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Abstract

The overall goal of thiz project was to study key scientific 1gsues related to the long-term stability and
petformance of eryetalline waste forme under consideration for contamnment and dispoeal of nuclear waste, Cur

regearch efforts were focused on developrment of techniques to study the effects of transmutation of 13778 1o %:& Baﬂene

15'Ba in highly-radicactive crystalline pollucite (CaAlSi,0.). Small, sealed, stainless steel capsules containing - . . Putting Tachnology To Work

pollucite had been in storage for over 20 vears. The decay of 1370 to 197Ba has placed the pollucite structure
under significant strain because of the limited sclubality of  Ba in pollucite | These studies wall help evaluate the
long-term stability and petformance of the many crvstalline waste forms being considered for the dispogal and
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gtabilizaton of radicachve waste

We studied both surrogate samples and actual, 13Ce pollucite radicactive samples (~ 20 years old). Analytical
techniques that pushed the envelope of existing capabilities were uged. The effects of transmutation on pollucite
were investigated by three complementary methods: solid state nuclear magnetic resonance (MNME), X-ray

gvnchrotron studies (EXAFSZLANES), and transmission electron microscopy (TEM). The NME and

avnchrotron approaches are highly developmental analytcal approaches that extend current capahilites.

Thig regearch was done ag a collaboration between Argonne National Laboratory and Pacific Northwest
Mational Laboratorsy.

Synchrotron- Based Techniques

mvnchrotron methods CCANES/EXAFS) were used to examine the Ceand HBHa L-
edge (at ~5-6 keV) and K-edge (~35-38 keV) edges at both 55EL and the APS.
mubtle, vet significant differences were noted between the K-edge spectra of the
radicactve and non-radicactive samples. Powder s-ray diffraction (XED) was

aleo carried out at the S5EL.

The interatomic distances determined by XED and EXAFS are 1n agreement and
reflect the tetragonal character of the radicactive  pollucite sample. The singular
digagresment 1g the Ce-Ca distance determination along the [ 011 ] direction
geparating the 8- membered nnge The analyeiz of the XED indicates that this
digtance 12 0485 nm while the EXAFS data indicates a substantially longer 0518
nin distance. The XED determination will reflect the Ce-Ca separation that 18
averaged over a large number of unit cells whereas the EXAFS determination

will reflect only the local Ca-Cla separation. Perhape the radiaticn-induced defects
hawve increased the average Cs-Cs separation as seen by EXAFS butnotina
correlated manner that would be detected by long-range, diffracton-based
spectroacopy such ag XEL.

Transmission Electron Microscopy (TEM]).

The ADSZ sample was chogen for TEM examination because 1t contained the
most radiogenic banum- neatly 16% of the total cesium (Table 1), and was
expectad to show the largest effect. The samples were examined using a JECOL
2000 F& Mark I TEM operated at 200 ke'V accelerating energy. The sample
ternperature was maintained at approzimately 100 K with the liquid nitrogen
coolant in order to minimize electron beam damage, which g often rapad 1n a
framewotk aluminosilicate sample. Bright field transmission images revealed
a homogeneaous, crvetalline matrizx, with no evidence of distinet banum phases
ot ex-golution phenomena resulting from the  137Cs to 19Ba transmutation.
Electron diffraction patterns were obtained from several portions of the
sample; the combined data appear in Table 2. Excellent agreement between
the obeerved diffraction  spacings and literature values for pollucite indicates
that no substantal damage was done to the orvetal structure, despite the
transmutation of nearly 16% of the cestum to banum ower the elapaed 20
vears. A gyetematic contraction of the obgerved lathce  spacings by about 2 %
ig indicated in the final column of Table 2, which may originate from the
cryogenic temperature of the experiment. Concurrent high-resolution m-rav
diffraction work by the PMNINL team using the Stanford Synchrotron Source
Laboratory (5akL) demonstrated that the pollucite had undersone a subtle

under consideration.

solid-state NME. studies of milligram levels of Ca, Al and 51 were
cotducted to establish structural changes in pollucite due to
transtnutation. The NME. work petformed weas the most
developmental of the three techniques used, vet our success in this
approach will likely lead to applications bevond the  pollucite
samples studied. Solid-state NME. can prowide nearest-neighbor
information relevant to radicnuclides within the crystalline waste
fortn. Part of this effort was directed at the dewelopment of a
mimiature torcid cawity NME detector sutable for handling a
highly-radicactve specimen. The most promising NME results were
obtained for #7Al at room temperature. Spectra recorded with longer
pulses showed the narrow central transition peak and a second
broader peak at a higher field. This broad resonance may be the Mirniature toroid cavity solid-state NME,
central transition for Al nucler at sites near  Ba substtutions, where detector
the electronic environment around Al 18 distorted from the normal
tettahedral enwvironmentin  alumincsilicates (T-sites). These regults
are gighificant given the importance of Al in many waste forms

TEM micrograph of radicactive pollucite from the
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