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One of the most compelling environmenta problems facing our nation is the remediation
of enormous stocks of nuclear waste that exists throughout the land. The waste takes many
forms, high level waste (HLW) stored in tanks, contaminated groundwater and soils and as solid
dudge. We have attempted to address each of these problems. One of the mgjor techniques
considered for remediation is the judicious use of ion exchange processes. We have
concentrated on inorganic materias because they exhibit high sdlectivities for specific ionsand
because they are stable to the effects of radiation. In the past seven years we have received
support from DOE initidly through Battelle PNNL, then INEEL-Oak Ridge and through the
EMSP. During that time we have synthesized about 50 ion exchange materials and characterized
their ion exchange properties. In addition we have solved the crystd structures of the most
crystaline exchangers and tracked the ion exchange processes by solving the structures of the
partidly and fully exchanged phases. This hasled to afundamenta understanding of the
exchange mechanisms from which we developed a theory that the selectivity for aparticular ion
isafunction of ion Sze relative to the Sze of the tunnd or cavity present in the framework type
exchangers. A prime exampleisthat of sodium titanosilicate.

Resear ch Progressand Implications

1 NapTi,03904- 2H,O(CST). This compound is the most highly selective Cs” exchanger
known and is dlso sdlective for S**. The structure of this compound was solved from powder
data and found to have a framework structure enclosing unidimensond tunnds. For akali

metals the exchange sites were found to vary depending upon the size of the cation. Li* and Na'
are smdl enough to fit into framework sites which accommodate haf the required cations. The
remainder liewithin thetunnds. The larger Cs™ cannot fit into the framework sites and can
occupy only haf the tunnd sites. Thus, only 25% of the total exchanger sites are available to

Cs". However, the Cs" -O bonds that form are exactly equal to the sum of the radii for Cs" and
O?. All other cations have a poorer fit and tend to be displaced by Cs'. In the presence of Na'
dua exchange occurs smultaneoudy as Na' fills the framework sites and a second site inside the
tunnels. As the sodium ion concentration increases the uptake of Cs' site decreasesto 0.05 - 0.1
meg/g in tank waste Smulants.

2. Tridlicaes M(1)2M(1V) SOg- H0, (M(1) = Na', K*, M(IV) = Ti, Sn Zr, Ce). We have
prepared afamily of trisilicates and solved the crystd structures of three of them. These
compounds have framework structures enclosing dternating large and smdll cavities. The cavity
sizes vary with the size of the M(IV) cation. For example, the Ti phase does not take up Cs™ but
the Zr phase exhibits very high Kd vaues for Cs" (10° ml/g in groundwaters) and is even 1500



mi/gin 6M NaOH. The mixed phase NaxZrg 755 25(SizsOg)- H2O shows even higher Kd values.
The interchangesbility of the M(IV) ion changes the Sze of the cavities and governs the

sdectivity. Thisisan excdlent example of crystd engineering where subgtitutions within the
framework change sdectivities.

3. Pharmacosiderites: We have prepared afamily of compounds based on the
pharmacosderite minerd structure, solved their structures and determined the ion Siting.
Thetiteanium slicate verson, KsH(TiO)4(S0O4)3- nH2O has asructure that is smilar to that of the
CST compound. It exhibits a high affinity for both Cs™ and S**.” The Kd vaues have been
congderably improved by partid subgtitution of Ge for Ti, another example of controlling
sdlectivity. The structure of the Sr** phase is under investigation.

Sodium Nonatitanate: This compound, of composition Na; TigO2o- NH2O is layered and the
interlayer spacing varies with the water content. 1t is sdlective for S** in highly akdine systems
and the strontium is easly eluted with mild acid solutions. 1t works well under column flow
conditions and is stable to irradiation. The main interferenceis Cat™.

Summary of Additional Studies:

4, We have developed a smple technique to remove Sr>* from tank wastes that contain high
levels of complexants. The scheme isto add a cation that is preferentialy complexed and so
releases the Sr* to the solution that is readily removed with our strontium selective sodium
nonatitanate or CST. Thisredly worksl

5. We have prepared sodium micas and aumina and zirconia pillared clays that exhibit
extremely high Kd values (>10°) for Cs" in contaminated groundwater. They are superior to
zeolites for Cs" remova and may be used as a barrier to Cs™ movement in soils. The sodium
micatrapsthe Cs™ permanently.

6. We have prepared a sodium niobium silicate that appears to have a pyrochlore structure.
It is highly sdlective for §°* in the presence of C&*, Mg+ and N&'.

Implicationsand Future Work: A mgor failing of the EMSP program is alack of focus on
actua remediation. We had dmost no contact with people involved in the actuad remediation.
Although, we published more than thirty papers we received no inquiries or comments from any
DOE personnd. Since we were not refunded, we cannot follow through on our theory of how to
improve selectivity for targeted ions. Also, my team of post-docs and graduate sudents al left
dueto lack of funding.

In the interim we submitted a proposa on dudge trestment in collaboration with ateam
at CSIRO, Austraia and phytoremediation with the Indtitute for Sorption and Problems of
Endoecology (ISPE) in the Ukraine. Both were rgjected. |SPE has demonstrated a 2-4 fold
increase in radionuclides remova from contaminated soil at Chernobyl and CSIRO has shown
that their process removes radioactive ions from heavy metd minerals. Unless someinterest is
shown in our work, | plan to move on to greener pastures such as nuclear medicine.
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