cell sizes equivalent to the size of the
waler droplets in the emulsion. The large volume of water as the internal phase of the cmulsion
allows achicving homogencous ultra-low density polymeric faains with densitics as low as |
Ib/tid and as high as 20 IVfi3. The choice of monomers used in the oil phase allows for the
post-functionalization of the foams to chelating or ion exchange materials.

In this work, foams prepared (rom styrene and chloromethylstyrene monomers. cross
linked with divinylbenzene, were functionalized with phosphonate diacid and cster groups.
Phosphonate ligands are highly efficient in taking up actinides. but for these studics. iron and
curopium were used as surragates for plutonium and trivalent actinides, respectively. IF'oams
outperfomed beads of similiar composition in bawch tests in wnns of rate of el ion uptake
and capacily lrom acid solutions [7]. Trivalent lanthanides such as europium are difTicult 1o
extract, but a distribution coefficient of 46.8 for 2.5% cross-linked foams was obtained in 30
minutes, compared to 9.4 for 2% cross-linked heads. For iron. the distribution coellicient was
194 for the foum and 131 for beads with the sume degrees of cress linking as above. These
results show that the accessibility of the ligands in the toam is excellent.

Polymer foams were also prepared by gralt polymerizing vinylpyridine to the
chloromethyl group; thus, ¢reating chains ol an ion exchange palymer that resembles the resin
presently used to recover plutonium at the Los Alamos Plutonium Facility. Under acidic
conditions. short chains of palyvinylpyridine become water soluble due to protonation of the
nitrogen. As a resull, water-suluble chains are created that are grafied 10 a solid support.
These chains are expected o provide the improved Kinetics of water-soluble chelatars while
maintaining the benefits ol solid sorbents. Testing of these materials awaits Turther lunding.
The functonalization of the foams is shown in Figure 1.

The open-celled microcellular polymceric foans can e fabnicated with very specilic
porasitics (i.e., total pore voluine per unit volume of foam) and pore sizes. Maxinnzing the
porosity and minimizing the pore size increases the surface area per unit volume of faoam. “his
is ocnclicial for separation processes in that it also maximizes the number of sites i e columm
where cither surface complexation ar ion exchange or adsorption can ke place. {lowever,
siniller pore sizes caose greater pressare diops i existin the colomn, and higher porosities
result in thinner inteecellular walls with reduced structural imtegrity. At elevated flow rates, 1his
may canse a lengitudinagl congwesion of the enlimnn inaterial wesnliing in porosity reduction,

pressure buildap or perhagis even a structaral failuee of the faam monolith. The design of the



foam must therefore strike an optimum balance between maximizing its effective surface anca
while still maintaining its structural integrity during normal process operations. Experiments
conducted in this rescarch provided the first evaluation of the uid-flow charactenistics through
these microcellular polymeric toams. Both untreated and sulfonated styrene/divinylhenzenc
microcellular foam cylinders were fabricated with a pore size range ol 50-100 um and a
porosity of over 93%. These cylinders were fixed in a glass column using a styrenc-based
cross linking resin to seal the annular region between the foam and the glass wall. Fluid was
then passed through these columns using an experimental setnp (shawn in Figure 2)
specifically designed and constructed for this analysis. Both air and water were used as test
fluids. The foams were found w have fluid flow resistances comparable to a column
contzining 300 pm diameter resin beads. Thus, the foaras not only proved to allow for
superior lipand accessibility. but also allowed for relatvely high mobile phase fluid throughput
rates—another sign that the foams may significantly outperform conventional resin-based
technologics. Each foam column in this test also successfully withstood pressure differentials
af over 80 psi/tt with no sign of Toam compression or suructural failune,

The pores in a microcellular foam are comprised of two partis—pore voids and pore
throats. The pore voids are the bubblc-like volumes that account for most of the surface area in
the foam. The pore thraats are the small channels that conuect a given pore void 1o one or o
of its neighboring voids. In designing a foam, it is imponant that an adequate number of pore
throats are available to provide uniform How distribution through the column. This ensures
that the cead volume (i.c., the porion of the foam that is inaccessible to fluid) is minimized.
and that the surface ~rea available for complexativn or ion exchange is used as fully as
possible. A large number of pore throats is also apt to form a network af pare vaids that is
more interconnected. Such a network is less sensitive Lo the occasianal closure ula pore throat
(frum polymer swelling, column compression, fouling. c.) duc to the tact that the fluid can
casily reroute itself via a dilferent throat. In this rescarch, a computer simulation percalation
model was developed to characterize the flow distribution through a microcellular foam and o
determine the degree to which foam surlace area was made inaceessible due to random pore
closurcs. The results showed that the high degree of pore size unilormity and high level of
interpore connectivity (venlied by scanuing elecuon microscopy) allowed for highly unilorm
flow to oceur through the foa that would not be adversely affected by occasional pure
closures.
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Figure 1. Reaction diagram illusuating the inalecular structune of the foams and how they
were functonalized.
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Figure 2. Experimental setup nsed 1o measine the Nuid How claractensues ol air and water
through the lTnams.



